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Abstract
Background: Biliary complications after liver transplantation are a serious cause of morbidity and mortality. 
Direct invasive cholangiography techniques, endoscopic retrograde cholangiography (ERCP) and percutaneous 
transhepatic cholangiography (PTC) all have procedure-related complications. Ultrasonography and magnetic 
resonance cholangiopancreatography (MRCP) are non-invasive, safe, and accurate. Objective: The aim of this 
study was to evaluate the use of US and MRCP for detecting biliary complications following liver transplanta-
tion and compare these findings with those from the gold standard, ERCP. Methods: Between march 2006 
and January 2009, twenty-seven consecutive liver transplant recipients at the Hospital Pablo Tobón Uribe in 
Medellín-Colombia who presented clinical and biochemical evidence of biliary complications were evaluated 
with US, MRCP and ERCP. Results: The presence of a biliary anastomotic complications was confirmed in 26 
patients (92.6%), anastomotic biliary strictures in 24 (88.9%), ischemic or diffuse intrahepatic biliary strictures in 
two (7.4%), and choledocholithiasis in one (3.7%). All patients underwent ERCP, 25 underwent US (92, 5%) and 
13 underwent MRCP (48, 1%). There was a statistically significant correlation for MRCP and ERCP findings, but 
not for US findings. The sensitivity of MRCP was 80% and its specificity was 50%. The sensitivity of US was 
55.6% with 50% specificity. Positive and negative predictive values for MRCP were 92.3% and 25%, but for US 
were 93.7% and 7.8% respectively. Conclusions: MRCP is an accurate imaging tool for assessment of biliary 
complications after liver transplantation. We recommend that MRCP be the diagnostic imaging modality of choice 
in this setting, reserving direct cholangiography for therapeutic procedures.
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INTRODUCTION

The first orthotopic liver transplantation (OLT) in 
Colombia and in Latin America was performed in Medellin 
on August 14 1979 (1). Since then the number of proce-
dures performed in Colombia has been increasing. In 2007 
979 organ transplants were performed in Colombia. Of 
these 193 were liver transplants representing 19.7% of all 
transplanted organs. Liver transplants occupied 2nd place 
after kidney transplants. The greatest number of these liver 
transplants, eighty-six, were performed in Medellin. Of 

these, forty-five, or 23.3% of the national total, were per-
formed in the Hospital Pablo Tobón Uribe (2).

The first liver transplantation ever performed at the 
Hospital Pablo Tobón Uribe was done on February 12, 
2004. As of August 2010, 276 OLTs had been performed 
on adults with a five year survival rate of 81.6% (3).

The main indications for liver transplantation in this insti-
tution are non-biliary cirrhosis (68.6%), chronic cholesta-
sis (15.7%), acute liver failure (5.9%) and retransplantation 
(5.4%). Perioperative complications occurred in 38.1% of 
patients. Complications included intraoperative bleed-
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ing (7.6%), hemoperitoneum (4.3%), neural confusion 
(2.7%) and acute renal failure (2.7%). The most frequent 
early complications, defined as those that occur in the first 
month, were renal failure (10%) and acute rejection (9%). 
The most frequent late complications, defined as those 
occurring more than one month after transplantation, were 
rejection (1.1%) and biliary complications (0.5%) (3).

Liver transplantation is the treatment of choice for patients 
with end-stage liver disease. Biliary complications after OLT 
are among the most important complications. They occur 
in between 5% and 25% of liver transplant recipients espe-
cially during the first three months after surgery (4-6). Early 
detection of these complications is important for ensuring 
success of the procedure. However, because the clinical and 
laboratory indications are nonspecific, it becomes necessary 
to perform various diagnostic imaging tests for proper char-
acterization and treatment (7). The prevalence of these com-
plications makes it important to recognize which clinical or 
laboratory findings indicate complications of the biliary tract 
complications and to be able to characterize them with exist-
ing techniques including ultrasound, Magnetic Resonance 
Imaging (MRI) and Endoscopic Retrograde Cholangio 
Pancreatography (ERCP).

The use of ultrasound as the first diagnostic test for biliary 
complications is universally described in the large liver trans-
plantation referral centers (4). Ultrasound is followed by 
ERCP, although ERCP can cause morbidity and mortality 
and these procedures sometimes fail (8). MRIs have become 
easily accessible and quick alternatives which cause no mor-
bidity and which have sensitivity and specificity comparable 
to those of ERCP. Until now, ERCP has been considered the 
gold standard for these patients (9,10). 

Considering all of this, we believed it would be important 
to analyze the correlation of ultrasound, MRIs and ERCP 
for diagnosis of biliary complications in patients who had 
undergone liver transplantation at the Hospital Pablo 
Tobón Uribe. 

MATERIALS AND METHODS

The following is a retrospective descriptive study evalu-
ating findings of biliary complications through imaging 
in a series of 26 patients who had undergone orthotopic 
liver transplantation. The sample includes all patients 
who underwent liver transplantation from March 2006 to 
January 2009 for whom suspicions of biliary complications 
arose following various imaging tests.

The medical records in the hospital database of patients 
who had undergone transplantation were retrospectively 
reviewed. Records included demographic variables, dates 
and details of transplantations, dates and clinical manifesta-
tions of biliary complications, imaging studies performed 

following biliary complications, the results of those studies, 
and treatments of complications.

Description of diagnostic methods

Ultrasound. Echography was performed with an Acuson 
Antares 5.0 Release and Spotlights ACUSON X150 
Ultrasound System. The equipment includes a multi-
frequency (between 3.5 and 7.5 MHz) sector transducer 
which can be used through the trans-abdominal approach. 
Livers and biliary tracts were evaluated for already described 
signs to determine if there were any complications related 
to transplantation. This study was performed by a radiolo-
gist who is trained in body imaging.

Endoscopic Retrograde Cholangio Pancreatography. 
ERCP was performed with Siemens AXIOM Luminos TF 
equipment for universal fluoroscopy. The biliary tract was 
evaluated under sedation and endoscopically treated when 
necessary (Figure 1A).

Magnetic Resonance Imaging (MRI). MRIs were per-
formed with the Siemens Magnetom Avanto High-End 
1.5 Tesla System. Simple contrasting and magnetic chol-
angioresonance sequences were used to locate any signs of 
biliary tract alterations. These studies were interpreted by a 
radiologist from the body imaging area (Figure 1B).

Classification of Biliary Complications

•	 Non-ischemic or anastomotic stenosis: short single 
lesions, located at the site of anastomosis (Figures 1A 
and 1B).

•	 Nonanastomotic or ischemic stenosis: multiple lesions 
or diffuse hilar intrahepatic dominance (Figure 1C).

•	 Bile leak: bile drainage outside of the biliary duct, 
either at the site of the anastomosis or elsewhere.

•	 Other complications: lithiasis (Figure 1D), bilomas 
and Sphincter of Oddi dysfunction.

Complications that occurred during the first 30 days after 
OLT were classified as early while those which occurred 
after the first 30 days were classified as late.

Statistical Analysis

Statistical analysis was performed with SPSS 17® and Epidat pro-
grams. The population was initially described using descriptive 
statistical tools taking into account the type of variable. Absolute 
and percentage frequency distributions were used for qualitative 
variables, and summary measures of dispersion and central ten-
dency were used for quantitative variables.
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Concordance analysis using the Kappa statistic was 
applied to assess the accuracy between the tests. Results of 
each test were read within a maximum of in order to avoid 
differences in test results due to changes in the pathophysi-
ological characteristics of patients. Kappa coefficient analy-
sis was based on concordance proportions unattributable 
to chance. The closer a result was to one, the better the 
result was judged to be. 

Finally we compared ultrasound and MRI to ERCP by 
calculating sensitivity, specificity, positive and negative pre-
dictive values  , and likelihood ratios, a validity index and the 
Youden index.

Ethical Issues

This study meets the ethical requirements set out in Republic 
of Colombia Law 23 of 1981 and those established in Health 
Ministry Resolution No. 008430 of 1993 which set out the 
scientific, technical and administrative standards for health 
administration involving human participation.

RESULTS 

From February 2004 to August 2010 276 liver transplan-
tations were performed on adults with cadaveric donors at 
the Hospital Pablo Tobón Uribe in Medellin. In this retros-
pective analysis 27 patients with biliary complications were 
documented for an incidence of 9.78%.

Of the patients included in the study 20 were men (74.1%) 
and 7 were women (25.9%). Their average age was 47.6 years 
(range 13-71 years). The Hospital Pablo Tobón Uribe is a 
national and international reference center for this type of 
procedures. Twenty patients (74.1%) were Colombians and 
seven patients were foreigners (Tables 1 and 2). The reasons 
for liver transplantation are shown in Table 3.

The most important clinical symptoms that led to chec-
king patients for biliary complications following OLT were 
jaundice and abnormal liver profiles. Both were found in 14 
patients (51.9% each). Other causes are specified in Table 4.

Table 1. Demographic characteristics 

Characteristic n= 26
Age (years) 47,5 (±16,5)
Gender
Male 20 (74,1%)
Female 7 (25,9%)
Nationality 
Colombian 20 (74,1%)
Foreign 7 (25,9%)

Table 2. Country of origin.

Country n %
Colombia 20 74,1
Venezuela 3 11,1
Israel 2 7,4
Russia 1 3,7
El Salvador 1 3,7

Table 3. Transplantation causes.

n (%)
Cryptogenic  7 (25,9)
Alcoholic cirrhosis 5 (18,5)
Cirrhosis caused by HBV 4 (14,8)
Cancer 
HCC 2
Fibrolamellar carcinoma 1

3 (11,1)

Cirrhosis caused by HCV  2 (7,4)
Primary biliary cirrhosis 1 (3,7)
Caroli disease 1 (3,7)
Wilson disease 1 (3,7)
Autoimmune hepatitis 1 (3,7)
Fulminant hepatic failure 1 (3,7)

HBV, Hepatitis B Virus; HCV, Hepatitis C Virus; HCC, Hepatocellular 
Carcinoma. 

Figure 1. Biliary complications following orthotopic liver transplantation. A. ERCP in non-ischemic anastomosis.  B. MRI of anastomosis of the 
previous patient. C. ERCP of ischemic anastomosis. D. MRI shows stone above the anastomosis.

A B C D
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Table 4. Clinical manifestations after complication. 

n (%)
Jaundice  14 (51,9)
Abnormal liver profile 14 (51,9)
Abdominal pain 4 (14,8)
Fever 3 (11,1)
Itching 2 (7,4)
Others (acholia, dark urine, physical discomfort and 
cholangitis) 

4 (14,8)

The time elapsed from transplantation until diagnosis 
of a complication varied from 1 to 1,786 days with a mean 
of 230.3 days (7.7 months). Twelve cases (44%) occu-
rred within the first month after transplantation; six cases 
(22.2%) occurred between the first and third month after 
transplantation and 9 cases (33.3%) occurred after the 
third month of transplantation.

At the moment ERCPs were performed, there were 26 
cases (96.2%) of anastomotic stenoses of which 2 (7.4%) 
were of ischemic origin. None of the documented steno-
ses were non-anastomotic. There were 3 cases (11.1%) of 
bile leakage which were all associated with biliary stenoses. 
There was one case of ischemic stenosis with associated 
bilomas. There was one case (3.7%) of obstruction at the 
anastomosis site caused by biliary stones without stenosis 
(Table 5).

Table 5. Type of biliary tract complications.

Characteristic n (%)
Anastomotic stenosis 26 (96.,2)
Stenosis non anastomotic 2 (7,4)
Leak 3 (11,1)
Obstruction caused by stones  1 (3,7)
Bilomas 1 (3,7)

Twenty-six cases (96.2%) cases were treated with ERCP 
with biliary stents two of which used balloon dilation prior 
to stent placement. One patient (3.7%) was treated with 
only balloon dilatation. None of the patients required per-
cutaneous procedures.

ERCP was the gold standard for diagnosing complica-
tions: it was used for all patients. Ultrasound was used for 
25 patients (92.5%) and cholangioresonance was used for 
13 patients (48.1%) (Figure 2).

Of the 13 MRIs performed, four (30.8%) showed anasto-
motic stenosis as their sole findings; three (23.1%) showed 
dilatation of the intrahepatic bile ducts as their sole fin-
ding; four (30.8%) showed both findings and two (15.4%) 
showed no pathological findings in the bile duct. In total, 

MRIs showed pathological findings in the bile ducts of ele-
ven patients (86.4%).

Figure 2. Percentage distribution of tests performed on transplant 
patients with biliary complications at the Hospital Pablo Tobón Uribe 
in Medellin.

In the concordance analysis we found a Kappa of 0.699 
indicating good concordance between MRIs and ERCPs 
since this value is between 0.6 and 0.8.

MRIs showed a sensitivity of 80% (76.54-83.46), a spe-
cificity of 50% (24.58-75.42), a positive predictive value of 
92.31% (88.37-96.24), a negative predictive value of 25% 
(from 12.24 to 37.76), a validity index of 76.47% (73.41-
79.53), a positive likelihood ratio of 1.60 (1.59-1,61) and 
a negative likelihood ratio of 0.40 (0.40 - 0.40) (Table 6).

Table 6. Evaluación del desempeño de la RM en las complicaciones 
biliares del TOH.

Value IC (95%)
Sensitivity (%) 80,00 76,54 83,46
Specificity (%) 50,00 24,58 75,42
Validity index (%) 76,47 73,41 79,53
Predictive value + (%) 92,31 88,37 96,24
Predictive value - (%) 25,00 12,24 37,76
Prevalence (%) 88,24 85,20 91,27
Youden index 0,30 0,30 0,30
Likelihood ratio + 1,60 1,59 1,61
Likelihood ratio - 0,40 0,40 0,40

MRI sensitivity was 80%. However, for every 100 patients 
with complications, MRIs indentify approximately 50 as 
being without complications.

MRIs’ positive predictive value was 92.3%, while the 
negative predictive value was 25. This means that for every 
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ERCP 100%          US 92,5%           MRI 48,1%
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100 patients who test negative for complications with 
MRIs, approximately 25 are really negative.

The difference between the true positive and false posi-
tive rates (Youden index) was 0.3 (0.30 - 0.30). This value is 
closer to the expected value. It should be close to 1.0 to be 
considered a perfect test for comparison with ultrasound. 
The proportion of individuals correctly classified (validity 
index) was 76.5 (73.41 - 79.53).

The positive likelihood ratio (LR) for ultrasound was 
1.60 (1.59 - 1.61) which means that it is 1.60 times more 
likely that magnetic resonance will be positive in sick 
patients than in patients who are not sick. The negative LR 
was 0.40 (0.40 -0.40) which means that the probability of 
a negative result is 2.5 times higher in patients who are not 
sick than in sick patients (1/0.40 = 2.5). 

Eight patients (66.6%) were found to have anastomotic 
anastomosis with MRIs. 

Two patients (15.4%) for whom MRIs and ultrasound 
showed no pathological findings in the bile ducts were found 
to have anastomotic stenoses when they underwent ERCPs.

Of the 13 patients who underwent MRIs 12 (92.3%) 
also underwent ultrasound. Ultrasound found no compli-
cations in nine of these patients (69.2%), showed dilation 
of the intrahepatic bile duct in three patients (23.1%), 
showed arterial stenosis in one case (7.7%) and showed 
splenomegaly and mild ascites in another case (7.7%). The 
concordance analysis found a Kappa of 0.1295 (p-value 
= 0.3711) which indicates is a moderate match between 
ultrasound and MRIs since this value is between 0 and 0.2. 
The three patients for whom bile leakages were found with 
ERCPs were also evaluated with ultrasound which showed 
that two of them had mild ascites and one had bilomas. 
None of these patients underwent MRIs.

The patient who was diagnosed with stones at the site 
of the anastomosis did not undergo an MRI. This patient 
underwent ultrasound which reported intrahepatic and 
extrahepatic dilation of the bile duct. 

Of the 25 patients who underwent ultrasound 14 (56%) 
reported dilated intrahepatic bile ducts. Four of these also 
had dilated extrahepatic bile ducts. It was not possible to 
determine the site of the biliary stenosis by this method. 
ERCPs showed the anastomotic stenoses in all cases. Eleven 
(44%) patients did not show abnormalities of the bile duct 
in their ultrasound studies, but three (12%) of these 11 
patients showed mild ascites. Concordance (correlation) 
between ultrasound and ERCPs was low: its value was bet-
ween 0.21 and 0.40 with a Kappa value of 0.2535 (p-value 
= 0.8788).

Ultrasound had a sensitivity of 55.56% (53.59-57.52), 
a specificity of 50% (24.58 - 75.42), a positive predictive 
value of 93.75% (90.55 -96.95), a negative predictive value 
of 7.69% (3.76-11.63) a validity index of 55.17%, a positive 

likelihood ratio of 1.11 (1.10-1.12) and a negative likeli-
hood ratio of 0.89 (0.88 to 0.90) (Table 7).

Table 7. Ultrasound. 

Value % IC (95%)
Sensitivity 55,56 53,59 57,52
Specificity 50,00 24,58 75,42
Validity index 55,17 53,34 57,01
Predictive value +  93,75 90,55 96,95
Predictive value - 7,69 3,76 11,63
Prevalence  93,10 91,32 94,88

Youden index 0,06 0,05 0,06
Likelihood ratio + 1,11 1,10 1,12
Likelihood ratio - 0,89 0,88 0,90

Ultrasound’s sensitivity was 55.6%. For every 100 
patients who do not show biliary duct complications with 
ultrasound, about 50 really do not have complications.

The positive predictive value of ultrasound was 
93.8% while the negative predictive value was only 7.7 
(3.76-11.63). In other words this is the probability that 
patients who show no complications really have no com-
plications, or that out of 100 patients who show no com-
plications with ultrasound, approximately 7 really have 
no complications.

The difference between the true false positive rates 
(Youden index) was 0.06 (0.05 -0.06), a value that is far 
from the expected value that should be close to 1 to be con-
sidered as a perfect test. The proportion of correctly classi-
fied individuals (validity index) was 55.2% (53.34-57.01).

The positive likelihood ratio (LR) for ultrasound was 
1.11 (1.10-1.12) which means that it is 1.11 times more 
likely that ultrasound will be positive for sick patients than 
for patients who are not sick. The negative LR was 0.9 
(0.88 - 0.90) which indicates that the probability of a nega-
tive result is 1.12 times higher for patients who are not sick 
patients than for sick patients (1/0.89 = 1.12).

Ultrasound found three additional cases of ascites (12%), 
one patient with splenomegaly (4%) and one patient with 
arterial stenosis (4%).

In a comparative analysis of the Kappa values   with the 
chi-square test a significant statistical difference (p = 
0.000) was found between MRIs and ultrasound. The ove-
rall kappa value obtained was 0.6994 (CI 0.6994 - 0.6994).

DISCUSSION 

Despite advances in surgical techniques, graft preservation, 
immunosuppression, and intensive care, biliary duct com-
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plications following OLTs continue to occur frequently 
(11) and represent a significant risk of morbidity. They can 
cost the loss of a graft and the life of the patient (4).

The incidence of 9.8% demonstrated in the study popu-
lation analyzed is within the range of 5% to 25% described 
in the literature worldwide (3). Variations in incidences 
are associated with local factors in surgical technique and 
ischemia times involved in results. 

Diagnosis of biliary stenosis following OLT should be 
done early to avoid unfavorable outcomes. The overlap 
between laboratory findings and clinical manifestations of 
various complications such as graft rejection or anastomo-
tic stenosis requires diagnostic imaging to help differentiate 
among complications. The need for rapid diagnosis should 
be balanced against the risks of invasive methods. To 
achieve this, US and MRIs were used before ERCPs even 
though the value of these methods in relation to ERCP has 
not yet been established.

A good quality metaanalysis has evaluated 67 studies. 
It found a sensitivity of 97% and a specificity of 98% for 
MRI diagnoses of biliary stenoses (12). Nevertheless, this 
metaanalysis did not specifically evaluate biliary stenosis 
following OLT which leaves uncertainty about the utility 
of this method for evaluating these patients. 

Although one study suggests comparable sensitivities and 
specificities for US and MRIs in evaluation of choledocho-
lithiasis for anastomotic or intrahepatic biliary stenosis (13), 
MRIs are superior to US. MRIs also have the advantage of 
properly locating stenoses which allows for planning of 
treatment. This is especially useful for patients with separate 
biliary stenoses which occur most frequently following trans-
plantation from living donors to either children or adults (9).

A recent metaanalysis which compared the use of ERCPs 
and MRIs for diagnosis of biliary obstructions following 
OLTs (14) showed some promising results for MRI. These 
findings were ratified in another recent evaluation by 
Pecchi (10) and Katz (15). Nevertheless, the type of biliary 
reconstruction following OLT influences the accuracy of 
the evaluation. Choledochus-choledochus reconstruction 
was used for all of our patients rather than bilioenteric 
anastomosis, and MRI findings are less accurate at the 
bilioenteric derivations (16).

Although initial studies favored the use of ERCPs over 
MRIs for typifying biliary stenoses (17), the development 
of equipment with higher resolutions and MRI management 
by better trained personnel who have specific techniques for 
these diseases have transformed MRIs the currently prefe-
rred noninvasive method for evaluating the bile duct (18). 

An evaluation of the correlation between the locations 
of stenoses seen with ERCP and those identified in MRIs 
in this present series shows that MRIs identified the exact 
locations of stenoses in 61.5% of the cases. The correla-

tion between MRI findings and those of the gold standard 
ERCP for pathological findings in the biliary duct in general 
shows a concordance of 85.7% and a kappa value of 0.6994. 

The correlation of pathological findings in the biliary 
duct between ultrasound and ERCPs had low kappa values 
while the correlation of ultrasound findings with those of 
MRIs had moderate kappa values. It can be inferred that 
an ultrasound report showing no complication does not 
rule out the possibility of a complication in the biliary 
duct in these patients. This does not create any added 
value for diagnosis of biliary duct complications in patients 
following liver transplantation because the overall kappa is 
not greater than the individual kappa on these tests. Even 
though ultrasound shows no value for diagnosis of biliary 
duct complications in patients following liver transplanta-
tions, it is a suitable method for visualizing other findings, 
especially vascular disorders that threaten the viability of 
the graft. These findings are similar to those reported in 
various series in the medical literature (Table 8). 

Tabla 8. Comparison of various series that evaluate MRIs for post-OLT 
stenoses.
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Fulcher (19) /99 25 46 16 0 1 8 94 100
Laghi (20) /99 23 46 15 0 0 11 100 100
Meersshaut (21) /00 12 57 12 0 0 3 100 100
Borashi (22) /01 113 50 38 6 3 74 93 93
Valls (23) /05 63 53 42 1 2 20 96 95
Beltrán (24) /05 46 55 28 1 2 40 93 98
Kitazono (25) /07 8 57 6 1 0 2 100 67
Maj (26) /07 40 44 45 1 0 5 100 83
Borashi (27) /08 52 SD 30 1 2 19 94 95
Current study 26 47 13 0 1 0 80 50

ND: No Data 

In this study we evaluated the diagnostic capacity of 
ultrasound and MRIs with respect to the gold standard 
ERCP. MRIs were found to have greater capacity diagno-
sing biliary complications following OLTs than US. This 
diagnostic accuracy together with the fact that MRIs and 
ultrasound are noninvasive procedures justifies the syste-
matic use of US and MRIs when there is clinical and/or 
laboratory suspicion of biliary stenosis following an OLT. 
In addition, MRIs allow safe location of stenoses and plan-
ning of treatment.
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CONCLUSIONS

•	 Clinical criteria can neither dismiss nor confirm bile 
duct complications in patients following liver trans-
plantation with certainty. As described, some patients 
may be asymptomatic or present bizarre symptoms. 
The cholestatic profile could be used for initial scree-
ning of these patients.

•	 Ultrasound represents the first step in diagnosis, but a 
negative ultrasound does not rule out bile duct com-
promise. When there is diagnostic suspicion an MRI 
may be the diagnostic method to use given the high 
PPV of this test.

•	 Ultrasound did not show appropriate values   of repro-
ducibility and validity with the data used in this study 
which suggests that this test should be evaluated in 
studies with larger samples which might better support 
ultrasound’s utility for detecting complications of the 
bile duct. 

•	 Because ERCP is an invasive method with widely 
known complications, the use of MRIs is emerging as 
an important tool for diagnosis of biliary complica-
tions in patients following OLTs. This is also suppor-
ted by the fact that MRI showed better reproducibility 
(Kappa) and better validity (sensitivity and specificity) 
than ultrasound in this study. 

•	 ERCP remains the gold standard for biliary duct compli-
cations because it allows both diagnosis and treatment. 
However, MRIs provide more extensive information 
which allows diagnosis of other diseases. Consequently 
it should be considered a complementary test.

•	 Ample use of MRIs will lead to greater experience. 
As described above only 48% of the patients studied 
underwent diagnostic MRIs.

•	 The small number of patients in this study requires that 
prospective studies be performed. This study should be 
considered a base for those studies.
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