
CHAPTER 3

R E S E A R C H  D E S IG N  A N D  M E T H O D O L O G Y

R E S E A R C H  Q U E S T I O N S  

P r i m a r y  q u e s t i o n :

H ow  good is MRCP as an instrument fo r preoperative diagnosis and in  the 

assessment o f  h ila r CHCA?

S e c o n d a r y  q u e s t i o n :

H ow  good is MRCP as an instrument fo r preoperative diagnosis and in  the 

assessment o f  C H C A  at the common duct?

R E S E A R C H  O B J E C T I V E S  

P r i m a r y  o b je c t i v e :

To determ ine the diagnostic performance o f  MRCP as a preoperative 

diagnosis o f  patients w ith  h ila r CHCA.

S e c o n d a r y  o b je c t i v e :

To determ ine the diagnostic performance o f  MRCP as a preoperative 

diagnosis o f  patients w ith  common duct CHCA.

To evaluate the agreement between MRCP and operative find ings fo r 

assessing the b ilia ry  tree in  h ila r C H C A  and common duct CHCA .
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F i g u r e  4 .  C o n c e p t u a l  f r a m e w o r k :  T h i s  s t u d y  fo c u s e s  o n  p r e o p e r a t i v e  

d ia g n o s is  a n d  a s s e s s m e n t  o f  p a t ie n t s  w i t h  C H C A

Unclear etio logy Equipment, technician,

Outcomes

K E Y  W O R D S

H ila r C H C A  (cholangiocarcinoma)

MRCP (magnetic resonance cholangiopancreatography) 

Preoperative diagnosis 
Preoperative assessment 

D iagnostic test
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O P E R A T I O N A L  D E F I N I T I O N

M R C P :  a special M R  imaging technique used to image b ilia ry  ducts 

inc lud ing  the gallb ladder and pancreatic duct. MRCP is performed w ith  on M R  

machine and special software. The technologist conducts the imaging. The 
rad io log ist assesses the imaging and interprets the result o f  the imaging.

M R C P  m a c h i n e :  A l l  MRCP were performed w ith  a 1.5-T system (Signa 

Horizon ; GE medical System) using a body coil.

F i g u r e  5 .  M R I  m a c h in e

O u r  M R C P  t e c h n i q u e :  The 2D cholangigram was performed using 

coronal heavily T2 weighted images. We used a body co il. The fo llow ing  

parameters were used 12,000-15,000/200-260 : TR /TE  (repetition time  
msec/effective echo time msec), FSE (fast spin echoes) section thickness o f  3 mm  

w ith  no intersection gap, fie ld  o f  v iew  (FO V ) 30x30 cm, 3 nex phase, 220x224 

matrixs, f lo w  com sat SI, fat sat, extended dynam ic w ith  respiratory trigger. 

Fo llow ing  the use o f  M IP  (maximum  intensity pro jection), the imaging was 

obtained and interpreted.
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Figure 6. N orm al find ing o f M R C P

O p e r a t i v e  f i n d i n g s :  Findings o f  lesions caused by C H C A  as seen intra- 

operative ly. Surgeons assessed and interpreted operative findings.

H i l a r  C H C A :  C H C A  originates at the h ila r region as seen in Figure 7.
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Intrahepatic CHCA

Figure 7. Location o f C H C A

R E S E A R C H  D E S I G N

The รณdy was conducted as a descriptive, diagnostic test study. This study 

aimed to determ ine the performance o f  MRCP as a preoperative diagnosis in  

patients w ith  h ila r C H C A  and common b ile  duct CHCA . The overv iew  design is 

shown in  Figure 8.

S C O P E  O F  T H E  S T U D Y

The scope o f  this study focused on h ila r C H C A  fo r the fo llow ing  reasons.

1) H ila r C H C A  is a common location o f  C H C A  in Northeast Thailand, and 

represents a m ajor health problem  in  this region.

2) The h ila r location is easily visualized in the operative fie ld  by the surgeon. 
Therefore operative find ings o f  the h ila r CH C A  can be used as an e ffic ien t gold  

standard (reference standard) in  this รณdy.

3) H ila r C H C A  patients need more aggressive surgical treatment and d iffe ren tly  

planned surgical therapeutic procedures fo r satisfactory long term survival.



18

Figure 8. Design overview o f the study.
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S u r g i c a l  t r e a t m e n t  

O p e r a t i v e  f i n d i n g s  w h i c h  a r e  u s e d  a s  

a  g o ld  s t a n d a r d

Im aging o f  h ila r C H C A  provides in form ation relevant to deciding whether 

a tum or is resectable, and identifies wh ich patients may benefit from  aggressive 

surgery.

C H C A  o f  the common b ile duct was also included in this study as a 

secondary objective. In addition, CHCA o f  the common b ile  duct was easily seen 

in  the operative fie ld . The รณdy did not invo lve intrahepatic C H CA , despite this 

being a m ajor problem  in  Northeast Thailand. The intrahepatic location o f  CHCA  

is in  a deep area in  the liv e r parenchyma, wh ich is usually d if f ic u lt or impossible



19

to v isualize in  the operative fie ld . Therefore, operative find ings o f  the intrahepatic  
C H C A  are unable to be used as a gold standard.

J U S T I F I C A T I O N

The study was conducted to determine the performance o f  MRCP as a 

preoperative diagnostic procedure in patients w ith  h ila r CHCA . To achieve the 

stated รณdy objective, a diagnostic test was decided upon as the most suitable 

study dessign.

T A R G E T  P O P U L A T I O N

The target population consists o f  patients w ith  C H C A  who are potential 

candidates fo r surgical treatment.

S T U D Y  P O P U L A T I O N

The study population consisted o f  patients w ith  C H C A  in Srinagarind 

hospita l, Khon Kaen Un ivers ity , Khon Kaen, Thailand.

IN C LU S IO N  C R ITER IA :

1) Patients w ith  C H C A  who were diagnosed by c lin ica l or other imaging  

modalities inc lud ing US or CT.

1.1) Patients who had one o f  the fo llow ing  c lin ica l presentations being 

proposed by U ttaravich ien T, et al(74, 75) were included.

J a u n d i c e  ะ

1.1.1) Jaundice patients w ith  no fever may have an enlarged live r, 

hydrop gallbladder, ascites, or serum b iliru b in  o f  more than 

15 mg %.

1.1.2) Jaundice patients w ith  fever and abdominal pain wh ich may 

be accompianed by have interm ittent fever, fever w ith  ch ill, 

r ig h t upper abdom inal pain, or tenderness o f  the gallbladder.
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1.1.3) Jaundice patients w ith  fever and septic shock may also show  
symptoms o f  c lin ica l manifestation o f  ascending 
cholangitis, serum b iliru b in  may be higher than 20 mg % - 

40 mg %, renal fa ilu re , or live r failure.

N o  j a u n d i c e :

1.1.4) Patients w ith  chronic abdominal pain may have an enlarged 

l iv e r w ith  a have consistency, or hydrop gallbladder.

1 .1 . 5 )  The patients who had c lin ica l manifestation o f  cholecystitis, 

acalculus, or cholecystitis.

1 .2 )  F o r  i m a g in g  c r i t e r i a ( 4 1 ) ,  we included c lin ica lly  suspected patients 

who recorded one o f  the fo llow ing  imaging find ings,

1.2.1) L iv e r mass, nodular, particu la rly  i l l  defined boundary or 
in filtra tive  mass and m in im a l peripheral enhancement on 

CT scan.

1.2.2) D ila ta tion  o f  the b ilia ry  tree; péritumoral b ile  ductdilatation, 

to rtuos ity and irregular dilatation.

O ther imaging find ings that assisted w ith  patient inc lusion were 

regional lym ph node enlargement and atrophy o f  obstructed lobe o f the 

live r.

2) Patients who were investigated by MRCP.

3) Patients who recieved surgical treatment and in  whom  diagnosis o f  C H C A  was 

prev ious ly confirmed.

E X C LU S IO N  C R ITER IA :

1) Preoperative diagnosis showed CH C A  but operative find ings revealed other 

abnormal pathology such as the presence o f  stone, or carcinoma o f  adjacent

regions.
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2) Patients w ith  M R I contraindications such as patient w ith  a cardiac pace 
maker, cochlea implantation, intracranial aneurysm c lip  or claustrophobia.

S A M P L E  S I Z E

W ith  the expected sensitiv ity o f  the MRCP in  the diagnosis o f  h ila r CHCA  

at 90%, and a study precision o f  10% at 95% C l, the sample o f  subjects w ith  

operative find ings o f  h ila r CH C A  is

ท = ( Z  0 975 ) 2 p ( l-p ) /  d 2

= ( 1.96 ) 2 (0.9) (1-0.9 ) / d  2 = 3 5

The prevalence o f  h ila r CH C A  amoung a ll patients w ith  C H C A  in our hospital 

was 65%. Therefore the sample size is 35 X  100/ 65 =  54 patients w ith  CHCA

V A R I A B L E S  T O  B E  M E A S U R E D

1) General characteristics o f  C H C A  patients wh ich made up the baseline data: 

age, gender, address.

2) In fo rm ation o f  other imaging modalities.

3) MRCP find ings assessed a radiologist.

4) Operative find ings assessed by surgeons who were b linded to the MRCP

findings.
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M E A S U R E M E N T

O p e r a t i v e  f i n d i n g s :  The method fo r g iv ing  the gold standard. ERCP and the 

pathologica l find ings o f  surgical specimens were used to provide additional in fo rm ation in  
some cases.

M R C P :  The method used to determ ine the performance o f  iden tify ing  patients 

w ith  h ila r C H C A  and common duct C H C A  and particu la rly  the location. MRCP is a 

special M R I technique used to image the cholangiogram. The MRCP in  this study were  

conducted using the M R  machine, a 1.5 T  GE medical system. Necessary software, special 

parameter and w e ll trained technologists are needed to image o f  the b ilia ry  tree.

Radiologists interpret the results o f  the imagings.

V A L I D I T Y  A N D  R E L I A B L I T I Y  O F  M R C P

F o r  v a l i d i t y :

Content va lid ity : There were many reports showing that MRCP is va lid  to diagnose 

and assess the b ilia ry  system in both human and phantoms. Experts in  medical imaging  

accept MRCP as one method to assess the b ilia ry  tract.

Ca libra tion: The machine has a routine ca libra tion program to make its 

performance com ply w ith  international standards.

F o r  r e l i a b i l i t y :

Interpreters: The rad io log ist interpreted the MRCP imaging.

In ter-ra ter and intra-rater re lia b ility  tests fo r the interpretation o f  radiologists were 

conducted in  30 patients before the main study was performed, in  order to assess the ir 

standard in  the interpretation o f  MRCP. We found the Kappa value o f  inter-rate re lia b ility  

test was 0.91 and Kappa values o f  intra-rater re lia b ility  tests were 0.94 and 0.92 fo r the 

f irs t and second radiologists respectively.
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O U T C O M E S  M E A S U R E M E N T

F o r  t h e  p r i m a r y  r e s e a r c h  q u e s t i o n :  Each CH C A  patient w i l l  be assessed 

using the M R C P  and O p e r a t i v e  f i n d i n g s  fo r h ila r C H C A  ( lesion in  location 3) 

as seen in  Figure 9.

F i g u r e  9 .  T h e  l o c a t i o n  o f  t h e  i n t e r e s t  h i l a r ( 3 )  a n d  c o m m o n  d u c t  ( 4 )

Intrahepatic CHCA

The M R C P  f ind ing  o f  h ila r CH C A  was interpreted as

positive (+ve) when the h ila r lesion caused by a tum or was seen on the MRCP  

by the radiologist.

- negative (-ve) when no h ila r lesion caused by a tum or was seen on the MRCP  

by the radiologist.
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The o p e r a t i v e  f i n d i n g  o f  h ila r CH CA was assessed and interpreted as 
positive (+ve) when surgeons found h ila r CH C A  in the operative fie ld , 

negative (-ve) when surgeons did not find  h ila r CH C A  in  the operative fie ld.

F o r  s e c o n d a r y  r e s e a r c h  q u e s t i o n :

The common duct location was assessed using an MRCP and the operative 

find ings in the same manner as h ila r CHCA .

D A T A  C O L L E C T I O N

M e t h o d  o f  d a t a  c o l le c t io n :  prospective data collection. In fo rm ation o f  

C H C A  patients who were diagnosed by an MRCP and underwent an operation 

between January 2000 to February 2001 was collected and recorded.

The v a r i a b l e s  which were measured and collected are as fo llow s:

1) Base line data: age, gender and address.

2) General condition inc lud ing other imaging m oda lity in fo rm ation such as US, 

CT and M R I.

3) MRCP find ings: assessed, interpreted and recorded by radiologists.

4) Operative find ings: assessed and recorded by surgeons.

O verv iew  o f  the data co llection method is shown in  Figure 10
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F i g u r e  1 0 .  O v e r v i e w  o f  t h e  m e t h o d  o f  d a t a  c o l le c t io n

E l i g i b l e  p a t ie n t s  w i t h  c l i n i c a l  

d ia g n o s is  o f  C H C A

I m a g i n g  a s s e s s m e n t  b y  M R C P ,  

w h i c h  is  t h e  m e t h o d  t o  b e  t e s te d

S u r g i c a l  t r e a t m e n t  

O p e r a t i v e  f i n d i n g s  t o  b e  u s e d  a s  

a  g o ld  s t a n d a r d

V a r i a b l e s  t o  b e  c o l le c t e d  a n d  r e c o r d e d

1) Baseline data.

2) General condition and other find ings o f  

other modalities: US, CT, M R I.

3) MRCP in form ation was recorded by 

radiologists.

4) Operative find ings were 

recorded by surgeons.

D A T A  A N A L Y S I S

1) Base line variables o f  patients were described as percentages fo r categorical 

data, mean (SD) and median (range).

2 )  F o r  t h e  p r i m a r y  r e s e a r c h  q u e s t i o n :

MRCP find ings o f  h ila r CH C A  were compared to the operative find ings  

in  a 2x2 table. The sensitiv ity (sen), specific ity (spec), accuracy (acc), positive  

pred ictive value (PV+), negative predictive value (PV -), post-test like lihood  i f
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the test was negative, like lihood ratio and correlation o f  variables were 

calculated to measure the MRCP performance.

A  95% confidence interval (C l) o f  the expected sensitiv ity was 

calculated.

Table 1. MRCP findings versus the operative findings of h ilar 
CHCA patients, dummy table

1 0 ” “ i

1 MRCp |  +
\\ \\\\\\\\\\\yA \\\\\\\\\\\\\\v

แ  1  :

 ̂ Total
\\\\\\\\\\\\\\\\^V i\\\\\\\\\\\\\\\\\\

b 'ะ a+b
1

“  1 cN \\\\\\\\\\\\\y \\\\\\\\\\\\\\v

Total \  a+c
^ r a r e J L rararerere

d \  c+d
towwwwwwn^wwwwwwwwwv;

b+d  ̂ a+b+c+d

a =  operative + (h ila r CH C A  was seen on operation) and MRCP + 

(v isualized h ila r C H C A  on MRCP)

b = operative -  (no h ila r CH C A  was seen on operation) and MRCP + 

(v isu la ized h ila r CH C A  on MRCP)

c = operative - (h ila r C H C A  was seen on operation) and MRCP -  

(no visualized h ila r C H C A  on MRCP) 
d = operative -  (no h ila r C H C A  was seen on operation) and MRCP -  

(no visualized h ila r C H C A  on MRCP)
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Statistical tests were calculated as fo llows:

Sensitiv ity = a/a+c

Spec ific ity  =  d/b+d

Accuracy (tota l corrected prediction) = a+d/(a+b+c+d) X 100

Positive predictive value (PV+) or post-test p robab ility  or

Post-test like lihood  i f  the test was positive  

Negative predictive value (PV -)

Post-test like lihood i f  the test was negative 

L ike lihood  ratio

a/a+b

d/c+d

c/c+d or 1- (PV -) 

a/a+c

b/b+d

a(b+d)

b(a+c)

For the secondary research question:

W e calculated statistics fo r the manifestation o f  the common duct location  

by using the same methods as fo r the h ila r location.

A n  agreement test between the MRCP find ings and the operative find ings  

o f  h ila r C H C A  and common duct CH CA was conducted by using the Kappa 
statistic (K ) fo llow s.

K  = Po -Pe  

1 - Pe

ETH ICAL CONSIDERATION
This research invo lved operative procedures and special investigation. 

Therefore the proposal o f  thesis research was sent to and approved by both the 

ethical committee o f  the Faculty o f  Medicine at Khon Kaen Un ivers ity , and the 

ethical committee o f  the Faculty o f  Medicine at Chula longkom  university.
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M R I and special techniques such as MRCP and M R A  are accepted as safe 

techniques fo r human investigation worldw ide, and are also approved by the FD A  

in  the USA .

The researchers were not invo lved in the decision making process o f  

patients to participate in the research.

L IM ITA T IO N
The study included operative procedures, wh ich may include aggressive 

surgery. Some patients refused to undergo surgical treatment.

BENEFITS OF THE STUDY
MRCP, as a non-invasive cholangiographic method to assess the b ilia ry  

tree, may replace invasive direct cholangiography such as ERCP or PTC, to 
provide a preoperative diagnosis and assessment o f  the b ilia ry  tract obstruction in  

re lation to h ila r CHCA .

MRCP requires neither a contrast agent nor other forms o f intervention. It 

is therefore a safe method to assess b ilia ry  tract obstruction, and particu la rly  h ila r 

CHCA .

Recent reports between 1998 and 2000 reported an increasing trend in  the 

use o f  aggressive surgical treatment fo r h ila r CHCA . MRCP may be the best 

adjunctive imaging technique to provide in fo rm ation fo r operative planning and 

fo r making a decision as to whether a tum or is resectable or not. It may also help in  

the selection o f  patients who m ight benefit from  extensive surgery.

The results o f  MRCP may be beneficia l in planning surgical treatment, type  

o f  operation, and selection o f  patients that may benefit from  the operation. This  
w il l  a ffect the outcome and qua lity o f  life  o f  patients.
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W e considered the re lia b ility  and va lid ity  o f  the results o f  the MRCP  

find ings as interpreted by the radiologists. Inter-observer and intra-observer 

re lia b ility  tests were performed before the main research started. A n  MRCP  

find ings assessment fo rm  was created because o f  the need to ensure the 

in terpretation o f  MRCP find ings used the same pattern and were easy to interpret. 

A n  operative find ings assessment fo rm  was also developed fo r the same purpose. 

We also considered the in terva l between the MRCP and the operation date. Change 

in  the tumor, such as size or extension o f  the tumor, was a focal point fo r 

researchers. The mean O tS .D .) in terval was 13.6 (±8) days. We assumed that the 

pathology, w h ich  was seen on the MRCP and in  the operative fie ld , was o f  the 

same status. We were concerned about the operative assessment bias o f  the 

surgeon. The MRCP in fo rm ation was blinded to the surgeon during the process o f  
prospective data co llection in order to control potential bias. We selected the 

operative find ing  o f  the h ila r CH C A  and common b ile duct CH C A  as the gold  

standard because these areas are clearly visable in the operative fie ld . It is therefore  

believed to be a genuine gold standard.

SUMMARY OF RESEARCH DESIGN AND METHODOLOGY  
RESEARCH QUESTIONS

Primary question: H ow  effective is MRCP in the diagnosis o f  h ila r 

C H C A ?

Secondary question: How  effective is MRCP in the diagnosis o f  CH C A  o f

the common b ile duct?
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RESEARCH OBJECTIVES  
Primary objective:
To determ ine the diagnostic performance o f  MRCP in patients w ith  h ila r

CHCA .

Secondary objectives:
To determ ine the diagnostic performance o f  MRCP in  patients w ith  

common b ile  duct CHCA .

To evaluate the agreement between MRCP and the operative find ings in the 

diagnosis o f  h ila r CH C A  and common b ile  duct CHCA.

RESEARCH DESIGN
Descrip tive study, diagnostic test.

TARGET POPULATION

Patients w ith  CH C A  requiring preoperative assessment.

STUDY POPULATION

Patients w ith  C H C A  in  Srinagarind Hospita l, Khon Kaen Un ivers ity. 

Inclusion criteria: Patients w ith  CH C A  who were assessed by MRCP and 

underwent surgery.

Exclusion criteria: Patients w ith  unconfirmed CHCA.

SAMPLE SIZE
W ith  the requirement 90% sensitiv ity and 10% precision at a 95% C l 

and w ith  65% prevalence o f  h ila r CHCA , the sample size was estimated to be 54 

patients w ith  CHCA .
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OUTCOME MEASUREMENT

MRCP findings ะ assessed, interpreted and recorded by radiologists. 

Operative findings: assessed and recorded by surgeons.

DATA COLLECTION
Prospective data collected between January 2000and February 2001.

DATA ANALYSIS

MRCP and operative find ings were compared in a 2x2 table. Statistics fo r 

diagnostic test, inc lud ing sensitiv ity, specific ity, accuracy and like lihood ratio  
were calculated.
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