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Intraductal ultrasound substantiates diagnostics of bile duct strictures of uncertain etiology – histopathologically controlled study in 397 patients
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Abstract

AIM: According to previously published studies with limited numbers of patients intraductal ultrasound (IDUS) is one of the techniques that may help to differentiate indeterminate strictures of the common bile duct. This is to our knowledge the largest patient cohort study investigating the diagnostic yield of IDUS in indeterminate strictures of the common bile duct.

METHODS: 397 patients with bile duct strictures of unknown etiology were examined by IDUS. Sensitivity, specificity and accuracy rates of IDUS were calculated relating to the definite diagnoses proved by histopathology (n=264) or long-term follow-up in those patients who did not undergo surgery. 

RESULTS: Twenty malignant bile duct strictures were misclassified by IDUS as benign resulting in sensitivity, specificity and accuracy rates of 93.2%, 89.5% and 91.4%, respectively. Regarding prediction of malignancy, IDUS was best in cholangiocellular carcinoma and worst in ampullary carcinoma. Tumor localization within the common bile duct did not have a significant influence on prediction of malignancy by IDUS. IDUS accuracy rates for T1, T2 and T3 stages were 84%, 73% and 71%, respectively. For N0 and N1 stages, an accuracy rate of 69% each was calculated. 

LIMITATIONS: Pre-test likelihood of 52% may not rule out bias and over-interpretation due to the clinical scenario or other prior performed imaging tests.

CONCLUSIONS: IDUS shows excellent results for accurate diagnostics of bile duct strictures of uncertain etiology thus allowing for adequate further clinical management. In particular, IDUS is suitable for early T stage prediction but less useful with respect to lymph node staging.
© 2012 The WJG Press. All rights reserved.
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Introduction
There is still ongoing debate about adequate diagnostics in bile duct strictures of unknown etiology. The application of endoscopic retrograde cholangiopancreatography (ERCP) is considered to be an essential tool in bile duct strictures in which additional need for intervention is given [7
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]. On the other hand, cholangioscopy is at present time a promising diagnostic technique in diagnosing bile duct strictures of unknown origin. However, so far only limited data evaluating the diagnostic impact of cholangioscopy is available. In a prospective study with 35 patients included the sensitivity of SpyGlass-directed biopsy of intraductal lesions was 71%[
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]. Specifically, IDUS gives clinically important data by visualizing the wall layers in biliary strictures and estimating the extent of potentially cancerous infiltration, also enabling the investigator to perform targeted biopsies. Thus, IDUS might be instrumental in choosing the appropriate therapeutic approach and may improve our potential to differentiate benign and malignant strictures. In this matter, however, previous studies, although partly of a prospective design, have only investigated limited numbers of patients[2

]. The use of intraductal ultrasound (IDUS) performed during ERCP enables the investigator to obtain additional information concerning the bile duct wall and the periductal tissue [1

]. The main advantage of ERCP over other imaging modalities is the ability to achieve biliary decompression and to take transpapillary specimens for histological or cytological analysis in the very same session. A large trial on biliary brush cytology, however, described poor results thus indicating the need for further studies in the analysis of appropriate tissue sampling [,8
].

 In the present large cohort of patients, we aimed to evaluate the diagnostic yield of IDUS in patients scheduled for ERCP due to indeterminate strictures or filling defects of the common bile duct.

Patients and Methods

Data collection

At the tertiary referral center of Muenster University Hospital, we retrospectively analyzed the data of our patient cohort undergoing ERCP in combination with IDUS for diagnostics of indeterminate strictures of the bile duct during 2002-2009. All patients with bile duct stenosis who had undergone ERCP and IDUS during the study period could be identified by looking for codes K83.1 and procedures 3.055 and 1440.6 according to the International Classification of Diseases (ICD). These patients were not included in a computer data base at the time of ERCP/IDUS for later analysis. A total of 397 patients were found in our analysis who were referred to the Department of Medicine B at Muenster University Hospital. Clinical records of patients were collected and carefully analyzed. Baseline characteristics, diagnostic techniques employed, histopathology, and complications were retrieved as shown in table 1. 

Exclusions

Patients not having been histopathologically controlled by surgery, forceps biopsy or with an endoscopic follow-up < 1 year in suspected benign biliary stenosis were excluded from this study. 

Procedures

All 397 patients enrolled in the present study underwent ERCP with the additional application of intraductal ultrasound. In our cohort, there was no case in which a positive tissue diagnosis was already known at the time of IDUS investigation. The individual procedure was performed after written informed consent had been obtained from the patients or related persons for the endoscopic procedures. All endoscopic maneuvers were executed by highly experienced investigators according to the generally accepted guidelines with an ERCP case volume above 200/year [9

]. The ERCP and IDUS procedures were performed under fluoroscopic guidance using a side-viewing duodenoscope (Olympus TJF 160, Olympus, Ltd., Tokyo, Japan). All procedures were performed under conscious sedation (propofol combined with pethidine). For IDUS, a 6 F or 8 F ultrasound miniprobe was employed with a radial scanner of 15 - 20 MHz at the tip of the probe (Aloka Co., Tokyo, Japan). Thus a radial real-time image of 360° view was possible for optimum investigation of the area surrounding the probe. The visible depth was about 20 mm with a resolution of up to 0.1 mm (figure 1 showing an exemplary benign and malignant bile duct stenosis). All IDUS procedures included additional forceps biopsies. Patients with eligibility for surgery were transferred to the Department of General Surgery, Muenster University Hospital.

IDUS T and N staging

264 patients were surgically explored (66% of patients). In 174 cases malignancy was proven, of those 14 patients were initially misdiagnosed by IDUS as benign, thus in these cases uT stages were not available. Thirteen of the 174 patients had surgical exploration but due to extended disease with inoperability T and N stage assessment was not done. Thus, retrospective analysis of the endosonographic report allowed drawing conclusions with respect to the T and N staging in 147 patients. IDUS staging was based on the latest TNM classification system [10

]. IDUS classification of N stages was as follows: N0 - no regional lymph node metastasis; N1 - regional lymph node metastasis. Lymph nodes were considered positive, if at least one of the following criteria could be assessed: lymph node larger than 10 mm, delineated borders, hypoechoic structure resembling the primary tumor, roundish shape.

IDUS staging was compared to the postoperative histopathological staging data allowing calculation of sensitivity, specificity and accuracy rates for T and N stages. Due to the limited penetration depth of IDUS, M staging was not performed.  

Follow-up

All patients with suspected benign strictures had routine follow-up the day following intervention as well as every three months the first year, every six months the second year and annually up to the third year after intervention at our department. The follow-up procedure was performed according to a surveillance protocol and included laboratory testing and abdominal ultrasound. In cases of biliary plastic stent insertion, the follow-up procedures included ERCP and where appropriate biliary plastic stent changing.   

Statistical analysis

Data were analyzed using SPSS 17.0 (Chicago, IL, USA). Results were expressed as medians and ranges. For each of the diagnostic measures, sensitivity, specificity and accuracy rates were calculated for each individual T and N stage. In all cases, gold standard was the histopathologic staging of specimens. Comparison of accuracy rates between groups (localization of stricture) was performed by using the Mann-Whitney U-test and the χ-squared test as appropriate. Differences were considered statistically significant if p<0.05. For statistical analysis, sensitivity, specificity, pre-test likelihood and accuracy rates were calculated as follows: sensitivity = true positives/ (true positives + false negatives); specificity = true negatives/(true negatives + false positives); pre-test likelihood= truly malignant cases / total cases; accuracy = (true positives + true negatives)/total cases.

Results

Patient characteristics

The study cohort included 397 patients (210 men and 187 women; median age 61.4 ± 13 years). 264 patients were referred to the department of surgery for operative exploration, thus surgical histopathological correlation was available for those patients. 174 out of 264 patients had malignant disease proven by surgery, in 90 patients benign disease was found. In these patients decision for surgical exploration was made due to suspicion for malignant disease in multimodal diagnostics (CT scan, EUS or MRI). A total of 133 patients were not surgically explored. In 6 patients choledocholithiasis was the cause of biliary obstruction and 32 patients had palliative therapy due to extended tumor disease in IDUS and other imaging modalities.  Ninety-five patients had benign diagnosis by IDUS, forceps biopsy and radiographic imaging and were followed by a surveillance protocol with a follow-up of at least 12 months; the mean follow-up was 39.7 months (Table 1). 

Intraductal ultrasound (IDUS)

IDUS was performed in all patients enrolled. Pre-test likelihood for malignant stenosis in our patient cohort of 52% [95%CI 47-57] was calculated. Twenty malignant bile duct strictures were initially misclassified by IDUS as benign while 14 benign bile duct strictures were initially interpreted by IDUS as malignant resulting in sensitivity, specificity and accuracy rates of 93.2%, 89.5% and 91.4%, respectively (Table 2). In the subgroup analysis of malignancy prediction, IDUS showed best performance in cholangiocellular carcinoma as underlying disease (sensitivity rate, 97.6%) followed by pancreatic carcinoma (93.8%), gallbladder cancer (88.9%) and ampullary cancer (80.8%) (Table 2).  

Accuracy rates of IDUS for malignant stenoses in the proximal, middle or distal third of the common bile duct did not differ statistically in terms of localization (Table 3). 

Accuracy of IDUS in T and N staging

Overall T and N staging results with the intraductal ultrasound miniprobe are given in Tables 4 and 5. 
The accuracy rate for discriminating early T stage tumors (T1) was 84% while for T2 and T3 malignancies the accuracy rates were 73% and 71%, respectively (Table 4).  Relating to N0 and N1 staging, IDUS achieved accuracy rates of 69% each (Table 5).

Discussion

Endoscopic ultrasound has proved to be an accurate imaging device in the diagnostics and staging of malignant bile duct strictures [11

]. However, in previous studies, although partly of a prospective design, only limited numbers of patients were investigated[
IDUS has also proved superior to other imaging modalities such as computer tomography (CT) and Magnetic Resonance Imaging[15

].

It is consistently accepted that in the bilio-pancreatic tract depiction of tumors by means of ultrasound and CT is difficult, but these tumors can appropriately be represented through endoscopic ultrasound [17


16

] or IDUS[, 18
]. Although IDUS is superior to endoscopic Ultrasound (EUS) regarding diagnostics of tumor extension in the pancreatic and biliary duct, the use of IDUS has not been taken up widely yet.

 A promising diagnostic tool in the differentiation of bile duct strictures is single- operator peroral cholangioscopy (SOC) as it provides direct visualization of the bile duct and facilitates diagnostic procedures and therapeutic intervention.

The diagnostic utility of SOC for indeterminate biliary lesions has been the topic of a few recently published studies[19
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However, only limited data with smaller patient cohorts exist promising results with an accuracy of SOC for diagnosing malignant lesions as been reported to range between 64 and 89 %. SOC-guided biopsies have been shown to be adequate in 72% to 82%[
In our patient cohort of 397 patients with bile duct strictures of initially unknown etiology, using IDUS we observed sensitivity, specificity and accuracy rates of 93%, 89% and 91%, respectively, for discriminating malignant from benign lesions. IDUS also showed excellent results with respect to localization of biliary stenoses with an accuracy rate of 93% (proximal part of bile duct), 93% (middle) and 89% (distal), respectively (p-values not significant) (Table 3).
In matters of tumor entity, IDUS demonstrated best results in cholangiocellular carcinoma (CCC) with accuracy and sensitivity rates of 92% and 98%, respectively. 
As far as T staging is concerned, upon IDUS the normal bile duct wall appears as either two or three layers. However, in some patients differentiation of the fibromuscular layer from the perimuscular connective tissue can be difficult thus limiting the ability to distinguish CCC stages 1 and 2, although this distinction is usually not clinically relevant with respect to treatment options [1023

], the various layers of the extrahepatic bile duct wall as described by the UICC 7th TNM classification[22

]. According to a study conducted earlier by our group [
] are not consistently demonstrable histomorpho-logically, immunohistochemically or by endosonographic imaging. Domagk and colleagues suggested that difficulties in distinguishing tumor invasion encroaching beyond the bile duct (T2) and into the pancreas (T3) present problems for the present TNM-classification. A better metric may be to combine T2- and T3-staged tumors into one single class [23

]. 

T staging of other tumor entities such as pancreatic, ampullary or gallbladder cancer may be limited in miniprobe intraductal ultrasound due to its maximum penetration depth of 20 mm. The T stage, e.g., of pancreatic tumors among other factors relies on tumor size. Further, the assessment of vascular tumor infiltration is restricted due to the technical limitation of penetration depth and absence of potential duplex sonography. In a study by Tamada et al.[24
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], vessel infiltration of CCC was assessed: Depiction of the right hepatic artery was possible in 100% of the cases while in less than 20% of the cases depiction of the common hepatic artery or the left hepatic artery succeeded. On that account, the assessment of tumor infiltration into the above mentioned vessels was inaccurate.

In summary, intraductal ultrasonography tends to understage tumors of the pancreaticobiliary tract. Specific analysis of our patient cohort revealed overall T staging accuracy rates as follows: T1 84%, T2 73% and T3/T4 71% as displayed in Table 4. N staging accuracy was calculated as 69% (Table 5). 

In recent years, other imaging techniques like magnetic resonance cholangio-pancreatography (MRCP) and multi-detector computed tomography (MDCT) have also been evaluated for their diagnostic sensitivity and specificity in biliary duct tumors. In a first prospective comparison of the diagnostic accuracy of ERCP, MRCP, CT and EUS in biliary duct strictures by Rösch et al. [27

]. 

Classification of T stages by endolumenal ultrasound was also the topic of a study conducted by Menzel and colleagues [13

] demonstrating similar accuracy rates (77.7%) for T staging as shown in the present study.

Conclusion

Admittedly, as limitations of the present study the retrospective design and certain bias have to be mentioned. In our cohort, there was no case in which a positive tissue diagnosis was already known at the time of IDUS investigation but our pre-test likelihood of 52% may not rule out bias and over-interpretation due to the clinical scenario or other prior performed imaging tests. Nevertheless, our analysis of a very large patient cohort shows excellent results of IDUS for accurate diagnostics of bile duct strictures of uncertain etiology and, thus, allows for adequate further clinical management. In particular, IDUS is suitable for early T stage prediction.
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Tables

Table 1: Baseline characteristics of the patient cohort

	Baseline characteristics
	

	Patients (n)
	397

	Age (yrs)±SEM
	61.43±13

	Sex (m/f)
	210/187

	IDUS performed (n)
	397

	Mean follow-up (months)
	39.7±23.1

	Follow-up range (months) 
	12-100

	Procedures (n)
	

	Clinical follow-up 
	95

	Surgery 
	264

	Palliative therapy
	32

	Calculus extraction
	6

	Localization of stricture (CBD)
	

	proximal third
	59

	middle third
	46

	distal third 
	292

	Final diagnosis (n)
	

	Normal bile duct
	25

	Papillitis
	30

	Ampullary adenoma
	18

	Cholangitis
	17

	PSC
	8

	Mirizzi syndrome
	7

	Choledocholithiasis
	14

	Pancreatitis
	59

	Pseudocyst
	4

	Cholangiocarcinoma
	85

	Pancreatic carcinoma
	80

	Ampullary carcinoma
	26

	Gallbladder carcinoma
	9

	Hepatocellular carcinoma
	6

	Portal vein thrombosis
	1

	Papilloma of pancreatic duct
	3

	Choledochal cyst
	1

	Postoperative stenosis
	1

	Pancreatic cystadenoma 
	2

	Caroli’s syndrome

CBD = common bile duct
	1


Table 2:   Staging results, Sensitivity, specificity and accuracy rates of IDUS (n=397)

	
	Final diagnosis according to histopathology or long-term follow-up
	
	
	

	Method, Classification
	Benign lesion
(n)
	Carcinoma

	CCC
	Pancreas

CA 
	Ampulla

CA


	GB CA
	HCC

	IDUS, benign
	171
	14
	2
	5
	5
	1
	1

	IDUS, malignant
	20
	192
	83
	75
	21
	8
	5

	
	
	
	
	
	
	
	

	Sensitivity, specificity and accuracy rates of IDUS for tumor diagnostics



	Tumor
	Sensitivity (95% CI)
	Specificity (95% CI)
	Accuracy (95% CI)

	All Tumors
	0.93(0.90-0.97)
	0.89(0.85-0.94)
	0.91(0.89-0.94)

	CCC
	0.98(0.94-1.0)
	0.98(0.94-1.0)
	0.92(0.89-0.95)

	Pancreas
	0.94(0.88-0.99)
	0.90(0.85-0.94)
	0.91(0.87-0.94)

	Ampulla
	0.81(0.66-0.96)
	0.90(0.85-0.94)
	0.89(0.84-0.93)

	GB
	0.89(0.68-1.0)
	0.90(0.85-0.94)
	0.90(0.85-0.94)

	HCC
	0.83(0.54-1.0)
	0.90(0.85-0.94)
	0.89(0.85-0.94)


GB CA: gallbladder cancer; CCC:  cholangiocellular carcinoma; HCC:  hepatocellular carcinoma

Table 3:  Statistical analysis of IDUS accuracy rates relating to localization of bile duct strictures (n=397)

	Localization of Stenosis
	N
	Accuracy  (95%CI)
	Test for Significance
	P

	Proximal third
	55/59
	0.93 (0.87-1.0)
	proximal vs. middle third
	0.958

	Middle third
	43/46
	0.93 (0.87-1.0)
	proximal vs. distal third
	0.280

	Distal third
	260/292
	0.89 (0.85-0.93)
	middle vs. distal third
	0.308


Table 4:   Histopathological vs. IDUS T staging

	
	              Histopathology 
	
	
	

	IDUS
	pT1
	pT2
	pT3/4
	∑

	uT1
	12
	9
	13
	34

	uT2
	1
	26
	24
	51

	uT3
	1
	5
	56
	62

	∑
	14
	40
	93
	147

	Sensitivity (95%CI) 
	0.86(0.67-1.0)
	0.65(0.50-0.80)
	0.60(0.50-0.70)
	

	Specificity (95%CI)
	0.83(0.77-0.90)
	0.77(0.69-0.85)
	0.89(0.81-0.97)
	

	Accuracy (95%CI)
	0.84(0.78-0.89)
	0.73(0.66-0.81)
	0.71(0.63-0.78)
	

	
	
	
	
	


Table 5:   N staging accuracy – histopathology versus IDUS

	
	Histopathology
	

	IDUS
	pN0
	pN1
	∑

	uN0
	44
	23
	67

	uN1
	23
	57
	80

	∑
	67
	80
	147

	Sensitivity(95%CI)
	0.66(0.61-0.81)
	0.61(0.57-0.79)
	

	Specificity(95%CI)
	0.61(0.54-0.77)
	0.66(0.54-0.77)
	

	Accuracy(95%CI)
	0.69(0.61-0.76)
	0.69(0.61-0.76)
	


Figures:
Figure 1:
[image: image1.jpg]



Figure Legends
Figure 1 a) IDUS in benign bile duct stricture; 
Figure 1 b) malignant stricture showing bile duct wall thickening and irregular margins.
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