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PERM ISSION

T itle  In traopera tive  P ain  M anagem en t: A ttenua ting  P ostopera tiv e  Pa in  in  P ed ia tric

Pa tien ts

D epartm ent N u rsing

D egree  M aste r o f  S c ience

In p resen ting  th is  independen t study  in  pa rtia l fu lfillm en t o f  th e  requ irem en ts  fo r a  g radua te  

degree  from  the  U n iv ers ity  o f  N o rth  D ako ta , I agree  th a t th e  C o llege  o f  N u rsin g  o f  th is 

U nivers ity  shall m ake  it free ly  availab le  for in spec tion . I fu rth e r ag ree  th a t p e rm ission  for 

ex ten sive  copy ing  o r e lectron ic  access fo r scho la rly  pu rpo ses  m ay  be  g ran ted  b y  th e  p ro fesso r 

who superv ised  m y  ind ependen t s tudy  w ork  or, in  h is  absence, b y  th e  cha irpe rson  o f  the  

d epartm en t o r th e  d ean  o f  th e  G raduate  School. It is unders tood  th a t any  copy ing  o r pub lica tion  

o r o th e r u se  o f  th is  independen t s tudy  o r  p a rt th e re o f  fo r financ ia l ga in  shall no t b e  a llow ed 

w ithou t m y  w ritten  p e rm ission . It is a lso  unders tood  tha t due  recogn ition  shall b e  g iven  to  m e  

and to  th e  U n ivers ity  o f  N o rth  D ako ta  in  any  scho la rly  u se  w h ich  m ay  b e  m ade  o f  any  m aterial 

in  m y  in dependen t study.

S igna tu re

D ate
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A bstract

In traopera tiv e  P ain  M anagem en t: A ttenua ting  P o stopera tiv e  P ain  in  P ed ia tric  Pa tien ts

M ore  th an  5 m illion  ch ild ren  undergo  su rgery  in  th e  U n ited  S ta tes each  year, and  it is 

e s tim ated  th a t up  to  75%  (3.75 m illion ) o f  th em  experience  s ign ifican t po sto pe ra tiv e  pain  

(Fortier, M acL aren , M artink , P erret-K arim i, &  K ain , 2009). W h ile  w e  have com e a  long  w ay  in 

ou r  know ledge  o f  p a in  in  ch ild ren , it is o ften  found  th a t p a in  is in adequate ly  assessed  and  treated . 

A side  from  the  co st a ssoc iated  w ith  inc reased  u tiliza tio n  o f  m ed ica l v is its , p sycho log ical 

im p lica tions  (anx ie ty , avo idance , sleep  d is tu rbances), and  inc reased  pa ren ta l d is tress  re la ted  to  

p ed ia tric  pa in , th e re  are  m any  physio log ic  changes assoc iated  w ith  p a in  th a t m ay  de lay  o r 

p reven t w ound  healing . In c reasing  aw areness  o f  pharm aco log ic  trend s in  p ed ia tric  ana lgesia  m ay  

ass is t anesth esia  s ta f f  in  p ro v id ing  adequa te  in traopera tiv e  ana lgesia  and  decreasing  

po stopera tiv e  pain .

M any  com ponen ts th a t con tribu te  to postopera tiv e  p ed ia tric  p a in  h ave  b een  studied . D ue 

to th e  ex ten sive  am ount o f  resea rch  availab le  on  th is  top ic, fo r the  pu rpo ses  o f  th is independen t 

p ro jec t, re sea rch  w ill b e  lim ited  to  tho se  ch ild ren  ages 2 -12  years o ld  undergo ing  ton sillec tom y  

and  adeno idec tom y  (T&A ). T& A  is one  o f  th e  m ost comm on  ped ia tric  su rg ical p rocedu res  and  is 

w ell know n  to b e  assoc ia ted  w ith  s ign ifican t po s topera tiv e  p a in  (F o rtie r et all., 2009).

T he  pu rpo se  o f  th is  independen t p ro jec t is to  id en tify  pharm aco log ic  agen ts tha t are 

p resen tly  b e in g  em p loyed  in traopera tiv e ly  to  p rov ide  ana lgesia  to  th e  p ed ia tric  popu lation . A 

com prehensive  rev iew  o f  th e  lite ra tu re  w as p e rfo rm ed  u sin g  P ubM ed and C INAHL  databases. 

C u rren t resea rch  find ing s on  the  top ic  o f  in teres t and  re la ted  top ics  w ere  rev iew ed. M elzack  and 

W a ll’s g ate  contro l th eo ry  o f  p a in  w as u sed  as a th eo retica l fram ework.
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In traopera tiv e  P a in  M anagem ent: A ttenua ting  P ostopera tiv e  P ain  in  P ed ia tric  P a tien ts

Pain is d efin ed  b y  th e  In terna tiona l A ssoc ia tion  fo r th e  S tudy o f  P ain  as “ an unp leasan t 

senso ry  and  em o tional experience  assoc ia ted  w ith  actual o r  po ten tia l tissue  dam age, o r  d escribed  

in  te rm s o f  such  dam age” (IA SP , 1994). C ertified  R eg is te red  N u rse  A nesthe tis ts  (CRNA s) and  

o ther anesthesia  p rov iders  a re  responsib le  for p ro v id in g  anesthesia , am nesia , and  ana lgesia  to  

p a tien ts  w ho  a re  unde rgo ing  surgical p rocedures . A na lgesia  is d e fin ed  as th e  ab sence  o f  p a in  in  

response  to  s tim u la tion  w h ich  w ou ld  n o rm ally  b e  pa in fu l (IASP , 1994). T he  physio log ica l 

ind icato rs  o f  b lood  p ressure , h ea rt  rate , and  resp ira to ry  ra te  are  am ong  th e  m ost comm on ly  u sed  

to assess p a in  in  p a tien ts w ho  are  anesthe tized . In ab ility  to  comm un ica te  v e rba lly  does no t 

negate  the  po ssib ility  th a t an  ind iv idua l is experienc ing  p a in  and  is in  n eed  o f  approp ria te  pa in - 

re liev ing  trea tm en t (IA SP , 1994).

G ood  pa in  m anagem en t is a ssoc iated  w ith  im p roved  ou tcom es from  surgery , qu icker 

c lin ica l recovery , sho rte r ho sp ita l stays, few er readm ission s, im p roved  qua lity  o f  life , and  

im p roved  pa tien t and  pa ren t sa tisfaction  (T rudeau , Lam b, G ow ans, &  Lauder, 2009). In  ligh t o f  

the  p resen t advances  in  techno logy  and th e  p rog ress  th a t h as b een  m ade  in  th e  sc ience  o f  

pharm aco logy , a specific  fo rm u la  fo r p ro v id in g  ch ild ren  th e  m ost e ffective  ana lgesia  has e luded  

health ca re  p rov iders  due to  v a riab ility  in  c h ild ren ’s p e rcep tion  and  response  to  pain . R esearch  

conducted  on  th e  p ed ia tric  popu la tio n  is also sub ject to m any  e th ica l con side ra tions  w h ich  resu lts  

in  com parab ly  few  random ized  con tro lled  tria ls th a t d irec t p a in  m anagem en t in  children . 

A nesthesia  p rov iders m ust strive  to  p rov ide  adequa te  ana lgesia  to  the  p ed ia tric  popu lation . T he  

c lin ica l question  o f  in te res t rem ains: w ha t pharm aco log ic  agen ts u tilized  in traopera tiv e ly  p rov ide  

the  m o st e ffective  ana lgesia  in  the  im m ed ia te  po stopera tiv e  period?
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Purpose

The  pu rpo se  o f  th is  independen t p ro jec t is to  p rov ide  a cu rren t rev iew  o f  lite ra tu re  on  

in traopera tiv e  ana lgesic  agen ts u sed  to  trea t p a in  in  the  p ed ia tric  (2 -12  years) popu la tion  

undergo ing  T&A . In  o rder to  adequa te ly  p rov ide  e ffectiv e  trea tm en t b ased  on  research , c lin ic ians  

need  to b e  k ep t in fo rm ed  on  the  la tes t resu lts  in  p ed ia tric  and  p ha rm aco log ic  stud ies. This 

in fo rm ation  w ill b e  p resen ted  at th e  N o r th  D ako ta  A ssoc ia tion  o f  N u rse  A nesthe tis ts  b i-annua l 

m ee ting  in  B ism arck , N o rth  D akota. W ith  cu rren t ev idence for p rac tice  p resen ted , p rov iders  m ay  

in corpora te  th e  resu lts o f  th is rev iew  in to  th e ir  ind iv idua l p rac tices  to  p ro v ide  m o re  e ffective  

in traopera tiv e  ana lgesic  m anagem en t.

T he  basis  o f  th is p ro jec t is  to  a lert cu rren t p rac titioners  to  th e  s ign ificance  o f  th is 

p rob lem , p rov ide  a rev iew  o f  th e  p a in  p a thw ay , rev iew  th e  h is to rica l p e rspec tiv e  o f  p a in  in  

p ed ia tric  p a tien ts, and  to  p rov ide  a  rev iew  o f  lite ra tu re  on  th e  curren t pharm aco log ic  trea tm en ts 

o f  in traopera tiv e  pain .

Significance

Up to 75%  o f  ch ild ren  undergo in g  su rgery  experience  po stopera tiv e  pain  w ith  up  to  50%  

experienc ing  severe  p a in  (d efined  as a  p a in  sco re  g rea te r th an  o r equal to  8) a fte r su rge ry  (F ortie r 

et al., 2010; B ean -L ijew sk i, K ru itbo sch , H u tch in son  &  B row ne , 2007). A cco rd ing  to the  

N a tiona l H ealth  S ta tis tics  R eports  (H ing  &  Burt, 2007), am bu la to ry  (ou tpatien t) su rgery  has b een  

in c reasing  in  th e  U n ited  S tates and  T&A  is am ong  the  m ost comm on procedu res  p e rfo rm ed  on  

an ou tpatien t b asis  for ch ild ren  unde r 15 years o f  age. T h is  p a rticu la r su rge ry  is a ssoc iated  w ith  

in creased  risk  o f  p a in  a fte r surgery , adverse  resp ira to ry  even ts, b leed ing , and  po stoperativ e  

n au sea  and  vom iting  (G u lhas  et al., 2003). It is im po rtan t fo r anesthesia  p rov iders  to  adequate ly
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trea t in traopera tiv e  p a in  in  o rder to  sm oo th  th e  tran s ition  from  the  opera ting  su ite  to  th e  PACU . 

R ead iness fo r d ischarge  hom e from  the  PACU  is con firm ed  b y  pa tien ts  sco ring  >  9 on  the 

s tandard ized  po stanes thes ia  d ischarge sco ring  system  (PADS ) (M arschall &  C hung, 1999). T he  

c riterion  in  w h ich  th e  sy stem  is b ased  in cludes v ita l signs, ac tiv ity  leve l, n au sea  and  vom iting , 

p ain , and  b leed ing . T h is  scoring  sy stem  h ig h ligh ts  the  im po rtance  o f  choosing  th e  app ropria te  

pharm aco log ic  agen ts to  b e  adm in is tered  in traopera tiv ely . P a in  at an  unaccep tab le  level to  the  

p a tien t o r th at w h ich  canno t b e  con tro lled  w ith  o ral m ed ica tion  m ay  de lay  d ischarge  from  the  

PACU  and thu s  in c rease  th e  co st o f  p a tien t care.

Pain fu l s tim u li p roduce a “ f ig h t-o r-f lig h f  ’ re lease  o f  stress ho rm ones w h ich  m ay  

exacerbate  in ju ry , p rev en t w ound  hea ling , lead  to  in fec tion , and  p ro lo ng  hosp ita liza tion . Fa ilure 

to  con tro l p a in  a fte r T& A  leads to  d ec reased  o ral in take  o f  liquids, d ehyd ra tion , and  g rea te r risk  

o f  h em o rrhag e  from  hea ling  su rg ical w ounds (M ohomm ad , Shahrbano , &  U lhaq , 2008).

A dequate  trea tm en t o f  p e riope ra tiv e  p a in  in  ch ild ren  can  reduce  th e  m o rb id ity  and  m orta lity  

assoc iated  w ith  su rgery  cau sed  b y  activ ation  o f  th e  stress response .

K ain  et al. (2006) p e rfo rm ed  a  cohort s tudy  on  ch ild ren  u ndergo ing  to n sillec tom y  and 

adeno idec tom y . Paren ta l a ssessm en t o f  th e ir c h ild ’s p a in  w as scored , the  ch ild ren ’s s e lf  repo rt o f  

p a in  w as ra ted , and  ana lgesic  con sum p tion  w as reco rded  th roughou t the  postopera tiv e  recove ry  

pe riod  (d efin ed  as th e  tim e  th e  p a tien t en te red  th e  p o st-anesthesia  recovery  un til 14 days 

fo llow ing  th e  p rocedu re .) T hough  it is d ifficu lt to d e te rm ine  w he ther  conclu sions are  th e  resu lt  o f  

a ssoc ia tion  o r  cau se-and -e ffec t, in creased  anx ie ty  b e fo re  su rgery  w as assoc iated  w ith  in creased  

po stopera tiv e  pa in , ana lgesic  consum ption , s leep ing  p rob lem s and decreased  po stoperativ e  

eating . L onnqvist &  M orton  (2006) suggest carefu l p re-opera tiv e  p repara tion  o f  ch ild ren  and 

th e ir fam ilies in  o rder to  m in im ize  fear and  anx iety .
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Theoretical Framework

The  gate  con tro l th eo ry  o f  p ain , p roposed  b y  M elzack  and  W all in  1965, w as cho sen  as 

the  th eo re tica l fram ew ork  and  u sed  to  ana lyze  th e  re la tion sh ip  b e tw een  pharm aco log ic  

in te rven tion  and  pe rcep tion  o f  p ain . C ertified  R eg is te red  N u rse  A nesthetis ts  (CRNA s) are 

responsib le  fo r bo th  a lte ring  th e  w ay  in  w h ich  pa tien ts p e rce ive  p a in  and  p ro v id ing  e ffective  

ana lgesia  to  op tim ize  cond ition s fo r recov ery  from  a  surgical p rocedu re  th a t w as indeed  painfu l. 

In o rder to  u tilize  M elzack  and  W a ll’s th eory  and  p rov ide  ana lgesia , a  b asic  unders tand ing  o f  the  

p a in  p a thw ay  is needed .

Pa in  signal p rocessing  invo lves  transduc tion , tran sm ission , m odula tion , &  percep tion . 

T ran sduc tion  is th e  p rocess  by  w h ich  a ffe ren t n e rve  end ings in  th e  p e riphera l tissues  p a rtic ip a te  

in  tran s la ting  nox iou s stim uli in to  noc icep tiv e  im pu lses  (p ainedu .o rg). V arious s tim u li m ay  

fac ilita te  th e tran sduc tion  o f  pain . T hese  in c lude  m echan ica l s tim u la tion  from  a sharp ob jec t, 

po tass ium  re leased  from  the  inside  o f  d am aged  cells , p rostag land ins , h is tam ines  and  b radyk in in  

from  im m une  cells  th a t invade  an  a rea  du ring  in flamm ation , and  substance  P released  from  

nearby  nerve  fibers. T hese  stim uli cau se  the  p ropag a tion  o f  ac tion  po ten tia ls  in  th e  noc icep to r 

n eu rons lead ing  to  th e  tran sduc tion  o f  pain.

T ran sm ission  is th e  p rocess  b y  w h ich  im pu lses a re  sen t to  th e  dorsa l ho rn  o f  th e  sp inal 

cord , and  th en  a long  th e  senso ry  trac ts  to  th e  b ra in  (p ainedu .org). P rim ary  a ffe ren t n eu ron s are 

lo ca ted  in  th e  do rsa l roo t gang lia , w h ich  lie  in  th e  v e rteb ral fo ram ina  at each  sp inal co rd  level 

(M organ , M ikha il, &  M urray , 2006). E ach  neu ron  has a  s ing le  axon  th a t b ifu rcates , send ing  one  

end  to  th e  p e riphera l tissues  it innervates  and  th e  o ther in to  th e  dorsa l h o rn  o f  th e  sp ina l co rd  

(M organ , M ikhail, &  M urray , 2006). In  the  do rsa l horn, the  p rim a ry  a ffe ren t n eu ron  synapses 

w ith  a second -o rder n eu ron  w hose  axons cross th e  m id lin e  and  ascend  in  th e  con tra la tera l
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sp ino tha lam ic  trac t to  rea ch  th e  th alam us, re ticu la r  fo rm ation , nuc leu s raphe  m agnus, and  

pe riaqueduc ta l g ray  (M organ , M ikha il, &  M urray , 2006). S econd -order n eu rons synapse in  

th alam ic  nuclei w ith  th ird -o rd er  n eu ron s, w h ich  in  tu rn  send  p ro jec tion s  th rough  the  in ternal 

cap su le  and  co rona  rad ia ta  to  th e  po stcen tra l gyrus o f  th e  cereb ra l co rtex  w here  sen sa tion s o f  

pain , tem pera tu re , tou ch  and  p ressu re  a re  in te rp re ted  and  responses  to  th e  sen sa tions  are in itia ted  

(N age lhout &  P lau s, 2010).

M odu la tion  is th e  p rocess  o f  d am pen ing  o r am p lify ing  th e  p a in -re la ted  neu ra l signa ls 

(p ainedu .o rg ). T h is  is th e  step  anesthesia  p rov iders  m ay  a lte r w ith  pharm aco log ic  agents. 

M odula tion  m ay  occu r p e riphe ra lly  at the  noc icep to r, in  th e  sp ina l cord , o r in  sup rasp inal 

struc tu res  (M organ , M ikha il, &  M urray , 2006). R ich  a rrays o f  op io id  recep to rs  (m u, k appa, and 

delta) a re  p resen t in  the  do rsa l h o rn  (painedu .com ). In  add ition  to an  ascend ing  trac t, the  

nocicep tiv e  sy stem  con ta in s d escend ing  pa thw ays th at send  neu rons from  the  fron tal cortex , 

hypo tha lam us and  o the r  a reas  o f  the  b ra in  to  th e  m idb ra in  and  m edu lla , and  also  dow n  to the  

sp ina l co rd  (p a inedu .com ). T he  resu lt o f  th e  d escend ing  inh ib ito ry  inpu t is th a t in com ing  

nocicep tiv e  signa ls  from  the  p e riphery  a re  d am pened , o r  even  b locked  en tirely , at th e  “ ga te” in  

the  do rsa l ho rn  (painedu .com ).

P ercep tion  is th e  con sciou s aw areness  o f  th e  experience  o f  pain . P ercep tion  resu lts  from  

the  in te rac tion  o f  tran sduc tion , transm ission , m odu la tion , p sycho log ica l a spec ts and  o ther 

characteristics  o f  th e  ind iv idua l. A ll fou r steps a long  th e  p a in  p a thw ay  are tied  toge ther b y  the  

G ate C on tro l T heo ry  (p ainedu .com ).

M elzack  and  W a ll’s g ate  contro l th eo ry  o f  p a in  p roposes  th a t th e  dorsal ho rn  o f  th e  sp inal 

co rd  opera tes  s im ila r to  a  g ate  b y  m odu la ting  the  flow  o f  n e rve  im pu lses from  the  p e ripheral 

fibers to  the  cen tral n e rvous system . T he  in tem unc ia l n eu rons invo lved  in  th e  g a ting  m echan ism
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are ac tiv ated  b y  large -d iam ete r, fa s te r-p ropaga ting  fibers th a t carry  tac tile  in fo rm ation  (Porth , 

2005). T he  tran sm ission  o f  im pu lses  from  the  sm all-d iam ete r m ye lin a ted  and  unm yelin a ted  pa in  

fibers cou ld  b e  b lo cked  i f  fired  s im u ltaneously  w ith  th e  la rge -d iam ete r fibers (Porth , 2005). T he  

“ga te” is in flu enced  b y  th e  in teg ra tion  o f  inputs from  senso ry  neu ron s, the  segm ental sp ina l cord  

level, and  m u ltip le  d e scend ing  in flu ences  from  th e  brain . T hese  inpu ts d e te rm ine  w he th er the  

gate  w ill b e  opened  o r c losed , e ith e r in c reasing  o r  d ec reasing  th e  in ten sity  o f  th e  ascend ing  pa in  

signal (p ainedu .com ). M elzack  and W all (1965) b e lieved  tha t p a st experiences , cu ltu re, a tten tion  

and  activ ities  o f  th e  n e rvous system  tak ing  p lace  s im u ltaneously  w ith  th e  inj ury  all de te rm ined 

how  th e  p a in  w ou ld  be p e rceived . T he  gate, th en , can  be  opened  o r c lo sed  b y  tran sduction , 

tran sm ission  and m odu la tion , and  p sycho log ica l in terven tion . It m ay  also  b e  in fluenced  b y  

pharm aco log ic  m an ip u la tion  th a t is adm in is tered  b y  an esthesia  p rov iders.

Definitions

For th e  pu rpo se  o f  th is  study, th e  fo llow ing  defin ition s  are p rov ided :

In traoperativ e  -  R e la ting  to th e  p e riod  o f  tim e du ring  a  su rg ical p rocedu re

Postopera tiv e  -  R e la ting  to  th e  p e riod  o f  tim e  fo llow ing  a  su rg ical op era tion  un til d ischarge from  

the  ho sp ita l o r  su rgical cen ter

P eriopera tiv e  -  T he  pe riod  o f  tim e  ex tend ing  from  w hen  a p a tien t goes in to  the  ho sp ita l for 

su rgery  un til th e  p a tien t is d ischarged  hom e. B efore , du ring  and  a fte r a  su rgery

G eneral A nesthesia  -  U sing  anesthe tic  d rug s to  induce  a  rev ers ib le  sta te  o f  con sciou sness in  

w h ich  an  ind iv idua l is unab le  to respond  to p a in fu l stim uli
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Pain  -  “A n  unp lea san t sen so ry  and  em o tional experience  assoc ia ted  w ith  actual o r  po ten tia l 

tissue  dam age, o r d esc rib ed  in  term s o f  such  d am age” as d e fined  b y  th e  In ternational A ssoc ia tion  

for th e  S tudy  o f  Pain. P a in  is sub jec tiv e  and  response  to  p a in  m ay  b e  h igh ly  v a riab le  am ong  

person s and  m ay  be  h igh ly  va riab le  in  th e  sam e  pe rson  at d iffe ren t tim es.

A na lgesia  - T h e  ab sence  o f  p a in  in  response  to  s tim u la tion  w h ich  w ou ld  no rm ally  b e  pa in fu l 

(IASP , 1994).

N ox iou s S tim uli -  A no ther nam e fo r p a in

N oc icep to rs - S pec ia lized  recep to rs th a t tran sduce  nox iou s stim uli. N oci is L atin  fo r ha rm

N ocicep tion  - T he  p rocess  b y  w h ich  a p a in fu l s tim u lus  is re layed  from  the  site  o f  s tim u la tion  to 

the  cen tral n e rvous system . N oc icep tiv e  p a in  is p a in  caused  b y  ac tiv a tion  o r sen sitiza tion  o f  

p e ripheral noc icep to rs. A ll no c icep tion  p roduces  pa in , b u t no t all p a in  resu lts  from  nocicep tion . 

Serves to  detect, lo ca lize , and  lim it tissue  dam age. P o stopera tiv e  pa in  falls in to  th is category.

A cu te  p a in  - P a in  tha t is caused  b y  nox iou s s tim u la tion  due  to in jury , a d isease  p rocess , o r  the 

abnorm al func tion  o f  m usc le  o r  v iscera. It is n ea r ly  a lw ays noc icep tiv e. M odera te  to severe  acu te 

p ain  m ay  adverse ly  in flu ence po stopera tiv e  m o rb id ity  and  m orta lity .

Am bu la to ry  su rgery  -  A  su rgery  in  w h ich  a  p a tien t undergoes  a  p rocedu re  and  is d ischarged  

hom e on  the  sam e  day. O u tpa tien t su rgery

Postanesthesia  C are  U n it (PACU ) - T he  a rea in  w h ich  pa tien ts  first reco ver  from  anesthesia.
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Process

A  com prehensive  rev iew  o f  th e  lite ra tu re  w as p e rfo rm ed  u sin g  C INAHL  and  PubM ed  

databases . S earch  te rm s u tilized  in c luded  bu t w ere  no t lim ited  to ped ia tric , anesthesia , analgesia , 

in traoperativ e, p ain , to n sillec tom y  and  adeno idectom y, op io id s , ace tam inophen , m orph ine , 

fen tany l, to ta l in travenous anesthesia , nonste ro ida l an ti-in flamm ato ry , and  hydrom orphone. 

M ESH  te rm s u tilized  in cluded  b u t w ere  no t lim ited  to p ed ia tric , ana lgesia , to n sillec tom y  and 

adeno idec tom y , in traopera tiv e  and  po stoperativ e . T he  m ate ria l d iscovered  in  th e  lite ra tu re  rev iew  

had  a  tim e  range  be tw een  th e  years 1941 and 2011 . T he  basis  o f  th e  rev iew  o f  lite ra tu re  w as to  

g ain  a b ro ade r p e rspec tiv e  on  th e  m ed ica tion s  th a t are cu rren tly  b e ing  u sed  and  s tud ied  in  the  

trea tm en t o f  in traopera tiv e  p ed ia tric  pa in . T ypes o f  stud ies found w ith  re la ted  m ate ria l in cluded  

p ro spectiv e  com parison s, m e ta-ana ly sis , and  random ized  doub le  b lin d  studies.

T he  de liv e ry  o f  th is  in fo rm ation  w ill b e  p rov ided  to CRNA s and  o the r anesthesia  

p rov iders in  th e  c lin ica l se tting , as w e ll as at th e  N o rth  D akota  A ssoc ia tion  o f  N u rse  A nesthetis ts  

b i-annua l m ee ting . In fo rm ation  w ill b e  p rov ided  in  the  form  o f  a pow er po in t lec tu re  w ith  the  

oppo rtun ity  fo r d iscu ssion  and question s  a fte r th e  m ate ria l is p resen ted .

Review of Literature

H isto rica lly , th ere  h av e  been  m y th s abou t th e  ab ility  o f  in fan ts and  ch ild ren  to recogn ize  

and /o r rem em be r pain . A  study  b y  M cG raw  (1941 ) conveyed  a  m essage  to m any  c lin ician s that 

in fan ts do no t feel p a in  o r h ave  any  m em ory  o f  p a in  th e re fo re  th ey  do no t requ ire  analgesia .

T here  w ere  also  repo rts  th a t ch ild ren  up  to th e  age  o f  tw o  years o ld d id  no t h av e  th e  neuro log ica l 

capab ility  o f  experienc ing  o r  rem em bering  p a in  (Pabis, K ow alczyk , &  K ulik , 2011). T h is 

“ ev idence” com b ined  w ith  th e  fear o f  op io id  e ffects in  ch ild ren  p rov ided  the b asis  for lack  o f
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ana lgesic  trea tm en t in  ch ild ren  for m o re  th an  30 years. In  th e  1950s, Ita ly  first b egan  resea rch ing  

pa in  in  ch ild ren . B efore  th e  1970 ’s, p ed ia tric  p a in  lite ra tu re  w as a lm ost non -ex isten t. A  search  on  

ped ia tric  pa in  v ia  th e  U n ive rs ity  o f  N o rth  D ako ta ’s H arley  E. F rench  L ibra ry  o f  th e  H ealth  

Sc iences rev ea led  on ly  n in e  a rticles pub lished  on  ped ia tric  su rg ical p a in  b e fo re  1980.

T h roughout th e  1980s, th e re  w ere  58 a rticles  and  d iscu ssion  o f  p a in  m an agem en t in  th e  new born . 

T he  m ajo rity  o f  in fo rm ation  on  p a in  in  ch ild ren  started  in  th e  1990s and  con tinues  today . In 

2001, th e  Jo in t C omm ission  fo r th e  A ccred ita tion  o f  H ealth ca re  O rgan ization s  (JCAHO ) 

d issem ina ted  s tandards  fo r p ed ia tric  pain . M ore  k now ledge  is b e ing  ga ined  on  ped ia tric  pain ; 

how ever, th e re  are m any  e th ica l conside ra tion s  w hen  perfo rm ing  s tud ies on  ch ild ren , e spec ia lly  

w hen  resea rch ing  pharm aco log ic  m ethods o f  trea tm ent.

It is im po rtan t to  rev iew  th e  p a st to  rea lize  how  fa r resea rch  has com e in  the  a rea o f  p a in  

m an agem en t in  children . L ow ery , H ardm an , M ann ing , H all, &  A nand  (2007) d esc rib e  th e  

d eve lopm en t o f  s tru c tu res  needed  to  experience  p a in  u sin g  postconcep tua l age. S en so ry  fibers 

are  abundan t b y  20 w eeks; a  func tiona l sp inal re flex  is p resen t by  19 w eeks; connec tions  to  the  

th alam us are p resen t b y  20  w eeks; and  connec tion s  to subp la te  n eu rons are  p resen t by  17 w eeks 

w ith  in ten sive  d iffe ren tia tion  by  25 w eeks (L ow ery  e t al., 2007). A cco rd ing  to  L ow ery  et al. 

(2007 ), th e  ab ility  for a  fe tus  to  experience  pa in  occu rs w hen  m atu re  th alam oco rtica l p ro jection s 

are p resen t a t 29 -30  w eeks. R esearch  conducted  du ring  th e  p ast few  decades h as p rov ided  

va luab le  d a ta  to  re fu te  p rev io u s ly  h e ld  m isconcep tion s  concern ing  th e  in ab ility  fo r ch ild ren  to 

experience  pa in . T h is  h as con siderab ly  changed  th e  p rac tice  o f  h ea lth  care  prov iders.

M any  fac tors p lay  a  ro le  in  th e  p ed ia tric  p a tien t’s p e rcep tion  o f  p a in  and  th e re  a re  ju s t  as 

m any  s tud ies  availab le  on  a ttenua ting  po stopera tiv e  pain . T rea tm en ts  a re  b e ing  em p loyed  at 

v ariou s tim es th roughou t a  c h ild ’s p e riopera tiv e  experience  and  m ay  in c lude  nonpharm aco log ic
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m ethods such  as: m usic  th erapy, p e t th erapy, hypnosis , p lay  th erapy , m ode ling  and  rehearsa l 

w h ich  a re  u sed  to h elp  d ecrease  anx ie ty  p reopera tiv e ly  and  po stopera tive ly . R educed  anx ie ty  

m ay  a lso  com e from  a llow ing  paren ts  to  b e  p resen t du ring  induction  o f  anesthesia  o r from  

pharm aco log ica l agen ts p rov ided  orally .

T he  p rim ary  fo cu s o f  th is lite ra tu re  rev iew  invo lves  th e  u se  o f  ph arm aco log ic  techn iques 

em p loyed  in traopera tiv e ly  to  d ec rease  p ed ia tric  p a in  in  th e  im m ed ia te  p o stope ra tiv e  pe riod . T he  

m ed ica tion s  rev iew ed  w ill b e  d iv ided  in to  e ithe r non -op io id  m ed ica tion s  o r op io id  m ed ica tion s.

N on -O p io id  M ed ication s

N onste ro idal an ti-in flam m ato ry  d rug s (N SA ID s) in h ib it p la te le t cyc looxygenase  w h ich  is 

an  enzym e th a t ca ta lyzes  th e  syn thesis  o f  p ro stag lan d in s  from  a rach idon ic  acid  (S toe lting  &  

H illier, 2006). P ro stag land in s  m ed ia te  a  num ber o f  b od ily  p rocesses  in c lud ing  in flamm ation  and 

pain . N SA ID S  also  p ro long  b leed ing  tim e  b y  p reven ting  th e  b io syn th esis  o f  th rom boxane  A 2 , 

lead ing  to  reduced  p la te le t agg rega tion  (S toe lting  &  H illie r, 2006). N SA ID s a re  frequen tly  used  

in  ch ild ren  fo r trea tm en t o f  fever  (an tipyretic), po sto pe ra tiv e  p a in  (analgesic ) and  in flamm ato ry  

d iso rders  (an ti-in flamm ato ry ). T hey  can  be adm in is te red  o rally , in travascu la rly  o r 

in tram uscula rly . A cco rd ing  to  R a in sfo rd  (2009), th e  vo lum e o f  d istribu tion  (V d) and  p lasm a  

c learance (CL ) o f  N SA ID s  are in c reased  in  ch ild ren  (up to 5 years o ld ) com pared  to  adults, 

though  e lim ina tion  ha lf-life  is s im ila r in  ch ild ren  and  adults. T hese  ph arm acok ine tic  d iffe rences 

m ay  be  c lin ica lly  s ign ifican t and  ch ild ren  m ay  requ ire  re la tiv e ly  h ig h er  lo ad ing  and /o r 

m ain tenance do ses. A s ch ild ren  age, low er do sages m ay  b e  requ ired  to  ach ieve  th e  sam e  leve l o f  

p a in  relief. A cco rd ing  to K okki (2003), N SA ID s a re  m o re  e ffective  in  p reven ting  pa in  th an  in  the  

re lie f  o f  e s tab lished  pain . N SA ID s are con tra ind ica ted  in  p a tien ts in  w hom  sensitiv ity  reac tion s  

are p rec ip ita ted  by  asp irin  (ace ty lsa licy lic  acid) o r  o th e r N SA ID s. T hey  shou ld  b e  used  w ith
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cau tion  in  ch ild ren  w ith  liv e r dy sfunction , im pa ired  renal function , hypovo lem ia  o r hypo tension , 

coagu la tion  d isorders , th rom bocy topen ia , o r  ac tiv e  b leed ing  from  any  cause  (K okk i, 2003).

NS A ID S  are g enera lly  w e ll to lera ted  and  severe  adverse  e ffects in  ch ild ren  are rare. T he  

ana lgesic  e fficacy  o f  k e to ro lac , k e top ro fen , d ic lo fenac  and  ibup ro fen  in  th e  trea tm en t o f  

po stopera tiv e  p a in  h as b een  m ain ly  s tud ied  fo llow ing  a sing le  dose, in  ch ild ren  o f  >  o r =  1 year 

o f  age  unde rgo in g  m ino r surgeries  (L ita lien  &  Jacqz-A ig rain , 2001). A  few  stud ies  ind icate  th at 

k eto ro lac  m ay  inc rease  b leed ing  m ore  so th an  o th e r N SA ID s, bu t ev idence is con flic ting  (Kokki, 

2003).

K e to ro lac  is a NS  A ID  w ith  po ten t ana lgesic  e ffects and  re la tiv e ly  low  risk  o f  adverse  

e ffects (Fo rrest, H e itlinger, &  R eve ll, 1997). It is a p a rticu la rly  u se fu l d rug  fo r po stopera tiv e  pa in  

m anagem ent bo th  as th e  so le  ana lgesic  and  to  supp lem en t op io ids . K e to ro lac  revers ib ly  inh ib its  

the  m etabo lism  o f  a rach idon ic  acid , w h ich  is re le ased  w hen  cells  a re  d am aged  (S toe lting  &  

H illier, 2006). A cco rd ing  to  B ean-L ijew sk i &  H un t (1996), m e tabo lism  o f  a rach idon ic  acid  v ia  

the  cyclooxygenase  p a thw ay  resu lts in  th e  p roduc tion  o f  p ro stag land in s  and  th rom boxanes, 

w h ich  are po ten t v asod ila to rs  and  m odu la to rs o f  p e ripheral pain . T he  resu lt is a  decreased  

sensitiza tion  o f  tis sue  noc icep to rs th a t o ccu rs w ith  surgery . K e to ro lac  w hen  com b ined  w ith  an 

op io id  exh ib its m arked  op io id -sparing  effects, a llow ing  a low er  do sage  o f  op io id  to  b e  u sed  and 

im p roves the  d egree  and  qua lity  o f  p a in  relief. U sing  th e  d rug s toge ther reduces th e  in c idence  o f  

op io id -re la ted  adverse  e ffects such  as resp ira to ry  dep ression , card iovascu la r d epression , 

n au sea /vom iting , u r in a ry  re ten tion , seda tion  and  ileus.

O f  th e  stud ies rev iew ed , the  recomm ended  in travenous do sage o f  k e to ro lac  in  ch ild ren  is 

0 .5-0 .75  m g/kg . T he  m ax im um  dura tion  o f  trea tm en t fo r k e to ro lac  is  48 (1 m g/kg )-72  (0.5 

m g/kg ) hours. K e to ro lac  is app roved  in  ped ia tric  p a tien ts  >2 years. It m ay  induce  life-
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th rea ten ing  b ron chospasm  in  pa tien ts  w ith  nasal po lyposis, asthm a , and  asp irin  sen sitiv ity  

(S toe lting  &  H illier, 2006).

N um erous c lin ica l tria ls  o f  po stopera tiv e  p a in  trea tm en t in  ch ild ren  hav e  show n that 

k e to ro lac  is as e ffectiv e  as th e  m ajo r op io id  analgesics and  m ore  e ffec tiv e  th an  code ine  (Forrest 

et ah , 1997). W h ile  k e to ro lac  has b een  p roven  to  im p rove  po st-to n sillec tom y  pa in  in  ch ildren , 

con troversy  ex is ts  regard ing  u se  o f  k e to ro lac  and  th e  risk  o f  po sto pe ra tiv e  h em orrhage  in  

ch ild ren  undergo ing  th is  p rocedure . M arret, F lahau lt, S am am a, & B onne t (2003) conducted  a 

sm all m eta -ana ly sis  o f  seven  p rospec tiv e , random ized , doub le -b lind  tria ls  in  adu lts and  ch ildren . 

R esu lts  ind icated  tha t th e  risk  o f  reope ra tio n  fo r h em ostasis , w h ich  is a ssoc iated  w ith  a h igh  risk  

o f  m o rb id ity  re la ted  to  pu lm ona ry  asp iration  and  d ifficu lt trachea l in tuba tion  , w as n early  

fou rfo ld  g rea te r a fter N SA ID s, p rom p ting  recom m enda tion s  to  avo id  N SA ID s fo llow ing  ENT  

su rgery  (M arre t et ah , 2003). A  s tudy  de signed  b y  Sp lin ter, R h ine, R oberts , R eid , &  M acN eill 

(1996) w as m ean t to  te s t th e  e ffect o f  codeine  and  ke to ro lac  on  po stopera tiv e  vom iting  in 

ton sillec tom y  pa tien ts. T h e  study  w as te rm ina ted  due  to e th ica l reason s a fte r five  o f  th e  35 

pa tien ts w ho  rece ived  ke to ro lac  requ ired  adm ission  to the  ho sp ita l due  to  b leed ing .

E v idence o f  co n trad ic to ry  s tud ies  in cludes one  pe rfo rm ed  b y  A graw al, G erson , Seligm an, 

D sida  in  1999. O ver a 2 -yea r p e riod  investig a to rs  exam ined  o ffice  reco rds  o f  310  ped iatric  

pa tien ts, 213 w ho rec e ived  ke to ro lac  adm in is tered  as a s ing le  do se  at th e  conc lu sion  o f  the  

ton sillec tom y  p rocedu re  and  97 pa tien ts  w ho  d id  no t rece ive  ke to ro lac . Po stopera tiv e  

h em orrhage  w as no t found  to d iffe r s ign ifican tly  b e tw een  th ese  2 g roups (2 .3%  vs. 3 .1%  

respec tiv e ly , P=0 .71 ). K e to ro lac  w as no t found  to  inc rease  th e  in cidence  o f  po stton sillec tom y  

hem orrhage  and  w as actua lly  assoc ia ted  w ith  a s ign ifican t d ec rease  in  the  leng th  o f  ho sp ita l stay  

as w ell as a  d ec reased  lik e lihood  o f  ov ern igh t ho sp ita l s tay  a fte r surgery .
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A  m ore  recen t evalua tion  b y  th e  C och rane  A nesthes ia  R ev iew  G roup  in c luded  13 

ped ia tric  tria ls  in vo lv ing  955 ch ild ren  undergo ing  to n sillec tom y  and rece iv ing  N SA ID s 

periopera tiv e ly  com pared  to  ano ther analgesic  o r  p lacebo . In  the  rev iew , a  subgroup  ana lysis  for 

k e to ro lac  w as p erfo rm ed . N SA ID s w ere  no t found  to s ign ifican tly  a lte r p e riopera tiv e  b leed ing  

(Peto  odds ra tio  1.46, 95%  C l 0 .49 -4 .40 ) and  in  seven  tria ls  invo lv ing  567 ch ild ren  the  odds ratio  

for b leed ing  req u iring  reop era tion  w as 0.91 (C l 0 .22 -3 .71 ) w hen  ke to ro lac  w as excluded  

(C ardw ell, S iv iter, &  Sm ith , 2005).

M any  uncon tro llab le  e lem en ts  in flu ence  w he th er p a tien ts  w ill experience 

po s tton sillec tom y  hem orrhage , such  as th e  sk ill o f  th e  surgeon , opera tive  techn ique  used , and  th e 

p a tien t’s coagu la tion  s ta tu s w h ich  is no t ro u tin e ly  pe rfo rm ed . W h ile  N SA ID s h ave  b een  p roven  

to d ec rease  po sto pe ra tiv e  p a in , k e to ro lac  u se  in  ton sille c tom y  pa tien ts  rem ain s  con troversia l due 

to th e  po ten tia l inc rease  in  po stopera tiv e  b leed ing .

P eriopera tiv e  u se  o f  cyc looxygenase  (COX )-2  se lec tiv e  N SA ID s m ay  o ffe r a sa fe r 

a lternativ e  in  th e  m anag em en t o f  po stton sillec tom y  pa in  th an  nonse lec tiv e  N SA ID s cu rren tly  

availab le  in  p ed ia tric  fo rm ulation s. A cco rd ing  to Ivan i, T onetti, &  M osse tti (2005 ), COX -2 

inh ib ito rs do no t in terfere  w ith  p la te le t func tion  and  a re  assoc iated  w ith  few er b leed ing  

com plica tion s. T he  m ost recen t stud ies  on  COX -2 se lectiv e  N SA ID S  suggest ana lgesic  e ffects 

s im ila r to  conven tional N SA ID S  w hen  u sed  fo r acute  p a in  po stop era tiv e ly  o r  p reoperative ly .

A cetam inophen  in  a  w ide ly  u sed  ana lgesic  and  an tipy retic , how ever it lacks s ign ifican t 

an ti-in flamm ato ry  e ffects and  the  m ode  o f  ac tion  is no t com p le te ly  understood . Its site  o f  

analgesic  ac tion  is w ith in  th e  CNS and it m ay  also  w ork  to ac tiv a te  se ro ton in  recep to rs inh ib iting  

the  cyclooxygenase  p a thw ay  in  p ro stag land in  syn thesis (S toe lting  &  H illier, 2006). In th e  past, 

ace tam inophen  had  been  g iven  to ch ild ren  p rim a rily  b y  rec tal supposito ry  afte r induction  o f
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anesthesia . S tudies  h ave  de te rm ined  th a t an in itial rec ta l ace tam inophen  do se  o f  approx im ate ly  

40  m g /kg  is n eeded  in  ch ild ren  to ach ieve  ta rg e t an tipy re tic  se rum  concen tra tions . It is now  

availab le  on  th e  m arke t as O firm ev , a d rug  th a t m ay  b e  adm in is tered  in travenou sly  (IV ). IV  

in fu sion  do sing  fo r ch ild ren  2 -12  years o ld  is  10-15 m g /kg  every  4- 6 hou rs , no t to  exceed  five  

doses (50-75  m g /kg ) in  24  hours. W hen  g iven  IV  it m ust b e  adm in is tered  over 15 m inu tes  and  

the  m ax im um  dose  p e r d ay  is 75 m g /kg . O firm ev  does no t b ind  s ign ifican tly  to  se rum  p ro te in s. 

M ax im um  concen tra tion  occurs at th e  end  o f  th e  15 m inu te  in travenous in fu sion  o f  o firm ev, 

w h ich  is 70%  h igh er th an  fo llow ing  o ral adm in is tra tion  o f  ace tam inophen . U n lik e  salicylates , 

ace tam inophen  does  no t p roduce  gastric  irrita tion  o r  a lte r agg rega tion  characte ristic s o f  p latele ts. 

B leed ing  tim e  is n o t p ro longed  as it is  w ith  N SA ID s resu lting  in  low er risk  w ith  u se  in  p a tien ts  

undergo ing  ton sillectom y . T he  risk  assoc iated  w ith  ace tam inophen  u se  in cludes  h epa tic  tox ic ity  

w ith  d a ily  dosages th a t exceed  75 m g /kg  and it is con tra ind ica ted  in  p a tien ts  w ith  

hy persen s itiv ity  to  ace tam inophen  o r in  p a tien ts  w ith  severe h epa tic  im pa irm en t o r  active  liv e r 

d isease. A ce tam inophen  is a  safe and  e ffectiv e  ana lgesic , how ever o ften  p rov ides  unsa tisfac to ry  

ana lgesia  w hen  u sed  a lone  (R om sing , O ste rgaard , D rozdziew icz , Schu ltz , &  R avn , 2000).

A ce tam inophen  has  b een  u sed  fo r ana lgesia  for years; how ever, O firm ev  (the  in travenous 

form  o f  ace tam inophen) w as ju s t  recen tly  lau nched  in  th e  U n ited  S tates on  th e  18th o f  January , 

2011. T he  e ffectiv eness  and  ana lgesic  du ra tion  o f  IV  versus  rec ta l ace tam inophen  can  b e  found  

in  a tria l com p leted  b y  C apici, e t al, (2008). T he  random ized , con tro lled  s tudy  invo lved  50 

ch ild ren  u ndergo ing  ad eno idec tom y /ton sillec tom y  assigned  to  e ithe r rece iv e  40  m g /kg  recta l o r 

15 m g /kg  IV  ace tam inophen . T he  tim e  to  first re scue  ana lgesia  request w as lo nger in  ch ild ren  

rece iv ing  recta l ace tam inophen  (m ed ian  10 h rs) com pared  to  tho se  receiv ing  IV  ace tam inophen  

(m ed ian  7 h rs), ind ica ting  recta l ace tam inophen  40  m g /kg  p rov ides  longer ana lgesia  for
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m odera te ly  p a in fu l p rocedu res  w hen  com pared  to 15 m g /kg  ace tam inophen  IV . R esearch  on  IV  

ace tam inophen  in  ch ild ren  is lim ited  due  to its  recen t release; how ever A te f  &  Faw az  (2008) 

conducted  a  random ized , doub le  b lind , p ro spective , p lacebo -con tro lled  s tudy  on  76 adu lt 

sub jects. Subjects w ere  e ith e r a ssigned  to an ace tam inophen  g roup  o r  th e  p lacebo  g roup  to 

d e te rm ine th e  ana lgesic  e fficacy  and  sa fety  o f  in travenous ace tam inophen  in  adu lts undergo ing  

b ipo la r d ia th e rm y  ton sillectom y . R esu lts ind ica ted  sub jects in  th e  ace tam inophen  g roup requ ired  

s ign ifican tly  less  rescue  ana lgesics th an  th o se  in  th e  p lacebo  g roup  (P <  0 .001). A  d isadvan tage  

o f  u sing  IV  ace tam inophen  is th e  tim e  fram e  o f  adm in is tra tion . Ind ica tions in c lude  g iv ing  the  

in fu sion  over a p e riod  o f  15 m inu tes  b e fo re  th e  s ta rt o f  su rgery. G eneral anesthesia  in  p ed ia tric  

p a tien ts is typ ica lly  induced  u sing  inhala tion  agen ts, w h ich  is imm ed ia te ly  fo llow ed  b y  ob ta in ing  

IV  access. A dm in is te ring  the  m ed ica tion  p rio r to  su rgery  w ou ld  requ ire  IV  access to  b e  

es tab lished  p reopera tiv e ly  o r  m ay  requ ire  w a iting  fo r 15 m inu tes  b e fo re  p ro ceed in g  w ith  the  

surgery . T h is  pu ts  the  p a tien t at risk  o f  b e in g  u nde r general an esthesia  fo r a longer p e riod  o f  

tim e. M ore  in fo rm ation  w ill con tinue  to em erge on  th is n ew  form  o f  ace tam inophen .

D exam ethasone  is a  syn the tic  co rtico ste ro id  w ith  an  an ti-in flamm ato ry  e ffect o f  0 .75 m g  

equ iva len t to  th a t o f  20  m g  o f  cortiso l (S toe lting  &  H illier, 2006). D exam ethasone  has com b ined  

an tiem etic  and  an ti-in flamm ato ry  e ffects th a t m ay  decrease  po stopera tiv e  tissue  in jury , edem a 

and pa in  a fte r e lec tro cau te ry  to n sillec tom y  (E lhak im , A li, R ashed , R iad , &  R efat, 2003). 

D exam ethasone  is b e ing  w ide ly  u sed  in  the  p ed ia tric  popu la tio n  fo r tonsillec tom y. It has b een  

show n  to  a ttenuate  the  m o rb id ity  th a t ch ild ren  experience  in  th e  firs t 2 days a fte r su rgery  

(G iannoni et al., 2002). C omm on  do sing  o f  D exam ethasone  is 0.5 m g /kg  IV. T he  b enefit to  u sing  

dexam ethasone  is th a t a  s ing le  do se  is con sidered  safe. R isk s invo lve  long-te rm  adm in is tra tion  o f  

co rtico ste ro id s th a t m ay  b e  assoc iated  w ith  adverse  even ts, su ch  as in creased  risk  o f  infec tion ,
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de layed  w ound  healing , g lu cose  in to le rance , ad renal suppression , and  vascu la r  n ecro sis  o f  the  

h ip  o r  o th e r jo in ts  (S toe lting  &  H illier, 2006).

Past s tudies  conduc ted  on  d exam eth ason e’s ana lgesic  po ten tia l in  ch ild ren  hav e  p roduced  

con flic ting  resu lts ; how ever, the  m o st recen t stud ies  concu r th a t d exam eth ason e  con tribu tes  to 

ana lgesia  w hen  u sed  in  ch ild ren  undergo ing  tonsillec tom y . E lhak im  et al. (2003) p roduced  a 

random ized , doub le-b lind , p lacebo -con tro lled  s tudy u sing  120 p artic ip an ts  to  d e te rm ine  i f  a 

s ing le do se  o f  d exam ethasone  a ffected  th e  severity  o f  postopera tiv e  v om iting  and  pa in  in  

ch ild ren  und ergo ing  e lec tro cau te ry  to n sillec tom y  unde r s tandard ized  general anesthesia . R esu lts  

o f  th e  study  rev ea led  th a t the  tim e  to first oral in take  w as sho rte r and  th e  tim e  to  first do se  o f  

ana lgesic  w as longer in  th e  d exam ethasone  g roup  (P  < 0.01). P ain  scores 30 m in  afte r ex tuba tion  

w ere low er (P  <  0 .05 ) in  the  d exam ethasone  g roup  and at 12 and  24  hou rs postopera tiv e  

sw allow ing  w as s ign ifican tly  less p a in fu l in  th e  d ex am ethasone  g roup  th an  in  th e  con tro l g roup  

(P <  0 .01). In a s im ila r bu t sm aller p rospec tiv e , doub le-b linded , p lacebo -con tro lled  s tudy  

conducted  b y  K aan , O dabasi, G ezer, and  D aldal (2006), 62 ch ild ren  (4-12  years o f  age) w ere  

random ly  assigned  to rece iv e  a s ingle  do se  o f  0.5 m g /kg  iv  d exam ethasone  p reoperative ly . 

Pa tien ts w ho  rece ived  p reoperativ e  d exam ethasone  had  a  s ign ifican tly  less p a in  score du ring  the 

first 6 h r  po stop era tiv e ly  (P <  0 .05), adequa te  o ral in take  tim e  w as sho rte r (P<0.05) and 

d ischarge  tim e  w as ea rlie r (P<0.05 ) th an  tho se  tre a ted  w ith  p lacebo . In tho se  stud ies, 

p reopera tiv e  d exam ethasone  w as found  to  s ign ifican tly  reduce  early  p o st-to n sillec tom y  pa in  at 

res t and  du ring  sw allow ing , resu lted  in  im p roved  qua lity  o f  o ral in take  du ring  th e  first 24  hours, 

and fac ilita ted  m ee ting  d ischarge  criteria.

D exam ethasone  has also  p roven  e ffective  w hen  u sed  to supp lem en t o th e r analgesics. 

M oham ed , Ibraheem , &  A bde lraheem  (2009) p e rfo rm ed  a doub le -b lind  ran dom ized  con tro l trial
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on  150 ch ild ren  pa rtic ip an ts  to  d e te rm ine  th e  po stopera tiv e  ana lgesic  e fficacy  o f  th e  p re -su rg ica l 

in travenous adm in is tra tion  o f  d exam ethasone  in  con junc tion  w ith  g lo ssopharyngeal n e rve  b lock  

(GNB) in  ch ild ren  unde rgo in g  ton sillectom y . T he  s tudy  com pared  p re -opera tiv e  d exam ethasone  

IV  in jec tion  w ith  GNB  to u sing  e ith e r m ethod  alone. A bso lu te  ana lgesia  tim e  w as s ign ifican tly  

longer in  th e  g roup  hav ing  b o th  m ethods than  e ith e r  o f  th e  o the r tw o  g roups (P=0 .000). T im e  to 

first requ est fo r ana lgesia  w as also  s ign ifican tly  longer in  th e  g roup  th a t rec e ived  bo th  com pared  

to th e  o the r g roups (P=0 .000 ). P a tien ts  in  th e  g roup w ith  bo th  w ere  d ischarged  ea rlie r from  the  

ho sp ita l (P=0 .000 ). C on trad ic ting  th is  study  is one  pe rfo rm ed  b y  G iannoni, W hite , &  E nnek ing  

(2002). A  p rospec tiv e , random ized , d o u b le -b lin d ed  s tudy  w as p e rfo rm ed  on 50 ch ild ren  

com paring  th e  e ffects o f  rop iv ica ine /c lon id ine  in jec tion  w ith  e ithe r d exam ethasone  (1 m g /kg  up 

to 16 m g ) o r  p lacebo  sa line  (0 .25 m L /kg  up  to  4 mL). R esu lts ind icated  s im ila r repo rted  pa in  and 

narco tic  u se  in  th e  po s tanesthesia  care  un it and  at hom e  on  all po stopera tiv e  d ays m easu red . 

O verall, th e re  w as no  decrease  in  p a in  and  th e re  w as a trend  to  a  lo nge r recov ery  to no rm al 

ac tiv ity  in  th e  g roup  th a t rece ived  dexam ethasone . D ue to  th e  sm all sam ple  s ize  o f  th is study  

statistica l e ffect m ay  hav e  been  b lun ted .

K e tam ine  is a ph encyc lid in e  d e riv ativ e  tha t p roduces  “d issoc ia tiv e  anesthesia ,” 

charac terized  b y  ev idence  on  EEG  o f  d issoc ia tion  be tw een  the  th alam oco rtica l and  the  lim bic  

system , w h ich  is re sponsib le  for in te rp re ta tion  o f  p a in fu l signa ls  (S toe lting  &  H illier, 2006). T he 

state  o f  unconsc iou sness  p roduced  is d ifferen t from  o ther anesthetic s  and  th e  p a tien t appears 

non reactiv e  to  h is /h e r  env ironm en t. K e tam ine  b ind s noncom petitiv e ly  to  N -m ethy l-D -asparta te  

(NM DA ) recep to rs  lo ca ted  in  the  sp inal cord  do rsa l h o rn  (S toe lting  &  H illie r, 2006). Sp ina l cord  

sen sitiza tion  is re sponsib le  fo r pa in  assoc iated  w ith  touch ing  o r  m ov ing  an in ju red  b ody  part, a 

p rocess  triggered  b y  C  fib e r no c icep tiv e  inpu t and  ac tiva tion  o f  NM D  A  recep to rs  (S toe lting  &
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H illier, 2006 ). K e tam ine  is hypo th esized  to  p rov ide  p reven ta tiv e  ana lgesia  b y  p reven ting  or 

revers ing  cen tral sensitiza tion  and  con sequ en tly  reduc ing  postopera tiv e  p a in  (H onarm and ,

Safavi, &  Jam sh id i, 2008). T he  induction  do se  o f  k e tam ine  is 1-2 m g /kg  IV  o r  4-8  m g /kg  IM . A  

subanesthetic  do se  o f  0 .2 -0 .5  m g /kg  in jec ted  IM  is p roven  to p roduce  in ten se  ana lgesia  w hen  

in jected  th rough  th e  to n silla r capsu le.

K e tam ine  is  w a te r-so lub le  and  has  a  rap id  onset o f  action , re la tiv e ly  sho rt du ra tion  o f  

action , h igh  lip id  so lub ility , and  is poo rly  bound  to p lasm a  pro teins. P eak  p lasm a  concen tra tions  

o f  k e tam ine  occu r  w ith in  1 m inu te  a fte r IV  adm in is tra tion  and  w ith in  5 m inu tes  a fte r IM 

in jec tion  (S toe lting  &  H illie r, 2006). B enefits  o f  u sing  ke tam ine  as an anesthe tic  in clude  

m ain tenance o f  b lood  p ressu re  and  p rese rva tion  o f  laryngeal reflexes . It m ay  be  u sed  fo r ch ild ren  

p resen ting  w ith  n eu rom uscu la r d isease  assoc iated  w ith  m alignan t hype rth e rm ia  triggered  b y  

vo la tile  agen ts o r n eu rom u scu la r  b lo ck ing  drugs. K e tam ine  is ra re ly  assoc iated  w ith  a llerg ic  

reaction s and  does  not evoke the  re lease  o f  h istam ine . R isk s o f  u sing  ke tam ine  in clude  

p sychodyspho ric  sym p tom s in c lud ing  v isua l, aud ito ry , p rop rio cep tiv e  and  confusional illu sions , 

w h ich  m ay  p rog ress  to  d elirium . Em ergence  de lirium  m ay  lim it th e  c lin ica l u se fu lness  o f  

k e tam ine in ch ild ren  (S toe lting  &  H illier, 2006).

K e tam ine  m ay  b e  u sed  in travascu la rly  fo r analgesia ; how ever, som e o f  th e  m ost recen t 

stud ies p ub lished  have been  on  th e  u se  o f  k e tam ine  for p e riton silla r  infiltra tion . H onarm and  et al. 

(2008) conducted  a  random ized , doub le-b linded , p lacebo -con tro lled  s tudy  to  d e te rm ine  the  e ffect 

o f  p re inc is ional p e riton s illa r in filtra tion  o f  tw o  doses o f  k e tam ine  and  p lacebo  o f  no rm al sa line  

on po stopera tiv e  p ain  r e l ie f  in  ch ild ren  u ndergo ing  adeno tonsillec tom y . C h ild ren ’s H ospita l 

E aste rn  O n tario  P a in  Sca le  (CHEOPS) scores w ere  s ign ifican tly  h ighe r in  the  p lacebo  g roup 

com pared  to th e  o the r tw o  g roups (P  <  0 .001). R esu lts  ind icated  tha t p e riton silla r in filtra tion



IN T R A O P E R A T IV E  P A IN  M A N A G E M E N T 22

w ith  0.5 o r 1 m g /kg  do se  o f  k e tam ine  g iven  app rox im ate ly  3 m in  be fo re  su rgery  p rov ides 

e ffic ien t p ain  re lie f  for th e  first 24  hou rs  a fte r su rgery  w ithou t s id e -e ffec ts in ch ild ren  undergo ing  

adeno ton sillectom y . T im e  to ex tuba tion  w as s ign ifican tly  lo nger in  th e  k e tam ine  g roups than  the 

sa line  g roup. A lthough  th e  study  seem ed  to b e  w ell though t out, fu rthe r resea rch  on  the 

d iffe rence  be tw een  a k e tam ine  in jec tion  and  tha t o f  a local anesthe tic  (opposed  to saline) w ou ld  

be  in trigu ing . E rhan , G oksu , A lpay , &  B estas (2007) conducted  a s im ila r s tudy  to d e te rm ine  the  

e ffectiveness o f  k e tam ine  0.5 m g /kg  by  pe riton silla r in filtra tion . R esu lts ind icated  th e  CHEOPS 

value, th e  tim e  to first anesth etic , and  th e  to tal am oun t o f  analgesic  w e re  all in  favo r o f  k e tam ine  

u se  (p<0 .05).

A n  in te resting  random ized , con tro lled  and  doub le -b linded  s tudy  on  IV  u se  o f  k e tam ine  

w as conducted  b y  Inanog lu , O zbak is , T u rhanog lu , O kuyucu , &  A kog lu  (2009) to  d e te rm ine  the  

analgesic  e ffects o f  IV  ke tam ine  w ith  p e rito n silla r in filtra tion  o f  bup iv aca ine  on  ch ild ren  

undergo ing  tonsillec tom y . T he  s tudy  invo lved  th ree  g roups. G roup  I rece ived  in travenous and 

periton silla r saline , G roup  II rece ived  in travenous sa line  and  pe riton silla r bup ivacaine, and  g roup 

III rece ived  in travenous 0.5 m g /kg  ke tam ine  and  periton silla r 0 .25%  bup ivaca ine  3-5 m l pe r 

tonsil. CHEOPS sco res  w ere  u sed  to evalua te  p a in  and  it w as reco rded  at 6 d iffe ren t tim e  

in tervals. A na lgesic  requ irem en ts  w ere  s ign ifican tly  (P<0.05) less and  tim e  to  first ana lgesia  

w ere s ign ifican tly  (P<0 .05) longer in  th e  k e tam ine group.

E ishamm aa  et al. (2011) conducted  a  doub le  b linded , random ized  tria l o f  60 ch ild ren  

be tw een  the  ages 2 and  7 to  d e te rm ine  i f  k e tam ine, as an ad junc t to  fen tany l, im p roved  

po stoperativ e  p a in  con tro l in  ch ild ren  undergo ing  ton sillectom y . C h ild ren  w ere  d iv ided  in to  four 

g roups includ ing , fen tany l 1 m cg /kg  g roup, fen tany l 2 m cg /kg  g roup , k e tam ine  0.5 m g /kg  g roup, 

and  fen tany l 1 m cg /kg  p lu s k e tam ine  0.5 m g /kg  g roup. R esu lts  o f  th is  s tudy  ind icated  th a t the
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adm in is tra tion  o f  k e tam ine  0.5 m g /kg  w ith  1 m cg /k g  fen tanyl m ay  im p rove  p o stope ra tiv e  p a in  

con tro l w ithou t d e lay ing  hom e d ischarge; how ever, th is d a ta  m ay  b e  skew ed by  th e  sm all 

num ber o f  sub jec ts in  each  ind iv idua l group.

In th e  stud ies  d iscu ssed  it w ou ld  appear k e tam ine  m ay  serve  as a  u se fu l ad junc t to 

trea tm en t o f  po st-ton sillec tom y  pain . M any  resea rchers h av e  no t rep roduced  s im ila r resu lts.

B a tra  et al. (2007) conducted  a  random ized , doub le -b lind , p lacebo -con tro lled  p ro spec tiv e  study  

o f  40  ch ild ren  and  found th a t u se  o f  sm all-do se  k e tam ine , in  con junc tion  w ith  rem ifen tan il, d id  

not h ave  a s ign ifican t m o rph ine -spa ring  e ffect in  th e  p e riopera tiv e  p e riod  and  d id  no t 

s ign ifican tly  d ec rease  p o stope ra tiv e  p a in  in  ch ild ren  a fte r ton sillectom y . A no the r random ized  

doub le-b lind  s tudy  tha t d id  no t find  a  s ign ifican t d ec rease  in  po stopera tiv e  m o rph ine  

con sum p tion  po st-ton sillec tom y  w as conducted  by  A bu -Shahw an  in  2008 . T h is  s tudy  in cluded  

84 sub jects and  com pared  two  groups, one  th a t rece ived  m o rph ine  and  ano ther th at rece ived  

m orph ine  and  0 .25 m g /kg  ke tam ine  a t induc tion . A  lack  o f  s ign ifican t resu lts  in  th ese  stud ies 

m ay  b e  due to th e  sm all num ber o f  sub jects. T ho se  stud ies th a t found ke tam ine  con tribu ting  to 

d ec reased  op io id  u se  w e re  o ften  u sin g  th e  h igher 0 .5 m g /kg  ke tam ine  dose  in  th e ir resea rch .

D exm ede tom id ine  is a  h igh ly  se lective , specific, and  po ten t a lpha 2 -ad renerg ic  agon is t 

w ith  anx io ly tic , sedative , and ana lgesic  p ropertie s  (S toe lting  &  H illier, 2006). T he  p rim ary  

ana lgesic  e ffect is m ed ia ted  v ia  ac tion  o f  th e  a lpha 2 recep to rs on  th e  do rsa l ho rn  o f  the  sp inal 

cord  and  also  b y  in h ib ition  o f  substance  P (Tob ias, 2007). P re trea tm en t w ith  d exm ede tom id ine  

a ttenuates  h em odynam ic  responses  to  tracheal in tuba tion , d ec reases p lasm a  ca techo lam ine  

concen tra tions  du ring  anesthesia , d ec reases p e riopera tiv e  requ irem en ts  fo r inhaled  anesthe tic s 

and  op io id s , and  in c reases lik e lihood  o f  hypo ten sion  (S toe lting  &  H illie r, 2006). It h as ana lgesic  

and sedativ e  p ropertie s  w ith  m in im al im pact on  resp ira to ry  func tion  and  decreases  ana lgesic
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requ irem en ts a fte r su rgery. H igh  doses (load ing  d o se  o f  1 m cg /kg  IV  fo llow ed  b y  0 .25-0.5  

m cg /kg /hou r IV ) p roduces  to tal IV  anesthesia  w ithou t a ssoc ia ted  d ep ression  o f  v en tila tion  

(Tobias, 2007). T he  e lim ina tion  ha lf-tim e  is 2-3 hours, it is h igh ly  p ro te in  bound  (>90% ), 

undergoes ex ten sive  h epatic  m etabo lism  and is excre ted  b y  the  k idney s (S toe lting  &  H illier, 

2006). It h as  an inh ib iting  e ffect on  cy toch rom e P450  enzym e system  w h ich  m an ifes ts  as 

in creased  p lasm a  concen tra tion s  o f  op io id s  (T ob ias , 2007).

A dvan tages o f  u sing  d exm ede tom id ine  a re  th e  m ild  ana lgesic  p roperties , th e  ab ility  to  

cause seda tion  w ithou t resp ira to ry  d ep ression , and  th e  fact tha t it does no t have  an  e ffect on  

coagu la tion  (O lu toye  et al., 2010). D isadvan tages  in clude  the  sym patho ly tic  e ffects and  

vagom im etic  ac tion s  th a t re su lt in  decreased  a rte ria l b lood  p ressu re  and  heart ra te  w h ich  m ay  be 

o f  concern  in anesthe tized  ch ild ren  w ith  a  ra te  d ependen t card iac  ou tpu t (S toe lting  &  H illier, 

2006). It a lso  has a  tendency  to in c rease  th e  range  o f  tem pera tu res  lik e ly  to  trigge r 

th e rm oregu la to ry  d e fen ses , w h ich  m ay  p rom o te  p e riope ra tiv e  hypo therm ia .

D exm ede tom id ine  has b een  ga in ing  popu la rity  fo r u se  as an  anesthe tic  in  adu lts and 

stud ies are now  be ing  conducted  to  d e te rm ine  its re levance  in  p ed ia tric  anesthesia . O lu toye  et al. 

(2010) conducted  a p rospective , random ized , doub le -b lind  study  on  109 ped ia tric  pa tien ts. T he 

patien ts  w ere  pu t in to  one  o f  fou r g roups and  rece ived  e ith e r a s ing le  IV  do se  o f  

d exm ede tom id ine  (0 .75 m cg /kg ), d exm ede tom id ine  (1 m cg /kg), m o rph ine  (50  m cg /kg ) o r 

m orph ine  (100  m cg /kg). M ed ian  tim e  to first po stopera tiv e  rescue  ana lgesic  w as s ign ifican tly  

longer in  th e  d exm ede tom id ine  1 m cg /kg  and m o rph ine  100 m cg /kg  com pared  to th e  o th e r two 

g roups (P  <  0 .01). T hose  pa rtic ipan ts  w ho  rec e ived  dexm ede tom id ine  com pared  to  th o se  w ho 

received  m o rph ine  had  s ign ifican tly  s low er po stopera tiv e  h eart rate . T he  num ber o f  ch ild ren  who 

requ ired  >1 do se  o f  rescue  ana lgesic  w as s ign ifican tly  h ighe r in  th e  d exm ede tom id ine  0.75
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m cg /kg  g roup  com pared  w ith  d exm ede tom id ine  1.0 m cg /kg  and m orph ine  100 m cg /kg  g roups 

(P=0 .03  and P=0 .013 ). A no the r s tudy  conducted  b y  Patel, e t al. (2010 ) u sed  a p ro spective , 

random ized , b linded , con tro lled  app roach  to  resea rch  137 children . T hey  w ere  assigned  to  e ithe r 

a  d exm ede tom id ine  in fu sion  g roup  (2 m cg /kg  ov er  10 m inu tes , fo llow ed  by  0 .7  m cg /kg /h  un til 5 

m inu tes  b e fo re  th e  end  o f  surgery) o r  IV  fen tanyl g roup  (1 m cg /kg ) to  d e te rm ine  its e ffect on  

pe riopera tiv e  op io id  use. T he  am oun t o f  p a rtic ip an ts  w ho  needed  rescue  fen tany l fo r p a in  w as 

s ign ifican tly  low er in th e  d exm ede tom id ine  g roup  com pared  to  fen tany l (P == 0 .001). M ean  heart 

ra te  and  m ean  sy sto lic  b lood  p ressu re  w ere  s ign ifican tly  low er in  g roup dexm ede tom id in e  du ring  

the  firs t 60 m inu tes  (P =  0 .019). In  th is study, th o se  w ho  rece ived  th e  d exm ede tom id ine  bo lus  

and  in fu sion  had  decreased  in traopera tiv e  op iate  and  anesthe tic  requ irem en ts  and  decreased  

op ia te  requ irem en ts  in  th e  PA CU  com pared  to th e  IV  fen tany l g roup.

A  separa te  doub le -b lind , random ized  tria l w as conducted  b y  Pestieau  et al. (2011) to 

d e te rm ine  w he ther h igh  doses o f  d exm ede tom id ine  had  an  im pac t on  op io id  requ irem en ts  and  

the  op io id -free  in te rva l a fte r ton sillectom y . 109 pa tien ts  w ere  assigned  to  one  o f  fou r trea tm en t 

g roups. G roup  one  w as g iven  fen tany l 1 m cg /kg , g roup tw o  w as g iven  fen tanyl 2 m cg /kg  

(cu rren t s tandard  o f  p rac tice  g roups), g roup  3 w as g iven  dexm ede tom id ine  2 m cg /kg  and  g roup 4 

w as g iven  dexm ede tom id ine  4 m cg/kg . R esu lts  show ed  th a t d exm ede tom id ine  p ro longs the  

op io id -free  in terval a fte r ton s illec tom y  and appears  to  d ec rease  overa ll m o rph ine  requ irem en ts  as 

w ell as the  risk  o f  m o rph ine-rescue  adm in is tra tion . T he  dexm ede tom id ine  g roups d id  h ave  a 

p ro longed  tim e  to em ergence  from  an esthesia  and  an  in creased  leng th  o f  s tay  in  the  PACU . 

D exm ede tom id ine  appears to  h ave op io id -sparing  e ffects and  w as recom m ended  b y  th e  au tho rs 

to  b e  con sidered  as an ad junc t for ana lgesia  du ring  and a fte r tonsillectom ies.

U se o f  d exm ede tom id ine  in  young , h ea lthy  pa tien ts  m ay  b e  res tric ted  b y  its a ssoc ia tion
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w ith  ep isodes o f  b rady card ia  and  sinus arrest. C ard iac  ou tpu t in  p ed ia tric  p a tien ts is h eart ra te  

d ependen t, requ ir in g  m ain tenance  o f  a  regu la r ra te  and  rhy thm . H yperten sion  has a lso  b een  

ob se rved  fo llow ing  an  in itial bo lu s  do se  o f  dexm edetom id ine. A s w ith  any  pharm aco log ic  agent, 

cau tion  m u st b e  u sed  w hen  adm in is te ring  to a patien t.

Local anesthe tics  h ave  p ro ven  to b e  e ffectiv e  as an  ad junct in  th e  re lie f  o f  postopera tiv e  

pain. M any  s tudies  h ave  show n bup ivaca ine  to  b e  m o re  e ffective  than  levobup iv ica ine  and 

rop ivacaine  w hen  in jec ted  by  th e  su rgeon  in to  th e  p e riton silla r  a rea  at th e  com p le tion  o f  surgery . 

A  random ized  c lin ica l tria l com paring  recta l ace tam inophen  w ith  p e rito n silla r in filtra tion  o f  

bup ivaca ine  fo r po s topera tiv e  ana lgesia  a fte r ad eno ton sillec tom y  in  ch ild ren  w as conducted  b y  

D ahi-T aleghani, M ousav ifard , T ahm oureszade, &  D abbagh  (2011). T he  trial inc luded  110 

partic ip an ts  w ho  w ere  ran dom ly  separa ted  in to  tw o  g roups, one  rece iv in g  30 m g /kg  rec ta l 

ace tam inophen  and one rec e iv ing  1 m g /kg  bup ivaca ine  in jec tion  a fte r in tuba tion  and  p rio r to  

ton sillectom y . R esu lts ind ica ted  th a t th e re  w as no d ifference be tw een  th e  two  g roups regard ing  

th roat p a in  at res t, a fte r sw a llow ing , a fte r tak ing  flu id  and  a fte r soft food intake. T he  m in im al 

am ount o f  risk  assoc iated  w ith  rec ta l ace tam inophen  adm in is tra tion  m ade  it superio r to 

bup ivacaine  in jection  in  th e ir op inion .

O pio id  M ed ication s

O pio id s p rov ide  ana lgesia  b y  b ind ing  to specific  recep to rs lo ca ted  p rim arily  in  th e  b ra in  

and spina l cord . T hey  inh ib it the  re lease  o f  substance  P b lock ing  p a in  p a thw ays ascend ing  to the  

b rain  w here  p a in  is p e rce ived  (S toe lting  &  H illie r, 2006). T hey  also  activ a te  d escend ing  

pa thw ays to  in h ib it th e  tran sm ission  o f  noc icep tiv e  in fo rm ation  (G o lem biew sk i, T orrece r, & 

K atke, 2005). O p io ids  a re  frequen tly  u sed  for po stopera tiv e  trea tm en t o f  m odera te  to  severe  pain, 

A dverse  e ffects o f  op io ids  include: resp ira to ry  d ep ression , sedation , n au sea  and  vom iting ,
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pruritu s , con stip a tion  and  vo id ing  d ifficu lties . D ep ression  o f  v en tila tion  occu rs p rim arily  th rough  

an agon ist e ffect at m u 2 recep to rs  lead ing  to a  d irec t d ep ressan t e ffect on  b ra in stem  ven tila tion  

cen ters (S toe lting  &  H illier, 2006). O p io id  ac tion  on  kappa recep to rs  leads to  sedation  w h ich  

m ay  p ro long  po s t-opera tiv e  recovery . N au sea  and  vom iting  assoc iated  w ith  op io id s  is due  to 

d irec t s tim u la tion  o f  th e  ch em orecep to r trigge r zone  in  th e  floo r o f  th e  fourth  v en tric le  (S toe lting  

&  H illie r, 2006). T he  p ropo rtiona l in c rease  in  side  e ffects w ith  op io id  u se  m ay  lead  to 

adm in is tra tion  o f  sm alle r doses o f  th e  m ed ica tion  and  decreased  ana lgesia  fo r patien ts.

M orph ine  is the  p ro to typ e  op io id  and  th e  agen t to  w h ich  all o th e r op io ids  a re  com pared .

It h as low  lip id  so lu b ility  and  peak  e ffect occu rs 15-20 m inu tes  a fte r IV  in jec tion  (S toe lting  &  

H illier, 2006). M orph ine  undergoes  an  ex ten sive  firs t-p ass e ffect and  is m etabo lized  hepa tica lly  

to  m o rph ine-3 -g lu ron ide  (M -3-G ) and  m o rph ine-6 -g lu rco run ide  (M -6 -G ) (G o lem b iew sk i et al, 

2005). M -6-G  p rov ides  g rea te r ana lgesia  than  m o rph ine  and  M -3 -G  p rov ides  no  analgesia . B oth  

byp roduc ts  a re  rena lly  excreted  (G o lem biew sk i, 2005). T he  ped ia tric  do se  is 0 .05-0.2  

m g /kg /do se  up  to 15 m g  and  it p rov ides several hou rs o f  analgesia . D isadvan tages  o f  u sin g  

m orph ine  in clude  h is tam ine  release , p ru ritis , and  hypo tension . It m ust b e  u sed  w ith  cau tion  in 

p a tien ts w ith  h epatic  im pa irm en t b ecau se  it is m etabo lized  b y  the  liver. T he  active  m etabo lite s 

cou ld  accum u la te  and  cau se  excessiv e  seda tion  and  resp ira to ry  d epression . C au tion  shou ld  b e  

used  w hen  adm in is te ring  to  p a tien ts  w ith  rena l im pa irm en t as w ell. A cco rd ing  to  B rown, 

L aferriere, L akheeram , &  M oss (2006), po stsu rg ica l adm in is tra tion  o f  op ia tes  in  p a tien ts  w ith  

ob stru c tive  s leep  apnea  (O SA ) has recen tly  b een  linked  to  an  in creased  risk  fo r resp ira to ry  

com plica tion s. P rev iou s recu rren t hypoxem ia  in  O SA  has also  b een  assoc ia ted  w ith  in creased  

ana lgesic  sensitiv ity  to  sub sequen t m o rph ine  adm in is tra tion  (B row n  et al., 2006). T onsillec tom y  

and ad eno idec tom y  is o f ten  p e rfo rm ed  on  ch ild ren  w ith  en larged  (hypertroph ic) ton sils  tha t
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cause  ob stru c tion  (o ften  m an ifes ted  b y  snoring ) w hen  th e  ch ild ren  are ly ing  supine. T he  

sign ificance o f  th ese  find ing s is due  to  th e  re la tion sh ip  b e tw een  O SA  and pa tien ts  u ndergo ing  

surgery  fo r T&A .

Fentanyl is a  ph eny lp iperid ine -deriv a tiv e  syn the tic  op io id  agonis t. It is 75-125  tim es 

m ore po ten t th an  m o rph ine  due  to  g rea te r lip id  so lub ility  (S toe lting  &  H illie r, 2006). It is m ore  

rap id  in  on se t and  sho rte r in  du ra tion  o f  ac tion  th an  m o rph in e  and  hyd rom orphone. F entany l has 

a la rge r vo lum e o f  d is tribu tion  and  longer e lim ina tion  ha lf-tim e  th an  m o rph ine  (G o lem b iew sk i et 

al., 2005). A  comm on  do se  in  p ed ia tric  p a tien ts  is  1-2 m cg /kg  IV. Fen tany l does no t p roduce 

h is tam ine  re lease  as m o rph ine  does. R isk s o f  u sing  fen tany l in clude  pe rs is ten t o r recurren t 

d ep ression  o f  v en tila tion , b radycard ia , hypo ten sion , d ec reased  card iac  ou tpu t and  chest rig id ity  

w ith  h igh  doses. T he  ana lgesic  e ffects o f  fen tany l las t fo r up  to one  hour. A v a ilab le  lite ra ture  

suggests th a t d ifferences  in  m etabo lism  requ ire  m od ifica tion  in  dosing  and  th a t 2 -6  year o ld  

ch ild ren  have a m o re  rap id  m etabo lism , m ean ing  th a t su ch  ch ild ren  m ay  requ ire  m ore  frequen t 

dosing . Fen tany l is u sed  as th e  p rim ary  in traopera tiv e  ana lgesic  in  th e  m ajo rity  o f  th e  lite ra tu re  

rev iew ed . R ecen t s tud ies h ave  been  d irec ted  at find ing  an  a lternativ e  to  fen tanyl as an analgesic  

due to  th e  resp ira to ry  d ep ressan t e ffects it possesses .

R em ifen tan il is a  se lec tiv e  m u  op io id  agonist, s tru c tu ra lly  un iq ue  due  to  its  e s ter linkage  

w h ich  renders  it su scep tib le  to  hyd ro ly sis  b y  nonspec ific  p lasm a  and  tissue  es te rases to  in ac tiv e  

m etabo lites . T h is  form  o f  m etabo lism  im parts  b rev ity  o f  action , p rec ise  and  rap id ly  titra tab le  

e ffect due  to its  rap id  on se t and  o ffse t, noncum u la tiv e  effects, and  rap id  recovery  afte r 

d iscon tinua tion  o f  its  adm in istration . It h as an ana lgesic  po tency  s im ila r to  fen tanyl and  effect- 

site  (b lood/b ra in ) equ ilib ra tion  tim e  m uch  fas te r th an  th a t o f  fen tany l (1.1 m in  vs. 6.8). It has  a 

sm all vo lum e o f  d is tribu tion , is rap id ly  c leared  and  rena lly  excreted . B eneficia l e ffects o f
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rem ifen tan il in c lude  rap id  on se t o f  d rug  e ffect, p recise  titra tion  to th e  d esired  e ffect, ab ility  to  

m ain ta in  a su ffic ien t p la sm a  op io id  concen tra tion  to  suppress th e  s tress response , and  rap id  

recovery  from  the  d ru g ’s effects. W ith  rem ifen tan il th ere  is a  p red ic tab ility  o f  d rug  e ffect due  to 

es terase m etabo lism . L ack  o f  accum u lation  du ring  ex tended  periods  o f  in fu sion  p reven ts 

p ro longed  c le a rance  no t seen  w ith  su fen tan il o r fen tany l. T here  is no  h is tam ine  re lease  w ith  

rem ifen tan il. T he  comm on recomm ended  dose  is 1 m cg /kg  IV  over 60-90  seconds. The 

com b ina tion  o f  rem ifen tan il and  p ropofo l is synerg istic  resu lting  in  severe  d ep ression  o f  

v en tila tion . A  longer-ac ting  op io id  m u st be  adm in is tered  fo r po st-opera tiv e  ana lgesia  w hen  

rem ifen tan il is u sed . A ssoc ia ted  side  e ffects in c lude  nau sea  and  vom iting , d epression  o f  

v en tila tion  and  m ild  d ecreases in  sy stem ic  b lood  p ressu re  and  heart rate.

D avis et al. (2000) conducted  a doub le-b linded  s tud y  to  d e te rm ine  the  e ffectiv eness  o f  

rem ifen tan il v e rsu s  fen tany l in  p ed ia tric  ton sillec tom y  pa tien ts. T he  tw o  g roups w ere  random ly  

se lec ted  to rece iv e  e ithe r rem ifen tan il bo lu s  w ith  con tinuous in fu sion  0 .25 m ic rog /kg /m in  o r a 

fen tany l bo lu s  o f  2 m cg /k g  fo llow ed  b y  a  p lacebo  con tinuous infusion . R em ifen tan il p rov ided  

fas ter ex tuba tion  tim es, a lthough  tho se  p a tien ts  h ad  h ig her  p a in -d iscom fo rt scores. T he 

resea rchers  concluded  th a t rem ifen tan il w as as e ffectiv e  in traopera tiv e ly  as fen tany l, how ever 

b e tte r in traopera tiv e  p rophy lac tic  ana lgesic  reg im ens fo r po stopera tiv e  p a in  con tro l w ere  

n ecessa ry  to  op tim ize  rem ifen tan il’s u se  as an  analgesic  fo r ch ildren . M ore  resea rch  is b e in g  

conducted  on  rem ifen tan il in  assoc ia tion  w ith  p a in fu l p rocedu res  in  n eona tes  such  as 

endo trachea l in tuba tion  and  m echan ica l v en tila tion  and  cen tral lin e  p lacem ent.

Sufen tan il is a  th ieny l analogue  o f  fen tanyl. T he  ana lgesic  p o tency  is 5-10  tim es th a t o f  

fen tany l w ith  g rea te r a ffin ity  to op io id  recep to rs. It is h ig h ly  lip id  so lub le, has  ex ten sive  p ro te in  

b ind ing , and  has  a  sm alle r vo lum e o f  d istribu tion  th an  fen tany l. E lim ina tion  ha lf-tim e  is b e tw een
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tha t o f  fen tany l and  alfen tan il. A  comm on do se  is 0 .1 -0 .4  m cg/kg . S ufen tan il u se  is b enefic ia l 

over fen tany l due  to  p roduc tion  o f  lo nger p e riod s o f  ana lgesia  and  less d ep ression  o f  ven tila tion . 

It shou ld  b e  u sed  w ith  cau tion  in  p a tien ts  w ith  chron ic  rena l fa ilu re  and  chest w all rig id ity  m ay  

occu r w ith  h ig h  doses. T he  on ly  s tudy  found  on  th e  u se  o f  su fen tan il in  ton sillec tom y  w as 

conducted  by  B ayrak , G unday , M em is, &  T u ran  (2007 ). R esu lts  ind ica ted  th at an  in tranasal 

su fen tan il do se  o f  2 m ic rog ram s/kg  p rov ided  anx ie ty  and  coopera tion  scores s im ila r to  th a t o f  

oral m idazo lam  w hen  u sed  pe rioperativ e ly .

H yd rom orphone  is a hyd roph ilic  op io id  and  a  sem i-syn the tic  d e riva tiv e  o f  m o rph ine . It is 

5-10 tim es m ore  po ten t, has  a longer se rum  h a lf-life  (3 vs 2 h r), and  vo lum e o f  d is tribu tion  (4.5 

vs 3 L /kg ) th an  m o rph ine . It p roduces  m o re  seda tion  and  evokes less eupho ria  th an  m orph ine . 

H yd rom orphone  has a lip id  so lub ility  range  th a t fa lls b e tw een  m orph ine  and  fen tany l.

B reakdow n  p roduc ts  in clude  hyd rom orphone-6 -g lucu ron ide  and  hyd rom orphone-3 -g lu ron ide  

w h ich  have  no  analgesic  p ropertie s  and  are rena lly  excreted . H -3 -G  m ay  hav e  po ten tia l to  cause 

n eu roexc ita to ry  effects w hen  h igh  leve ls  o ccu r in  a p a tien t w ith  renal fa ilu re  w ith  chron ic  dosing . 

T he recomm ended  ped ia tric  do se  is 1 m cg/kg . Jou rna l a rticles recen tly  pub lished  describe  

m ed ica tion  e rro rs re la ted  to  hyd rom orphone  overdose. M any  pa tien ts  a re  experienc ing  acu te  

resp ira to ry  d ep ression , sedation , severe  hypo ten sion  and  in  m u ltip le  cases ca rd iopu lm onary  

arrest and  death . W h ile  th e  d rug  w hen  u sed  app rop ria te ly  seem s to b e  e ffective , e rrors o ccu r  due  

to m isunders tand ing  abou t the  drugs equ i-analgesic  do sing  w hen  com pared  w ith  m orph ine . 

M cDonne ll (2011) looked  at op io id  m ed ica tion  e rrors in  p ed ia tric  p rac tice  and  found  tha t 

m ed ica tion  e rro rs invo lv ing  hyd rom orphone  and codeine  resu lted  in  th e  m o st s ign ifican t h a rm  

reported . P harm aco log ica l advan tages tha t hyd rom orphone  o ffers over m o rph in e  in clude  a 

longer h a lf- life  and  lack  o f  m etabo lites . U nfo rtuna te ly , lite ra tu re  on  hyd rom orphone  use  in
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ped ia tric  pa tien ts  is ra re  and  s tudies  conduc ted  to  support hy d rom orphone  for c lin ica l u se  is 

nonex isten t.

Discussion

Each pain fu l experience  a  p a tien t h as accum u la ted  th rough  th e ir life tim e  p lays  a ro le  in 

how  the  p a tien t w ill re spond  to the  ex is ting  pa in fu l experience. F am ily  b ackg round , em otional 

status, expec ta tions , and  physio log ica l v a riab les  all a ffect a  p a tien t’s p e rc ep tio n  o f  and 

experience  w ith  pain . A  la rge  com ponen t p resen t in  ch ild ren  is th e  em otional p a rt o f  th e  p a in  

experience. T hey  a re  a ffected  b y  fac tors such  as th e  p resence  o r ab sence  o f  careg ivers and  fears 

re la ted  to  un fam ilia r su rroundings, p eop le  and  p rocedures . E ach  pe rson  w ill respond  d iffe ren tly  

to  the  sam e  pa in fu l p rocedu re , so how  do w e  know  tha t som eone  is, in  fact, h av ing  pain.

Pa in  can  be  assessed  in  a v a rie ty  o f  w ays, in c lud ing  se lf-repo rt, b ehav io ral obse rva tion  o r 

physio log ic  m easures. V erba l se lf-repo rt o f  p a in  is  con sidered  th e  go ld  s tandard  for assessm ent. 

In p a tien ts unde rgo ing  general anesthesia  ve rba l se lf-repo rt is no t an  op tion . P a in  is a ssessed  by  

CRNA s th roughou t th e  in traopera tiv e  p e riod  th rough  physio log ic  m easures. B lood  p ressu re , 

h eart rate , and  resp ira to ry  ra te  are am ong  the  m ost comm on ly  u sed  physio log ic  m eans to  m on ito r 

pain. In ab ility  to  comm un ica te  does no t im p ly  th a t p a in  does no t ex ist, b u t ch ild ren  w ho  c a n ’t 

v e rba lize  are an  exam p le  o f  th e  im po rtance  o f  an  accu ra te  and  sen sitiv e  assessm en t o f  pain.

Pa in  scales h ave been  developed  to  h e lp  assess and  gu ide  the  adm in is tra tion  o f  

analgesics; how ever, th ey  lack  p rec is ion  and  re liab ility  to  exc lu siv e ly  d irec t analgesic  dosing . 

W h ile  assessm en t too ls h ave  becom e a  s tandard  m easu re  in  w h ich  to  m on ito r a  c h ild ’s pain , 

choosing  th e  app rop ria te  assessm en t too l for the  p a tien t’s age, d evelopm en tal stage  and  con tex t 

o f  the  p a in  experience  is d ifficu lt and  c reates v a riab ility  am ong  p rov iders. R efin ing  o r  m od ify ing
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pain  scales m ay  be  n eeded  to  m ake  pa in  assessm en t m ore  re liab le  and  consisten t.

O nce th e  app ropria te  p a in  scale  has  b een  chosen , th e  p a tien t h as been  assessed  as h av ing  

s ignifican t p a in , and  the  d ecis ion  to p roceed  w ith  adm in is tra tion  o f  an  ana lgesic  h as  b een  m ade , 

h ealth ca re  p rov iders  con tinue  to experience  ba rrie rs  to  trea ting  pain . T he  p rim ary  concern  in 

p rov iders adm in is te ring  op io id  analgesics is th e  fea r o f  cau sing  resp ira to ry  d epression  in  the  

child . O ther b a rrie rs  tha t h av e  been  resea rched  in c lude  fea r o f  add ic tion  and  an  overa ll lack  o f  

know ledge  on  ped ia tric  p a in  trea tm ent.

Inadequa te  trea tm en t o f  p a in  leads to  adverse  physio log ica l e ffects w h ich  m ay  delay  

hea ling  and  con tribu te  to in creased  hea lth ca re  costs. Increased  resp ira to ry  ra te  and  decreased  

vo lum e can  lead  to re ta in ed  secre tion s and  a te lec tasis. H eart rate, ca rd iac  ou tpu t, and  system ic 

v a scu la r res is tance  m ay  b e  in creased  w ith  pa in  and  lead  to  in creased  b lood  p ressu re  and 

m yocard ia l 0 2  consum ption . P a in  inc reases th e  re lease  o f  s tress ho rm one  and  also  in c reases th e  

m etabo lic  rate. It d ep resses  th e  im m une system  p red ispo sing  pa tien ts  to  infec tion .

E ffective  contro l o f  po stopera tiv e  p a in  invo lves  several p rev en ta tiv e  s tra teg ies  tha t 

in clude  p reopera tiv e  ana lgesia , app rop ria te  u se  o f  in traopera tiv e  ana lgesic  techn iques, and  

id en tification  o f  ch ild ren  at risk  fo r s ign ifican t po stopera tiv e  pain . T here  are  several 

com p lim en ta ry  and  in teg ra tiv e  m ed ic ine  app roaches th a t m ay  be  u sed  in  add ition  to 

pharm aco log ic  m ethods o f  analgesia . A cupunc tu re  and  acupressure , th e rapeu tic  touch , yoga, 

m assage, h ea t and  co ld  therapy, n a tu ropa thy , and  physical th erapy /occupa tiona l th e rapy  have  all 

b een  s tudied  in  re la tion  to  a ttenua ting  po sto pe ra tiv e  pain . C ogn itiv e  and  behav io ral app roaches 

including: p a tien t/fam ily  education , p sycho therapy , re laxa tion  and  im agery , th e rapeu tic  p lay , 

m usic  th erapy, and  an im al th e rapy  hav e  been  resea rched  as well.

P harm aco log ic  agents cho sen  to  trea t p a in  v a ry  from  p rac titioner to  p rac titioner. A s m ore
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resea rch  is conducted  on  th e  pharm acok ine tic  and  pharm acodynam ic  propert ies o f  th ese  agen ts, 

m o re  k now ledge  is b e ing  revealed  on  m echan ism  and sites o f  action  o f  th ese  ana lgesic  drugs. 

A lthough  th ese  ana lgesic  d rug s con tinue  to b e  investig ated , e th ica l conside ra tion s  in  th e  s tudy  o f  

p ed ia tric  popu la tion s  o ften  h inders resea rchers  from  perfo rm ing  random ized  con tro lled  tria ls  th at 

d irec t p a in  m anagem en t in  children .

M u ltim odal ana lgesia  is th e  concep t o f  u sing  d iffe ren t c lasses o f  analgesics  for p a in  

a lte ra tion  at v a riou s recep to r sites to  p rov ide  th e  m ax im um  analgesic  e ffect w ith  reduced  

ana lgesic -re la ted  side  e ffects (Josh i, 2005). M any  c lin ician s a re  u tiliz in g  th e  m ultim oda l 

app roach  to p a in  m an agem en t in  an  a ttem p t to reduce  th e  unw an ted  side  e ffects o f  g iv ing  la rge  

doses o f  a  p a rticu la r  drug . F or ins tance , ace tam inophen  and N SA ID s w hen  g iven  in  con junc tion  

w ith  op io ids  m ay  reduce  the  am oun t o f  op io id  requ ired . T h is  m ay  lead  to d ec reased  risk  o f  side  

e ffects in  op io id s such  as resp ira to ry  d epression  and nau sea /vom iting . It is also  im po rtan t to  no te 

th e  synerg istic  e ffects o f  ana lgesics , anx io ly tic s , an tiem etics , and  an tih is tam ines  requ ire  ongo ing  

assessm en t o f  seda tion  and  analgesia .

T rea ting  pa in  ea rly  and  e ffec tiv e ly  is safer, m o re  e fficac iou s and  resu lts  in  im p roved  

pa tien t com fort. It m ay  also  resu lt in  less to tal ana lgesic  adm in istered .

Outcome

Th is  in fo rm ation  w as p resen ted  to CRNA s and cu rren t nu rse  an esthesia  s tuden ts  at the  

Fall 2011 m ee ting  o f  the  N orth  D akota  A ssoc ia tion  o f  N u rse  A nesthe tis ts  in  B ism arck , ND . 

Included  in  th e  pow er po in t p resen ta tion  w ere  an  in troduc tion , s ta tem en t o f  p rob lem , pu rpo se  o f  

th e  study, s ign ificance  o f  the  s tudy , a reas  o f  inqu iry , overv iew  o f  m ethods, and  references .
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Implications for Nursing

Dosing  ana lgesics fo r th e  m anagem en t o f  po stop era tiv e  p a in  in  ch ild ren  con tinues  to 

challenge  anesthesia  p rov iders  and  th e  nu rses recov ering  them . F ind ing  th e  specific  com b ina tion  

o f  m ed ica tion s th a t p rov ides  the  m o st e ffectiv e  r e l ie f  o f  po sto pe ra tiv e  p a in  in  ch ild ren  m ay  be  an 

id ea listic  goal. It is c ritica l th a t anesthesia  p rov iders  and  recovery  nu rses  rea lize  th a t children , 

like  adu lts, do  not all re spond  to p a in  th e  sam e  way.

T here  is a  con tinued  need  fo r resea rch  in  th e  a rea  o f  in traopera tiv e  p a in  m anagem ent, 

e spec ia lly  in  th e  p ed ia tric  popula tion . O f  tho se  analgesics th a t h ave  been  stud ied , m any  have  

conflic ting  resu lts  w h ich  con tribu tes  to  confusion . It w as d isappo in ting  to lea rn  th a t th e re  w as 

lim ited  o r no  in fo rm ation  on  ch ild ren  regard ing  som e ana lgesics  comm on ly  used  in  adults. 

P rov iders n eed  to s tay  cu rren t on  the  m o st recen t stud ies  and  th e ir  find ing s on  ped ia tric  pa in  

m anagem en t and  challenge  th em se lves  to  p rov ide  a  m ultim oda l ana lgesic  tha t resu lt in  e ffectiv e  

po stopera tive  p a in  con tro l. A nesthetic  p rac tice  m ay  need  to b e  a ltered  as n ew  in fo rm ation  and 

techn iques fo r in traopera tiv e  p a in  m an agem en t em erge. H osp ita l po lic ies  n eed  to incorpora te  

s tandards  for th e  assessm en t and trea tm en t o f  po stopera tiv e  p ed ia tric  p a in  in  th e  po stanesthesia  

care unit. It is im portan t th a t p a tien ts and  th e ir p a ren ts  are sa tisfied  w ith  th e ir p e riopera tiv e  

experience.

Conclusion

Postopera tiv e  p ed ia tric  p a in  rem ain s a s ign ifican t m o rb id ity  assoc iated  w ith  su rgery  in 

children . M any  ana lgesic  m ed ica tion s  w ith  a  v a rie ty  o f  do sages  and  m eans o f  adm in is tra tion  

w ere  id en tified  in  the  litera tu re . A lthough  th e  resea rch  does  no t seem  to h igh ligh t one 

in traopera tiv e  ana lgesic  techn ique  p roven  to  b e  th e  m ost effective , m any  com b ination s  o f
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m edica tions  m ay  be  u sed  to  p rov ide  analgesia . T here  is a  con tinued  need  for resea rch  on  

po stoperativ e  p ed ia tric  p a in  and  on  ana lgesic  agen ts th a t h ave  no t yet b een  s tud ied  in ch ildren . 

Pain m anagem en t should  b e  one  o f  th e  p rim ary  goa ls  o f  h ea lth ca re  p rov iders  m anag ing  ped ia tric  

p atien ts  undergo ing  surgical p rocedures .
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