
C H A P T E R  3

RESEARCH METHODOLOGY

3.1 Study objective

The objective o f this study is to assess the equivalence o f analgesic effect 

between 0.0625 %  bupivacaine plus fentanyl 3 M-g/ml and 0.15 % ropivacaine 

delivered by PCEA for 48 hours via a lumbar epidural catheter after unilateral total 

knee replacement (TKR) surgery.

3.2 Research questions

3.2.1 Primary research question

Primary question: Is patient-controlled epidural analgesia (PCEA) with 0.0625 

% bupivacaine plus fentanyl 3 [ig/ml as effective as PCEA with 0.15 % ropivacaine 

alone for 48 hour-postoperative analgesia after total knee replacement procedure 

assessed by 48 hour overall pain score on movement?

3.2.2 Secondai-}' research question

Secondary question: Are there any differences in the incidences ot untoward 

effects (motor block, vomiting, pruritus, respiratory and cardiovascular
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complications), total consumed volume of study solution, total rescue analgesic drug, 

compared between these two regimens?

3.3 Research hypothesis

PCEA with 0.15 % ropivacaine is as effective as PCEA with 0.0625 % 

bupivacaine plus fentanyl for postoperative analgesia after TKR surgery.

Statistical hypothesis for equivalence study

Null hypothesis :

Ho : Pr - Pbf >
A -----------------------

( inequivalence)

Alternative hypothesis :

Ha : Pr - Pbf < A ( equivalence)

Ur , Pb = overall mean pain score on movement over 48 h 

(R = ropivacaine group ; BF = bupivacaine plus fentanyl group) 

A = prespecified acceptable difference as equivalence 

(expert opinion = 10 mm o f pain VAS score )
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3.4 Research design

This will be a hospital -  based, randomized, allocation -  concealed, double 

blind clinical equivalence trial.
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3.5 Research methods

3.5.1 Population

T a rg e t po p u la tio n : A ll ad u lt u n d e rg o in g  u n ila te ra l to ta l kn ee  rep lacem en t 

(T K R ) p a tie n ts  w h o  req u ire  p o s to p e ra tiv e  pa in  th e ra p y  v ia  ep id u ra l ca th e te r.

S tu d y  sa m p le s  : A ll ad u lt u n d e rg o in g  u n ila te ra l T K R  p a tien ts  a t S iriraj 

h o sp ita l w h o  req u ire  p o s to p e ra tiv e  pa in  th e rap y  v ia  ep id u ra l c a th e te r  and  fu lfill th e  

e lig ib le  c rite ria .

3.5.2 Eligible criteria:

Inclusion criteria

A ll o r th o p e d ic  p a tien ts  aged  4 5 -8 0  years, A S A  p h y sica l s ta tu s  I, II, and  stab le  

III (A p p en d ix  1) u n d e rw e n t e lec tiv e  u n ila te ra l T K R  w h o

1 has ep id u ra l c a th e te r  in se rted  p reo p e ra tiv e ly  fo r  p ro v id in g  reg io n a l 

a n es th e s ia  d u rin g  op era tio n .

2. can  sp eak  T hai and u n d e rs tan d  h o w  to  u se  P C E A  dev ice  and  h o w  

to  assess  pa in  w ith  V A S  sco re  a fte r b e in g  ed u ca ted .



12

Exclusion criteria

1. A n y  p a tien ts  w h o  has co n tra in d ic a tio n  fo r  ep id u ra l c a th e te r  

in se rtio n  o r  in w h o m  th a t ep idu ra l c a th e te r  can  n o t be  in serted  

p rop erly .

2. A n y  p a tie n ts  w h o  are  a lle rg ic  to  local a n e s th e tic s  and  / o r  fen tan y l

3. A n y  p a tien ts  w h o  are  n arco tic  d ep en d en ce

4. A n y  p a tien ts  w h o  u n d e rg o  re -o p e ra tio n  o f  T K R

5. A n y  p a tie n ts  w h o  o r th e ir  re la tiv e s  do  n o t w a n t to  p a r tic ip a te  in th is  

s tu dy

3.5.3 Sample size determination

B ased  on  th e  p rim ary  e fficac y  variab le : th e  ov era ll 48 h o u r pa in  V A S  sco re  on 

m o v em en t

F o r  a o n e  sid ed  co n fid e n c e  in terva l ap p ro ach  o f  th e  eq u iv a le n c e  stu dy  

a c c o rd in g  to  Jo n es  B et a l .28 , th e  c o rre sp o n d in g  fo rm u la  is :

ท = 2 ร2 [ z  (l-fx) + Z (, .„)]2 
A2

Il =  n u m b e r o f  s tu d y  sam p les  p er g ro u p  

ร2 =  an  e s tim a te  o f  th e  v a rian ce  o f  th e  p ilo t stu dy  

=  2 5 7 .2 5  m m 2

a  = 0 .05  (o n e  sid ed ); z (1-a) = 1.64 

p = 0 .2 ; z (1- P) = 0 .8 4



A =  p re -sp ec if ied  accep tab le  pain  V A S  sco re  d iffe ren ce  on  m ov em en t 

as eq u iv a le n c e  by  ex p e rt o p in io n  =  10 m m  p a in  V A S  sco re
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ท =  2 (2 5 7 .2 5 )(  1 .6 4 + 0 .8 4 )2

(10) 2

=  3 1.64 =  32 p a tien ts

E s tim a te d  p ro to co l v io la tio n  is a ro u n d  10 %

c o m p e n sa te d  n u m b e r o f  p a tien ts  /  g ro u p  =  36  p a tien ts  

to ta l n u m b e r  o f  s tu d y  sam p les  =  72 p a tien ts

3.5.4 Allocation of the study population

A  ra n d o m  a llo ca tio n  o f  th e  stu dy  p o p u la tio n  is ass ig n ed  u s in g  rando m  

p e rm u ta tio n  tab le  by  b lo ck s  o f  16 and 20 to  d iv ide  th e  p a tien ts  in to  tw o  g ro u p s 

rece iv in g  e ith e r  P C E A  w ith  0 .0 6 2 5  %  b u p iv aca in e  p lus fen tan y l 3 p g  (B F ) o r 0.15 %  

ro p iv aca in e  (R ). T h e  a llo ca tio n  fo r each  p a tien t is co n cea led  by  p la c in g  th e  p a t ie n ts ’ 

a ss ig n m e n ts  in th e  en v e lo p es  th a t are  d raw n  in a scen d in g  c o n se c u tiv e  o rder. B o th  

pa tien t and  e v a lu a to r  a re  b lin d ed  to  tre a tm en t g roups.

3.5.5 Operational definition

1 P ain  V A S  sco re  : 100 m m  pain  v isual an a lo g u e  sca le  sco re  ;

0 = no pain  , 100 =  w o rs t pain ev e r
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2.

3.

o p e ra ted

4.

5.

P a in  a t rest : s tab le  p a in  w ith o u t m o v em en t

P ain  on  m o v em en t : pa in  ev o k ed  by  ac tiv e  d o rs i-f le x io n  o f  a n k le  jo in t  on  

leg  s im u lta n e o u s  w ith  p a ss iv e ly  flex  hip to  an  an g le  o f  60  ๐ 

M o to r  b lo c k  : a ssessed  by  u s in g  th e  m o d ified  B ro m a g e ’s scale ,

0 =  no  m o to r  b lock ;

1 =  in ab ility  to  ra ise  th e  ex ten d ed  leg  (h ip  b lo ck ed );

2 =  in ab ility  to  flex  k n ee  (k n ee  b lo ck ed );

3 =  in ab ility  to  flex  an k le  (h ip , knee  and  a n k le  b lo c k e d )

S ed a tio n  a sse ssed  by  4 p o in t sca les

1 =  a w a k e  &  a lert

2 =  m ild ly  sed a ted , easily  to  w ak e  up  w ith  call

3 =  m o d e ra te ly  sed a ted , easily  to  w a k e  up  w ith  to u c h  o r sligh t

sh ak e

4 =  d eep ly  sed a ted  &  d iff icu lt to  w a k e  up

6. R esp ira to ry  c o m p lic a tio n  :

R e sp ira to ry  d e p re ss io n  : defin ed  as re sp ira to ry  ra te  <  10 bp m  and  / o r 

SpC>2 <  90  %  (b re a th in g  ro o m  air)

M a jo r  re sp ira to ry  d ep ress io n : defin ed  as re sp ira to ry  d ep re ss io n  p lus 

deep  sed a tio n  (se d a tio n  sca le  4)

7. H y p o ten s io n  : d e fin ed  as a sy s to lic  b lo o d  p re ssu re  less th an  100 m m H g  th a t 

p e rs is ts  fo r  10 m in o r  m ore.

8. B ra d y c a rd ia  : a h eart ra te  less than  45 bpm

9. N a u se a  : a fee lin g  o f  s ick n ess  o r  d isgu st

10. V o m itin g  : a v io len t e jec tio n  o f  food  o r g as tric  ju ic e  th ro u g h  th e  m ou th  

1 1. P ru ritu s  : a fe e lin g  o f  irrita tio n  on th e  skin, c au s in g  a d es ire  to  sc ra tch



15

3.5.6 Observation and outcome measurement

P a tien ts  w e re  ro u tin e ly  o b se rv ed  and  reco rd ed  o f  v ital s ig n s  ev e ry  h o u r fo r the  

f irs t 6 h o u rs  th en  e v e ry  fo u r h o u rs  until th e  end  o f  th e  study.

T w o  e v a lu a to rs  w e re  tra in ed  fo r a sse ssm e n t o f  all o u tco m e  variab les . T hese  

v a riab le s  w e re  a s se sse d  at 4, 8, 20, 30, and 48 h o u rs  p o s to p e ra tiv e ly  ex ce p t fo r  th e  

ep iso d e s  o f  u n to w a rd  side e ffec ts . N u m b er and sev e rity  o f  u n to w a rd  ep iso d es  w ere  

re c o rd e d  by  a sk in g  th e  p a tie n ts  and by rev iew in g  n u rse  reco rd  at 20, 48 hours.

T o ta l c o n su m e d  v o lu m e  o f  s tu dy  so lu tio n s  (0 .0 6 2 5 %  b u p iv aca in e  and  fen tan y l 

o r  0 .15  %  ro p iv a c a in e )  a t 4 , 8, 20 , 30, and 48 h o u rs  p o s to p e ra tiv e ly  w e re  rev iew ed  

fro m  c o m p u te r iz e d  v o lu m e  re c o rd  o f  PC  A dev ice  

(A b b o tt P a in  M a n a g e m e n t P ro v id e r ™ ).

Pain sco re  w as  assessed  by pa in  v isua l an a lo g u e  sca le  (V A S ) sco re  w h ich  is a 

100 m m  line  s ta r tin g  fro m  0 (no  pain) to  100 (w o rs t pain  ever). P a tien t m ade  a  c ro ss  

m ark  on  th e  line  th a t c o rre sp o n d ed  to  his o r  her pain

no pain  w o rs t pain  ever

0 -----------------------------------------------------------------X------------------------------------------ 100

T he d is ta n c e  fro m  0 to  a c ro ss m ark w as m easu red  by  a b lin d  ev a lu a to r.

T he p a in  V A S  sco re  at rest w as assessed  firs t and a f te r  p e rfo rm ed  an ac tive
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d o rs i-f le x io n  o f  an k le  jo in t s im u lta n e o u s ly  w ith  p ass iv e  m o v em en t up  and  d o w n  on 

th e  o p e ra ted  leg  fo r  4 tim es w ith in  1 m in ,th en  th e  pain  sco re  a fte r  th a t m an ip u la tio n  

w as  n o ted  as pa in  on  m o v em en t and  w as  reco rd ed  on  an o th e r p a in  V A S  chart.

M o to r  b lo c k  a sse ssm e n t by  4 p o in t sca le  o f  m od ified  B ro m a g e  sca le s  (0 -3 ) 

w e re  reco rd ed . T h is  sca le  is w ell a c cep ted  fo r q u a lita tiv e  m o to r b lo ck  ev a lu a tio n  

d u rin g  reg io n a l an esth esia .

S ed a tio n  a lso  w as a ssessed  by  4 p o in t scale  as s ta ted  earlier.

N u m b e r  an d  sev e rity  o f  u n to w a rd  e ffec ts  w e re  reco rd ed  at 20  and  48  h. T he 

sev e rity  o f  s id e  e ffe c ts  w as assessed  as 0 =  none; 1= yes; bu t no t req u ire  tre a tm en t;

2 = yes; th a t req u ire  and  re lie f  by  tre a tm e n t; 3=  yes; bu t no t re lie f  by  tre a tm en t.

T o ta l re sc u e  an a lg esic  d ru g  req u ired  d u rin g  48 h o u rs  p o s to p e ra tiv e ly  w ill be 

reco rd ed

A t th e  end  o f  th e  study , p a tien ts  w ere  asked  to  assess th e ir  sa tis fa c tio n  on  

ov era ll pa in  m a n a g e m e n t by  4 p o in t scales.

E x c e lle n t = P a tien ts  sa tisfied  w ith  th is  pain  th e rap y  and  are  hap py  

to  h av e  th is  ty p e  o f  th e rap y  in th e  fu tu re  w ith o u t any change .

G o o d  =  P a tien ts  sa tis fied  w ith  th is pain  th e rap y  and  are  h ap py  to  have 

th is  ty p e  o f  th e ra p y  in th e  fu tu re  w ith  m in o r ch an g e

F a ir  = P a tien ts  a ccep ted  th is  pain  th e rap y  bu t still re q u e s t so m e o th e r
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ty p e  o f  p a in  th e ra p y

P o o r  =  P a tie n ts  did n o t a ccep t th is  pa in  th e rap y

3.5.7 Study intervention

1. A  d ay  b e fo re  th e  op e ra tio n , o n e  o f  th e  in v es tig a to rs  v is ited  all e lig ib le  

p a tien ts  to  ex p la in  th o ro u g h ly  th e  s tu d y  p ro to co l and  a llo w ed  p a tien ts  to  co m fo rtab ly  

m ak e  a  d e c is io n  w h e th e r  o r  no t to  en te r  in to  th e  study . A fte r  re ce iv in g  a w ritten  

in fo rm ed  co n sen t, th e  d e ta ils  on  h o w  to  u se  th e  P C A  dev ice  and  h o w  to  assess  pa in  

w ith  V A S  sc o re  w e re  ex p la in ed .

2. A ll p a tie n ts  w e re  p rem ed ica ted  w ith  m id azo lam  5 - 7 .5  m g  o ra lly  

ap p ro x im a te ly  1 h o u r  b e fo re  surgery .

3. A ll p a tie n ts  rece iv ed  co m b in ed  ep id u ra l and  g en era l a n es th e s ia  w ith  

sp o n ta n e o u s  v e n tila tio n  v ia  la ry n g ea l m ask  a irw ay  (L M A ) fo r T K R  p ro ced u re  

(A p p en d ix  2).

4. In th e  re c o v e ry  room , th e  p a tien ts  w ere  ran d o m ly  a ss ig n ed  (sea led  

en v e lo p e  m e th o d )  to  tw o  tre a tm e n t g ro u p s , rece iv in g  P C E A  o f  b lin d ed  s tu d y  so lu tio n  

(0 .1 5 %  ro p iv aca in e  o r 0 .0 6 2 5 %  b u p iv aca in e  p lu s fen tan y l 3 pig /m l) fo r 48 ho u rs 

p o s to p e ra tiv e ly . (B lin d e d  s tu d y  so lu tio n  acco rd in g  to  a llo ca tio n  co n c e a lm e n t w as 

p rep a red  by  o n e  o f  o u r  in v e s tig a to r  w h o  did no t in v o lv e  in th e  ev a lu a tio n  o f  th e  

pa tien t)

P C E A  w a s  set at basal in fu sio n  o f  5 m l/h  and a b o lu s  (P C A ) d o se  o f  3 ml, 

w ith  a lo ck o u t in terva l o f  15 m in , and no 4 ho u r-lim it.

5. All p a tie n ts  w e re  m o n ito red  fo r ro u tin e  v ita l s ig n s  ev e ry  h o u r  fo r th e  first 6 

h o u rs  th en  ev e ry  4 h o u rs  until s tu d y  ended.
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6. All p a tie n ts  w e re  assessed  fo r  p a in  V A S  sco re  a t rest and  on  m o v em en t, 

and  m o to r  b lo ck  a t 4 ,8 ,2 0 ,3 0 ,4 8  h o u rs  p o sto p e ra tiv e ly .

7. All p a tie n ts  w e re  asked  fo r ep iso d es  and sev e rity  o f  u n to w a rd  e ffec ts  

(n au sea , v o m itin g , p ru ritu s). P a tie n ts ’ ch a r ts  w ill be  a lso  rev iew ed  fo r ep iso d es  o f  

c a rd io v a sc u la r  and  re sp ira to ry  co m p lica tio n s  in c lu d e  th e  tre a tm e n t fo r  th o se  ep iso d es

8. S ide e ffe c ts  w ere  tre a ted  w ith  :

M e to c lo p ra m id e  5 -10  m g in trav en o u s ly  every  4 -6  h fo r  n au sea  and 

v o m itin g  w h en  req u es ted .

D ip h e n h y d ra m in e  2 5 -5 0  m g o ra lly  ev e ry  6 h fo r  p ru r itu s  w h en  req u ested .

2 0 0  m l o f  b a lan ced  sa lt so lu tio n  g iv en  in trav en o u s ly  w ith in  20  m in fo r 

sy s to lic  b lo o d  p re ssu re  less th an  100 m m H g  th a t p e rs is ts  fo r  10 m in  o r m o re  w h en  no 

o th e r  d e fin ite  c a u se s  ex p ec ted . I f  th e  p a tien t did no t im p ro v e  o r re sp o n se  to  th a t 

th e rap y , o n e  o f  in v e s tig a to rs  w o u ld  be  no tified

O x y g en  nasa l c an n u la  3 1pm, fo r S p 0 2  <  90%  o r R R  < 1 0  bp m , th en  n o tified  

in v e s tig a to r  team .

N a lo x o n e  0.1 m g in trav en o u s ly  ev e ry  5 m in , fo r  a m ax im u m  o f  3 d o ses  for 

m a jo r re sp ira to ry  d ep re ss io n  th en  n o tified  in v es tig a to r  team

T ram ad o l 5 0 -1 0 0  m g g iv en  in tra m u sc u la rly  ev e ry  6 h as re sc u e  an a lg esic , i f  

p a tien t req u e s te d  fo r add ition a l pa in  th e rap y

3.6 Ethical consideration

T h is  s tu d y  w as  ap p ro v ed  by  T h e  In s titu tio n a l R ev iew  B o ard  on  H u m an  

R esearch  o f  S iriraj ho sp ita l

T he  de ta il o f  th e  s tu d y  in c lu d e  any  p o ten tia l u n to w a rd  e ffec ts  w as  ex p la in ed
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c lea rly  to  th e  p a tie n ts  and  w ritten  in fo rm ed  co n sen t w as sig ned  b e fo re  study  

co m m en ced . T h e  p a tien ts  had  a r ig h t to  w ith d ra w  o f  th e  s tu d y  a t any  tim e  w h en ev e r  

th ey  w a n te d  and  w ill n o t in te rfe re  w ith  th e ir  ro u tin e  m an ag em en t. S ince pain  

m an ag em en t w ith  th is  te c h n iq u e  and  d ru g s  are  w ell a c cep ted  and  p a tien ts  hav e  to  be 

m o n ito re d  c lo se ly  as  h o sp ita l basis , w e  do  no t ex p ec t any  se rio u s  c o m p lica tio n s  o r 

any  harm  to  th e  pa tien ts .

3.7 Data analysis

A ll d a ta  w e re  p ro cessed  and  co m p u ted  by  c o m p u te r  so f tw a re  p ro g ram m e 

S P S S  and  S A S system s. T he  d is tr ib u tio n  o f  d a ta  w e re  te s ted  by  K o lm o g o ro v  

S m irn o v  g o o d n e ss  o f  fit test. T he  p a ram e tr ic  s ta tis tic  te s t w as u sed  fo r th e  no rm al 

d is tr ib u te d  data. F o r th e  sk ew ed  d a ta  th e  eq u iv a len t n o n -p a ra m e tric  te s t w as  used 

in stead . D a ta  w e re  p re sen ted  as nu m bers, m ed ian s  and  ranges, o r as m ean  (SD ). 

C o m p ariso n  o f  p a in  V A S  sco re  at th e  d iffe ren t m e asu rem e n t tim es  and  co n su m ed  

P C E A  v o lu m e  b e tw e e n  g ro u p s  w ere  p erfo rm ed  by  u s in g  in d ep en d en t t test. 

C o rre c tio n  fo r m u ltip le  co m p ariso n  w as m ade by u s in g  th e  B o n fe rro n i m e th o d  to  

p rese rv e  th e  o v e ra ll s ig n if ic a n t level as p <  0 .05. C a teg o rica l da ta  w e re  ex am in ed  by 

C h i-sq u a re  and  F is h e r ’s ex ac t test, i f  ap p licab le . C h i-sq u a re  fo r tren d  w as used  fo r 

co m p arin g  o f  th e  o rd in a l data . A  m ixed  m odel fo r rep ea ted  m e a su re m e n t w ith  

un equ al in te rv a ls  (o v e ra ll p a in  V A S  sco re  o v e r 48 h o u r  p o s to p e ra tiv e  p e rio d ) w as 

used  and o n e  sid ed  o f  c o n fid e n c e  in terva l ap p ro ach  w as ad d ressed  fo r an eq u iv alence . 

All p  v a lu es  bu t ov era ll pa in  V A S  sco re  o v e r 48 h o u r p o s to p e ra tiv e  p erio d  w ere  tw o  

ta iled , and  p < 0 .05  w as co n s id e red  sig n ifican t.
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