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Osteomalada. V ita m in  D  d e h d e n c y , o r it s  a b n o rm a l 
m e ta b o lism , is  th e  m o st u su a l c a u se  o f o ste o m a la d a  a n d  
ric k e ts  (p . 1 1 6 8 .1 ); h o v v e v e r, p h o sp h a te  d e p le tío n  m a y  
a lso  c o n trib u te , a n d  p h o sp h a te  su p p le m e n ta d o n  m a y  b ẽ 
g iv e n  a s a p p ro p ria te .

Â  su g g ested  o ra l do se fo r v ita m in -D -re s is ta n t h y p o - 
p h o sp h a ta e m ic  o ste o m a la d a  in  a d u lts  is  6 5  to  lO O m m o l 
p h o sp h a te  d a ily . T h e  BNFC su g g e sts th e  ío llo w in g  o ra l 
p h o sp h a te  d o se s:
•  fo r n e o n a te s , 1 m m o l/kg  d a ily  g iv e n  a s a  s in g le  d o se o r in  

2  d iv id e d  d o se s; a lte m a tiv e ly  it  m a y  b e  g iv e n  v ía  fo rt ifie d  
b re a s t m ilk

•  o ld e r c h ild re n  m a y  b e  g iv e n  2  to  3 m m o l/kg  d a ily , in  2  to  
4  d iv id e d  d o se s; a  m a x ú n u m  d o se  o f 4 8 m m o l d a ily  is  
re co m m e n d e d  in  th o se  u p  to  5 ' y e a rs  oỉ ag e , a n d  a 
m a x im u m  o ỉ 9 7  m m o l d a ily  fo r th o se  aged  5 y e a rs  an d  
o v e r.

ư p a re n te ra l a d m in is tra tio n  is  in d ic a te d . a n  in ơ a v e n o u s  
in fu s io n  o f 1 m m o l/kg  d a ily  m a y  b e  g iv e n  to  n e o n a te s . 
0 .7  m m o l/kg  d a ily  to  c h ild re n  aged  1 m o n th  to  2  y e a rs , an d  
0 .4 m m o l/k g  d a ily  to  th o se  aged  2 to  18 y e a rs . D o ses sh o u ld  
b e  a d ju ste d  as n e c e ssa ry .
ữCKETS OF PREMATURĨĨY. D ie ta ry  d e S d e n c y  o f p h o sp b o ru s is  
u n u s u a l, b u t c a n  o c c u r in  s m a ll p re m a tu re  in la n ts  fe d  
e x d u ã v e ly  o n  h u m a n  b re a st m ilk . T h e  p h o sp h a te  in ta k e  
in  th e se  in ỉa n ts  a p p e ars to  b e  in a d e q u a te  to  m e e t th e  
n e e d s o f b o n e  m in e ra lis a tio n , a n d  h yp o p h o sp h a ta e m ỉc  
r ic k e ts  c a n  d e v e lo p . T h is  c o n d itìo n , v a ria b ly  c a lle d  m e ta b - 
o lic  b o n e  d ise a se  oi p re m a tu rity , o r ric k e ts  o f p re m a tu rity , 
c a n  b e  p re v e n te d  b y  e n su rin g  a n  a d e q u a te  p h o sp h a te  
in ta k e  b y  v e ry  lo w -b irth -w e ig h t b a b ie s . A d e q u a te  in ta k e  
o f c a ld u m  a n d  v ita m in  D  is  a lso  e s s e n tia l. P h o sp h a te  su p - 
p le m e n ta tio n , w ith  c a ld u m  a n d  v ita m in  D , m a y  b e  g iv e n  
o ra lly  d th e r  in  ío rm u la  ĩe e d s o r a s  ỉo rtiS c a tio n  o f h u m a n  
b re a s t m ilk , o r in tra v e n o u s ly  in  p a re n te ra l n u tr it io n  S o lu ­
tio n s . u

D o sag e  re c o m m e n d a tỉo n s (o r p h o sp h a te  m a y  v a ry , b u t 
th e  2MV7C su g g ests a d a ily  d o se o ỉ 1 m m o l/k g ; i í  g iv e n  o ra ỉly , 
th is  m a y  b e  a s a  s in g le  d o se o r in  2  d iv id e d  d o se s.
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Adverse Eữects and Treatment
E x c e s s iv e  d o ses o ỉ in tra v e n o u s  p h o sp h a te  cau se  h y p e r- 
p h o sp h a ta e m ia , p a rt ic u la r ly  in  p a tie n ts  w ith  re n a l ta ilu re . 
H y p e rp h o sp h a ta e m ia  Ie a d s in  tu m  to  h y p o c a lc a e m ia , w h ic h  
m a y  b e  se v e re , a n d  to  e c to p ic  c a ld Đ c a tio n , p a rtic u la r ly  in  
p a tie n ts  w ith  in it ia l h y p e rc a lc a e m ia . T ís su e  c a ld h c a tio n  
m a y  c a u se  h y p o te n ã o n  a n d  o ig a n  d am ag e a n d  re s u lt in  
a c u te  re n a l ía ilu re . H y p e rp h o sp h a ta e m ia , h y p o c a lc a e m ia , 
a n d  tis s u e  c a ld S c a tio n  a re  ra re  a fte r o ra l o r re c ta l d o ses (b u t 
se e  E B e c ts  o n  E le c tro ly te s , a n d  E ứ e c ts  o n  th e  K id n e y s , 
b e lo w ).

A d v e rse  e S e c ts  o ỉ o ra l p h o sp h a te s m a y  in d u d e  n a u se a . 
v o m itin g . d ia irh o e a , an d  a b d o m in a l p a in . W h e n  th e y  a re  
b e in g  u se d  ỉo r  in d ic a tìo n s  o th e r th a n  th e ữ  la x a tiv e  e ữ e c ts , 
c iia rrh o e a  m a y  n e c e ss ita te  a  re d u c tio n  in  d o sag e . S o d iu m  
p h o sp h a te s g iv e n  re c ta D y  ỉo r  b o vve l e v a c u a tio n  m a y  cau se  
lo c a l ir r it a t ìo n .

P h o sp h a te s a ie  g iv e n  a s th e  p o ta ss iu m  o r so d iu m  s a lts  o r 
b o th , a n d  m a y  th u s  b e  a sso d a te d  w ith  h y p e rk a la e m ia , a n d  
h y p e m a tta e m ia  a n d  d e h y d ia tio n . S o đ iu m  p h o sp h a te  m a y  
c a u se  h y p o k a la e m ia .

T re a tm e n t o ỉ a d v e ise  e h e c ts  in v o lv e s  v v ith d ra v v a l o f 
p h o sp h a te , g e n e ia l su p p o rtiv e  m e a su re s , a n d  c o rre c tio n  oi 
s e ru m -e le c tro ly te  c o n c e n tra tío n s , e sp e d a lly  c a ld u m . M e a - 
su re s  to  re m o v é  e xc e ss  p h o sp h a te  sũ c h  a s o ra l p h o sp h a te  
b in d e rs  a n d  h a e m o d ia ly s iỉ m a y  b e re q u ire d  (se e  a lso  
H y p e rp h o sp h a ta e m ia , p . 1 7 7 6 .3 ).

Eííech on eiedroiyles. A ỉth o u g h  le s s  co m m o n  th a n  a ỉte r  
in tra v e n o u s  th e ra p y , h y p e rp h o sp h a ta e m ia , a cco m p a n ie d  
b y  h y p o c a lc a e m ia  o r o th e r se v e re  e le c tro ly te  d istu rb a n c e s 
a n d  re s u lt ín g  in  te ta n y 1-2 a n d  e v e n  d e a th ,2 h a s b e e n  
re p o n e d  a ỉte r  th e  u se  o f p h o sp h a te  e n e m as. S im ila r e ữ e c ts 
h a v e  a lso  h e e n  re p o rte d  w ith  th e  u se  o i  o ra l p h o sp h a te  
la x a t iv e s ,5' 7 a n d  in  th e  U S A . th e  F D A  h a s issu e d  w a m in g s 
o f th e  t is k  o f e le c tro ly te  d is tu rb a n c e s  a íte r th e  u se  o ỉ h ig h  
o ra l d o se s o ỉ so d iu m  p h o sp h a te , p a rtic u la r ly  in  v u ln e ra b le  
p a tìe n ts .' In ía n ts  o r c h ild re n ,2-’ 10 th e  e ld e riy ,4- "  a n d  th o se  
w ith  re n a l im p a in n e n t,1-411 o r c o n g e stiv e  h e a rt ía ilu re 4 
h a v e  o ỉte n  h a d  th e se  a d v e rse  e ỉíe c ts . L ic e n se d  p ro d u ct 
in ỉo n n a tỉo n  ío r  O ne o ra l so d iu m  p h o sp h a te  b o w e l d e a n se r 
(Vừứol; Salix, USA) S ta te s th a t th e re  h a  v e  b een  re p o rts  o f 
g e n e ra lise d  to n ic -d o n ic  s e iz u re s  a n d /o r lo ss o f c o n sd o u s- 
n e ss in  p a tie n ts  w ith  n o  h is to ry  o f se iz u re s ; th e se  case s 
vve re  a sso d a te d  w ith  e le c tro ly te  a b n o rm a litie s , a n d  lo w  
se ru m  o s m o la lity .

H y p e rp h o sp h a ta c m ia  m a y  p re d p ita te  n e p h ro c a ld n o s is , 
cau sm g  a n  a cũ te  p h o sp b ate  n e p h ro p a th y , see E ffe c ts  o n  th e  
K id n e y s . b e lo vv .
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Effects on the Iddneys. A c u te  re n a l ía ilu re  an d  n e p h ro ca l-  
d n o s is  h a v e  b e e n  re p o n e d  a fte r th e  u se  o f o ra l p h o sp h a te - 
b ased  c a th a rtìc s  fo r b o vve l d e a n s in g .1-2 A lth o u g h  re la tiv e ly  
ra re  w ith  o ra l p re p a ra tio n s , th is  a cu te  p h o sp h a te  n e p h ro - 
p a th y  is  a se rio u s  a d v e rse  e ffe c t; m o st p a tíe n ts  w e re  le ft 
w ith  c h ro n ic  re n a l in s u ffid e n c y , a n d  so m e d e ve lo p e d  e n d - 
stag e  re n a l d ỉse a se . P o te n tia l c o n trib u tin g  ía a o rs  in đ u d e  
in a d e q u a te  h y d ra tio n . in c re a se d  ag e . a h is to ry  o f h y p e r- 
te n s io n  a n d  a rte rio s d e ro s is . an d  c o n c u rre n t u se  o f A C E  
ú ih ib ito rs , a n g io te n s in  re c e p to r a n ta g o n is ts . d iu re tic s . o r 
N S A lD s .1 T h e  F D A  h a s Issu e d  vva m in g s1 a b o u t th e  u se  o f 
o ra l so d iu m  p h o sp h a te  P ro d u c ts , e sp e d a lly  in  p a tíe n ts  
w ith  im p a ire d  re n a l h in c t io n , h y p o v o la e m ia , d e cre ase d  
in tra v a s c u la r v o lu m e , o r d e h y d ra tío n , o r in  th o se  ta k in g  
d ru g s lik e ly  to  c o n trib u te  to  th e  r is k  o f n e p h ro p a th y . 
P a tie n ts  w ith  b o vvel o b stru c tio n  o r a c tív e  c o litis  m a y  a lso  
b e a t r is k . P a tie n t a d v ic e  in d u d e s  th e  n e e d  to  ta k e  th e  co r- 
re c t d ose o f o ra l so d iu m  p h o sp h a te , to  d iú ik  su ỉ& d e n t liq -  
u id  d u rin g  b o w e l c le a n s in g . a n d  to  a v o id  o th e r p h o sp h a te - 
c o n ta in in g  la x a tiv e s . P a tíe n ts  a t in c re a se d  lis k  sh o u ld  h a v e  
th e ứ  e le c tro ly te s  an d  re n a l h in c d o n  m o n ito re d .

N e p h ro c a ltín o s is  h a s  a lso  b e e n  re p o rte d  in  c h ild re n  v v ith  
h yp o p h o sp h a ta e m ic  r ic k e ts  n e a te d  w ith  c a ld t r io l a n d  
p h o sp h a te  su p p le m e n ts ; th is  vvas fo u n d  to  b e a sso d a te d  
w ith  th e  p h o sp h ate  d o se .4
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Local t a x ĩá ly . R c c ta l g a n g re n e  h a s b e e n  a sso d a te d  w ith  
th e  u se  o f p h o sp h a te  e n e m as ỉn  e ỉd e rỉy  p a tìe n ts  an d  vvas 
b e lie v e d  to  b e  đ u e  to  a  d ire a  n e c ro ó sm g  e ffe c t o í th e  
p h o sp h a te  o n  th e  re a u m .1

1. Sweeney JL  etaL Recul gangrene: a compỉỉcatíoQ oỉ phosphate enema. 
M eềJ Aust 1986; 144: 374-5.

Precautions
P h o sp h a te s sh o u ld  n o t g e n e ra lly  b e  g iv e n  to  p a tỉe n ts  w ith  
se v e re  re n a l im p a iim e n t T h e y  sh o u ld  b e a v o id e d  in  
p a tie n ts  w h o  m a y  h a v e  lo w  se ru m -c a ld u m  c o n c e n tra tío n s . 
as th e s e  m a y  d e c re a se  fu rth e r , a n d  in  p a tie n ts  w ith  in íe c te d  
p h o sp h a te  re n a l c a lc u li. P o ta ssiu m  p h o sp h a te s sh o u ld  b e 
a v o id e d  in  p a tie n ts  w ith  h y p e rk a la e m ia  a n d  so d ỉu m  
p h o sp h a te s sh o u ld  g e n e raO y  b e  a v o id e d  in  p a tie n ts  w ith  
c o n g e stiv e  h e a rt fa ilu r e , h y p m e n s io n , a n d  o e d e m a . S e iu m  
d e c tro ly te s  a n d  re n a l h m c tío n  sh o u ld  b e  m o n ito re d  d u rin g  
th e ra p y , p a rtìc u la r ly  ư  p h o sp h a te s a re  g iv e n  p a re n te ra Q y . • 

O ra l o r re c ta l so d iu m  p h o sp h a te  p re p a ra tio n s ỉo r  b o vve l 
e v a c u a t io n  sh o u ld  n o t b e  u se d  in  p a tie n ts  w ith  
g a s tro in te s tin a l o b s tru c tio n . in íla m m a to ry  b o vve l d ise a se . 
a n d  c o n d itio n s  vvh e re  th e re  is  lik e ly  to  b e  in c re a s e d  c o lo n ic  
a b so rp tio n . T h e y  sh o u ỉd  b e u se d  c a u tio u s ly  in  e ld e rìy  a n d  
d e b ilita te d  p a tíe n ts , a n d  in  th o se  w ith  p re -e x is tin g  
e le c tro ly te  d is tu rb a n c e s  (se e  E H e c ts o n  E le c tro ly te s , a b o v e ).

Porphyria. T h e  D ro g  D a ta b a se  ỉo r  A c u te  P o rp h y iia , co m - 
p ile d  b y  th e  N o n v e g ia n  P o rp h y tia  C e n tre  (N A P O S ) an d  
th e  P o rp h y ria  C e n tre  S w e d e n , d a ss iũ e s  p o ta ssiu m  a n d  
so d ỉu m  p h o sp h ate s a s n o t p o ip h y iin o g e n ic  th e y  m ay  b e

u se d  a s d ru g s o i  f ir s t  c h o ic e  a n d  n o  p re c a u tỉo n s  a re  
n e e d e d .1

1. The Dmg Daubase for Acute Porphyrla. AvalUble 1C http://www. 
drugs-poiphyrU.org (accessed 26/10/11)

Inieradions
O ra l p h o sp h a te  su p p le m e n ts sh o u ld  n o t b e u se d  w ỉth  
a lu m in iu m . c a ld u m , o r m ag n e siu m  sa lts  a s th e se  w ill b in d  
p h o sp h a te  a n d  re d u c e  it s  a b so ip tio n . V ita m in  D  in c re a se s 
th e  g a s tro in te s tin a l a b so tp tío n  o i  p h o sp h a te s an d  th e re ỉo re  
in c re a s e s  th e  p o te n tia l fo r h y p e rp h o sp h a ta e m ia .

E ty p e ip h o sp h a ta e m ia , h y p o c a lc a e m ia . a n d  h y p e m a tra e - 
m ia  a re  m o re  lik e ly to  o c c u r w ith  p h o sp h a te  e n e m as o r o ra l 
Ia x a tiv e s  ư th e se  a re  g iv e n  to  p a tie n ts  rc c e iv in g  d iu re tic s  o r 
o th e r d ru g s th a t m ay  a ffe a  se n u n  e le c tro ly te s . T h e  r is k  o ỉ 
e c to p ic  c a ld ã c a tio n  m a y  b e  in c re a se d  b y  c o n c u rre n t u se  o í 
c a ld u m  su p p le m e n ts o r c a ld u m -c o n ta in in g  a n ta d d s .

T h e  r is k  o f h y p e ik a la e m ia  is  in cre a se d  ư p o ta ssiu m  
p h o sp h a te s a re  g iv e n  w ith  d ru g s th a t c an  in a e a s e  se ru m - 
p o ta ssiu m  c o n c e n tra tio n s .

Pharmacokinetìcs
A b o u t tw o -th ird s  o f ỉn g e ste d  p h o sp h ate  is  ab so rb ed  h o m  
th e  g a sư o in te s tín a l tra c t . E x c e s s  p h o sp h ate  is  m a in ly  
e x c re te d  in  th e  u rin e , th e  re m a in d e r b e in g  e x a e te d  in  th e  
ía e c e s .
R e íe re n c e s .
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Human Requirements
P h o sp h o ru s re q u ứ e m e n ts a re  u s u a lly  re g a rd e d  a s e q u a l to  
th o se  o f c a ld u m .

M o st fo o d s c o n ta ỉn  a d e q u a te  a m o u n ts o f p h o sp h a te , 
p a rtic u la r ly  m e a t a n d  d a iry  P ro d u c ts , h e n c e  d e h d e n c y  is  
v ir tu a lly  u n k n o vvn  e x c e p t in  c e rta in  d ise a se  S ta te s, in  
p a tie n ts  re c e iv in g  to ta l p a re n te ra l n u tr it io n , o r in  th o se  w h o  
h a v e  re c e iv e d  p h o sp h a te -b in d in g  d ru g s ỉo r  p ro lo n g e d  
p e rio d s ; fo r fu rtb e r d e ta ils  se e  u n d e r H yp o p h o sp h a ta e m ia , 
p . 1 7 7 7 .1 .

UK and us recommended dietary intake. In  th e  U K  d ie t- 
a ry  r r íe re n c e  v a lu e s  (D R V — see  H u m a n  R e q u ứ e m e n ts, 
p . 2 0 4 6 .1 )' a n d  in  th e  U S A  d ie ta ry  re íe re n c e  in ta k e s  
in d u d in g  re co m m e n d e d  d ie ta ry  a llo v v a n c e s (R D A )2 h a ve  
b een  p u b lish e d  fo r p h o sp h o ru s. In  th e  U K  th e  re íe re n c e  
n u tr ie n t in ta k e  (R N I) fo r a d u lts  is  a b o u t 5 5 0  m g 
(1 7 .5  m m o l) d a ily ; n o  a d d itio n a i a m o u n t is  reco m m en d ed  
fo r p re g n a n cy  a lth o u g h  a n  a d d iũ o n a l a m o u n t o í a b o u t 
4 4 0  m g  (1 4 .3  m m o l) d a ily  is  a đ v ise d  d u rin g  la c ta tio n . In  
th e  U S A  th e  R D A  is  1 2 5 0  m g d a ily  ío r  th o se  ag ed  9  to  18 
y e a is  an d  7 0 0  m g  d a ily  in  a d u lts ; n o  in c re a se  in  R D A  is  
Teco m m en d ed  d u iin g  p re g n a n cy  a n d  la c ta tio n . A  to le ra b le  
u p p e r in ta k e  le v e l o f 4 g  d a ily  h a s b een  se t ìn  a d u lts  aged 
u p  to  7 0  y e a rs ; in  th o se  o ld e r th a n  7 0  a m a x ũ n u m  o f 3 g 
d a ily  is  re co m m e n d e d .2
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Preparatíons
P ro p ria to ry  P rop o ratio ns (d e ta ils  a re  g iven  in  V o lu m e B )
Sáig h  ing red ianl  Prapo ra lio n s . A r g D e n v e rla x ; D ico ỉa n ; En e - 
m ob Fos£acob F o sfa ta rm a t; F o s ía la x ' Fo sfo -D o m ; Fo sío ad itab  
Po sỉo b arig rab  G a d o lax; K iite l E n e m a ; P ro n to n em a; S ila x a ; Tek- 
ỉe m a ; AustráL: C e llo id s PP  85-h C e llo id s SP  9 6 f; D ia co l; H ee t 
Pho sp ho -Sod a; P le e t R ead y-to -U se ; Pb o $phate-Sand o z; Phos- 
p h o p re p t: Austrừc. P le e t Phospho-Soda; R e la x y lt ; Betg.: 
C o le xk ly sm a ; P le e t E n e m a ; P le e t Phospho-Soda; K a lip h o s; 
So d ip h õ s; Braz.: p le e t E n e m a ; Ph o sío en em a; Canad.: E n e m a ; 
P le e t E n e m a ; P h o s la x  P h o sp h ates; R e lie v e t; Ckữe. P a b u la xo l' 
P le e t E n e m a ; F le e t Fo sfo so d a; a ậ n a :  P le e t Enem a (R 7 3 ); P Ịeet 
Phospho-Soda {HỊyL); G u  P in g  ( H ¥ ) ; Q ing  K e  Lo ng  ( # “1 14 ); 
D a m .:  P le e t; P h o sp h o ra l; Pin.: P h o sp b o ra l; Pr.: C o lo ld t; F le e t 
Pho sp b o -Sod a; Ger.: P le e t Pho sp ho -Sod a; P re k a -C ly s s t; Iso - 
g u ttir Gr.: B io ld ysm ; Ene m a õoopen P le e t Enem a ; P lee t 
R ead ý-to -U se ; F o sfo la x ; K ly sm o l; Bong Kong-. E n e m o lt; P lee t 
E n e m a ; H e e t Pho sp ho -Sod a; U n im a ; Hung.: F le e t Phospho- 
So d a; O p tad d ; Indỉa: E x e ly te ; E x ic  ỉndon.: F le e t E n e m a ; F le e t 
Phosposoda; Iri.: F le e t Pho sp ho -Sod a; F le e t; Israel: F le e t 
E n e m a ; Malaysũc P le e t E n e m a ; F le e t P ho sp ho -Sod a; Mex.: 
P le e t Ene m a P o sí-S o d io ; F le e t P S ; Neth.: F le e t G e b n ũ ksk la a r 
K ly sm a t; Ph o sp h o rak Norw.: P le e t Pho sp ho -Sod a; Phosphorab  
NZ: F le e t P ho sp hate E n e m a ; F le e t Pho sp ho -Sod a; Pkữipp.: 
H e e t E n e m a ; O k sn a f; Pho sp ho -Sod a; PoL: En e m a ; H e e t Phos- 
p ho -So d a; P h o sp h o -La xa tìve Ỷ ; R e cta n a l; Port.: F le e t E n e m a ; 
Ẽ le e t Pho sp ho -Sod a; Rus.: P le e t Phospho-Soda (<t>/nrr ® ocộo- 
co aa ); Singapore: P le e t E n e m a ; F le e t Pho sp ho -Sod a; Phos- 
p h ates; Spaim  P o sỉo e va c  Fo sfo so d a; La in e m a ; SwetL: Phos- 
pho rab  Switz.: F re k a -C ly ss : Thai.: P a ta r 88 E n e m a ; R IS S ;
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Turk.: B T  H nem a; P le e t E n e m a ; F le e t Fo sfo  So d a; UK: D ia la lk ; 
F le e t Ph o sp h o -Sod a; H ce t R ead y-to -U se ; O sm oPrep ; Ukr.: F le e t 
(<J>HHT); USA: F le e t E n e m a ; E le e t P h o sp h o -So d at; K -P h o s O rig i- 
n a l; O sm oP rcp ; P e d ia -La x ; V is ic o l; Venez.: F le e t En e m a ; P le e t 
P o sío so d a .

M uhi-in g ra d e n t P re p ara tio n s. N um ero us p re p ara tío n s a re  llste d  
in  V o lu m e  B .

H om oaopathic Preporataons. AuitraL: H an g o ve r R e lie Ê  N ervato - 
n a  P o cu s; Austria: L a k rim a ; Canad.-. AUaU a T o n ic  B a rijo d e e lt; 
B io a c tiv  E f ; B io a c tiv  s t ; B io ch e m ic  pho sp hates; B io m ag t; 
C a lm s F o rte ; C o m b in a iso n t; C om p-D rops 7 S le e p le sst; D ia- 
m ỉte ; Eczem a L 8 7 ; F o n n u la  F A  2 2 4 f : H om eoknop ĩk o p le x  1 3 f; 
H y la n d s B io p la sm a ; H ylan d s Fo rm u ía  C F ; H ylan d s Fo rm u la  N T ; 
H y la n d s In so m n la ; Ik o p le x  11 D ig estio n  A id f; Ik o p le x  2 1 f: Ik o - 
p le x  5 Ỷ ; M e la n g e t; M in e ra ls+ ; N e rve  T o n ic  N e rv ỉta ; N uage 
B io p la sm a t; R e x o ru b ia t; S e le n iu m  H o m acco rd ỷ; So re  T h ró ã t 
L3 9 + ; To n  1 C o m p le x t; U rs ic a l P o rm u la t; U rtic a ld n ; OtOr. 
A n a ca rd io  co n  Fo sfo ro ; B io a c tiv  E ; B io a c tiv  F ; B io a c tiv  M ; Ik o - 
p le x  N o 1 0 ; Ik o p le x  N o 1 1 ; Q coplex N o 1 3 ; Ik o p le x  No 1 $ ; Ik o - 
p le x  N o 1 8 ; H cop lex N o 1 9 ; D cõplex N o 1; Ik o p le x  No 2 0 ; Ik o - 
p le x  N o 2 1 ; Ik o p le x  N o 2 2 ; Éco p lex N o 2 4 ; Ik o p le x  N o 2 ; 
Ik o p le x  N o 5 ; Ik o p le x  N o 8 ; Ik o p le x  N o 9 ; Fr.: A d d u m  Phos- 
p h o ricu m  C o m p o se t; B ille ro l; B io m ag ; B o rip h a rm  No 1 2 f; B o r- 
ip h a n n  N o 15+ ; B o rip h a rm  No 3 1 ; B o rip h a rm  N o 3 ; C istu s 
C an ad en sis C o m p lexe  N o 8 6 f; D iab en e ; D ia cu re ; K a liu m  Phos- 
p h o ricu m  C o m p lexe  N o 100 ; M e rc u iỉu s  S o lu b iliỉ C om p lexe N o 
3 9 ; N atru m  C a rb o n icu m  C om p lexe N o 1 0 f; R e xo ru b ia ; S cab io - 
sa C o m p lexe  N o 8 7 ; S tressd o ro n ; T rip h o sp h a te s; Z e n a lla ; Ger.: 
C e lase p t N ; C e £ ase p tf; C ría se p t; D o rm i-cy l L  H o -Len -C o m p lex; I 
D ru ỉu sa n  N f; D ru ỉu sa n ; G ừ h e u lit H M t; H anoO xygen E ; In ũ - 
c h in a ; In O u v it; N eu ro d o ro n ; R e íe san  T ; R u íe b ra n  a lle rg o t; 
R u ĩe b ra n  re g e n o t; T o n d in e l; V iscu m  album  H f; Zap p elin  N ; 
Neth.: A p o -STO M ; C ereb ru m  com p ; L y m íe lite ; N e rv iv a l; S -A /r.: 
K a liu m  Phos C o m p t; Switz.: U rtíc a ld n ; UK: N ew  E ra  N ervo ne ; 
ukr.: K in d in o rm  (KHiutHHopM ).

Pharm oeopoaial P rep o ratío ns
B P  2 0 1 4 : D ip o tassiu m  H ydrogen Phosphate In je c tio n ; Phosphate 
O ra l S o lu tìo n ; P h o sp h ates E n e m a ; Po tassiu m  D ih yd ro g en  
Ph o sp h ate O ra l S o lu tìo a - S te rile  Po tassium  D ih yd rog en  Phos- 
p h a tẽ  C o n ce n ư a te ;
P h . E u r .: A n tico ag u lan c  C itra te-P h o sp h ate-G lu co se  So lu ú o n  
(C P D );
U S P  3 6 : A n tíco ag u la n t C iư a te  Phosphate D exơ o se  A d en in e  
S o lu tío n ; A n d co ag u lan t C itra te  Pho sp hate D exư o se  S o lu tío n ; 
M u ltíp le  E le c ơ o ly te s  and  In v e rt S u g ar In je c tio n  Typ e 1 ; 
P o tassiu m  P h o sp h ates In je c tio a  Sod ium  Phosphates In je c tio n ; 
So d iu m  p h o sp h atcs O ra l S o lu tio n ; So d iu ra  Phosphates R e cta l 
S o lu tio n .

Potassium
Kalium; Potâsiồ; Kanm.
K = 39 .0 98 3  ' ■'
ỤNỊỊ —  RWP5GA0Ỉ5D (potassium); 295053K1S2 (potassium 
iòn). ■■■■■■■■■■.  - :■

D e s c r ip t ỉo n . P o ta ss iu m  sa lts  c o ve re d  in  ú iis  se c tio n  a re  
th o se  p rin d p a lly  g iv e n  a s a so u rc e  o f p o ta ssiu m  io n s , b u t 
c o n s id e ra tio n  sh o u ld  a lso  b e g iv e n  to  th e  e ffe a  o f th e  a n io n . 
P h o sp h a te  s a lts  o f p o ta ssiu m  a re  c o v e re d  u n d e r P h o sp h a te , 
p . 1 7 9 0 .3 , a n d  th e  b ica rb o n a te  an d  d tra te  sa lts  u n d e r 
B ic a rb o n a te , p . 1 7 8 0 .3 .

Potassium Acetate
Ạceíatb potầsico; E261; Kalii Ácetas; Kalió acẹtatas; 
Kalìumacetat; Káiium-acétát; Kaliumasetaatti; óctan dtaselný; 
Potasio, ạcetato de; Potassium, acétate de; Potasu octan; 
Kanns Atierar; VKcycHOKMcnbiỄi Karmií.
CH3.COjK=98.14 
CAS — ì27-08-1 
ATC —  B0SXA17.
ATCVet — QB05XA17.
UNII— M9Ũ9Ỉ1U02.

P h a rm a c o p o e ia s . In  Eur. (se e  p . v ii)  an d  us.
P h . E u x . 8 : (P o ta sá u m  A c e ta te ). D e liq u e sc e n t w h ite  o r 
a lm o st w h ite , c ry s ta llin e  p o vvd e r o r c o lo u rle ss  c ry s ta ls . V e ry  
so lu b le  in  y v a te r; ừ e e ly  so lu b le  in  a lc o h o l. A  5 %  so lu tìo n  in  
w a te r h a s a p H  o f 7 .5  to  9 .0 . P ro te a  fro m  m o istu re .
U S P  3 6 : (P o ta ss iu m  A c e ta te ). C o lo u rle s s , m o n o c lin ic  
c ry s ta ls , o r a  v v h ite  c ry s ta llin e  p o w d e r. I t  is  o d o u tie ss o r 
h a s a ỉa in t  a ce to u s o d o u r. D e liq u e sc e s o n  e xp o su re  to  m o is t 
a ir . S o lu b le  1 in  0 .5  o f w a te r , 1 in  0 .2  o f b o ilin g  vva te r, a n d  ỉ  
in  3 o f a lc o h o l. p H  o f a 5 %  so lu tio n  in  vva te r is  b etvveen  7 .5  
a n d  8 .5 . S to re  in  a irtig h t c o n ta ín e rs .

Eqúvolence. E a c h  g o f p o ta sã u m  a ce ta te  (a n h y d ro u s ) 
re p re se n ts  a b o u t 1 0 .2  m m o l o f p o ta ssiu m . P o ta ssiu m  
a c e ta te  (a n h y d ro u s ) 2 .5 1  g is  e q u iv a ỉe n t to  a b o u t lg  o í 
p o ta ss iu m .

Potassium Aspartate
Aspartate mónopotassique. hémihydraté; Kaiii, Hydroge- 
noaspartas Hemihydticus; Kalkỵdivandenilio aspartatas

h ẹ m .ih id ra ta s; l̂ liu rah yd rq g en asp arta trH e rriitT ỵd ra t^ íC a liu m ^  
h yd rp g ạriT ásp artá t h e m lh y ỹ râ t ÍỐ Íiu irS te ầ s p a ra th é rr iih y -
đ ra t ir '5 fâ ÌỊụ ^ v e ty ạ s p a n ạ a ft lh ẹ ỊT )iH y d ra a tt i:' P o ta s stu m  
H yd io g e n  A sp a rtá té ^ H è n iih ỳd ra te rK ẳn ÍB rA cn ap n raT . >• 
PotasĩaM m  a m in o su cd h a te  h e m ih y d ta te . 

■ é ,fị# 0 4 .% H 2O = 18O 2 
C M ịí-  7259-25-8(hemìhydrate).
VNIÌ±ỌC4598NZEỌ.;

P h a rm a c o p o e ia v  In  Eur. (se e  p . v ii) .
P h . E u r . 8 : (P o ta ss iu m  H yd ro g e n  A sp a rta te  H e m ih y d ra te ).

■ A  w h ite  o r a lm o st w h ite , p o w d e r o r c ry s ta llỉn e  p o w d e r, o r 
c o lo u rle ss  c ry s ta ls . V e ry  so lu b le  in  vva te n  p ra c tic a lly  
in so lu b le  in  a lc o h o l a n d  in  d ic h lo ro m e th a n e . p H  o ỉ a  
2 .5 %  s o lu tio n  in  w a te r is  b e tw e e n  6 .0  a n d  7 .5 .

E q u iv a le n c e . E a c h  g o f p o ta ssiu m  a sp a rta te  re p re se n ts  
a b o u t 5 .5  n u n o l o ỉ p o ta ss iu m . P o ta ssiu m  a sp a rta te  4 .6 1  g is  
e q u iv a le n t to  ab o u t 1 g o f p o ta ssiu m .

Potassium Chloride
Q ilo rid  d ra se lh ý ; O o re to  d e  P o tá s s io ;C te ru ro  p o tá s ico ; B 0 8 ;. 
K a lii c h lo rid u m ;. K a lio  ^ c h lo ríd a s ;' K a liu m : C h io rạ tu m ;, 
K a liu m c h lo ríd ; k a íiu rn k lo n d ;,, K á iiu rh -k lo rid ;; K a liu m k lo rid i; 
P o tas io , d ó rủ ro  d è ; P o ta s s io rri; c h lp rú ré  d e ; P o te su  c H lo rẹ k ;: 
XnopM R K a n n fl. _ ’ "
KCI-7455 ■ ;;; ■’ ; .V ■
CAS — 7447-40-7. -■ ; ;
ÁTC— A12BẠ01; BOSXAOÌ.
ATCVet — QA12BA01; QB05XA01. 
um — 66OYQ98H0y

P h a rm a c o p o e id ỉ. In  Chỉn., Eur. (se e  p . v u ), lnt„ Jpn, u s .  a n d  
Viet.
P h . E u r . 8 : (P o ta ssiu m  C h lo rid e ). A  w h ite  o r a lm o st v v h ite , 
c ry s ta llin e  p o w d e r o r c o lo u rle ss  c ry s ta ls . F re e ly  so lu b le  in  
w a te n  p ra c tic a lly  in so lu b le  in  d e h y d ra te d  a lc o h o l.
U S P  3 6 : (P o ta ssiu m  C h lo rid e ). C o lo u d e ss , e lo n g a te d , 
p n sm a tic , o r c u b ic a l c ry s ta ls , o r a  w h ite . g ra n u la r p o w d e r. 
Is  o d o u rie ss . S o lu b le  1 in  2 .8  o f vv a te r, a n d  1 in  2  o í b o ilin g  
vva ten  in so lu b le  in  a ỉc o h o l. It s  S o lu tio n s a re  n e u tra l to  
litm u s .

E q u iv a le n c e . E a c h  g o f p o ta ssiu m  c h lo ríd e  re p re se n ts  
ab o u t I3 .4 m m o l o f p o ta ss iu m . P o ta ssiu m  c h lo rid e  1 .9 1  g 
is  e q u iv a le n t to  a b o u t 1 g o ỉ p o ta ssiu m .

I Potassium Gluconate
Ị È57 7 ; G Íu co n a to  p o tắ s ico ; P o ta s ío , g lu cb n a to  d e ; Kcunw  
I rõiOKOHaT.
í P o tassiu m  D -g lu co n a te .
Ị CHj0H.[CH(0H)1,.C02K=2342
Ị CA5 —  299-27-4 (anhỳdrOỊÌs pòtassìum giùconatể); 35398- 1S- 

3 (potassium gluconate monohydrate). ■ . '
ị ATC — AĨ2BA05 , ' .
ị ATC Vet — QAĨ2BAÒ5.1 um — Ỉ2H3K5QKN9. V
ị P h a rm a c o p o â a s . In  Fr.

1 u s  p e rm its  a n h y d ro u s o r th e  m o n o h y d ra te .
U S P  3 6 : (P o ta ssiu m  G lu c o n a te ). I t  is  a n h y d ro u s o r c o n ta in s  
o n e  m o le c u le  o f w a te r o f h y d ra tio n . A  vvh ite  o r y e llo w is h -  

■ w h ite , o d o u rle ss , c ry s ta llin e  p o vvd er o r g ra n u le s . S o lu b le  1 
I in  3 o f w a te n  p ra c tic a lly  in so lu b le  in  d e h y d ra te d  a lc o h o l, in  
ị c h lo ro ío rm , in  e th e r, an d  in  b e n ze n e . Its  S o lu tio n s a re  
j s lig h tly  a lk a lin e  to  litm u s . S to re  in  a irtig h t c o n ta in e rs .
Ị
ỉ E q u iv a le n c e . E a c h  g o f p o ta ssiu m  g lu co n a te  (a n h y d ro u s )
; re p re se n ts a b o u t 4 .3  m m o l o í p o ta ssiu m . E a c h  g o f p o ta s- 
\ siũ m  g lu co n a te  (m o n o h y d ra tẽ ) ré p re se n ts  a b o u t 4 m m o l 

o f p o ta ssiu m . P o ta ssiu m  g lu co n a te  (a n h y d ro u s ) 5 .9 9  g an d  
p o ta ssiu m  g lu co n a te  (m o n o h y d ra te ) 6 .4 5  g a re  e a ch  
e q u iv a le n t to  a b o u t 1 g o í p o ta ssiu m .

Potassium Sulfate ÍUSANỊ

E S I 5 : K a lii SuH ẼỈs, K a ìio  s u lía tạ s ; K a liũ m  S u líu r ic u m ;
K a liu m su lía a tti; K a liu m su l& t; P o ta s ip ,. s u lía Ịo  d e ; P o ta ssii
S u lp h a s; P p ta ssiu m , su ltìite  d e ; P o tassiu m  S u lp h a te ; S lra n .
d ra se ln y ; S u lía to  p o tá s ic o ; T a rta ru s  V itrio la tu s ;. Katikin
C y/ib ộ aT .
KjSO+=1743 .
CÁS — 7778-80-5.
UNII— ỈK573LC5TV: •

P h a rm a co p o e ia s . In  Eur. (se e  p . v ii)  an d  Jpn.
P h . E u r . 8 : (P o ta ss iu m  S u lỉa te ). A  vvh ite  o r a lm o st v v h ite , 
c ry s ta llin e  p o w d e r o r c o lo u d e ss c ry s ta ls . S o lu b le  in  vva te n  
p ra c tic a ily  in so lu b le  in  d e h y d ra te d  a lc o h o l.

E q u iv a le n c e . E a c h  g  o f p o ta ssiu m  su U a te  re p re se n ts  a b o u t 
ll.S m m o l o f p o u s s iu m . P o u ss iu m  su U a te  2 .2 3  g is  
e q u ỉv a le n t to  ab o u t 1 g o ỉ p o ta sá u m .

Potassium Tartrate
§336; pbtasio, tartrato dẹ; Potasu wiman; Tartrato potấsico; ■ 
TapipaT Karam.
QH4KjOftViHJa = r2 3 5 3  ■
CAS — : 92ĩ-53-9 (anhydrouspotassium tartrate).
UNII —  09W111ZL8S. ,

E q u tv a le n c e . E a c h  g  o ỉ p o ta ssiu m  ta rtra te  (h e m ih y d ra te ) 
re p re se n ts a b o u t 8 .5 m m o l o f p o ta ss iu m . P o ta ssiu m  ta r- 
trã te  (h e m ih y d ra te ) 3 .0 0  g is  e q u iv a le n t to  a b o u t Ig  o ỉ 
p o ta ssiu m .

Uses and Administration
P o tassiu m  sa lts  in  th is  se c tio n  a re  u se d  ío r  th e  p ie v e n tio n  
a n d  tre a tm e n t o f p o ta ssiu m  d e p le tio n  a n d /o r h y p o k a l-  
a e m ia  (p . 1 7 7 7 .2 ) a n d  h a v e  b e e n  u se d  in  th e  p re v e n tio n  oi 
d ỉu re t ỉc - in d u c e d  h y p o k a la e m ia  (se e  H y d ro c h lo ro - 
th ia z id e , E H e cts o n  E le c ư o ly te  B a la n c e , p . 1 4 0 4 .2 ). D o ses 
m ay  be e xp re sse d  in  te rm s o ỉ m m o l o r m E q  o f p o ta ssiu m , 
m ass (m g ) o ỉ p o ta ss iu m , o r m ass o f p o ta ssiu m  s a lt (ỉo r  
co m p a ra tìve  p u rp o se s see  T a b le  3 , b e lo w ). T re a tm e n t 
sh o u ld  be m o n ito re d  b y  p la sm a -p o ta ssiu m  e stim a tío n s 
b e cau se  oỉ th e  n s k  o f in d u d n g  h y p e rk a la e m ia , e sp e d a lly  
w h e re  th e re  is  re n a l im p a ú m e n t

P o tassiu m  c h lo ríd e  is  p ro b a b ly  th e  m o st co m m o n ly  u sed  
p o ta ssiu m  s a lt; th is  is  b ecau se  h yp o c h lo ra e m ic  a lk a lo s is , 
v v h ic h  is  o h e n  a sso d a te d  w ith  h y p o k a la e m ia , c a n  be 
co rre c te d  b y  th e  c h lo rid e  io n s . A n  a lk a lỉn is ìn g  sa lt su c h  as 
p o ta ssiu m  a c e ta te , p o ta ssiu m  b ic a ib o n a te , o r p o ta ssiu m  
c itra te  m ay b e p re ỉe ra b le  ư  a  m e ta b o lic  a d d o s is , su c h  as 
o cc u rs in  re n a l tu b u la r a d d o sis , a cco m p a n ie s th e  h y p o k a l-  
a e m ia  (see  p . 1 7 7 5 .2 ). O th e r sa lts  th a t a re  o r h a v e  b e e n  u sed  
in  th e  m an ag e m e n t o f p o ta ss iu m  d e h d e n c y  in d u d e  
p o ta ssiu m  a sc o rb a te , p o ta ssiu m  a sp a rta te , p o ta ssiu m  b e n z- 
o a te , p o ta ssiu m  g lu ce p ta te . p o ta ssiu m  g lu co n a te , p o ta ssiu m  
p h o sp h a te , an d  p o ta ssiu m  ta r tra te . T y p ic a l do ses fo r th e  
p re v e n tio n  o í h y p o k a la e m ia  m a y  b e  u p  to  5 0  m m o l d a ily  
a n d  s im ila r d o ses m a y  be a d e q u a te  in  m ild  p o ta ssiu m  
d e h d e n c y . H o w e v e r, h ig h e r d o ses m ay  b e n eed ed  in  m o re  
se v e re  d e h d e n c y . P a d e n ts w ith  rẽ n a l im p a irm e n t sh o u ld  
re c e iv e  c o rre sp o n d in g ly  lo vve r d o se s. Oral ơ e a tm e n t is  u sed  
fo r p ro p h y la x is  a n d  is  a lso  su ita b le  fo r ơ e a tin g  m o st case s o f 
h y p o k a la e m ia . O ra l p o ta ssiu m  s a lts  a re  m o re  irr ita t ìn g  th a n  
th e  co tre sp o n d in g  so d iu m  s a lts ; th e y  sh o u ld  b e u k e n  w ith  
o r a íte r m e a ls w ith  p le n ty  o í Q u id ; liq u id  p re p a ra tio n s a re  
p re íe ra b le .

A n  irtíravenous p o ta ssiu m  s a lt m a y  b e re q u ire d  in  se v e re  
a cu te  b yp o k a la e m ia . T h is  n o rm a lly  e n ta ils  in íu s in g  a 
so lu d o n  c o n ta in in g  2 0 m m o l o f p o ta ssiu m  in  5 00  m L  o v e r 2 
to  3 h o u rs u n d e r E C G  c o n tro l. A  reco m m en d ed  m a x im u m  
d o se is  2 to  3 m m o l/k g  o f p o ta ssiu m  in  2 4  h o u rs . H ig h e r 
c o n c e n tra tio n s h a v e  b een  g iv e n  w h e n  a n  in íu s io n  p u m p  
h a s b een  u se d  (se e  A d im n is tra tìo n  p . 1 7 9 4 .1 ). A d e q u a te  
u rin e  0 o w  m u st b e  en su re d  a n d  c a re ỉu l m o n ito rín g  o f 
p lasm a -p o ta ssiu m  a n d  o th e r e le c tro ly te  c o n c e n tra tio n s is  
e s se n tia l. P o ta sá u m  c h lo n d e  is  th e  s a lt m o st co m m o n ỉy  
u se d  an d  S o lu tio n s in te n d e d  ío r  in n a v e n o u s  u se  th a t a re  in  a  
co n c e n u a te d  fo rm  (su c h  as 1 .5  o r 2 m m o l/m L ) must b e 
d ỉlu te d  to  th e  a p p ro p ria te  c o n c e n tra tìo n  b e to re  u se . T h e re  
sh o u ld  be c a re ỉu l an d  th o ro u g h  m ix in g  w h e n  ad d in g  
co n ce n tra te d  p o ta ssiu m  c h lo rid e  S o lu tio n s to  in fu s io n  
A u id s . P o tassiu m  c h lo ríd e  is  a lso  a v a ila b le  a s p re m ixe d  
in ỉu s io n s  vv ith  so d iu m  ch lo d d e  a n d /o r g lu co se  c o n ta in in g  
10 to  4 0 m m o l/litre  o f p o ta ssiu m  (b u t see  a lso  A d m in is tra - 
t io n , p . 1 7 9 4 .1 ). P o ta s s iu m  a c e ta te  is  a lso  g iv e n  
in tra v e n o u s ly .

A m o n g st o th e r  u s e s , th e  s u lfa te . an d  ta rtra te  sa lts  o ỉ 
p o ta ssiu m  h a v e  b een  g ive n  o ra lly  a s o sm o tỉc  la x a tiv e s  
( p .  1 8 0 4  1 ) .

S o m e  p o ta ss iu m  s a lts  a re  u se d  a s  s o d iu m - lre e  
co n d im e n ts w h e n  so d iu m  in ta k e  m u st b e  re s tric te d .

P o tassiu m  c h lo n d e  is  so m e tim e s u sed  a s a n  e x d p ie n t in  
p h a rm a c e u tic a l ỉo rm u la tio n s .

T a b le  3 . Som e p o tassiu m  sa lts  and  th e ừ  p o tassium  co n te n t
P o tassiu m  con ten t p e r g

Po tassium  sa lt m g m m ol m Eq

Po tassiu m  ace ta te  (an h yd ro u s) 398 1 0 3 1 0 .2

Po tassium  asp artate 217 5 3 5 .5

Po tassh im  b ica rb o n ate 391 1 0 .0 1 0 .0

P o tassiu m  c h lo rid e 524 13 .4 1 3 .4

P o tassiu m  c itra te  (a n h yd ro u s) 383 9 .8 9 .8

Po tassh im  c itra te  (m on o h yđ rate ) 361 9 3 9 .3

Po tassiu m  g lu co n ate  (an h yd ro u s) 167 4 3 4 .3

Po tassiu m  g lu co n ate  (m o n o h yd ra te ) 155 4 .0 4 .0

P o tassiu m  su l& te  (an h yd ro u s) 449 11.5 11.5

P o tassiu m  ta rtra te  (h e m ih yd ra te ) 332 8 .5 8 3

The Symbol t  denotes a preparatíon no longer actively marketed
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A d m in is tra tio n . T h e  S ta n d a rd  c o n c e n tra tỉo n  an d  ra te  o ỉ 
a d m in is tra tio n  o t p o ta ssiu m  c h lo rid e  fo r in íu s io n  is  d ỉs- 
cu sse d  in  U se s a n d  A d m in is tra tio n , p . 1 7 9 3 .3 . H o vve ve r, 
h ig h e r c o n c e n tra tio n s  (2 0 0  o r 3 0 0  m m o l/ Iitre ) a n d  ía s tc r  
in íu s io n  ra te s  h a v e  b e e n  u se d , V ia  a n  in íu s io n  p u m p , ỉo r  
ca se s o ỉ se v e re  sy m p to m a tic  h y p o k a la e m ia , e sp e ó a lly  w ith  
flu id  o v e rlo a d .1’2

T h c re  h a s b e e n  c o n ơ o v e rsy  re g a rd in g  th e  p re íe rre d  ro u te  
o f a d m ỉn is tra tio n  o ỉ th e se  h ig h e r c o n c e n tra tio n s  ot 
p o ta s s iu in  c h lo rid e .1 T h e  C e n tra l ro u te  a v o id s th e  p ro b le m s 
o ỉ p a in  a n d  p h le b it is  w h e n  p o ta ssũ u n  is  g iv e n  p e rip h e ra lly . 
H o v v e v e r, it  h a s  b e e n  su g g ested  th a t h ig h  c o n c e n tra tio n s o f 
p o ta ssiu m  g iv e n  c e n tra lly  m a y  c a rry  a  g re a te r t ỉs k  o f c a rd ia c  
to x id ty  i ỉ  th e  in ỉu s io n  is  c a n ie d  d ỉre c tly  to  th e  h e a rt U se  o í 
lid o c a in e  h a s im p ro v e d  to le ra b ility  oi p e rip h e ra l a d m in is- 
tra tio n  o f p o ta ss iu m  c h lo rid e .2

In tra v e n o u s  p o ta ss iu m  is  u s u a lly  g iv e n  in  so d iu m  
c h lo rid e  a n d /o r g lu co se  in lu s io n . H o w e v e r, it  h a s b e e n  
p o in te d  o u t th a t g lu co se  c an  re d u c e  se ru m -p o ta ssiu m  
c o n c e n tra tio n s , a n d  th a t g lu co se -fre e  S o lu tio n s sh o u ld  be 
u se d  ỉo r  th e  in it ia l in tra v e n o u s  a d m in is tra tio n  o f p o ta ssiu m  
in  h y p o k a la e m ia .3

1. Kruse JA cãriỉon RW. Rapid correctíon oí hypokaỉemỉa uáng 
concentrated intravcnous poussiuin chlorỉde ìníusions. Arch Intrm Med 
1990; 150; 613-17.

2. Pudno F, n  at. Patiem tolennce to imravenous potassium chloride wiih 
and vvíthout lỉdocaine. Drug Inteỉỉ ơ in  Pharm 1988; 22: 676-9.

3. Aganval K  Wingo c s . Treatmcm of hypokalaemia. N Engl J Meắ 1999; 
340: 154-5.

D ia b e tic  k e to o d d o s is . A s  d iscu sse d  u n d e r D ia b e tic  E m e r- 
g e n d e s o n  p . 4 6 5 .3 , p o ta ssiu m  re p la ce m e n t is  g iv e n  in  
d ia b e tíc  k e to a d d o s is  to  re s to re  to ta l b o d y S to res o f p o tas- 
s iu m  a n d  th e re b y  p re v e n t th e  h y p o k a la e m ia  in d u ce d  b y  
in s u lin .

H y p e rte n s ío n . A  m e ta -a n a ly s is1 h a s  re p o rte d  th a t p o tas- 
s iu m  su p p le m e n ta tio n  re d u ce s b o th  s y s to lic  an d  d ia s to lỉc  
b lo o d  p re s s u re . T h e  s iz e  o f th e  e ffe c t in  h y p e rte n s iv e  
p a tìe n ts  w a s g re a t e n o u g h  to  su g g est a p o ssib le  ro le  in  th e  
ữ e a tm e n t o f h y p e rte n s io n  (p . 1 2 5 1 .1 ); e ữ e c ts in  n o rm o - 
te n s iv e  su b je c ts  w e re  le s s  m a rk e đ  b u t c o n s iste n t w ith  a 
s im ila r  ro le  fo r  p re v e n ó n g  h y p e rte n s io n . M o st s tu d ie s  
h a v e  u se d  p o ta ss iu m  c h lo rid e , b u t a n  e ỉfe c t h a s a lso  b e e n  
fo u n d  w ith  th e  a sp a rta te 2 an d  th e  đ tra te .3

1. Wheỉton PK, et al. Eữects of orai potassium on biood pressure: meia- 
analysis oí randomàed conooỉlcd dỉnical criaỉs. JAMA 1997; 277:1624-
32.

2. Franzoni F, et a i Antihypertensỉve effea oí oral poussium aspanate 
supplemematìon ỉn miỉd to moderate arterial hypertension. Biomtắ 
Pharmaeoíher 2005; 59: 25-9.

3. He FJ, đ  đi. ESect ai short-temi supplementaỉỉon of potasãum chỉorỉde 
and potasâuro dư a te on bloođ pressure in hypertensives. Hyperttmion 
2005; 45: 571-4.

M y o c o rd id  in ía r c t io n . A  g lu co se , in s u lin , an d  p o ta ssiu m  
in íu s io n  h as b e e n  in v e s tỉg a te d  in  a cu te  m y o c a rd ia l in ỉa rc -  
tio n  (se e  p . 4 8 2 .3 ).

T e rm in o tío n  o f p re g n a n c y . S o lu tio n s  oi p o ta ssiu m  c h lo r-  
id e  a re  u sed  to  re d u c e  ỉe ta l n u m b e rs in  m u lt iỉe ta l p reg - 
n a n d e s 1' 3 o r ỉo r  se v e re  fe ta l m a lío rm a tio n  b y  a b o lish in g  
th e  íe ta l c a rd ia c  a c t iv ity . T h e  so lu tio n  is  in je c te d  in  to  th e  
th o ra x  o f th e  íe tu s  v v ith o u t a ữ e c tin g  th e  o th e rs , w h ic h  a re  
a llo w e d  to  c o n tìn u e  to  te n n . A lte m a tìv e ly , p o ta ssiu m  
c h ỉo rid e  m ay  b e  in je d e d  in to  th e  u m b ilic a l v e in  w h e n  
a cce ss to  th e  ỉe ta l h e a rt is  d iE ũ c u lt. A  re ơ o sp e c ú v e  co m - 
p a iís o n 4 lo u n d  b o th  te ch n iq u e s to  b e e ữ c c ũ v e . S ig n iS -  
c a n tly  sm a lle r d o se s w e re  re q u ire d  fo r th e  u m b ilic a l ro u te , 
p o sá b ly  b e cau se  a  su s ta in e d  d o se  is  d e liv e re d  d ire c tly  to  
th e  ỉe ta l h e a rt a n d  m y o ca rd iu m , co m p ared  v v ith  in  tra  v e n - 
t r ìc u la r  in je c t io n .

1. Wapner RJ. et ai. Seỉective reductíon aí muidíetal pregnandes. Lanat 
1990; 335: 90-3.

2. Berkcmttt Rỉ* ei a i The current starus oỉ multiíetal pregnancy ređuaỉoĐ. 
Am J Obstet Gyrưcaỉ 1996; 174: 1265-72.

3. De Catte L, Fouỉon w . Obstetric ữutcome after íetaỉ teđuctíon 10 
smgletOQ pregnandes. Prmat Diagn 2002; 22: 204-10.

4. Bhide K  et ai. Cơmparíson of ỉetiáde caxried out by cordocentesis versus 
cardiac puncture. Ultrasounắ Obtíet Gyneeol 2002; 20: 230-2.

Adverse Eữects
E x c e s s iv e  d o ses o f p o ta ssiu m  m a y  le a d  to  th e  d e ve lo p m e n t 
o f h y p e rk a la e m ia  (p . 1 7 7 7 .1 ), e sp e d a lly  in  p a tie n ts  w ith  
re n a l im p a ìrm e n L  S ym p to m s in d u d e  p a ra e sth e s ia  o ỉ th e  
e x tre m itie s , m u s d e  vve a k n e ss, p a ra ly s is , c a rd ia c  a rrh y th -  
m ia s , h e a n  b lo c k . c a rd ia c  a rre s t, an d  c o n ỉu s io n . C a rd ia c  
to n d ty  is  o f p a rt ic u la r  c o n ce m  a fte r in tra v e n o u s  d o sag e .

P a in  o r p h le b it is  m a y  o c c u r w h e n  g iv e n  in tra v e n o u s ly  
V ia  p e rip h e ra l v e in s , p a rt ic u la r ly  a t h ig h e r c o n c e n tra ú o n s .

N a u se a , v o m itin g , d ia rrh o e a , a n d  a b d o m in a l c ram p s m a y  
o c c u r w ith  o ra l p o ta ss iu m  s a lts . T h e re  h a v e  b een  n u m e ro u s 
re p o rts  o f g a s ư o in te s tin a ỉ u lc e ra tio n , so m e tim e s w ith  
h a e m o rrh ag e  a n d  p e río ra tio n  o r w ith  th e  la te  fo rm a ú o n  o f 
s tr ic tu re s , a íte r  th e  u se  o f e n te ric -c o a te đ  ta b le ts  o f 
p o ta ssiu m  c h lo rid e . U lc e ra tio n  h a s a lso  o cc u rre d  a fte r th e  1 

u se  o f su s ta in e d -re le a s e  ta b le ts . I

Treatment oíẠdverse Effeds
T h e  tre a tm e n t o í h y p e rk a ỉa e m ia  d isc u sse d  o n  p . 1 7 7 7 .1  a lso  
a p p lie s w h e n  h y p ê rk a ia e m ia  o cc u rs  đ u iiộ g  p o ta sá u m  
th e ra p y . H o v re v e r , in  m ild  h y p e rk a ỉa e m ia  th a t h a s 
d e ve lo p e d  o n  lo n g -te rm  tre a tm e n t sto p p in g  th e  p o ta ssh im  
su p p le m e n t a n d  o th e r d ru g s th a t m a y  in c re a se  p la sm a - 
p o ta ssiu m  c o n c e n tra tio n s , a n d  a v o id a n c e  o f ío o d s w ith  a  
h ig h  p o ta ss iu m  c o n te n t m a y  b e  s u ỉB d e n t to  c o rre c t th e  
h y p e rk a la e m ia .

In  c a se s o ỉ a c u te  o ra l o ve rd o sa g e  o f p o ta ss iu m  
su p p le m e n ts, th e  sto m a ch  sh o u ld  b e  cm p tie d  b y  g a stric  
la vag e  in  a d d itio n  to  th e  m e asu re s d e sc rib e d  o n  p . 1 7 7 7 .1 .

Precautìons
P o tassiu m  sa lts  sh o u ld  b e  g iv e n  w ith  co n sid e rab le  c a re  to  
p a tíe n ts  w ith  c a rd ia c  d ise a se  o r c o n d itio n s p re d isp o sin g  to  
h y p e rk a ỉa e m ia -su c h  a s re n a l o r a d re n o c o rtìc a l in su ỉ& d e n c y , 
a cu te  d e h y d ra tỉo n , o r e x te n s ìv e  tissu e  d e stru c tio n  a s o cc u rs 
vv ith  se v e re  b u m s . E x c e s s iv e  u se  o f p o ta ssiu m -co n ta in in g  
sa lt su b stitu te s  o r p o ta ssiu m  su p p le m e n ts m ay  le a d  to  
a c c u m u la tio n  o f p o ta ssiu m  e sp e d a lly  in  p a tie n ts  w ith  re n a l 
in s u ỉS d e n c y . R e g u la r m o n ito rin g  o i  d in ic a l s ta tu s , se ru m  
e le c tro ly te s . a n d  th e  E C G  is  a d v isa b le  in  p a tie n ts  re c e iv in g  
p o ta ssiu m  th e ra p y , p a rtic u la r ly  th o se  w ith  c a rd ia c  o r re n a l 
im p a irm e n t.

L ìq u id  o r e H e rve sce n t p re p a ra tio n s a re  p re íe ư e d  to  so lid  
dosage fo rm s fo r o ra l u se ; u se  o f th e  ío rm e r, w ith  o r a fte r 
lo o d , m a y  re d u c e  g a s tric  ứ r ita t io n . S o lid  o ra l dosage fo rm s 
o f p o ta ssiu m  sa lts  sh o u ld  n o t be g iv e n  to  p a d e n ts w ith  
g a sư o in te s tỉn a l u lc e ra tío n  o r o b stru c tio n . T h e y  sh o u ld  b e 
g iv e n  w ith  c a re  to  p a tie n ts  in  w h o m  passage th ro u g h  th e  
g a s tro in te s tin a l tr a d  m a y  b e d e la y e d , as in  p re g n a n t 
p a tie n ts . T re a tm e n t sh o u ld  b e sto p p ed  i í  se ve re  n a u se a , 
v o m itin g , o r a b d o m in a l d isư e ss  d e ve lo p s.

P o ta ssiu m  c h lo ríd e  sh o u ld  n o t b e u se d  in  p a tie n ts  w ith  
h y p e rc h lo ra e m ia .

D ire c t in je c tio n  o f p o ta ssiu m  c h lo ríd e  c o n c e n tra te s 
vv ith o u t a p p ro p ría te  d ilu tio n  m ay  cau se  in s ta n t d e a th . F o r 
th e  v ie v v  th a t g lu co se -c o n ta in in g  S o lu tio n s sh o u ld  n o t b e 
u sed  fo r th e  in it ỉa l in tra v e n o u s  a d m in is tra tio n  o f p o ta ss iu n i 
in  h y p o k a la e m ia  see  A d m in is tra tio n , a b o v e .

Porphyria. T h e  D ru g  D a ta b a se  ío r  A c u te  P o rp h y ria , com - 
p ile d  b y  th e  N o n v e g ia n  P o rp h y ria  C e n ư e  (N A P O S ) an d  
th e  P o rp h y ria  C e n ư e  S vve d e n , d a s s iiie s  p o ta ssiu m  c h lo rid e  
as n o t p o rp h y iìn o g e n ic  it  m a y  b e u sed  a s a d ru g  o ỉ B rst 
ch o ice  a n d  n o  p re c a u tio n s  a re  n e e d e d .'

1. The Drug Database for Acuce Porphyrỉa. Available a t  http://www. 
dnigs-porphyria.org (accessed 26/10/1 ỉ)

Interactions
P o tassiu m  su p p le m e n ts sh o u ld  b e u se d  w ith  c a u tio n , i ỉ  a t 
a ll, in  p a tie n ts  re c e iv in g  d ru g s th a t in c re a se  se ru m - 
p o ta ssiu m  c o n c e n ư a tio n s . T h e se  in d u d e  p o ta ssiu m -sp a rin g  
d iu re tic s , A C E  ỉn h ib ito rs , d d o s p o rin , an d  d ru g s th a t c o n ta in  
p o ta ssiu m  su c h  a s th e  p o ta ssiu m  sa lts  o f p e n id llin . 
S im ila r ly , th e  c o n c o m ita n t u se  o ỉ p o ta ssiu m -co n ta ỉn in g  
sa lt su b stitu te s  ỉor A a v o u rin g  fo o d  sh o u ld  b e a v o id e d . 
A n tim u sc a rin ic s  d e la y  g a s tric  e m p ty in g  an d  co n se q u e n d y  
m a y  in c re a s e  th e  r is k  o f g a s tro in te s tin a l a d ve rse  e ữ e c ts in  
p a tie n ts  re c e iv ũ ig  s o lid  o ra l d osage ío rm s  o ỉ p o ta ssiu m .

Pharmacolcinetics
P o tassiu m  sa lts  o tb e r th a n  th e  p h o sp h a te , su U a te , an d  
ta rtra te  a re  g e n e ra lly  re a d ỉỉy  ab so rb ed  fro m  th e  g astro - 
in te s tin a l t r a c t  P o ta ssiu m  is  e x c re te d  m a in ly  b y  th e  k id n e y s ; 
it  is  se c re te d  in  th e  d is ta l tu b u le s  ỉn  e xch a n g e  fo r so d iu m  o r 
h yd ro g e n  io n s . So m e p o ta ssiu m  is  e x c re te d  in  th e  ỉa e ce s an d  
o n a ll a m o u n ts m a y  a lso  b e e xc re te d  ỉn  svveaL

Human Requirements
P o tassiu m  is  a n  e s se n tia l b o d y  e le c ư o ly te . H o vve ve r, 
re q u ire m e n ts  a re  d iỉh c u lt to  d e te rm in e  an d  h a v e  b e e n  
e stim a te d  b o m  th e  a m o u n t a cc u m u la te d  d u rin g  g ro vvth  an d  
re p o rte d  u rìn a ry  an d  ỉa e c a ỉ excretìoa.

O v e r 9 0 %  o ỉ d ie ta ry  p o ta ssiu m  is  ab so ib e d  b o m  th e  
g a s tro in te s tỉn a l t r a c t  P o ta ssiu m  is  p a rtic u la r ly  a b u n d an t in  
v e g e ta b le s. p o ta to e s, a n d  ír u it .

UK and us recommended dietory in to lc e . In  th e  U K  d ie t- 
a ry  re íe re n c e  v a lu e s  (D R V — see  H u m a n  R e q u ire m e n ts , 
p . 2 0 4 6 .1 )1 h a v e  b e e n  e stim a te d  fo r p o ta sstu m . T h e  re íe r-  
en ce  n u tr ie n t in ta k e  (R N I) ỉo r  a d u lts  is  3 .5  g (9 0 m m o l) 
d a ily . In  th e  U S A . n o  reco m m en d ed  d ie ta ry  a llo vva n ce  
(R D A ) h a s b e e n  e sta b lish e d  fo r p o ta ss iu m . H o vve ve r a 
d a ily  in ta k e  o ỉ 1 .6  to  2 g  (4 0  to  5 0 m m o l) is  co n sid e re d  
ad e q u a te  ỉo r  a d u lts .

1. DoH. Dietary reỉerence values ỉor ỉood energy and numents for the 
United Kingdom: repon of the panel on dỉetary reíerence values of the 
comrráttee on medỉcal aspects of ỉood polỉcy. Rgpợrt on heatíh and soàaỉ 
ĩuiýeơs 41 London: HMSO, 1991.

Preparatíons
P ro p rie k iry  Prep o raEo ns (d e tá ils  a re  g iven  in  V o lum e B )

S in g le-in g red ien t P rep o ratio ns. Arg.: C o -S a lt; C o n tro l K ; G luco - 
K ; K ao m  O ra k it; P o tam k im ; Austral.: C e llo id s PC  7 3 t ; C e llo id s 
PS 29+ ; C h lo rv e sce n t; D u ro -K ; S lo w -K ; S p a n -K ; Austrùr. KC1- 
re ta rd ; M icro -K a liu m ; Beíg.: C h lo ro p o ta ssu ril; K a li-S te ro p ; S te r- 
o p o tassiu m ; U ltra -K ; Braz.: C lo ta ssio ; D e co rie n ; S lo w -K ; 
CanatL: A p o -K ; E sse n ú a l L iq u id  M iile ra L ' K -1 0 ; K -D u n  K -L y te / 
C lt ; M ic ro -K ; O dan K -2 0 ; P ro -6 0 0 K ; P ro ũ avan o l c + ; R iv a  K ; 
S lo -P o c S lo w -K ; Chũr. K a io n  R e ta rd ; S a l D ie te tica ; S lo w -K ; 
Y o n k a ; Otina: B u d a x iu  ( ậ h i ỉí í ) ; D i J ia  ( Ì É Í I ) ; L a i D in g  J ia  ịM  
T ¥ ) ; L e jia  ( ^ ¥ ) ; L i B e i J ia  (ã ĩ5 1 ¥ ) ; P anang in  X ia n
J ia  (5 fe ¥ ); X in  J ia n  Ju  (HkttỉK); Cỉ.: K a ld yu m ; K aLn o rm in ; 
Dertm.: K a le o rìd ; Fãu: K a le o rid ; K a lin o rm t; K a liso l; Fr.: D iỉfu -  
K ; K a le o rid ; N a d -K ; Ger.: K a lin o r-re ta rd  P ; K C l- re u rd ; R e k a . 
vvan ; G r .: A c ro n ito l; A c ro se r; S o p a-K ; Hong Kong: A p o -K ; K S R ; 
S lo w -K ; S p a n -K ; Rung.: K a ld yu m ; K a liu m  D u ru le s t; K a liu m - 
R ; India: K -C a rd ; K a y  C ie l; K e y ly te ; P o tk lo r; Indon.: A sp a r-K ; 
K a iip a n  K S R ; IrL: D ia rre st R F f ; K a y -C e e -L ' S lo w -K ; Israel: 
M o vip rep ; S Io w -K ; ItaL: K -F le b o ; K a d a le x ; Le n to -K a liu m ; 
Malaysia: A p o -K ; B eacon K ; S lo w -K ; M e x.: C e p o s ilt; C lo r-K - 
Z a f; C o rp o tasin  G K ; C o rp o tasin  L P ; E n ia t; K -D u n  K a lio lite ; 
K e le ỉu s in ; P o ta so ra lt; Neth.: S lo w -K ; Norw.: K a le o rid ; N ỉ:  
C h lo rv e sce n t; S lo w -K + ; S p a n -K ; philipp.: Io n -0 -T ra te f;
K a liu m ; PoL: K a ld yu m : K a lim a tt; K a lip o ĩ; S.Afr.: F le x ìv ia l; 
M ĨCTO-K+; P le n ish -K ; Sandoz K ; S lo w -K ; Singapore: A p o -K : 
D o ram a-neo ; S lo w -K ; Spain: A P -In y e c t; B o i-K  A sp a rtico ; B o i- 
K ; P o tasỉo n  S o lu c io n ; P o tasio n ; Swed.: K a le o ríd ; K a liu m  
R e ta rd t; Switz.: K a lig lu to lt ; P lu s K a liu m  re ta rd ; Thai.: A d d i-K ’ 
E n p o tt; K a lije c L ' K a y ly te ; P o tassrid e ; Strong  Po t C h lo rid e ; 
Turk.: K a d a le ks ; UK: K a y -C e e -L ; S lo w -K ; Ukr.: C a ld iu m  
(K anu tH yM )t; G ik  (T h k) ; K a liu m -N o rm in  (KinH Ỉi-H opM H H ); USA: 
A d o lph s S a lt S u b stitu te ; C e n a -K ; G e n -K ; K  + 10; K -Đ u r; K -G  
E lix in  K -L o r; K -L y te /C I; K -T a b ; K a o n -C I; K a o n ; K lo r-C o n ; 
K lo rv e ss ; K lo tr ix ; M ia o -K ; P o tasa lan ; T e n -K .

M ubH ngred ie rt P rep ara tio n s. N um erous p rep a ra tio n s a re  liste d  
in  V o lu m e B .

H om oeopothk Preporg tio n s. Austria: T o n sillo p a s; CanatL: Com - 
b in a iso n t; D ia m ite ; E a rach e ; Po rm u la  PC  223+ ; H om eoknop 
Ik o p le x  13+ ; H ylan d s B io p la sm a ; Ik o p le x  21+ ; M e lan g e t; 
N uage B io p la sm a t; O p ta lia+ ; S in u s B ase ; S in u s p a x t; Chile-. Iko - 
p le x  N o 1 3 ; ncop léx No 15; ik o p le x  No 1 7 ; Ik o p le x  N o 1 8 ; Ik o - 
p le x  N o 1 9 ; Ik o p le x  No 2 0 ; Ik o p le x  No 2 1 : Ik o p le x  N o 2 2 ; Ik o - 
p le x  N o 2 3 ; Ik o p le x  No 3 ; Ik o p ie x  No 5 ; Ik o p lẽ x  N o 8 ; Ik o p le x  
No 9 ; Fr.: B o rip h a rm  N o 10+; B o rip h a rm  N o 22+ ; K a liu m  M ur- 
ia ticu m  C om p lexe No 4 1 f; S in u sp ax ; Ger.: D ru lu sa n  N+ ; D ru - 
h isam  .H e v e rto to x ; H e ve n o to x ; Jo w id a rm in ; N eyA rth ro s-Lip o - 
som e (R e v ito ig a n  Lp  N r 83 )+ ; N eyA rth ro so m e (R e v ito rg an - 
D ilu tio n )+ ; O d o n to n -Ech ư o p lex; P yro g en iu m ; S in u s y x ; T o n sil- 
lo p as; UK: N ew  E ra  N ervo nẽ .

Phatm um p o etal P rap aration s
B P  2 0 1 4 : B u m etan id e  and  P ro lo ng ed -re lease Po tassíu m  T ab le ts; 
C om pound So d ium  Lacta te  h ứ u sio n ; E S e rve sce n t Po tassium  
C h lo rìd e  T a b le ts; O ra l R e h yd ra tio n  S a lts ; Po tassium  A sco rbate 
E y e  D ro p s; Po tassỉu m  C b lo rid e  and G luco se In ỉu s io n ; Po tassium  
C h lo rid e  and  So d ium  C h lo rid e  In ỉu s io n : Po tassium  C h lo rid e  O ra l 
S o lu tio n ; Po tassium  C h lo rid e . Sod ium  C h lo rid e  and  G luco se 
In íu s io n ; P ro lo n g ed -re lease Po tassium  C h lo ríd e  T a b le ts; S te rile  
P o tassium  C h lo rid e  C o n cen tra te ;
U S P  3 6 : H a lỉ-S ffe n g th  Lactated  R in g e rs  and  D extro se  In je c tio n ; 
Lacta ted  R in g e r's and  D exư o se  In je c tio n ; Lacta ted  R in g e r's 
In je c tio n ; M in e ra ls  C a p su le s ; M in e ra ls  T a b le ts ; M u ltip le  
E ỉe c tro ly te s  and  D extro sc In je c tio n  Typ e 1 ; M u lú p le  E le c tro ly te s 
and  D extro se  In je c tio n  Typ e  2: M u lQ p le E le c tro ly te s  and 
D extro se  In je c tio n  Typ e  3 ; M u lú p le  E lẽ c tro ly te s  and  In v e rt Sug ar 
In je c tío n  Typ e  1 ; M u ltip le  E le c tro ly te s  and  In v e rt S u g ar In je crio n  
Typ e  2 ; M u ltip le  E le c tro ly te s  and  In v e rt S u g ar In je c tio n  Typ e  3 ; 
M u itíp le  E le c tro ly te s  In je c tio n  Typ e  1 ; M u ltip le  E le c tro ly te s 
In je c tio n  T yp e  2 ; O il-  and  W ate r-so lu b le  V ita m in s w ith  M in e ra ls 
C ap su le s; O il-  and  V V ater-so lub le V ỉta m in s w ith  M in e ra ls Ta b le ts; 
O il-S o lu b le  V ita m in s w ith  M in e ra ls C ap su le s; O il-S o lu b le  
V lta m in s w ith  M in e ra ls T a b le ts; O ra l R e h yd ra tio n  S a lts ; PEG  
3350  and  E le c tro ly te s  ío r O ra l S o lu tìo n ; Po tassium  A ceta te  
In je c tio n ; P o tassiu m  B ica rb o n ate  and  P o tassiu m  C h lo rìd e  
E S e rve sce n t T ab le ts lo r O ra l S o lu tio n ; Po tassium  B ica rb o n ate  
and  P o tassiu m  C h lo rìd e  ío r E ữ e rve sce n t O ra l S o lu tio n ; Po tas- 
s iiu n  C h lo rid e  E xte n d e d -ie le a se  C ap su le s; Po tassium  C h lo rid e  
E xten d ed -re lease  T a b le ts; Po tassium  C h lo rid e  fo r In je c tìo n  
C o n ce n tra te ; Po tassium  C h lo ríd e  ío r O ra l S o lu rio n ; P o tassium  
C h lo rid e  in  D extro se  and  So d ium  C h lo rid e  In je c tio n : P o tassium  
c h lo rid e  in  D exn o se  In je c tio n ; Po tassium  C h lo rid e  in  Lactated  
R in g e rs  and  D extro se  ln je c tio n ; P o tassium  c h lo n d e  in  So d ium  
c h ỉo tid e  In je c tio n ; P o tassium  c h lo ríd e  O ra l S o lu tio n ; Po tassium  
c h lo rid e , P o tassiu m  B ic a rb o n a te . and  P o u ssiu m  C iư a te  
E h e rve sce n t T ab le ts to r O ra l S o lu ú o n ; P o tassium  G luco n ate  
an d  P o tassiu m  C h lo rid e  fo r O ra l S o lu tio n ; P o tassium  G luco n ate  
and  P o tassiu m  C h lo rid e  O ra l S o lu tio n ; Po tassium  G lu co n a te  and  
Po tassiu m  C itra te  O ra l S o lu tio n ; Po tassium  G lu co n ate  E lix ứ ; 
Po tassiu m  G lu co n ate  T a b le ts; Po tassium  G lu co n a te . Po tassium  
C itra te , and  A m m o n ium  C h lo rid e  O ra l S o lu tio n ; R in g e r's  and 
D e xư o sc  In je a io n ; T rik a te s  O ra l S o lu tio n ; W ate r-so lu b le  
V ita m in s w ith  M ỉn e ra ls C ap su le s; W ate r-so lu b le  V ita m in s w ith  
M in e ra ls Ta b le ts.

All cross-reỉerences reíer to entries in Volume A



Potassium/Sodium 1795

Sodium
N a trlu m ; Sód; Sodio; H a T p n ỉi.'
Na=2298976928
ƯÁ/// -7- SNEZ333N21Ị (sọdíum); LYR4M0NHỊ7 (sodium tai). 

D e s c r ip t io n . S o d iu m  c h lo rid e  is  th e  p rin d p a l so d iu m  sa lt 
u se d  a s a  so u rc e  o f so d iu m  io n s . S o d iu m  sa lts  u se d  c h ie íly  as 
so u rc e s o f b ic a ib o n a te  io n s , su c h  a s  th e  a c e ta te , b ica rb - 
o n a te , c it ra te , a n d  Ia c ta te , a re  c o v e re d  u n d e r B ic a rb o n a te . 
p . 1 7 8 0 .3 . P h o sp h a te  s a lts  o f so d iu m  a re  c o ve re d  u n d e r 
P h o sp h a te , p . 1 7 9 0 .3 .

Sodium Chloride
Chlorid sodný; .Oilorure’ dẽ Sodium; Cloreto de Sódio;; 
cíorũrò sódldo; Natrii Chlorídum; Nãtriò chlọridas; Natrium- 
chlorid; Natriumklorid; Nắtrium-klorid; NầtrịụrĩỊldoridi; Saít; 
Sodio, dóruro de; Sodlum, chlqrụre. ,.de; Sodu chlorek; 
Sodyum Klomr HaTpMfl,XnopiM.. , í , ; :■
Naá=58.44 ’
CAS — 7647-14-5.
A K  — A12CA01; B05CB01; B05XA03:
ATC Vét ■— QẠỊ2CAỎỊ; QB05CB01; QB05XẠỌ3.
UNII- - 4SM47IQ8X.

"" ;*.-%****
n ơ ie . A n  a q u e o u s so lu tío n  o f so d iu m  c h lo rid e  0 .9 %  is  o fte n  
k n o w n  a s p h y s io lo g ic a l s a lin e .

S A ÍX N Ẹ  is  a co d e  a p p ro ve d  b y  th e  B P  2 0 1 4  fo r u se  on  
s in g le  u n itd o s e s  o f e y e  d ro p s c o n ta in in g  so d iu m  c h lo rid e  
0 .9 %  w h e re  th e  in d ỉv id u a l C o n ta in e r m a y  b e to o  sm a ll to  
b ẹ a r a ll th e  a p p ro p ria te  la b e llin g  in ío rm a tio n . H E C L  is  a 
s u n ila r  co d e  a p p ro ve d  fo r h y e te llo s e  an d  so d iu m  c h lo rid e  
e y e  d ro p s.
P h a rm a c o p o e ia s . In  ơ tin ., Eur. (se e  p . v ii) , /M í., Jpn, us, an d  
Viet.
P h . E u r . 8 : (S o d iu m  C h lo rid e ). A  tv h ite  o r a lm o st w h ite , 
c ry s ta llin e  p o vvd er o r c o lo u rle ss  c ry s ta ls  o r w h ite  o r a lm o st 
w h ite  p e a rỉs . F re e ly  so lu b le  in  w a te n  p ra c tic a lly  in so lu b le  in  
d e h y d ra te d  a lc o h o i.
U S P  3 6 : (S o d iu m  C h lo rid e ). C o lo u rle ss  c u b ic  c ry s ta ls  o r 
w h ite  a y s ta llin e  p o w d e r. S o lu b le  1 in  2 .8  o f w a te r , 1 in  2 .7  
o f b o ilin g  w a te r , a n d  1 in  10  o f g ly c e ro l; s lig h tly  so lu b le  in  
a lc o h o l.

E q u iv a le n c e . E a c h  g o í so d iu m  c h lo rid e  re p re se n ts a b o u t
1 7 .1  m m o l o f so d iu m  a n d  o f c h lo rid e . S o d iu m  c h lo rid e  
2 .5 4 g  is  e q u iv a le n t to  a b o u t 1 g o f so d iu m .

Storage. S o lu tio n s  o f so m e so d ỉu m  s a lts , in c lu d in g  so d iu m  
c h lo rid e , w h e n  s to re d , m a y  cau se  se p a ra tio n  o f so lid  p a rti-  
d e s  ừ o m  g la ss c o n ta in e rs  a n d  S o lu tio n s c o n ta in in g  su ch  
p a rtic le s  m u st n o t b e  u se d .

Uses and Administratìon
S o d iu m  c h lo rid e  ỉs  u se d  in  th e  m an ag e m e n t o f d e fid e n c ie s  
o i  so d iu m  an d  c h lo ríd e  io n s in  sa lt- lo s in g  c o n d itio n s (se e  
H y p o n a ư a e m ia , p . 1 7 7 8 .1 ). S o d iu m  c h lo rid e  S o lu tio n s a re  
u se d  as a  so u rc e  o f so d iu m  c h lo ríd e  a n d  w a te r fo r h y d ra tỉo n .

A  0 .9 %  so lu tio n  in  w a te r is  iso -o s m o tic  an d  th u s  in  m o st 
c a se s is o to n ic  w ith  se ru m  a n d  la c h ry m a l se c re tio n s . D o ses 
m a y  b e e xp re sse d  in  te rm s  o f m Eq  o r m m o l o f so d iu m , m ass 
(m g ) o f so d iu m , o r m ass o f so d iu m  s a lt (fo r co m p a ra tive  
p u rp o se s , see  T a b le  4 , b e lo w ).

A  ty p ic a l o ra l re p la ce m e n t d ose o f so d iu m  c h lo rid e  in  
c h ro n ic  s a lt- lo s in g  c o n d it ío n s  is  a b o u t 2 .4  to  4 .8  g (a b o u t 
4 0  to  8 0 m m o l o f so d iu m ) d a ily  a s a m o d ifie d -re le a se  
p re p a ra tio n , a cco m p a n ie d  b y  a su ita b le  flu id  in ta k e ; do ses o í
u p  to  12 g d a ily  m a y  b e  n e c e ssa ry  in  se v e re  case s. O ra l 
su p p le m e n ts  a re  a lso  u se d  fo r th e  p re v e n tio n  o f m u sd e  
c ra m p s d u rín g  ro u tin e  h a e m o d ia ly s is  (p . 1 7 7 9 .3 ); a 
su g g e ste d  dose is  a b o u t 6 to  10 g o f a m o d ih e d -re le a se  
p re p a ra tio n  p e r d ia ly s is  se ss io n .

G lu c o se  ía ó lita te s  th e  a b so rp tìo n  o f so d iu m  ữ o m  th e  
g a sư o in te s tin a l tra c t . an d  Solutions c o n ta in in g  so d iu m  
c h lo rid e  a n d  g lu co se  u s u a lly  w ith  a d d itio n a l electrolytes

(se e  p . 1 7 8 0 .1 ) a re  u sed  fo r o ra l re h y d ra tio n  in  a cu te  
cũ arrh o e a  (p . 1 8 0 5 .2 ).

T h e  c o n c e n tra tio n  an d  d o sag e o ỉ so d iu m  c h lo rid e  
S o lu tio n s fo r in tra v e n o u s  u se  is  d e te rm in e d  b y  s e v e ra l 
ỉa c to rs  in d u d in g  th e  ag e , v tre ig h t, a n d  d ỉn ỉc a l c o n d itío n  o ỉ 
th e  p a tỉe n t a n d  in  p a rtíc u la r th e  p a tie n ts ' h y d ra tío n  S ta te . 
S e ru m -e le c tro ly te  c o n c e n ư a tio n s  sh o u ld  b e  c a re fu lly  
m o n ito re d . In  se ve T e  so d iu m  d e p le tìo n , 2  to  3  liư e s  o ỉ 
so d iu m  c h lo rid e  0 .9 %  m ay  b e  g iv e n  o v e r 2  to  3 h o u rs  a n d  
th e re a ite r a t a s lo w e r ra te . I f  th e re  is  co m b in e d  w a ie r an d  
so d iu m  d e p le tio n  a  1 to  1 m ix tu re  o f so d ỉu m  c h lo ríd e  0 .9 %  
a n d  g lu co se  5 %  m a y  b e  a p p ro p ria te . A lth o u g h  h y p e rto n ic  
so d iu m  c h lo rid e  S o lu tio n s m a y  b e u se d  in  c e rta in  p a tìe n ts  
w ith  se v e re  a cu te  d ilu tio n a l h y p o n a tra e m ia , o v e r-ra p id  
c o rre c tio n  m a y  h a v e  se ve re  n e u ro lo g ic a l a d v e rse  e ữ e c ts  (se e  
H y p o n a tra e m ia , p . 1 7 7 8 .1 ). S o lu tio n s  c o n ta ũ ũ n g  1 .8  to  5 %  
a re  a v a ila b le .

In  h y p e m a tra e m ia  w ith  v o lu m e  d e p le tio n  (p . 1 7 7 8 .1 ), 
so d iu m  c h lo rid e  0 .9 %  m ay  b e  u se d  to  m a in ta in  p la sm a - 
so d iu m  c o n c e n tra tio n s  w ith  e xp a n d in g  flu id  v o lu m e . 
S o d iu m  c h lo rid e  0 .9 %  (o r ra re ly , in  m a rke d  h y p e m a ơ a e - 
m ia , 0 .4 5 % ) is  u se d  fo r flu id  re p la ce m e n t in  d ia b e tic  
k e to a d d o sis  (se e  D ia b e tic  B m e rg e n d e s , p . 4 6 5 .3 ).

A m o n g  its  o th e r  u s e s , so d iu m  c h lo rid e  so lu tio n  0 .9 % , 
b e in g  is o to n ic , is  a u s e ỉu l H u id  fo r s te r ile  irr ig a tio n s , fo r 
e xa m p le , o f th e  e ye  o r b la d d e r, a n d  g e n e ra l s k in  o r w o u n d  
d e a n s in g . T h e  0 .9 %  c o n c e n tra tio n  is  a lso  v v id e ly  u se d  a s a 
v e h id e  OT d ilu e n t fo r th e  p a re n te ra l a d m in isư a tio n  o f o th e r 
d ru g s. N a sa l d ro p s o ỉ so d iu m  c h lo rid e  0 .9 %  a re  u se d  to  
re lie v e  n a sa l co n g e stio n . A  m o u th vva sh  c o n ta ìn in g  so d iu m  
c h lo rid e  is  a lso  a v a ila b le  fo r o ra l h y g ie n e .

S o d iu m  c h lo rid e  in  th e  ío rm  o f sea  w a te r o r sea  s a lt (se e  
p . 2 6 1 2 .1 ) h a s  b e e n  a lso  u sed  ío r  n a sa l irrig a tio n s .

S o d iu m  c h lo ríd e  S o lu tio n s sh o u ld  not b e u se d  to  in d u c e  
e m e sis ; th is  p ra a ic e  is  d an g e ro u s a n d  d e a th s fro m  re s u ltin g  
h y p e m a tra e m ia  h a v e  b een  re p o rte d .

S o d iu m  c h lo rid e  is  so m e tim e s u sed  as a n  e x d p ie n t in  
ca p su le s a n d  ta b le ts .
H o m o e o p a th y

S o d iu m  c h lo ríd e  h a s b e e n  u se d  in  h o m o e o p a th ic  
m e d ỉd n e s u n d e r th e  fo llo w in g  n a m e s: N a triu m  m u ria ti-  
cu m ; N a t. M u r.; N a trii c h lo rid u m ; N a tricu m  c h lo ra tu m ; 
N a tru m  m u ría tỉc u m .

NOTE. D o  n o t c o n íu se  N a tricu m  c h lo ra tu m  w ith  so d iu m  
c h lo ra te  (p . 2 6 1 8 .1 ).

C a th e te rs  a n d  c a n n u la ỉ. F o r re íe re n c e  to  so d iu m  c h lo rid e  
0 .9 %  b e in g  u sed  to  m a in ta in  th e  p a te n c y  o f c a th e te rs  an d  
c a n n u la s , an d  to  its  e q u iv a le n t e ífic a c y  to  h e p a rin , see  
C a th e te rs  a n d  C a n n u la s  u n d e r U ses a n d  A d m ú ũ sơ a tio n  o f 
H e p a rin , p . 1 3 9 8 .1 .

C y s tk  íib ro s is . In h a la ú o n  o f 4 m L  o f a  h y p e rto n ic  so lu tio n  
o f so d iu m  c h lo ríd e  (7 % ) tw ic e  d a ily  fo r 4 8  vve e ks in  8 2  
p a tie n ts  w ith  sta b le  c y s tic  H b ro sis (p . 1 7 7 .2 ) vvas a sso d a te d  
w ith  a m o d e ra te  b u t su sta in e d  im p ro v e m e n t in  lu n g  ỉu n c -  
tio n  a n d  a m arke d  re d u c tio n  in  th e  n u m b e r o í e xa c e rb a - 
tio n s  an d  n eed  fo r a n tib a a e ria ls , w h e n  co m p are d  w ith  8 0  
p la ce b o -ơ e a te d  p a tie n ts .1 T h e re  w a s . h o w e v e r, n o  d iííe r -  
e n ce  in  th e  ra te  o f ch an g e  o f lu n g  fu n c tio n . E a c h  in h a la -  
tio n  vvas p re ce d e d  b y  a b ro n c h o d ila to r to  m in im is e  a irv v a y  
n aư o vvũ ng ; a d v e rse  re a c tio n s to  th e  a c tiv e  tre a tm e n t w e re  
n o n e th e le ss  re p o rte d  in  14 p a tie n ts  an d  in c lu d e d  c o u g h , 
c h e st tig h tn e ss  o r p h a ry n g itis , s in u s it is , h a e m o p ty s is , 
sn e e z in g . an d  v o m itin g . A s a re s u lt , 6  p a tie n ts  w ith d re w  
fro m  th e  s tu d y , b u t th e  e tte c ts re so lv e d  in  th e  re m a in d e r 
v v ith o u t th e  n e e d  fo r do se red u C T io n  o r in te m ip tio n . 
H y p e rto n ic  s a lin e  w a s c o n sid e re d  to  b e a n  in e x p e n s iv e  
an d  sa fe  a d ju n c tiv e  th e ra p y  in  p a tie n ts  w ith  c y s tic  S b ro s is .

I. Elkins MR. et aỉ. A controlled mai of long-term inhaỉed hypertonic saline 
in paũents with cysũc ỉìbrosis. N Enfl J Mid 2006: 354: 229-40.

le rm in a H o n  o f p re g n a n c y . T ra n s-a b d o m in a l in tra -a m n io -  
tic  in s t illa t io n  o f so d iu m  c h lo rid e  2 0 %  (m a x im u m  v o lu m e  
2 0 0  to  2 5 0 m L ) h a s b een  u sed  fo r th e  te rm in a tio n  o f se c- 

, o n d -trim e ste r p re g n a n cy . H o w e v e r, se rio u s  a d v e rse  e ííe c ts  
Ị h a v e  o cc u rre d  (se e  b e lo v v ), an d  o th e r m e th o d s a re  g e n e r- 
ị a lly  p re íe rre d  (p . 2 1 3 1 .3 ).

Table 4. Some sodium salts and their sodium content.
So d iu m  co n ten t p er g

Sodium salt mg mmoi mEq
Sodium acetate (anhydrous) 280 12.2 12.2
Sodium acetate (trihydrate) 169 7.3 7.3
Sodium acid citrate 175 7.6 7.6
Sodium bicarbonate 274 11.9 11.9
Sodium chloride 394 17.1 17.1
Sodium citrate (anhydrous) 267 11.6 11.6
Sodium citrate (dihydrate) 235 10.2 10.2
Sodium ỉactate 205 8.9 8.9

Adverse Effeđs
A d v e rse  e ííe c ts  o f so d iu m  sa lts  a re  a ttríb u ta b le  to  e le c tro ly te  
im b a la n ce s fro m  e xc e ss so d iu m ; th e re  m ay  a lso  b e e ffe c ts  
d u e  to  th e  sp e c iH c a n io n .

R e te n tio n  o f e xc e ss so d iu m  in  th e  b o d y  u s u a lly  o cc u ts  
w h e n  th e re  is  d e íe c tiv e  re n a l so d iu m  e x c re tio n . T h is  le a d s to  
th e  a c c u m u la tio n  o ỉ e x tra c e llu la r Q u id  to  m a in ta in  n o rm a i 
p la sm a  o s m o la lity , w h ic h  m a y  re s u lt in  p u lm o n a ry  a n d  
p e rip h e ra l o ed em a an d  th e ừ  co n se q u e n t e ữ e c ts .

H y p e m a tra e m ia  (a  ris e  in  p lasm a  o sm o la lity ) is  u s u a lly  
a sso d a te d  w ith  in a d e q u a te  w a te r in ta k e , o r e x c e ss iv e  w a te r 
lo sse s (se e  p . 1 7 7 8 .1 ).ĩtra re ly o c c u rs a fte rth e ra p e u t ic d o s e s  
o f so d iu m  c h lo rid e , b u t h a s o cc u rre d  w ith  th e  u se  o f 
h y p e rto n ic  sa lin e  fo r in d u c tio n  o f e m e sis o r fo r g a s tric  
la va g e  a n d  a íte r  e rro rs  in  th e .ỉo rm u la tio n  o f in ía n t íe e d s .

H y p e m a tra e m ia  m a y  a lso  o c c u r a íte r in a p p ro p ria te  im ra -  
ve n o u s u se  o í h y p e rto n ic  s a lin e .

T h e  m o st se rio u s  e ffe c t o f h y p e m a tra e m ia  is  d e h y d ra tio n  
o f th e  b ra in  w h ic h  c au se s so m n o le n ce  a n d  c o n ỉu s io n  
p ro g re ss in g  to  c o n v u ls io n s , co m a . re s p ira to ry  ía ilu re , an d  
d e a th . O th e r sy m p to m s in d u d e  th irs t, re d u c e d  s a liv a tio n  
an d  la c h ry m a tĩo n , íe v e r , svve a tin g , ta c h y c a rd ia . h y p e r- 
te n s io n  o r h y p o te n s io n , h e a d a ch e , d iz z in e ss , re s tle ssn e ss , 
in ita b ilit y , w e a k n e ss , a n d  m u s c u la r tw itc h in g  an d  r ig ỉd ity .

G a sư o in te s tin a l e ííe c ts  a sso d a te d  w ith  a c u te  o ra l 
in g e stio n  o f h y p e rto n lc  S o lu tio n s o r e x c e ss iv e  a m o u n ts o f 
so d iu m  c h lo rid e  in c lu d e  n a u se a , v o m itin g , d ỉa rrh o e a , an d  
a b d o m in a l c ra m p s.

E x c e s s iv e  u se  o f c h lo rid e  sa lts  m ay  c a u se  a lo ss o f 
b ica ib o n a te  v v ith  a n  a d d iíy in g  e ffe c L

In tra -a m n io tic  in je c t io n  o í h y p e rto n ic  S o lu tio n s o í 
so d iu m  c h lo rid e , w h ic h  h a s b e e n  u sed  fo r te n n in a tio n  o f 
p re g n a n cy , h a s b e e n  a sso d a te d  w ith  se rio u s a d v e rse  e ỉỉe c ts  
in d u d in g  d isse m in a te d  in tra v a s c u la r c o a g u la tio n . re n a l 
n e c ro s is , c e rv ic a l a n d  u te r in e  le s io n s , h a e m o n h a g e . 
p u lm o n a ry  e m b o lism , p n e u m o n ia . an d  d e a th .
G e n e ra l re íe re n c e s .

1. Moder KG. Hurìcy DL. Faul hypemaưemia ỉrom exogenous salt ỉntake: 
Tcpon oỉ a case and ieview QỈ tbe liierature. Mayo ơin Proc 1990; 65: 
1587-94. Correctỉon. ibid. 1991; 6éỉ 439.

2. Martos Sáncha l  et ai. Hỉpematremia grave por adminỉsưadổn 
acddentâl de sal común. An Esp Pediatr 2000: 53: 495-8.

3. Adeỉeye o , a ai. Hypematremia in ihe elderìy. JN atl Meấ Asuc 2002; 94: 
701-5.

4. Couiỉhard MG. Haycodc GB. Distỉngiỉishỉng between saỉt poisoning and 
hypemaỉnemlc dehydraiỉon in dúldren. BMJ 2003; 326: 157-60. 
Correctỉon. ibid.: 497.

Treaừnent oíAdverse Eỉỉects
ỉn  p a tie n ts  w ith  m ild  so d iu m  e xc e ss, d rin k in g  w a te r an d  
re s tric tin g  so d iu m  in ta k e  is  s u ffid e n t H o w e v e r, in  th e  e v e n t 
o f re c e n t a cu te  o ra l o ve rd o se  o f so d iu m  c h lo rid e , g a stric  
la v a g e  sh o u ld  b e  c a r r ie d  o u t a lo n g  w ith  g e n e ra l 
sy m p to m a tic  an d  su p p o rtiv e  ư e a tm e n L  S e ru m -so d lu m  
c o n c e n tra tio n s  sh o u ld  b e  m e a su re d , a n d  i f  se v e re  
h y p e m a tra e m ia  is  p re se n t th is  sh o u ld  b e  ữ e a te d  (se e  
p . 1 7 7 8 .1 ).

Precautions
S o d iu m  sa lts  sh o u ld  b e u se d  w ith  c a u tio n  in  p a tie n ts  w ith  
h y p e rte n s io n , h e a n  ỉa ilu re , p e rip h e ra l o r p u lm o n a ry  
o e d e m a , re n a l im p a irm e n t, p re -e d a m p s ia , o r o th e r 
c o n d itio n s a sso d a te d  v v ith  so d iu m  re te n tio n .

W h e n  so d iu m  su p p le m e n ts a re  g iv e n  o ra lly , ad e q u a te  
vva te r in ta k e  sh o u ld  b e  m a in ta in e d . M o d iS e d -re le a se  ta b le ts  
sh o u ld  n o t b e g iv e n  to  p a tie n ts  w ith  g a sư o ũ ite s tin a l 
d iso rd e rs a sso d a te d  w ith  s tric tu re s  o r d iv e rt ic u la  b e cau se  o f 
th e  r is k  o f o b stru c tio n .

S o d iu m  chloride Solutions should not b e used to induce 
emesis; this practice is  dangerous and deaths from resulting 
hypematraemia have b e e n  reported.

P o rp liy r ia . T h e  D ru g  D a tab ase  fo r A c u te  P o tp h y ria , com - 
p ile d  b y  th e  N o rvve g ia n  P o rp h y ria  C e n tre  (N A P O S ) an d  
th e  P o rp h y rỉa  C e n tre  S w e d e n , d a ss itie s  so d iu m  c h lo rid e  as 
n o t p o rp h y rin o g e n ic  it  m ay  b e used  as a d ru g  o f h rs t 
ch o ic e  a n d  n o  p re c a u tio n s a re  n e e d e d .1

1. The Drug Database íor Acute Porphyria. Avaỉỉabỉe at: h(tp://www. 
drugs-porphyria.org (accessed 26/10/11)

Pharmacokinetics
S o d iu m  c h lo rid e  is  w e ll ab so rb ed  fro m  th e  g a s tro in te s tin a l 
tra c t . E x c e s s  so d iu m  is  m a in ly  e xc re te d  b y  th e  k id n e y , an d  
sm a ll am o u n ts a re  lo s t in  th e  faeces an d  sw e a t.

Ị Human Requirements
T h e  b o d y c o n ta in s  a b o u t 4 m o l (9 2  g ) o f so d iu m  o f w h ic h  
a b o u t o n e -th ird  is  ío u n d  in  th e  sk e le to n  a n d  a b o u t h a lỉ is  
p re se n t in  th e  e x tra c e llu la r ũ u id .

T h e  b o d y  c an  a d a p t to  a  w id e  ra n g e  o f in ta k e s  b y 
a d ju stm e n t o f re n a l e x c re tio n  th ro u g h  p h y s ic a l an d  
h o rm o n a l ỉa c to rs . Lo ss  th ro u g h  th e  sk in  is  s ig n ih c a n t o n ly  
if  e x c e ss iv e  sw e a tin g  o c c u rs . S o d iu m  re q u ire m e n ts  m ay  be 
in cre a se d  w ith  e x e rd se  o r e xp o su re  to  h ig h  a m b ie n t 
te m p e ra tu re s in  th e  sh o rt te rm , u n til th e  b o d y  a d ju s ts .

S o d iu m  is  v v id e ly  a v a ila b le  in  foods an d  is  a lso  ad d ed  as 
sa lt d u rin g  P ro c e ss in g , c o o k in g , and  a t th e  ta b le . D ie ta ry  
d e Đ d e n cy  o f so d iu m  is  th e re ío re  e x tre m e ly  ra re  an d  m o re  
co n ce m  h a s b e e n  e xp re sse d  th a t c u rre n t in ta k e s  a re  
e x c e ss iv e . R e s tric tío n  o f so d iu m  in ta k e , b y  Iim it in g  th e  
a m o u n t o ỉ c u lin a ry  s a lt co n su m e d , m ay b e  a  u s e ỉu l a id  in  
th e  m an ag em en t o f so m e p a tie n ts  w ith  h y p e rte n s io n  
(p . 1 2 5 1 .1 ).

U K  a n d  u s  re co m m e n d ad  d ie la r y  in ta k e . In  th e  U K  d ie t- ' 
a ry  re íe re n c e  v a lu e s  (D R V — see H u m an  R e q u ire m e n ts , 
p . 2 0 4 6 .1 ) ‘ h a ve  b e e n  p u b lish e d  fo r so d iu m . T h e  re íe re n c e  
n u tr ie n t in ta k e  (R N I) fo r a d u lts  is  1 .6  g o f so d iu m  
(7 0 m m o l) d a ily , w h ic h  is  a b o u t 4 g  o f so d iu m  c h lo rid e . In

The Symbol t  denotes a preparation no longer actively marketed
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th e  U S A , it  h a s  b e e n  re co m m e n d e d  th a t d a ily  in ta k e s  o i  
so d iu m  b e  lim ite d  to  2 .4  g (6 g  o ỉ so d ỉu m  c h lo iỉd e ) o r le s s .2 
D ie ta ry  in ta k e  is  o fte n  in  e xc e ss  o í th e se  re co m m e n d a- 
tio n s , a n d  m a y  b e  a  ỉa c to r in  e s se n tỉa l h y p e rte n s io n ,3 a n d  
o ste o p o ro ã s .4 A  p o sã b le  a s so d a tio n  w ith  c a rd io v a sc u la r 
d ise a se  h a s  a lso  b e e n  su g g ested  b y  th e  lo n g -te rm  fo llo w -  
u p  o f tw o  h y p e rte n á o n  s tu d ie s .5 R e sú ỉts  ỉo u n d  th a t re d u - 
d n g  so d ỉu m  in ta k e  m ay  a lso  re d u c e  th e  r is k  o í  c a rd io v a s- 
c u la r e v e n ts .
1. DoH. Dietary reíerence vahies ỉor ỉood cnergy and nutxỉentt ỉor tbe 

United Klngdom: repori oi tbe panel on dietary reíerence vaỉues o i the 
cammioee on medỉcaỉ aspects oi ỉood polỉcy. Report ơn heaiúi and soàal 
subịecữÁl. Loodan: HMSO, 1991.

2. Subcommitiee on the tenth eđitíoĐ oỉ the RDM Pood asđ Nutrttỉon 
Board, Commỉsston on LHe Sciences. Natkmal Research CouncỉL 
Rteommt ìuiid dừtary aũơwơnea. lOth ed. VVtshỉngton. DC National 
Academy Press, 1969. Also available ac http://wwwlnap.edu/openbook. 
php?fata*0309046335 (accessed 21/07/08)

3. Midgleỵ JP, aoL  Effea ai reduced dỉetary sođium OĐ blood pressurc: a 
meu-anaỉysỉs of randornừed controỉỉed txỉals. JAMA 1996; 275:1590-7.

4. Devine K c ta i.A  longitudiĐal stuđy oỉ the eổect oí sodhun and caỉdum 
ỉmakes on regionaỉ bone density ỉn postmenopausaỉ vtomen. Am J ơin  
Nutr 1995; 6Ì  740-5.

5. Cook NR. et ai. Long term eữects of dletary sodium ređuctíon on 
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Preparations
P ro p õ e tary  P rep o ratio ns (details are g iven  in  Volume B )

S n g le  ing red ien t PrBpo rorton s . Arg.: A q u a  Lem  L ira p ia  C ris ta le s ; 
C u tid e rm in  B eb e G e l N a sa lỷ ; H yp erso b  La rm ab ak ; M u ro  128 ; 
O íta lo o k ; R e le n te ; S u a v ile r; X y lis o l' Y u sừ i T e a rs L  AuítraL : 
D im etap p  In ía n ts  N asa l R e lie t E a r c le a r E a r C lean se n  F e ss; 
H yp e rg e l; Le n s P lu s ; M esalt.- N a riu m ; N onnlgeL* O triv in  S a lin e  
B ab y ; S e n sitìv e  E y e s  S a lin e ; S lo vv-So d iu m ; Austria: K o c h sa lv  
S m a rtD o se t; Belg.: N a trid o ; P h y sio lo g ica ; P h y sio rh in e ; Braz.: 
A d v n a sa lt; A írin  N a tu ra l; A liv e ; C o n id iin  B ab y ; C o n id rin  S a li- 
n a ; D e lta so ro ; D e sco d rin ; R á o r in u s ; P lu im a re ; P lu im u d l S o lu - 
cao  N asa l; M a re sis; M a xiđ ra te ; M u ltũ o ro ; N a rid rin  B eb e ; N ari- 
đ rin  H ; Narísoro; N eo rin o ; N eoso ro  H ; Neosoro ĩn ía n tíL ' N ovo 
R in o -S ; P ra tso rin ; R in o b e n ; R in o ũ u x t; R in o so h  S ; R in o so ro ; 
S a lse p ; S in u ỉtra t So lu cao  N a tu ra l; S n if; S o n a rin  (IN F ); S o rin e  
P e d ia trico ; S o rin e ; S o ro ỉa r; S o ro liv ; So ro n eo ; CoiuuL: H ypergek 
M e sa lt M u ro  1 2 8 ; N eb u sat N o rm ig ek R h in a ris  S a lin e ; R h in a ris  
S in u s ; S a lin e x ; Sea C le n s t; S o ftw e a rf; T h a la n e x t; T h a la r is t; 
O à le : H ã o lim p ; La rm a b a k t; P e d ia se a ; P iin ta n : R e sp ừ e x t; 
R Ịn o d a n ; R in o k id ; R in o ste ry l; S in u s ; China: A i N a D uo (3 0 P  
£ ) ;  pin.: N a tro ste ril-t: S e lu trio ; F r .: E ije a n ; H yp e rg e l; Je lly -

w a sh ; La rm a b ak ; La rm e s A rtiSd e Q e s; M u h ila n n t; N o rm lg e l; 
P h ysio lo g ica+ ; P o ly r in s e t; S e lg in e ; Ger.: A d so rb o n a ct; P reka- 
D Tain je t+ ; H y la se ; Iso g u tt a k u t’ Iso to n e  K o c h sa h ; Iso to n isch e  
K o ch sa lz lo su n g ; O lyn th  s a lin ; O im ú -S o rb ; T e tris a l; Tussam ag 
N asensp ray P u rỷ ; U rgo s te rile ; Gr.: B ab yn o se ; C lln o ía n  La rm a- 
b ak ; O ư ỉsâ lin ; P h y-O ; R h in o d o se ; S e lva  N ; Htmg Kong: A y r 
S a lin e t ; E a iin s e ; La n n a b a k ; N asa l P h y sio lo g ica l S o lu tío n ; P h y- 
áo d o se ; U n iso n  E n e m a ; Hung.: R in s -S a l; S a lso l A f ; ỉnđuc. 
H o ld ; H yn asak  H yp e n o l; H yto so l; Iz a b e l; L ib n a ; N am  C o ld -N S; 
N asa lt; N a siv io n -S ; N aso d ean  N lp it; N o s-A lr S a lin e ; O cu to ne; 
O sm ogeb O triv in -S ; Inâon.: B rẽ a th y ; In ỉu sa n -N S ; O tsu-N S; 
W ida N S ; W d a  N S t IrL: D ia ư e st R F f ; Israel: A ỉ- lũ d ; A f-T lp - 
o n et; A lỉin  B a b y ; B ab y  A F ; B ab y  S a lin é t ; Q e a n -A F ; L 3 a tz e k ê c  
M o vip rep ; N orm asok O cean  S p ia y ; O tr ỉv in i; T in o k  A F ; T lp o ta í; 
ItaL: A d so rb o n act; H yd rab ak ; L ib e n a n  N a rh in e l; O trìv in  
B a b y t; P h yão d o se ; R e sp iỉre e  B ab y ; R in o w a sh ; A te t : C o m i 
L im p ; H ip e rto n ; M uro  1 28 ; P b y la rm ; Mon.: U n ila im ; NZ: N ar- 
iu m ; phữipp.: H yp e rsa ỉt; H yp en o n -O p ta ; La n n a b a kỷ ; M uco- 
n ase ; S a lin a G e l; S a lin a se ; S n it Pol.: O íu rin o l; S o ln a sú it; PorL: 
E x tra n e a l; Rus.: A q u am aster (A x B a tia c n p ); R izo s in  (P ioo cm h) ; 
S a lin  (C&HHH); SAfr.:  P o ly r in s e t; V ick s  V a p o m iỉtt: singapore. 
A d so rb o n act; D o rãm a-n eõ ; La rm ab ak ; N o rm aso l; O halm o lo sa 
C u si A n tie d e m a t; O tr iv in  S a lin e  N asal S p ra y ; S a la c y n ; Spain: 
A n tied em a ; A p iro se ru m  C lo ru ra d o ; F is io lo g ic a f; F isio lo g ico  
B ieữ e  M e d ita lt; R sio lo g ieo  B ra u n ; F isio Io g ico  M e ín ; F isio lo g ico  
Serra  P a m ie st; FU io lo g ico  V itu lia + ; F is io lo g ic o f; Flebobag F is io ; 
F Ie b o fle x S a lin a  P is io lo g ic a t; F leb o p last R s io ; F re e fle x  C lo ru ro  
Sod ico ; H id ra th e a ; M e in v e n il H s io lo g ic o t; P la st A p y r P isio lo g i- 
co ; S o lu c io n  R sio lo g ica  R e sp ito l: Su ero  F isio lo g ie o ; Su ero  F isio - 
lo g ico ; Switz.: P h y sio lo g ic  P h y s io so in t: S e ro p h y; Thai.: P a tar 
E ce m a ; R o ya l-C ; U -En em a ; U n iso n  E n e m a ; T urk:  B e rk o -F iz ; 
Dioser. P ix y o le n ; H z y o lik ; F izyo so k  La rm a b ak ; O ư isa lin ; Ph y- 
ỉio d e se ; Ph ysio lo g ica  G iỉre n  S e r D a m la t; Sem m  F iz y o lo jik ; 
UAE: N o n n a lin e ; UK: A sk in a ; E q u a le ze ; Irr id e n s ; Irríp o d ; 
M in iv e rso l; M u co C le a i; N aso sa l; N eb u sa l; N o n n aso l; S low -Sod- 
iu m ; S o d iC lo n  S te rid e n s ; S te rip o d ; T u b ilu x ; U riũ e x  S ; U ro- 
T a in e r M ; V e rso k  Vkr.: N o -So l (H o-C o j ii) ; USA: A d so rb o n acỷ; 
A k -N a C l; A y r S a lin e ; B re a th e  F re e ; B ro n ch o  S a lin e ; D riỉta n  
S a lin e  S p ra y ; Entso b  H u M ist N asal M ist; M a rlin  S a lt S yste m t; 
M uro  128 ; M u ro p tic  N asa l M o ist; N a S a l; N o rm a lin e ; O cean ; 
P re tz ; R h in a ris ; S a lin e x ; S e aM ist; S o ch lo r; Y o u r C h o ic e t; 
Venez.: La rm ab ak ; N a ía v in e .

M uhi-ingred iant Prapo ro tio n s. N um erous p rep a ra tio n s a re  Usted 
in  V o lu m e B .

HcnxmopodMC P iap o ro lio n s. AustraL: A lle rg y  R e lie t' C h ild re n s 
R u n n y  N ose R e lie b  R esp ato n a H ead C o ld ; V ita to n a  E n e rg y t; 
Austria: G lo b u li gegen H au tau ssch lag e ; Canad.: A d riỉin t ; 
C alm s Fo n e  4  K id s ; C o ld  So res & F e v e r B lis te rs ; C o m b in a iỉo n t: 
D ia m ite ; E cte m a ; H iv e s; H om eoknop B ío a c tiv  o  W eig b t Loss

A ỉd -h  H om eoknop Ik o p le x  1 3 f; H yland s B io p la sm a ; H y la n d s 
V ag in itis+ ; H y la v ứ  F B f ; Ik o p le x  11 D ig estio n  A id + ; Ik o p le x  
1 4 f; M elange+ ; N uage B iop lasm a-h  So re T h ro a t L3 9+ ; S o rin o - 
h e e l; Qiũe: A n a ca id io  con  Fo sfo ro ; B io a ctiv  M ; B io a c tiv  O ; 
B io a c tiv  P ; Ik o p le x  N o 1 1 ; Ik o p le x  N o 1 3 ; Ik o p le x  N o 1 4 ; Dco- 
p le x  N o 1 7 ; Ik o p le x  N o 1 9 ; Ik o p le x  N o 6 ; D coplex N o 7 ; Ik o p lẽ x  
N o 8 ; Fr.: B ille ro l; P u lsa tiila  C om p lexe No 6 0 t ; So lu d o n  àer.: 
D e riva tio  H ; D ru íu sa n  N f; D ru h isa n ; H erp es-G astreu  R 6 8 ; 
H ew elym p h o n  N-h M u co -cyl L H o -Len -C o m p lex; N u x a l com p ; 
S ch le im h ãu t-K o m p le x L  H Õ -Fu-C o m plex; Neth.: A ilg e n o  spag ; 
H e m o rro lite ; U rtứ o n  co m p lex; Sus.: D ie t-C o m ỉo rt CQaer- 
KoM Ộ opr); Switz.: R eg en ap lex N r 28b .

Pharm aoopoòd  P rep arario n s
B P  2 0 1 4 : C om pound G luco se , Sod ium  C h lo rid e  and  So d iu m  
C itra te  O ia l S o lu tio n ; C om pound So d ium  C h lo rid e  M o uth vvash ; 
Com pound S o d ỉtim  Lacta te  In iu s io n ; O ra l R e h yd ra tio n  S a lts ; 
Po tassium  c h lo iid e  an d  So d ium  c h lo rid e  In íu á o n ; Po tassiu m  
c h lo rid e , So d iu m  c h lo rid e  and  G luco se In íu á o n ; So d ium  
C h lo rìd e  and  G luco se  In ỉu à o n ; Sod ium  c h lo rid e  E y e  D ro p s; 
Sod ium  c h lo rid e  E y e  Lo tio n ; Sod ium  C h lo rid e  E ye  ò in tm e n t; 
Sod ium  c h lo rid e  In íu s io n ; Sod ium  c h lo ríd e  Irrig a tio n  S o lu tio n ; 
Sod ium  C h lo rid e  N eb u lise r S o lu tỉo n ; Sod ium  C h lo rid e  O ra l 
S o lu tio n ; So d iu m  C h lo rìd e  S o lu tio n ; S o lu b ie  Sod ium  C h ỉo ríd e  
T ab le ts;
U S P  3 6 : B ac te rio s ta tic  Sod ium  C h lo rid e  In je c tio n ; C im e tid in e  in  
Sod ium  C h lo rid e  In je c tio n ; C isp la tin  fo r In je a ìo n ; D e xtra n  4 0  in  
Sod lum  C h lo rid e  ln je c tio n ; D e xtran  70  in  So d ium  C h lo rid e  
In je c tio n ; O extro se  and  Sod ium  c h lo rid e  In je c tio n ; F ru a o se  and  
Sod ium  C h lo rid e  In je c tio n ; H aU -sưengtb  Lacta ted  R ingeî s and  
D extro se In je c tio n ; In u lin  in  Sod ium  c h lo rid e  In je c tio n ; Lacta ted  
R in g e r'ỉ and  D e xtro se  ỉn je c tio n ; Lacta ted  R in g e r's In je c tio n ; 
M an n ito l in  So d ium  C h lo ríd e  In je c tìo n ; M u ltip le  E le c ư o ly te s  
and  D extro se  In je c tio n  Typ e 1 ; M u ltip le  E le c ơ o ly te s  and  
D extro se In je c tio n  Typ e  2 ; M u ltip le  E le c ư o ly te s and  D e xv o se  
In je ctio n  Typ e  3 ; M u ltip le  E le c tro ly te s  and D extro se  In ịe c tio n  
T yp e  4 ; M u ltip le  E le c tro ly te s and In v e rt Sug ar In je c tio n  Typ e  1; 
M u ltip le  E le c u o ly te s  an d  In v e rt Sug ar In je ctio n  Typ e 2 ; M u ltip le  
E le c tro ly te s and  In v e n  Su g ar In je ctio n  Typ e  3 ; M u itip le  
E le c tio ly te s  In je c tio n  Typ e  1; M u ltip le  E le c tro ly te s  In je c tio n  
Typ e  2 ; O ra l R e h yd ra tio n  S a lts ; P EG  3350 and  E le c tro ly te s  fo r 
O ra l S o lu d o n ; P o tassium  c b lo rid e  ỉn  D extro se  and  So d iu m  
C h lo rid e  ln je c tio n ; P o tassium  C h lo rid e  in  La c u te d  R in g e r's and  
D extro se  In je c tio n ; P o tassium  C h lo ríd e  in  So d íum  C h lo rid e  
In je c tio n ; R in g e r'ỉ and  D extro se  In je c tio n ; Sod ium  C h lo rid e  and  
D extro se  T a b le ts ; So d ium  c h lo rid e  In h a la tio n  S o lu tio n ; So d iu m  
C h lo rid e  ln je cú o n ; Sod ium  C h lo ríd e  Irrig a tio n ; Sod ium  C h lo rid e  
O p h th a lm ic O in tm e n t; Sod ium  c h lo rid e  O p h th a lm ic S o lu tio n ; 
Sod ium  c h lo rid e  T a b le tỉ fo r S o lu tio n ; Sod ium  C h lo rid e  T a b le ts .

Ah cross-reíerences reíer to entries in  Volume A



G ases
Gases 1797

T h is  c h a p te r in c lu d e s  m o n o g ra p h s o n  g ases w ith  m e d ic a l o r 
p h a rm a c e u tic a l u se s a n d  a p p lic a tỉo n s  (su c h  a s o xy g e n , 
c a rb o n  d io x id e , h e liu m , a n d  n itro g e n ) an d  so m e w h o se  
m a in  m e d ic a l in te re s t is  m a n a g e m e n t o f th e ir  to x ỉd ty  o r 
a đ v e ise  e ữ e c ts (su c h  a s c a rb o n  m o n o x id e  o r h yd rõ g e n  
s u lfid e ). A lso  in d u d e d  a re  so m e  co m p resse d  an d  lĩq u e ă e d  
g ases u se d  a s re ù ig e ra n ts  a n d  a e ro so l p ro p e lla n ts . N it r ic  
o x id e  gas is  u se d  in  b ro n c h o p u lm o n a ry  d iso rd e rs an d  is  
d iscu sse d  in  C a rd io v a s c u la r D ru g s (p . 1 4 5 7 .1 ). O th e r g ases 
v r ith  m e d ic a l u se s c a n  b e  fo u n d  in  D is in íe c ta n ts  an d  
P re s e rv a tív e s  (p . 1 7 3 0 .1 ) a n d  G e n e ra l A n a e s th e tic s  
(p . 1 8 9 6 .1 ).

Reírigerants and Aerosoỉ Propelỉants
So m e g ases h a v e  p ro p e rtìe s  ử ia t  m ak e  th e m  su ita b le  fo r u se  
a s re h ig e ra n ts  a n d  a s a e ro so l p ro p e lla n ts ; th e se  in d u d e  
n iơ o g e n , n itto u s  o x id e , c a rb o n  d io x id e , an d  h y d ro ca rb o n s 
su  c h  a s p ro p a n e , a n d  th e  b u ta n e s . C h lo ro S Ũ o ro ca rb o n s 
(C F C s ) a n d  Ìiỹ d ro c h lo ro A u o ro c a rb o n s  (H C F C s ) h a ve  b e e n  
w id e ly  u se d b ũ t a re  g e n e ra ily  b e in g  p h a se d  o u t d u e  to  th e ir  
e n v iro n m e n tạ l e ữ e c ts , p a r t íc u la r ly  d e p le tio n  o f th e  o zo n e  
la y e r . N o n c h io rin a te d  Ã u o ro ca rb õ n s (h y d ro Đ u o ro c a rb o n s; 
HFCs) do  n o t a ữ e c t th e  o zo n e  la y e r  (a lth o u g h  th e y  m ay  
c o n trib u te  to  g lo b a l v v a rm in g ) a n d  a re  a  p o ssib le  a lte m a tiv e ; 
h o w e v e r, th e ir  p h y s ic a l p ro p e rtìe s  m ay  b e le ss  su ita b le . 
A m m o n ia  gas (se e  p . 2 4 4 1 .2 ) m a y  b e  u se d  as a n  in d u s tr ia l 
re írig e ra n t.

T h e  e v a p o ra tio n  o ỉ p ro p e lla n ts  su c h  as h a lo g e n a te d  
h y d ro c a ib o n s  a n d  d im e th y l e th e r p ro d u ce s a n  in te n se  c o ld . 
T o p ic a l a p p lic a tio n  h a s  a  n u m b in g  e ổ e c t o n  tis s u e s  an d  h a s 
b e e n  u se d  fo r a n a lg e s ia  (se e  R u b e ía d e n ts  a n d  T o p ic a l 
A n a lg e s ia , p . 6 .3 ), a lth o u g h  c o ld  in ju r y , in d u d in g  fro s tb ite , 
h a s  b e e n  rẽ p o rte d .

R e b ig e ra n ts  a n d  a e ro so l p ro p e lla n ts  h a v e  b e e n  su b je c t to  
d e lib e ra te  a b u se . T h e y  h a v e  s ú n ila r e ffe c ts to  v o la tile  
so lv e n ts  (se e  A b u se , u n d e r A d v e rsc  E íỉe c ts  o f T o lu e n e , 
p . 2 2 1 6 .3 ), an d  b o th  a c u te  a n d  c h ro n ic  to ã d ty  m ay  o c c u r. 
In h a la tio n  o f h ig h  c o n c e n ư a tio n s  o ỉ h a lo g e n a te d  h y d ro - 
ca rb o n s fo r th c ir  e u p h o ria n t e ffe c t m a y  re s u lt in  C N S 
d e p re ss io n , c a rd ia c  a rrh y th m ia s , re s p ira to ry  d e p re ssio n , a n d  
d e a th , w h ile  p ro p a n e  a n d  b u ta n e  can  a c t a s s im p le  
a s p h y x ia n ts . T o x id ty  m a y  a lso  re s u lt fro m  d e co m p o sitio n  
P ro d u c ts , su  c h  a s h y d ro g e n  c h lo rid e  a n d  p h o sg en e  h o m  
h e a tin g  h a lo g e n a te d  h y d ro c a rb o n s .

Tòxiõty. T h e  to ũ d ty  re s u lt in g  fro m  a b u se  b y  d e lib e ra te  
in h a la tio n  o f p ro p e lla n ts  h a s  b e e n  re v ie w e d .1' 4 P u rth e r 
re íe re n c e s  re le v a n t to  th e  to x id ty  o f in d iv id u a l a g e n ts a re  
g iv e n  in  th e  m o n o g ra p h s.

1. Kuraman TL, tí al. Inhabnt abuse by adoicscents. J Aẩoỉat Health 2001; 
28: 170-80.

2. Brouette T. Arnon R. Clinỉcaỉ review of inhalams. Am J Addia 2001; 10: 
79-94.

3. Andenon CE. Lootnis GA. Recognitíon and prcvention oi ỉnhalant 
abuse. Am Fam Pkysừian 2003; 68: 869-74.

4. WUUams JF. Storck M. American Academy oí Pediatrics Committee ơn 
Substance Abuse. ỉnhaỉant abuse. Petũatria 2007; 119: 1009-17.

Argon
Ãrgón; Argọnum; E938; AproH.......
CÃS, — 7440-37-1. .
UNII—. 67XQYỈV3KH.

P h a rm a c o p o e ia s . In  Eur. (se e  p . v ii) .
P h . E u r . 8 : (A rg o n ). A  c o lo u rle s s  g a s. S o lu b le  1 in  a b o u t 2 9  
o f w a te r b y  v õ lu m e  a t 2 0  d e g re e s an d  a t a p re ssu re  o f 
101 k P a . S to re  a s a  co m p re sse d  gas o r liq u id  in  a p p ro p ría te  
c o n ta in e rs .

Proỉile
A rg o n  is  a n  in e rt g as an d  is  u se d  to  re p la c e  a ứ  in  c o n ta in e rs  
c o n ta in in g  o x id isa b le  su b sta n c e s .

BromochlorodiAuoromethane
ẻỊọínoclorodifluorom etano; Halón 1211; R-12B1; 
ẼpoMxnoptqviỘTopMeTaH.
C3rCIF^165.4 
C4S—-353-59-3.
UNII — 91I5X8AJXS.

P o o f ì le

B ro m o ch lo ro d U Iu o ro m e th a n e  is  a  h a lo g e n a te d  h y d ro c a r- 
b o n  th a t h a s b e e n  u se d  a s a  ũ re -e x tin g u ish in g  a g e n t. L ik e  
c h lo ro ũ u o ro ca tb o n s it  c a u se s o zo n e  d e p le tio n  an d  o th e r

e n v ứ o n m e n ta l eH ects an d  its  u se  is  g e n e ra lly  b e in g  p h a se d  
o u t.

T o x id ty  h as b e e n  re p o rte d  a íte r  th e  m isu se  o r a b u se  o f 
f ir e  e x t in g u is h e rs  c o n ta in in g  b ro m o c h lo ro d iílu o ro -  
m e th a n e ,1"3 an d  in  p e rso n s e xp o se d  in  o th e r v v a y s.4,5

1. Steadmin c  etnl. Abuse ot Bre-txtìnguishing agcnt and sudden death in 
id o leuxm i. Mtd J Auit 1984; 141:115-17.

2. Lerman Y, tí đl. Paul acddenul inhalatíon of bromochlorodiUuor- 
omethane (Halon 1211). Hum Exp Toxkol 1991; 10:125-8.

3. Gerharđt RT. Acute Haỉon (bromodìlorodUỉuoromethane) toxídty by 
acddenuỉ and recreaiỉonaỉ ỉnhalatỉon. Am J SmcrỊ Med 1996; 14:675-7.

4. Matrat Ma tí ai. Reactíve airvvays dysíunctìon syndrome caused by 
bromochlorodiíluoromethane ỉrom fire extỉnguishen. Ocatp Eĩtvhvn Mtd 
2004;61:712-14.

5. Lo SH, tí al. Grand rounds: outbreak oỉ hcmaiologic abnormalìties in a 
community of peopỉe exposed to leakage of firc extínguisher gas. Bỉtviron 
Health Pmpeữ 2006; 114: 1713-17.

Butane
n-Butané; Butano; E943a; ByraH.
C4H,0=58.12
0 6 — 106-97-8. :
LINH —  6LV4FOR43R. ; .f ;

P h a rm a c o p o e ia s . In  USNF.
U S N F  3 1 : (B u ta n e ). A  c o lo u rle ss  g a s. I t  is  h ìg h ly  O am m ab le 
an d  c x p lo s iv e . S to re  in  a irtig h t c y lin d e rs  a t a te m p e ra tu re  
n o t e xc e e đ in g  4 0  d e g re e s.

Proíile
B u ta n e  is  u sed  a s a n  a e ro so l p ro p e lla n t (a b o v e ). I t  is  w id e ly  
u sed  a s a  (u e l.

Abuse. T o x id ty  h a s b een  re p o n e d  w ith  th e  ab u se  o í 
b u ta n e .1’ 10

1. Gunn J. et aỉ. Butane sniffmg causing vcntricular Sbrillatìon. lanetí 
1989; 1:617.

2. Sỉegel E. Wa$on s . Sudden death caused by inhalarion of buune and 
propane. N Ert$l J Med 1990; 323: 1638.

3. Robcrts MJD, tí al. Asystoỉe íotỉowing buune gas inhalation. Br J Hosp 
Med 1990; 44: 294.

4. Williains DR. Cole SJ. Ventrìcular ũbriỉlation folỉowing butane gas 
inhalation. Ịtesusàtatíon 1998; 37: 43-5.

5. Rỉeder-Scharinger J. tí al. Multỉorganversagcn na ch Buungaánhala- 
tíon: ein Faỉlberỉcht. Wim Kim Wochemchr 2000; 112: 1049-52.

6. Wehner ĩ , tí tứ. TSdỉiche ỉnhaỉatíon von Bưun-Propan-Gas. Ardt 
Knminoỉ 2002; 209: 164-8.

7. El*Menyar AA. rí al. A tccnagcr with angiữgraphically normal epỉcarđiaỉ 
coronary aneries and acute myocardial inỉarctíon alter buune 
ỉnhalarion. Eur J Enưry Med 2005; 12: 137-41.

8. Harris Da Miraa z. Butane encephaỉopathy. Emerg MedJ 2005; 22:676-7.
9. Doogue Ma Barclay M . Deàth dũe tò buune abuse— the dinỉcal 

pharmacology oí inhalants. N 1 Med J  2005; 118: UỈ732.
10. Gừard F, tí đl. HbríUation ventrìculaire par inhalatíon de spray 

déỡdorant. Am  Fr Anesth Reanim 2008; 27: 83-5.

Preparations
P ro p ríe ta ry  P rep O ratio iu  (d e ta ils  a re  g iven  in  V o lu m e B ) 

M ubH ngredient P rep ara tìo n s. Arg.: F rio n e x .

Carbon Dioxide
Angíỉes dioksidas; Anhídrido rarbónico; Carbone, dioxyde 
de; Carboná Dioxidum; Carbonei. Dioxydum; Cartxinic Acid- 
Gas; Carbonic Anhydride; Dióxido de carbono; E290; Gaz 
Carbonique: Hiilidioksidi; Kohlendioxid; Koldioxid; Oxid 
uhliỄitý; Szén-dioxid; Wẹgla dvvutlenek; /ỈMOKCMA yrnepoaa; 
/)By0 Kncb Ymepofla; yr/iexuaibMã. Ta3. '
CQ2=44.01 
CAS— 124-38-9.
ATC —  V03AN02. • : ■
ATC Vet —  QV03AN02 
u m  —  142M471B3J.

NƠTE C a rb o n  d io x id e  is  a b o u t 1 l/ í  tim e s a s h e a v y  a s a ữ . 
Pharmacopoeias. In  Chín., Eur. (se e  p . v ii) , Jpn. a n d  us. 
P h . E u r . 8 : (C a rb o n  D io x id e ). A  c o lo u rle ss  g a s. S o lu b le  1 in  
a b o u t 1 o í w a te r b y  v o lu m e  a t 2 0  d eg rees a n d  a t a  p re ssu re  
o f 101  k p A . S to re  liq u e h e d  u n d e r p re ssu re  in  su ita b le  
c o n ta in e rs .
T h e  B P  2 0 1 4  d ire c ts  th a t ca rb o n  d io x id e  sh o u ld  b e  k e p t Ũ1 

a p p ro ve d  m e ta l c y lin d e rs  w h ic h  a re  p a in te d  g re y  a n d  c a rry  a 
la b e l s ta tin g  'C a rb o n  D ío x id e '. In  a d d itio n , 'C a rb o n  D io x id e ' 
o r th e  Sym b o l 'C O j' sh o u ld  b e s te n d lle d  in  p a in t o n  th e  
sh o u ld e r o f th e  c y lin d e r.
Ư S P  3 6 : (C a rb o n  D io x id e ). A  c o lo u rle s s , o d o u rle ss g a s. It s  
S o lu tio n s a re  a d d  to  litm u s . O n e  v o lu m e  d isso lv e s  in  a b o u t 1 
v o lu m e  o f vv a te r. S to re  in  c y lin d e rs .

Uses and Admỉnistration
C a rb o n  d io x id e  is  a  p ro d u ct o f re s p ira tio n  a n d  b lo o d  
c o n c e n tra tio n s a re  n o rm a ily  k e p t v v ith in  s t r ia  p h y s io lo g ic a l 
lũ n it s . M a n ip u la tìo n  o f ca rb o n  d io x id e  c o n c e n tra tio n s  h a s 
b e e n  u sed  th e ra p e u tic a lly  (se e  b e lo w ) b u t h y p o c a p n ia  ỉs  n o t 
a lw a y s  d e s ira b le  a n d  ca rb o n  d io x id e  h a s b e e n  ad d ed  to  th e  
o xy g e n  in  p u m p  o xy g e n a to rs  to  p re v e n t h y p o c a p n ia  
d e vẽ lo p in g .

C a rb o n  d io x id e  a cts a s a  re s p ira to ry  s t im u la n t b u t is  
ra re ly  u sed  th e ra p e u tìc a lly  fo r th is  p u tp o se . H o w e v e r, 
in h a la tio n  o ỉ lo w  c o n c e n tra tio n s  h a s b e e n  tr ie d  Ũ1 th e  
m an ag em en t o f n e o n a ta l ap n o e a  (p . 1 2 0 4 .3 ).

C a rb o n  d io x id e  m a y  b e  u se d  a s th e  in s u ỉS a tin g  g as ỈOT 
la p a ro sco p y , a n d  to  Đ ood th e  su rg ic a l ũ e ld  to  p re v e n t 
ío rm a tio n  o f gas e m b o li d u iin g  c a rđ ia c  s u rg e ry . I t  m ay  a lso  
b e u sed  as a  c o n tra s t a g e n t in  ra d io g ra p h y  (p . 1 5 8 0 .1 ).

S o lid  ca rb o n  d io x id e , o r 'd ry  ic e ' h a s a  te m p e ra tu re  o f -8 0  
d eg rees an d  h a s  b e e n  u se d  to  tre a t w a rts  (p . 1 6 8 9 .3 ) an d  
n a e v i b y  c ry o th e ra p y .

P h a rm a c e u tic a lly , c a ib o n  d io x id e  is  u sed  as a n  a e ro so l 
p ro p e lla n t a n d  a s a  re p la ce m e n t fo r a ir  to  p re se rv e  
o x id isa b le  su b sta n c e s . C a rb o n a te d  v e h id e s  a re  u s e ỉu l ỉo r  
m ask in g  th e  u n p le a sa n t ta s te  o f som e m e d id n a ỉ p re p a ra - 
tio n s .

M a n ip u la tio n  o f ca rb o n  d io x id e  c o n c e n tra tio n s  in  th e  
b lo o d  m ay  b e  a ch ie v e d  b y  v e n tila to ry  te c h n iq u e s a n d  h as 
b een  u sed  th e ra p e u tỉc a lly . E xa m p le s  in d u d e  th e  u se  oi 
h y p e rv e n tila tio n  in  th e  m an a g e m e n t o ỉ ra ise d  in tra c ra n ia l 
p re ssu re  (p . 1 2 7 1 .3 ) an d  b re a th -h o ld in g  o r re b re a th in g  fo r 
in tra c ta b le  h ic c u p  (p . 1 0 4 6 .3 ).

Adverse Effects
C a rb o n  d ỉo x id e  h a s d ire c t to x ỉc  e ữ e c ts a n d  a lso  acts a s a n  
a s p h y x ia n t A b o v e  a  c o n c e n tra tio n  o f a b o u t 6 % , it  cau se s 
h e a d a ch e , d iz z in e s s , c o n íu s io n , p a lp ita ú o n s . h y p e rte n s io n , 
d ysp n o e a , in c re a se d  d e p th  a n d  ra te  o f re s p ira tìo n , a n d  C N S 
d e p re ssio n . C o n c e n tra tio n s  o f a b o u t 2 0 %  a n d  h ig h e r 
p ro d u ce  c o n v u ls io n s  an d  lo ss  o ỉ co n sd o u sn e ss ; in h a ỉa tio n  o ỉ 
5 0 %  carb o n  d io x id e  is  re p o rte d  to  p ro d u ce  C e n tra l e ỉíe c ts  
s ứ n ila r to  a n a e s th e tic s . T h e  in h a la ú o n  o f h ig h  c o n c e n tra - 
tio n s  m ay  p ro d u ce  re s p ira to ry  a d d o s is .

A b ru p t w ith d ra w a l o f ca rb o n  d io x id e  a ỉte r  p ro lo n g e d  
in h a la tio n  m a y  p ro d u ce  m a la ise , p a lỉo r, h e a d a ch e , an d  
n a u se a  o r v o m itin g .

S k in  c o n ta c t w ith  s o lid  ca rb o n  d ỉo x id e  m a y  cau se  
íro s tb ite .
R e íe re n c e s .

1. Halpcrn p, tí aỉ. Exposure to extremeỉy high concentratloos oỉ carbon 
dioxỉde: a clinỉad descríption of a mass casuaỉty inddenL A m  Bmerg Mtd 
2004:43: 196-9.

2. Langỉord NJ. Carbon dỉoxỉde poisonỉng. Taàcol Rev 2005; 24: 229-35.
3. Srisont S' tía l.A  caibon đk>xide ỉataỉỉty ỉrom dry ice. J Foremù Sà 2009; 

54:961-2.
4. Leỉkin JB ,tíaL  Carbon dkndde-induced narcosỉs due to dry ice exposure 

ỉn a patlent with sỉeep apnea. A m  ỉrtíem Med 2009; 150: 361-2.
5. Dunỉord JV, tí tứ. Asphyxỉation due to dry ỉce in a walk-in ỉreezer. J 

Emerg Međ 2009; 36: 353-6.

Preparations
P ro p rie to ry PreparaH ons (d e ta ils  a re  g iven  in  V o lu m e B ) 

M ukH ngred ient P rep aro tio ns. Canad.: C arb og en.

Carbon Monoxlde IUSANI 

Anglies monoksidas; Carbone, monoxyde de; Carbonei, 
Monoxidum;.Hiilimonoksidi; Kảrbori Monoksìt; .Kplmonoxid; 
Monỏxidode carbóno; Wệgla tlenek; Mohookcha yrneponâ  
OKMCb ymepona; yrapHbiỉl fa3r'■. J ■; ■ ‘ i r ’-'.
C0=28.01 •
G 4S —  630-08-0.
UNII — 7U1EE4V452 : •
Pharmacopoeias. In Eur. (see p. vii).
P h . E u r . 8 : (C a rb o n  M o n o x id e ). A  c o lo u rle s s , A am m ab le  gas 
o b ta in e d  b y  ste am  re ỉo rm in g  (c a ta ly t ic  o x id a tio n ) o ỉ 
h y d ro ca rb o n s . S o lu b le  2 .2 6 6  in  1 00  o f w a te r b y  v o lu m e  a t 
2 0  d eg rees a n d  a t a  p re ssu re  o f 101 k P a . S tò re  as a 
co m p resse d  g as in  a p p ro p ria te  c o n ta in e ts .

Uses ,
C a rb o n  m o n o x id e  h a s b e e n  u se d  in  lo w  c o n c e n tra tio n s  a s a 
tra c e r gas in  m e asu re m e n ts o f lu n g  íu n c t io n . I t  is  a lso  
re p o rte d  to  h a v e  a n ti- in íla n u n a to ry  p ro p e rtie s  a n d  is  u n d e r 
in v e s tig a tío n  ỉo r  v a rio u s  m e d ic a l u se s , in d u d in g  th e  
m an ag e m e n t o f d e la ye d  g ra ít íu n c t io n . I t  a p p e a rs to  h a v e  
a p h y s io lo g ic a l ro le  a s a  s ig n a llin g  m o ie c u le . C a rb o n

The Symbol t  denotes a preparatỉon no Ionger actively marketed
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m o n o x id e  la b e lle d  w ith  c a rb o n -11 m a y  b e u se d  to  a sse ss th e  
b lo o d  v o lu m e .
General references.

1. Foresd K  tíaL  Use of carbon monoxỉde as a ỉherapeutic agenc promises 
and cha&enges. ỉnìenàvt Can Med 2006; 34: 649-58.

2. BauerL Pannen BH. Bench-to-bedsỉde review. caibon monoxide—from 
mitochondrial poisoning to therapeutỉc use. Crừ Can 2009; 13: 220.

3. Ghosh s , tí ai. Carbon moooxỉđe: endogenoos mediator, potentỉal 
đbgnostíc and thenpeutk target. Aim Meề TOlO; 42:1-12.

Adverse Effects
C a rb o n  m o n o x id e  is  p ro d u ce d  b y  in c o m p le te  c o m b u stio n  oi 
o rg a n ic  m a te ria ls  a n d  is  h ig h ly  to x ic  w h e n  in h a le d ; in ỉa n ts , 
s m a ll c h ild re n , a n d  e ld e r ly  p e o p le  a re  p a r t íc u la r ly  
su sc e p tíb le . A lth o u g h  th e  n u m b e r o ỉ case s oi p o iso n in g  in  
c o u n trie s  su  c h  a s th e  U K  h a s ỉa lle n  a s th e  a v a ila b ilit y  o f c o a l 
g as h a s d e d in e d  a n d  a s ch an g e s h a v e  b e e n  m ad e to  m o to r 
v e h id e s  to  im p ro v e  th e ir  e x h a u s t íu m e s , c a rb o n  m o n o á d e  
is  s t ill a  m a jo r c a u se  o f p o iso n ỉn g . C o m m o n  so u rc e s o f 
c a rb o n  m o n o á d e  in d u d e  p o o rly  m a in ta in e d  an d  v e n tila te d  
h e a tin g  System s a n d  im p ro p e rly  b u m t fu e l in  d o m e stíc  fire s .

w h e n  in h a le d , c ạ rb o n  m o n o x id e  c o m b in e s w ith  
h a e m o g lo b in  in  th e  b lo o d  to  fo rm  c a rb o x y h a e m o g lo b in ; 
th is  c o m p le x  is  u n a b le  to  tra n sp o rt o x y g e n . an d  c e lỉu la r  
h y p o x ia  th e re ío re  re s u lts . M o st o f th e  sym p to m s o f 
p o iso n in g  a re  d u e  to  a n o x ia . b u t ca rb o n  m o n o x id e  a lso  h a s a 
d ứ e c t to x ic  e ffe c t o n  c e lls , w h ic h  m a y  c o n trib u te . T h e  sk in  
a n d  tìs s u e s  m a y  tu m  a d a s s ic  c h e rry  re d  in  p a tie n ts  
p o iso n e d  v v ith  c a rb o n  m o n o x id e  a lth o u g h  th is  is  se e n  m o st 
o fte n  a ỉte r  d e a th .

T h e  sym p to m s o ỉ c a rb o n  m o n o x ỉd e  p o iso n in g  a re  v a rie d  
a n d  d ep en d  o n  th e  d eg ree  an d  d u ra tio n  o f e x p o su re , 
a lth o u g h  th e re  is  vv id e  v a ria tío n  b e tw e e n  in d iv id u a ls . 
U n co n sd o u sn e ss  m a y  o c c u r su d d e n ly  b u t is  co m m o n ỉy  
p re ce d e d  b y  h e a d a ch e , d ig ã n c ss , vve a k n e ss, n a u se a , an d  
v o m itin g , w h ic h  m a y  b e  m isd ia g n o se d  a s a  v ứ a l illn e s s  o r 
ío o d  p o iso n in g . O th e r sym p to m s m a y  in d u d e  s k in  le s io n s , 
e x c e ss iv e  s tv e a tin g , p y re x ia . in c re a se d  re s p ừ a tio n , m e n ta l 
d u ỉln e s s  a n d  c o n íu s io n , v is u a l d is tu ib a n c e s . c o n v u ls io n s , 
h y p o te n s io n , ta c h y c a rd ia  o r o th e r c a rd ia c  a irh y th m ia s , 
m y o c a rd ia l is c h a e m ia , a n d  p o ss ib ly  m y o c a rd ia l in ia r c t io n . 
D e a th  m a y  re s u ỉt h o m  re s p ira to ry  ía ilu r e , p u ỉm o n a ry  
o e d e m a , c a rd io v a s c u la r ía ilu r e , o r c e re b ra l d a m a g e . 
C a ib o xy h a e m o g lo b in  c o n c e n tra tio n s  a re  a  g u id e  to  th e  
s e v e r ity  o ỉ p o is o n in g , a lth o u g h  th e y  a re  n o t a  re lia b le  
m e a su re  o ỉ to x id t y ; th e  le th a l c o n c e n tra tio n  o ỉ ca rb o x - 
y h a e m o g lo b in  in  th e  b lo o d  is  a b o u t 5 0 %  o r m o re . 
C o n c e n tra tio n s  o v e r lO O O ppm  o f ca rb o n  m o n o x id e  in  
in sp h e d  a ir  m a y  b e  ỉa ta l in  1 h o u r. N e u ro lo g ic a l an d  
p s y c h ia tr ic  se q u e la e  m ay  d e ve lo p  so m e w e e k s la te r in  th e  
s u rv iv o rs  o f se v e re  p o iso n in g  a n d  th e re ío re  a  p ro lo n g e d  
fo llo w -u p  o ỉ su  c h  p a tie n ts  is  a d v ise d ; sym p to m s in d u d e  
m e m o ry  im p a irm e n t, a p a th y , m u tism , im ta b ility . p e rso n - 
a lit y  c h a n g e , g a it d is tu rb a n c e , a n d  u iin a r y  a n d  ỉa e c a l 
in c o n tin e n c e . C h ro n ic  c a ib o n  m o n o x id e  e xp o su re  m ay  
p re se n t a s a  n o n -sp e d fic  illn e s s  w ith  h e a d a ch e , n a u se a , an d  
Đ u - lik e  sy m p to m s.
General references.

1. WHO. Carbon Monoxide. Bnvừvnmatíal Health Criuria 213. Geneva: 
WHO, 1999. Availablc ac http://www.inchan.org/doaunents/chc/chc/ 
ehc213Jitm (accessed 05/07/04)

2. Satnn D, tí aỉ. Cardỉovisaiỉcr maniỉestatíoxu of moderate to severe 
carbon monmóde poỉsoning. J Am Coũ Cardiol 2005; 45: 1513-16.

3. Kao LW, Nahagas KA. Toxídty assocúted wỉth ttibon  monoẼde. ơin  
Lab Mtẩ 2006; 26: 99-125.

4. Cevỉk AA, tí  aL ĩnterreUtỉon bctween the Poísonmg Seveiỉty Score, 
caiboxyhaemogỉoUn levels and m-hospỉtal dỉnicai coune of carbon 
monoxide potsonìng. ỉm  J ơin Pract 2006; 60: 1556-64.

5. Prockop LD, Chichkova RL Carbon monoxìde íntoxication: an upcUted 
revỉew. J Neurol Sá 2007; 262: 122-30.

6. Grỉeb Q, tí aL The dhrersỉty oí carbon moDoxíde intoxbatỉon: međỉcal 
courses can dUEer extremely—a case report Inhal Toxkol 2008; 20: 911-
5.

7. Weaver LK. Caibon raonoxide poisoning. N Engl J  M td 2009; 360:1217-
25.

Treaừnent oỉAdverse Effeds
T h e  p a tíe n t sh o u ỉd  b e  re m o ve d  fro m  th e  c o n ta m in a te d  
a tm o sp h e re  a n d  a n  e ữ e c tív e  a irv v a y  e s ta b lish e d . O xy g e n  
(1 0 0 % ) sh o u ld  b e  g iv e n  u n d l th e  b lo o d  ca rb o x yh a e m o g lo - 
b in  c o n c e n tra d o n  h a s ỉa ỉle n  b e lo w  d a n g e ro u s le v e ls  
(u s u a lly  5 % ). M a n ag e m e n t is  th e n  u su a U y  sy m p to m a tíc  
a n d  su p p o rtiv e  w ith  a tte n tío n  b e in g  g iv e n  to  th e  p o ssib le  
n e e d  to  tre a t o r c o ư e a  a n y  c a rd io v a s c u la r d iso rd e rs . 
m e ta b o lic  a d d o s is , o r c e re b ra l o e d e m a . H y p e rb a ric  o xy g e n  
th e ra p y  m a y  b e c o n sid e re d  in  p re g n a n t p a tie n ts  o r in  se v e re  
p o iso n in g  (ư  th e  p a tie n t is , o r h a s b e  e n , u n c o n sd o u s , o r if  
th e re  a re  n e tư o lo g ic a l sym p to m s o r c a rd ia c  c o m p lic a tio n s ) 
b u t is  o ỉ u n p ro v e n  b e n e ũ t (se e  b e lo vv ) a n d  its  u se  is  
c o n tro v e rs ia l.

Hyperbdríc oxygen iherapy. The use oi hyperbaric oxy- 
gen therapy in the management oi carbon monoxide pois- 
oning is controversial.1*5 The rationale for using hyperbaric 
oxygen is that it increases the rate at which carboxyhae- 
moglobin dissodates, shortening the haU-Uỉe ỉrom about 2 
hours with normobaric 1 0 0 %  oxygen to about 3 0  minutes 
with hyperbaric oxygen. Theoreúcally, this should be of

b e n e ũ t, an d  re tro sp e c tiv e  stu d ie s  h a v e  sh o w n  ỉm p ro ve d  
sym p to m s in  p a tie n ts  g iv e n  h y p e rb a ric  o x y g e n , p a rtíc u - 
la t iy  in  te im s  o f n e u ro lo g ic a l o u tc o m e s.4 H ơ vve ve r, co n - 
tro ứ ed  stu d ie s  h a v e  h a d  c o n A ic tín g  re s u lts , a n d  sy ste m a tic  
re v ie v v s1'4 h a v e  ỉo u n d  in s u ỉh d e n t e v id e n c e  to  d e te rm in e  
th e  v a lu e  o f h y p e rb a iic  o x y g e n . A ỉtb o u g h  h y p e ib a ric  o xy - 
g en  h a s b een  w id e ly  re co m m e n d e d . p a rtic u la r ly  in  se ve re  
p o iso n in g , a v a ila b ility  is  lim ite d  a n d  it  re m a in s  u n d e a r 
w h ic h  p a tie n ts  sh o u ld  b e  c o n sid e re d  fo r th e ra p y . T h e re  is  
som e e v id e n c e  th a t o ld e r p a d e n ts , a n d  th o se  w ith  lo ss o f 
co n sd o u sn e ss , p ro lo n g e d  e x p o su re s , o r h ig h  c a rb o x y h a e - 
m o g lo b in  c o n c e n tra tio n s g a in  m o st b e n e h t,7 b u t th ỉs  is  n o t 
e s ta b liỉh e d . It  is  a lso  u n d e a r w h e th e r u se  in  p re g n a n cy  
sh o u ld  b e  re co m m en d ed , s in c e  fe w  s tu d le s  h a v e  in d u d e d  
p re g n a n t p a tie n ts . C a  se  re p o rts  su g g est th a t h y p e rb a ric  
o xy g e n  is  sa íe  in  p re g n a n c y ,*  a n d  th e re  is  a  th e o re tica l 
b a sis fo r th e ra p y  sú ic e  íe ta l c a rb o x y h a e m o g lo b in  co n cen - 
tra tio n s  a re  h ig h e r th a n  m a te m a l c o n c e n tra tio n s , b u t e v i-  
đ en ce is  lim ite d  an d  su c c e s s íu l o u tco m e s v v ith o u t th e  use 
o f h y p e rb a ric  o xy g e n  h a v e  a lso  b e e n  re p o rte d .*

ỉ. Juuriỉnk DN. tí ai. Hyperbaríc oxygen íor carbon raonoxide poỉsonỉng. 
Available in The Cochrane Daubase oí Systematỉc Reviews; Issue I. 
Chichesten John Wìley; 2005 (iccessed 20/06/08).

2. Buckley NA. tí ai. Hyperbaric oxygen íor carbon monoxỉde polsoning: a 
systematic rcview and criúcal anaiysỉs of the evidence. Toxiaỉ Rev 2005; 
24: 75-92.

3. Domachevsky L tí a i HypeTbarìc oxygen ìn the treaunent oỉ carbon 
monoxide poisonỉng. ơin Toxiaỉ 2005; 43: 181-6.

4. Silver s . tí al. Should hypcrbaríc oxygen be used íor carbon monoxidc 
poisoning? CJEM 2006; 8: 43-6.

s. YVoir SJ. tí ai. American Coỉỉege oí Emergency PhyõcUns. Cinical 
policy: chilcal issues ỉn the management of adult patients presentỉng to 
the emergency depanmem vvith acute carbon monoxỉde poisonỉng. Ann 
Sm ơỊ Med 2008; 51: 138-52.

6. Hawkins M. tí aỉ. Severe carbon monoxide poisonỉng: outcome aíter 
hyperbaríc oxygen therapy. B r J  A n a a th  2000; 84: 584-6.

7. Weaver LK, tí a i Carbon monoxìde poisoning: risk ỉaaon  for cognỉtive 
sequeỉae and the role of hyperbarlc oxygen. Am J Rapir Crit Can Med 
2007-176: 491-7.

6  Van Hoesen KB. tí ai. Shouid hyperbaric oxygen be used to ưeat the 
pregnant patỉent íor acute carbon monoxide poứoning: a case repon and 
Uieniture revỉew. JAMA 1989; 261:1039-43. Correctíon. ibid. 1990.-263:
2750.

9. Bar R, tí al. Pre-Iabor exposure 10 carbon monoxide: should the nconate 
be treated with hyperbaric oxygenatỉon? ơm  Toxial 2007; 45: 579-81.

Preparotions
Prop ríeto ry PreparotioRS (d e ta ils  a re  g iven  ỉn  V o lu m e B )

M uhi-ingredient P rep are tio n s. CaruuL: Lu n g  D ư ỉu sio n  Test M ỉx 
No Ne C o ; Lu n g  D iừ u sio n  T e st M ix tu re  G as.

ChloroAuorocarbons
CFCs; CloroAuorocarbonos; Xnopo<|)Topoyrne80flopoflb(; 
XnopỘTOpyr/iepoflN.

CryoAuorane iriNNi
CPC-114; Criòíluorano; CryoAuoranum; DichioroteứaAuor- 
oẹthane; Pròpellant 114;:Refrigerant 114; TetraAuorodichlor- 
oethane; KpMO(ị>/iyopaH.
1 í-Dichlort5-1,1 Z2-tetrafluoroethane._
C2a 2F.=l 7 0 .9  , i : ;  :
à s — 76-14-1 
UNII —  6B5VVT93AR.

P h a rm a co p o e k is . In  USNF.
USNF 31: (Dichlorotetraíluoroethane). A dear, colourless 
gas h a v in g  a ỉa in t  e th e re a l o d o u r. S to re  in  a in ig h t c y lin d e rs  
a t a te m p e ra tu re  n o t e xc e e d in g  4 0  d e g re e s.

DichlorodiAuoramethane
C TC -12 ; DidorodiAuoromẹtano; DiAuorodichloromethane; 
Propellant 1 2 ; Reữigerant 1 2 ; flvi<Ị>TOpflKtxnopMeTaH; 
ÍỊnxnopflM <|iTopM eTaH .
O T 2F i= 1 2 0 .9  
CAS — 75-71-8.
UNII — OFM06SGỈKO.

P h a rm a co p o e ia s . In  USNF.
U S N F  3 1 : (D ic h lo ro d U Iu o ro m e th a n e ). A  d e a r , co lo u rle ss 
gas h a v in g  a  ỉa in t  e th e re a l o d o u r. S to re  in  a ịrtig h t c y lin d e rs  
a t a te m p e ra ttư e  n o t e xc e e d in g  4 0  d e g re e s .

TrichloroAuoromethane
CFC-11; Ruorotrichloromethane; Fluorotridorometano; Pro- 
pellant 11; Reừigerant 11; TrichloromonoAuoromethane; 
TridoroAuorometãno; TricloromonoAuorornetano; (Drop- 
TpiouiopM eTaH .
CQ3F= 137.4 
u i — 75-69-4.
UNII —  990ĨỴ8331R.

NOTE. T ric h lo ro A  u o ro m e th an e  is  a g as ab o ve  2 4  d eg rees. 
P h a rm a co p o e ia s . In  USNF.

U S N P  3 1 : (T ric h lo ro m o n o Đ u o ro m e th a n e ). A  d e a r , c o lo u r-  
le s s  g as h a v in g  a ía in t  e th e re a l o d o u r. S to re  in  a irtig h t 
c y lin d e is  a t a te m p e ra tu re  n o t e xce e d in g  4 0  d e g re e s.

PrọỊỊỊẹ
C h lo ro Đ u o ro ca rb o n s a re  h a lo g e n a te d  h yd ro ca rb o n s th a t 
c o n ta in  o n ly  c h lo rìn e , ũ u o rin e , an d  c a rb o n . T h e y  h a v e  b e e n  
w id e ly  u se d  a s re h ig e ra n ts  an d  a s a e ro so l p ro p e lla n ts  
(p . 1 7 9 7 .1 ), b u t h a v e  b e e n  p h ase d  o ũ t in  m o st c o u n trie s  d u e  
to  th e ừ  e ỉíe c ts  o n  a tm o sp h e ric  o zo n e . M e d id n a lly , th e y  
h a v e  b e e n  u se d  in  m e te re d  d o se in h a le rs  an d  in  c o ld  sp ra y s 
fo r to p ic a l a n a e sth e s ia .b u t a lte m a d v e s a re  n o w  p re ỉe ire d . 
R e íe re n c e s .

1. WHO. Puỉly haỉogenated chloroQuorocaibons. Environmentai Health 
Criuria ii3 . Geneva: WHO. 1990. Avaiỉableat: http://www.inchem.org/ 
documems/ehc/ebc/ehcll3.htni (accessed 08/06/09)

Preparations
P ro p rie ta ry  P iep o m lio n s (d e u ilỉ a re  g iven  in  Vo lum e B )

M ulK-ing red ient P rep aro tio ns. Arg.: A lg isp ra y ; Austral.: D erm - 
F re e ze Ỷ ; USA: A e rõ fre e ze t; F Iu rõ -E th y lf.

Dimethyi Ether
Dimethyl Oxide; Éter dimetílico; Methoxymethane; Oxybis- 
methane; npoaoR /ỊnMeTMíioBbivi 3ộnp; ílnMemnaỘMp. 
CjH60=46.07
ử s — 115-10-6. .
UNII — AM13FS69BK

Proỉile
D im e th y l e th e r is  u sed  as a re h ig e ra n t, a e ro so l p ro p e lla n t 
(p . 1 7 9 7 .1 ), an d  to p ic a l a n a e sth e tíc . It  h a s a lso  b e e n  u sed  as 
a  fu e l.

Preparations
P ro p rie to ry  Prepororions (d e ta ils  a re  g iven  in  Vo lum e B )

Singểe ingTBtSent P rep an rtio n s. UK: A c tìF re e ze .

M ulb-aigredw nt Prepa rn tio n s. Ger.: W a rtn en  Irt:  W a itn e n  
Israel: W a rtn e rf; N Z : W artn en  Singapore: W a rtn en  Switz.: 
W attn e n  UK: H isto lre e xe r; P R  Freeze S p ra y ; R a lg e x Freeze  
S p ra yỶ ; W a n n e r; USA: C om pound w Freeze  Ó ff.

Helium
E939; Helio; Hélium; rennM .
He=4.002602 
CAS —  7440-59-7.
ATC —  V03AN03.
ATCVet— QV03AN03.
UNII —  206GF3GB41.

Pharmacopoeias. In  Eur. (se e  p. vii) a n d  us.
P h . E u r . 8 ; (H e liu m ). A  c o lo u rle ss . in e rt g as. S to re  as a 
co m p resse d  gas o r liq u id  a t c ry o g e n ic  te m p e ra tu re s , in  
a p p ro p ria te  c o n ta ỉn e rs .
U S P  3 6 : (H e liu m ). A  c o lo u rle ss , o d o u rle ss , ta ste le ss  gas 
w h ic h  is  n o t co m b u stíb le  a n d  d oes n o t su p p o rt co m b u stío n . 
V e ry  s lig h d y  so lu b le  in  w a te r . S to re  in  c y lin d e rs .

Proỉile
A s h e liu m  is  le ss  d en se  th a n  n itro g e n , b te a th in g  a  m ix tu re  
o f 8 0 %  h e liu m  a n d  2 0 %  o xy g e n  ie q u ire s  le ss  e ữ o rt th a n  
b re a th in g  a ừ . T h u s  m ix tu re s  c o n ta in in g  v a rio u s  c o n c e n tra - 
tío n s  o f o xy g e n  ('H e lio x ') h a v e  b een  u se d  in  p a tíe n ts  w ith  
re s p ira to ry  d iso rd e rs . M lx tu re s  o í h e liu m  an d  o xy g e n  h a v e  
a lso  b e e n  u se d  a s a n  a lte m a tív e  to  co m p resse d  a ữ  b y  d iv e rs  
o r o th e rs w o rk in g  u n d e r h ig h  p re ss u re , to  p re v e n t th e  
d e ve lo p m e n t oi n itro g e n  n a rc o s is . H e liu m  h as b e e n  tise d  in  
p u lm o n a ry  h in c tío n  te s tín g .

B re a th in g  h e liu m  in c re a s e s  v o ca l p itc h  an d  cau se s v o ice  
d is to rtìo n . C e re b ra l a ite ry  g as e m b o lism  h a s b e e n  re p o rte d  
a fte r in h a la tìo n  o f h e liu m  fro m  a  p re ssu rise d  C o n ta in e r.

A lth o u g h  in d iv id u a l s tu d ie s  m ay  h a v e  sh o vvn  b e n e ũ t, 
sy ste m a tìc  re v ie w s  o ỉ th e  u se  o f h e liu m  a n d  o xy g e n  
m ix tu re s  (h e lio x ) in  v a río u s  re s p ira to ry  d iso rd e rs h a v e  
g e n e ra lly  la ile d  to  fin d  c o n vm d n g  e v id e n c e  o f v a lu e . 

R e íe re n c e s  to  th e  u se  o f h e liu m  o r h e lio x .
1. Rodiigo GJ. a  aL Hdinx tor neitmem oi  exacobatíons of chranỉc 

obslrucóvc pulmonaiy đìscase. Avaỉlable in The Coduane D aubue of 
SyítemetK Reviews Issue 2. Chiđieser. John WUey; 2002 (accessed 
22/02/10).

2. Roditgo GJ. a  al. Hettox for nonimubated acute isthma patieniỉ. 
Availãble in The Cochrane Datab.se ol Systematic Reviem; lsu e  4. 
Chỉcbester: John W!ley; 2006 (accessed 22/02/10).

3. Coỉeboum ( X e d .  Use ữf helỉtun-oxygen mixture in aduỉt patỉentỉ 
presenting wiih exacerbatlons ot asthma and chronic obsnuctive 
pulmonary dỉsease: a systemaúc review. Anaeahesù  2007: 62: 34—42-

4. Harris PD, Baraes R. The uses of helỉum and xenon in curreni dỉnicaỉ 
piacdce. Amuxhaia 2008: 63: 284-93.

5. McGarvey JM. Polladc cv . Helim In airway management. Enurs Mrd 
Oin North Am 2008:26:903-20.
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6 . Mỉglỉori c . eta l. The eAects oí beUum/oxygen mixmre (heỉỉox) beỉore 
and aíter exrubaúon ỉn long*term medúnicaUy ventỉỉated vcry low 
birth weỉght inỉants. Pedùưria 2009; 123: 1524-8.

7. Ỹonverk c  Coats T. Heliox for croup ỉn children. Avattabỉe in The 
Cochxane Database oí Systemadc Reviews; Issue 2. Chỉchesten John 
W0ey; 2010 (accesed 22/02/10).

Prepamtions
Propóeta r y  P rep o ratio n s (d e ta ils  a re  g ive n  in  V o lu m e B )

Mu tt-in g rad ten t P rep araH o ns. CanatL: H e lio x ; Lu n g  D iS u sio n
Test M lx tu re  G as.

HydrochloroAuorocarbons
HCFCs; Hidroclòrofluorocarbonos; rnApox/iopỘTo- 
pyrjiepoflbi: -' -

ChlorodiAuoroethane
Oorodiíluoroetano; Propellant 142b; Rehigerant 142b; 
flt4<|>TopMOHoxnop3TaH,
1 -Chloro-1 ,1 -diAuoroethane.
0 ^ 2 = 1 0 0 5 -  
Ớ s.— 75-68-3.

ChlorodiÁuoromethane
ClorodìẠuorometano; Propellant 22; Refrigerant 22; 
TOpMOHoxóopMeraH; X/iopữMỘTopMeTaH.
CHCIFj=86.47 
C4S — 75-45-6.

P r o M ẹ

H y d ro c h lo ro H u o ro c a rb o n s a re  h yd ro g e n a te d  c h lo ro ũ u o r- 
o c a ib o n s . T h e y  h a v e  b e e n  u se d  s ix n ila r ly  to  c h lo ro ũ u o r- 
o ca rb o n s a s  re ừ ig e ra n ts  a n d  a s a e ro so l p ro p e lla n ts  
(p . 1 7 9 7 .1 ) b u t sh a re  th e  sam e  e n v iro n m e n ta l e ữ e c ts an d  
h a v e  b e e n  o r a re  b e in g  p h ase d  o u t in  m o st c o u n trie s . 

R e íe re n c e s  to  to x ic ity .
1. Dekant w . Toxỉcology ữf chloroũuorocarbon repỉacemenĩs. Envirvn 

Health Perspeơ 1996; 104 (ỉuppi 1): 75-63.
2. Kubou T, Mlyata A_ Acute inhaỉatíonal exposure to chlor<xfifluor- 

omethane (frron-22): a rcport of 43 cases. ơin Toxứol 2005; 43: 305-ỗ.
3. Korecda K  đ  al. An actídemaỉ death due to Freon 22 (monodtỉorodỉ- 

Quoromethane) í nha la tỉ on ỉn i  fishỉng vessel. Pơrensừ Sà btí 2007; 168: 
208-11.

4. Lee J, it  aL Uncontroiled occupatìonaỉ exposure to 1,1-dỉchloro-l- 
nuoroethane <HCFC-14Ib) is assodated with acute puỉmonary toxicity. 
Chest 2009; 135: 149-55.

H y d r o A u o r o c a r b o n s
HFAs; :+IFCs; HidròÁuoroalcanos; HidroAuorocarbonos; 
HydroAuroálkanes; n^po4ropymepofltì.

A p o A u r a n e  IRAN, riNNi
Apaííurano;. ApaAuranum; HeptaAuoropropane; HFA-227; 
HFC-227; AnạíịiinypaH.
1,1,1 3333-Heptafluoropropane.
CjHFt=1 70.0 
ỚS — 431-89-0. 
um — R40P36GDK6.

D iA u o r o e t h a n e
DìAuoroetano; Ethylene Pluoride; Fluoruro de etlleno; HFC- 
152a; Própelente 152a; Propellant 152a; Reírigerant 152a; 
Rehigerạnte 152a; fln4>T0p3TaH.
1,l-D|fluoroẹthane.
CiH4Fj=66.ỏ5 
CAS — 75-37-6." 
um —  0B1U8K2ME0.

N o r A u r a n e  (BAN, USAN. rlNNI 
Ãuorocarbon Ị 34ạ; Fluorocarbono 134a; GR-106642X; HFA- 
134ạ; HFC-1*34a; Norflụrano;;Norfluranum; PrọpeHant ,134a;, 
Reíiigeiant 134a;,HopệnypaH., 
l,l,U-Tetrafluoroethane 
C2H2F4=102®
CAS — 811-97-1 
um — DH9E53K1Y8

P h a rm o c o p o e ia s . In  Eur. (se e  p . v ii) .
P h . E u r . 8 : (N o rQ u ra n e ). A  d e a r , c o lo u rle ss  g as, liq u id  
u n d e r p re s s u re . A t 2 0  d eg rees a n d  a t a p re ssu re  õ f 101 k P a , 
s lig h d y  s o lu b le  in  vv a te r; ừ e e ly  so lu b le  in  a lc o h o l. R e la tiv e  
d e n s ity  a b o u t 1 .2 3 , fo r th e  g as in  th e  liq u id  p h a se . B .p . 
a b o u t -2 6  d e g re e s . I t  is  a  h y g ro sco p ic , n o n -fla n u n a b le  g as.

PentaAuoropropane
HFC-245fa; R-245fa; neHTacịrropnponaH. - 
1,1,133 ’Pentafluoropropane., ...
Ê ^ y F ^« Ì3 4 jO  • . . .  . .
CAS— 460-73-1. ' . . .
um. — TA9UOF49CY.

Pnoft7e
H yd ro Q u o ro ca rb o n s a re  h a lo g e n a te d  h yd ro ca rb o n s th a t 
c o n ta in  o n ly  h y d ro g e n , Đ u o rin e , an d  c a rb o n . T h e y  do  n o t 
a íỉe c t  a tm o s p h e ric  o zo n e  a n d  h a v e  b e e n  u se d  a s 
re p la ce m e n ts  fo r ch lo ro A u o ro ca rb o n s a n d  h y d ro ch lo ro - 
Đ Ũ o ro ca rb o n s a s re ỉiìg e ra n ts  a n d  as a e ro so l p ro p e lla n ts  
(p . 1 7 9 7 .1 ). A p a C u ra n e  a n d  n o rO u ra n e  a re  a lso  u se d  in  
m e te re d  d o se in h a le r s . N o rĐ u ran e  an d  p e n ta ỉlu o ro p ro p a n e  
h a v e  b e e n  u se d  a s to p ic a l a n a e sth e tic s .

R e íe re n c e s  to  a b u se  a n d  to x ià t y .
1. Dekant w . Toxicology of chìoroũuorocarbon replacements. Environ 

Health Pmpeet 1996; 104 (suppỉ 1): 75-83.
2. Kuspỉs DA. Krenzeỉok EP. OĩBỈ ỉrostbỉte ỉnj\iry írom ỉntenúonai abuse oỉ 

a Ouorinated bydrocaiboo. J Toxial ơừ t Toxùoỉ 1999; 37:873-5.
3. Sasakỉ c  et al. A ỉaullty due to inhaỉation of ỉ.ỉ-dỉíluoroethane (HFC- 

152a) with a peculỉar device. Pơrensic Toxừol 2009; 27: 45-8.

Preparations
P ro p rie to ry  Preparcrtions (d e ta ils  a re  g iven  in  V o lu m e B ) 

S in g le-in g red ien t P rep araH o n s. Ger.: W a itn e r K id s f. 

M ubi-ingred ìont P rep aro tỉo n s. USA: G eb auen  S p ray  & S ư e tch .

H y d r o g e n  S u lf íd e
Ặddo sùlfhidrico; Hydrogen Sulphide; Sìarkowodót; Sulíuro 
dẹ hidrógeno;SulphurettedHydrogen; GỵjibệỳựỊ.BoflỌpófla; 
CepoBoÁopofl.
H2S=34.08: ;
C 4 S  -7 7 8 3 -0 6 -4 .  
um  4- YY9FVM7NSN.

D e s c r ip t io n . H yd ro g e n  su lh d e  is  a c o lo u rle ss  ũ am m ab le  
gas w ith  a c h a ra a e r is tic  o d o u r.

Uses
H yd ro g e n  su lh d e  is  u se d  in  in d u s tr ia l p ro ce sse s a s a  so u rc e  
o ỉ s u lh ir  an d  in  th e  m a n u ía c tu re  o f o th e r C h e m ic a ls , 
a lth o u g h  it  is  m a in ly  e n c o u n te re d  a s a b y p ro d u c t. I t  a p p e ars 
to  h a v e  a  p h y s io lo g ic a l ro le  a s a  s ig n a llin g  m o le c u le  an d  h a s 
b een  in v e s tìg a te d  fo r th e ra p e u tic  u se .

Adverse Effects
H yd ro g e n  su lũ d e  is  a  co m m o n  in d u s tr ia l h a za rd  a n d  is  
e n c o u n te re d  in  su c h  p la c e s  a s C h e m ica l w o rk s . m in e s , 
sevvag e  w o rk s , a n d  S to re s o { d e co m p o sin g  p ro te in . 
C o n c e n tra tio n s  o f 0 .1  to  0 .2 %  in  th e  a tm o sp h e re  m a y  be 
fa ta l in  a fe w  m in u te s . A t c o n c e n tra tio n s  o f a b o u t 0 .0 0 5 %  
an d  a b o v e  h yd ro g e n  su l& d e cau se s a n o sm ia  a n d  its  
u n p le a sa n t o d o u r is  n o  lo n g e r d e te c ta b le . P u lm o n a ry  
irr ita n o n , o ed em a , a n d  re s p ira to ry  ta ilu re  u s u a lly  o c c u r 
a íte r  a c u te  p o is o n in g ; p ro lo n g e d  e x p o su re  to  lo w  
c o n c e n ư a ú o n s  m a y  c a u se  se v e re  c o n ju n c tlv iú s  w ith  
p h o to p h o b ia  a n d  c o m e a l o p a d ty , ir r ita t ío n  o f th e  re s p ir-  
a to ry  t r a a , c o u g h , n a u se a , v o m itin g  a n d  d ia ư h o e a , 
p h a ry n g itis , h e a d a ch e , d iz z in e s s . an d  la s s itu d e . T h e re  a re  
so m e s ỉm ila r itie s  to  p o iso n ỉn g  v v ith  c y a n id e s .

Ị G e n e ra l re íe re n c e s .
Ị ỉ . WHO. Hydrogen Sulfíde. Environmentaỉ Health Crííería 19. Oenevr VVHO. 
1 1981. Available at: http://www.inchem.org/documents/ehc/ehc/
Ị ehc019.htm (accessed 05/07/04)

Treatment of Adverse Effects
In  p o iso n in g  w ith  h y d ro g e n  su lh d e  th e  p a tie n t sh o u ld  be 
re m o ve d  {ro m  th e  c o n ta m in a te d  a tm o sp h e re  a n d  a n  
e ỉỉe c t iv e  a irv v a y  e s ta b lish e d . In h a la tio n  o f a m y l n iư ite  o r 
p a re n te ra l th e ra p y  w ith  so d iu m  n itr ite  h a v e  b e e n  su g g ested  
ío r  se v e re  p o iso n in g ; th is  p ro d u ce s m e th a e m o g lo b in , w h ic h  
m ay  b in d  su lh d e . O xy g e n  sh o u ld  b e g iv e n ; h y p e rb a ric  
o xy g e n  th e ra p y  h a s a lso  b e e n  su g g ested . T h e  c o n ju n c tiv a l 
sacs sh o u ld  b e c a re íu lly  w a sh e d  o u t ư e y e  ir r ita t io n  is  
se v e re . M a n ag e m e n t is  th e n  u s u a lly  sy m p to m a tic  an d  
su p p o rtiv e .

I s o b u t a n e
E943b; ísôbutano; 2-Methylprop'ane; 2-Metllpropano; 1430- 
ỗýtaH.
C,H,0=58.12 ■ -
C4S — 75-28-5. 
um  — B)ỢÌ49TP611.

Pharmacopoeias. In  USNF.

U S N P  3 1 : (Is o b u ta n e ). A  c o ỉo u rle s s  g a s. I t  is  h ig h ly  
A am m ab le  a n d  e x p lo s iv e . S to re  in  a irtig h t c y lin d e rs  a t a 
te m p e ra tu re  n o t e xce e d in g  4 0  d e g re e s .

Proíile
Iso b u ta n e  is  u se d  a s a n  a e ro so l p ro p e lla n t (p . 1 7 9 7 .1 ).

Preparations
Prop rietu ry  P rap a ra lio n s (d e ta ils  a re  g ive n  in  V o hune B )

M ubH ngredient P rep aro tio ns. UK: IS s to ỉre e z e r; USA: Com - 
p o und  w P re e ie  O fL

N it r o g e n
/toíb.; Azotas; Azote; Dusík;. £941; Kvãvgas; Nltrogén; 
ỈJitrỏgẹniurh; Niữógeno; Niơogenum; StìdstoA; Typpl; A30T. 
N jỉ= 2 a o i4  'V  .
CÀS — 7727-37-9. ... -
ATC — V03AN04. -
ATC Vet — Q703AN04. • 
um  — N762921K75. :

P h a rm a co p o e id S . In  Eur. (se e  p . v ii)  a n d  Jpru A lso  in  USNĨ. 
P h . E u r . 8 : (N iơ o g e n ). T h e  m o n o g ra p h  a p p lìe s to  n itro g e n  
fo r m e d id n a l u se . A  c o lo u rle s s , o d o u rle ss g as. S o lu b le  1 in  
a b o u t 62  o f w a te r a n d  1 in  a b o u t 10  o f a lc o h o l b y  v o iu m e  a t 
2 0  d eg rees a n d  a t a  p re ss u re  o í 101 k p A . S to re  as a 
co m p resse d  g as o r a liq u id  ỉn  a p p ro p ria te  c o n ta in e rs .
T h e  B P  2 0 1 4  d ire c ts  th a t n itro g e n  sh o u ld  b e k e p t in  
ap p ro ved  m e ta l c y lin d e rs , th e  sh o u ld e rs  o f w h ic h  a re  
p a in te d  b la c k  a n d  th e  re m a in d e r g re y . T h e  c y lin d e r sh o u ld  
c a rry  a la b e l s ta tin g  'N itto g e n '.
P h . E u r . 8 : (N iư o g e n , L o w -o x y g e n ). th e  m o n o g rap h  
a p p lie s  to  n itro g e n  u se d  in  th e  p ro d u ctio n  o f a n  in e rt 
a tm o sp h e re  fo r B n ish e d  m e d id n a l P ro d u c ts th a t a re  
p a rtic u la r ly  s e n s itiv e  to  d e g ra d a tio n  b y  o xy g e n . A  c o lo u r- 
le s s , o d o u rle ss g a s. S o lu b le  1 in  a b o u t 6 2  ọ f w a te r a n d  1 in  
a b o u t 10 o ỉ a lc o h o l b y  v o lu m e  a t 2 0  d eg rees a n d  a t a 
p re ssu re  o ỉ 101 k p A . S to re  a s a  co m p resse d  gas o r a liq u id  in  
a p p ro p ria te  c o n ta in e rs .
U S N F  3 1 : (N itro g e n ). A  c o lo u rle s s , o d o u rle ss , ta ste le ss  g as. 
I t  is  n o n -A am m a b lc  a n d  d o es n o t su p p o rt co m b u stio n . 
S o lu b le  1 in  a b o u t 65  o f w a te r v / v  an d  1 in  a b o u t 9 o f 
a lc o h o l v / v  a t 2 0  d eg rees an d  a t a  p re ssu re  o f 7 6 0 m m H g . 
S to re  in  c y lin d e T S .
U S N F  3 1 : (N iư o g e n  9 7  P e rc e n t). I t  c o n ta in s  n o t le ss  th a n  
9 7 %  v /v  o f n itro g e n . S to re  in  c y lin d e rs  o r in  a  lo w -p re ssu re  
c o lle c tin g  ta n k .

Uses and Administratiorĩ
N iư o g e n  is  u se d  a s a d ilu e n t fo r p u re  o xy g e n  o r o th eT  a c tiv e  
g ases an d  a s a n  in e rt gas to  re p la c e  a ir  in  c o n ta in e rs  h o lđ in g  
o x id isa b le  su b sta n c e s . I t  is  a lso  u se d  as a n  a e ro so l p ro p e lla n t 
L iq u id  n itro g e n  is  u sed  a s a  c ry o th e ra p e u tic  a g e n t fo r th e  
re m o v a l o f w a rts  (p . 1 6 8 9 .3 ) a n d  fo r p re se rv a tio n  o f tissu e s 
a n d  o rg a n ism s.

Advẹrse EỈỊeđs
N iư o g e n  n a rc o s is  h a s b e e n  re p o rte d  a íte r u se  o f n itro g e n  
m ix tu re s  (su c h  a s a ir ) a t h ig h  p re ss u re , ỉo r  e xa m p le  in  deep - 
w a te r d iv in g . U n d e r h ig h  p re ss u re . n iư o g e n  d isso lv e s  in  
b lo o d  an d  lip id . I I  d e co m p re ss io n  is  to o  ra p id , n itro g e n  
e ỉỉe rv e sc e s  fro m  b o d y  S to re s p ro d u d n g  gas e m b o li an d  le ad s 
to  th e  sy n d ro m e  o f d e co m p re ss io n  s ic k n e ss . H ig h  in h a le d  
c o n c e n tra tio n s o f n itro g e n  a re  a sp h y x ia m . S k in  c o n ta a  
w ith  liq u id  n iư o g e n  c au se s h o stb ite  o r b u m s .
R e íe re n c e s .

1. Roblin p. etal. Lỉquid niưogen injury: a case report. Burm 1997; 23:638- 
40.

2. Kembach-YVighton G. et ai. Cỉỉnical and morphologỉcal aspects oí deaỉh 
due 10 liquid nicrogeo. Irtí J Legal Med 1998; 111:191-5.

3. KopÌewhz BZ. et al. Gasưic perforatíon aorỉbutabie 10 lỉquid oitrogen 
ingestion. Pediatria 2000; 105: 12Ỉ-3.

4. Kỉm DH. Lee HJ. Evaporated liquỉd nỉữogen-induced asphyxia: a case 
icpon. J Kareatt Med Sã 2008; 23: 163-5.

Preparatíons
P ro p ria la ry  Prg p arotio ra  (d e ta ils  a re  g iven  in  V o lum e B ) 

S in g le -tn g rK lien t Prapora H ons. Betg.: A ira p y ; Neth.: A ira p y .

M uKnngred ient P rsp a ro lio n s. CatuuL: Lu n g  D iS u sio n  T e st M ix  
N o Ne C o ; Lu n g  D iR u sio n  T e st M ix tu re  G as; Denm.: A ira p y ; 
Fáu: A ìra p y .

O x y g e n
Deguonis; Ẹ948;' Hạpịpi; Kyslík; Ọssigeno; Oxigénl Oxígeno; 
óxygène; Oxygenium; Oxýgehum; Sauerstoí Tlen; Kncnop- 
0fl. ■ ,  : : V  1 'í; ' ; r :
02=31.998. ..

The Symbol t  denotes a preparatìon no longer actively marketed
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CAS é - 7782-44-7,.............................. -
ATC —  V03AN01. ■ ' •• •>
A7C.Vet.-Q/03AN01.
UNIi— 'S88TT14065.

Pharmacopoeias. In  Chúi., Eur. (se e  p . v ii) , Int., Jpn, us, an d  
Vừt.
P h . B u r . 8 : (O x y g e n ). A  c o lo u rle ss  g a s. S o lu b le  1 in  a b o u t 32  
o f w a te r b y  v õ lu m e  a t 2 0  d eg rees a n d  a t a p re ssu re  o f 
101 k P a . S to re  a s a  co m p re sse d  gas o r liq u id  in  a p p ro p ria te  
c o n ta in e rs . O ils  an d  g re a se  a re  n o t to  b e  u se d  u n le ss  
o xy g e n -co m p a tìb le .
T h e  B P  2 0 1 4  d ire c ts  th a t o xy g e n  sh o u ld  b e k e p t in  ap p ro ve d  
m e ta l c y lin d e rs , th e  sh o u ld e rs  o f w h ic h  a re  p a in te d  vv h ite  
a n d  th e  re m a in d e r b la c k . T h e  c y lin d e r sh o u ld  c a rry  a  la b e l 
sta ó n g  'O x y g e n '. In  a d d itio n , 'O x y g e n ' o r th e  Sym b o l 'O j' 
sh o u ỉd  b e  s te n d lle d  in  p a in t o n  th e  sh o u ld e r o ỉ th e  c y lin d e r. 

■ P h . E u r . 8 : (O xy g e n  (9 3  p e r c e n t)). I t  c o n ta in s  9 0 .0 %  v / v  to  
9 6 .0 %  v / v  o f O j, th e  re m a in d e r m a in ly  c o n s is tin g  o f a rg o n  
a n d  n iư o g e n . A  c o lo u rle ss  g a s. I t  is  n o rm a lly  u sed  o n  th e  s ite  
vvh e re  it  is  p ro d u ce d . I t  is  fed  d ire c tiy  in to  a m e d ic in a l gas 
p ip e lin e  o r a d m in isư a tio n  S yste m . W h e re  a u th o ríse d , it  m ay  
b e sto re d  in  su ita b le  c o n ta in e rs . O ils  a n d  g re ase  a re  n o t to  be 
u se d  u n le ss  o xy g e n -co m p a tib le .
P h . E u r . 8 : (A ir , M e d id n a l; A e r M e d id n a lis ; M e d ica l A ir  B P  
2 0 1 4 ). I t  is  co m p resse d  a m b ie n t a ir  c o n ta in in g  n o t le ss th a n  
2 0 .4 %  an d  n o t m o re  th a n  2 1 .4 %  o f o x y g e n . A  c o lo u rle ss , 
o d o u rle ss  g as. S o lu b le  1 in  a b o u t 50  o f vva te r b y  v o lu m e  a t 
2 0  d eg rees an d  a t a p re ssu re  o f 101 k P a . S to re  as a g as in  
su ita b le  c o n ta in e rs .
P h . E u r . 8 : (A ir , S y n th e tlc  M e d id n a l: A e r M e d id n a lis  
A rt ih d o s u s ; S y n th e tìc  A ir  B P  2 0 1 4 ). I t  is  a m ix tu re  o f 
n itro g e n  an d  o xy g e n  c o n ta in in g  b e tvveen  2 1 .0 %  an d  2 2 .5 %  
o f o x y g e n . A  c o lo u rle s s , o d o u rle ss g as. S o lu b le  1 Ú I a b o u t 50  
o f w ã te r b y  v o lu m e  a t 2 0  d eg rees a n d  a t a  p re ssu re  o f 
101 k P a . S to re  a s a co m p re sse d  gas in  su ita b le  c o n ta in e rs . 
U S P  3 6 : (O x y g e n ). A  c o lo u rle s s , o d o u rle ss , ta ste le ss  gas th a t 
su p p o rts c o m b u stio n  m o re  e n e rg e tic a lly  th a n  does a ir . 
S o lu b le  1 in  a b o u t 3 2  o f w a te r v / v  a n d  1 in  ab o u t 7  o f 
a lc o h o l v / v  a t 2 0  d e g re e s an d  a t a p re ssu re  o f 7 6 0 m m H g . 
S to re  in  c y lin d e rs  o r in  a p re ssu rise d  sto ra g e  ta n k .
U S P  3 6 : (M e d ic a l A ir ) . A  n a tu ra l o r s y n th e tic  m ix tu re  o í 
g ases c o n s istin g  la rg e ly  o f n itro g e n  a n d  o x y g e n . It  c o n ta in s  
n o t le s s  th a n  1 9 .5 %  a n d  n o t m o re  th a n  2 3 .5 %  o f o xy g e n . 
S to re  in  c y lin d e rs  o r in  a lo vv p re ssu re  c o lle c tin g  ta n k .
U S P  3 6 : (O xy g e n  9 3  P e rc e n t). It  c o n ta in s  n o t le ss  th a n  9 0 %  
v / v  a n d  n o t m o re  th a n  9 6 %  v / v  o f o xy g e n , th e  re m a in d e r 
c o n s is tin g  m o stly  o i  a rg o n  an d  n itro g e n . S to re  in  c y lin d e rs  
o r in  a  lo w -p re ssu re  c o lle c tin g  ta n k .

Ưses and Administration
O xy g e n  co m p rise s a b o u t 2 1 %  o f a m b ie n t a ir  (a t sea le v e l) 
a n d  is  e s se n tỉa l ỉo r  h u m a n  liíe . S u p p le m e n ta ry  in h a le d  
o xy g e n  m a y  b e  n e c e ssa ry  to  p re v e n t o r c o r re a  h y p o xa e m ia  
a n d  in c re a s e  o xy g e n  d e liv e ry  to  th e  tis su e s  in  s itu a tio n s  
w h e re  th e  a m b ie n t a ứ  is  u n a b le  to  m e e t th e  b o d y 's  
d e m an d s. I t  is  u se d  in  re s p ira to ry  ỉa ilu re  (p . 1 8 0 1 .1 ), a s  a n  
a d ju n a  to  sp e õ G c ư e a tm e n t o f th e  u n d e rỉy in g  cau se  an d  
g e n e ra l m e a su re s su  c h  a s c o rre c tio n  o ỉ a n a e m ia  o r 
re p o s itio n in g  o f th e  p a tie n L  I t  is  a lso  u sed  in  s itu a tỉo n s  
w h e re  th e  o xy g e n  c o n te n t o f th e  a ir  b re a th e d  is  in a d e q u a te , 
ío r  e xa m p le  in  th e  m an a g e m e n t o f h ig h -a ltitu d e  d iso rd e rs  
(p . 1 2 7 6 .2 ).

O xy g e n  is  o f v a lu e  in  th e  tre a tm e n t o í p o iso n in g  w ith  
s e v e ra l su b sta n c e s , in d u d in g  ca rb o n  m o n o x id e  (p . 1 7 9 8 .1 ), 
c y a n id e s  (se e  u n d e r H y d ro c y a n ic  A d d , p . 2 1 5 6 .2 ), a n d  
d ich lo ro m e th a n e  (p . 2 1 8 1 .2 ). I t  is  a lso  u se d  in  in h a la tio n  
in ju r y  a n d  in  p o iso n in g  w ith  a sp h y x ia m  g a se s. W o rk e rs  in  
p re ss u rise d  sp ace s a n d  d iv e rs  m ay  b re a th e  o xy g e n  ra th e r 
th a n  a ir  to  re d u c e  th e  r is k  o i  n itto g e n  n a rc o s is . a lth o u g h  
m ix tu re s  o ỉ o xy g e n  w ith  a n  in e rt gas su  ch  a s h e liu m  m a y  b e  
p re íe rre d  to  re d u c e  th e  r is k  oí  o xy g e n  to x id ty . O xy g e n  i ỉ  
a lso  u se d  a s a  d ilu e n t o ỉ v o la t ile  a n d  g aseo u s a n a e s th e tic s .

S u p p le m e n ta ry  o x y g e n  is  u s u a lly  p ro v id e d  a t  a  
c o n c e n tra tio n  o t  1 0 0 %  a s a  co m p resse d  g as in  m e ta l 
c y lin d e rs , b u t is  a lso  a v a ila b le  a s liq tũ d  o xy g e n , su p p lie d  a t 
lo w  te m p e ra tu re s  in  in s u la te d  c o n ta in e rs . O x y g e n  
c o n c e n tra to rs , w h ic h  e x tra c t o xy g e n  ỉro m  th e  a ir , c a n  
p ro v id e  c o n c e n tra tio n s  o f 9 5  to  9 8 %  a n d  a re  u s e íu l ỉo r  
d o m id lia ry  th e ra p y , e sp e d a lly  in  p a tie n ts  u sin g  la rg e  
q u a n titie s  o f o x y g e n . O x y g e n  is  u se d  in  v a ry in g  
c o n c e n tra tio n ỉ, a n d  th is  is  c o n tro lle d  b y  th e  flo w  ra  te  a n d  
d e liv e ry  S yste m . In  g e n e ra l, th e  e x a c t c o n c e n ơ a tio n  in h a le d  
is  n o t c r it ic a l, a n d  m o st d e liv e ry  System s w o rk  b y  a d ju s tin g  
th e  flo w  ra te  to  p ro v id e  a n  a p p ro x im a te  d o se . N a sa l 
c a n n u la e  d e liv e r-c o n c e n tra tio n s  o f 2 4  to  4 0 %  a t flo w  ra te s  
o í 1 to  4 lin e s /m in u te  a n d  a re  tv id e ly  u se d . p a rũ c u la rly  ío r  
d o m id lia ry  th e ra p y . S ta n d a rd  ía c e  m ask s d e liv e r c o n c e n - 
tra tio n s  o f 4 0  to  6 0 %  a t flo w  ra te s  o f 5 to  lO litre s /m in u te , 
w h ilé  re s e rv o ứ  m a sk s  a llo w  flo w  ra te s  oi  1 0  to  
1 5 1 itre s/m in u te  a n d  o xy g e n  c o n c e n tra tio n s  o f 6 0  to  9 0 % . 
W h e re  m o re  p re d se  d o sag e  is  re q u ire d  V e n tu r i m asks m a y

b e u se d ; th e se  p ro v id e  a  s e t o x y g e n  c o n c e n tra tio n  
in d e p e n d e n t oi th e  flo w  ra te  a n d  a re  a v a ila b le  fo r a  ra n g e  
o f c o n c e n tra tio n s b e tw e e n  2 4  a n d  6 0 % . H  v e ry  h ig h  do ses 
a re  re q iù re d , e n d o tra c h e a l tu b e s o r o xy g e n  te n ts  c a n  b e  
u sed  tô  d e liv e r c o n c e n tra tìo n s  o ỉ u p  to  1 0 0 % .

T h e  c o n c e n tra tio n  o f in s p ire đ  o xy g e n  u se d  h a s  g e n e ra lly  
b een  d e te rm in e d  b y  th e  c o n d ỉtio n  b e in g  tre a te d , b u t ỉo r  
a cu te  th e ra p y  it  is  n o w  c o n s id e re d  p re ỉe ra b le  to  a d ju s t th e  
c o n c e n tra tío n  in  lin e  w ith  th e  p a tie n t's  o xy g e n  s a tu ra tio n . 
F o r m o st p a d e n ts , th e  ta r g e t  o x y g e n  s a tu r a t lo n , 
m e asu re d  b y  p u lse  o x im e try , sh o u ld  b e  9 4  to  9 8 % . 
H o w e v e r, fo r p a tíe n ts  w ith  h y p e rc a p n la  o r a t r is k  o f 
h y p e rc a p n ia , a  lo v v e r ta rg e t ra n g e  o f 8 8  to  9 2 %  is  
reco m m en d ed  (se e  C h ro n ic  L u n g  D iso rd e rs  u n d e r P re ca u - 
tío n s , p . 1 8 0 2 .1 ). S u g g este d  in it ia l c o n c e n tra tio n s  an d  
d e liv e rỹ  System s á re  as ío llo v v s :
•  c r it ic a lly  i l l  p a tie n ts , in d u d in g  th o se  w dth  ca rb o n  

m o n o x id e  p o is o n in g : h ig h  c o n c e n tra tio n  o xy g e n  
(re s e rv o ir m ask  a t flo w  ra te  o f 15 liữ e s /m in u te )

•  p a tie n ts  w ith  a cu te  h y p o xa e m ia  d u e  to  c o n d ỉtio n s  su ch  
as a cu te  a sth m a , p n e u m o n ia , p u lm o n a ry  e m b o lism , and  
p o sto p e ra tiv e ly : m o d e ra te  c o n c e n tra tio n  th e ra p y
• o xy g e n  sa tu ra tio n  b e lo w  8 5 % : re s e rv o ir m ask  a t flo w  

ra te  o f 10 to  15 litre s /m in u te
• o xy g e n  sa tu ra tio n  8 5 %  o r h ig h e n  n a sa l c a n n u la e  o r 

s im p le  fa ce  m ask  a t flo w  ra te  o f 2  to  lO liư e s /m in u te
•  p a ú e n ts v v ith  c h ro n ic  o b s tru c tiv e  p u lm o n a ry  d ise a se  o r 

o th e n v ise  a t r is k  o f h y p e rc a p n ia : lo w  c o n c e n tra tio n  
(c o n ư o lle d ) o xy g e n  th e rã p y
• if  o xy g e n  sa tu ra tio n  u n k n o w n : 2 8 %  a t 4 liư e s /m i-  

n u te , o r 2 4 %  a t 2 to  4  Iitre s /m in u te  ư  th e re  is  a h is to ry  
o f h yp e rca p n ia  (v ía  V e n tu r i m a sk )

•  o xy g e n  sa tu ra tio n  b e Io w  8 8 % : n a sa l c a n n u la e  a t 2 to  
6 litre s /m in u te  o r s im p le  fa c e  m a sk  a t 5 litre s /m in u te

H y p e rb a ric  o xy g e n  th e ra p y , in  v v h ic h  o xy g e n  is  g iv e n  a t 
p re ssu re s g re a te r th a n  1 a u n o sp h e re , h a s  a n  e sta b lish e d  ro le  
in  th e  m an ag e m e n t o f d e co m p re ss io n  s ic k n e ss  an d  gas 
e m b o li. I t  m ay  a lso  b e u sed  in  c a rb o n  m o n o x id e  p o iso n in g , 
se ve re  a n a e ro b ic  in íe c tio n , a n d  s e v e ra l o th e r co n d iú o n s , 
a lth o u g h  th is  is  m o re  c o n tro v e rs ia l; fo r h irth e r d isc u ss io n , 
see b e lo w .
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ơ u s te r  h e a d a c h e . R a n d o m ìse d  s tu d ie s1-2 a n d  case  se rie s3 
h a v e  su g g ested  th a t in h a la tio n  o f 1 0 0 %  o xy g e n  can  
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H y p e rb a ric  o x y g e n  ih e ra p y . H y p e rb a ric  o xy g e n  th e r- 
a p y 1'3 in v o lv e s  th e  in h a la tio n  o f 1 0 0 %  o xy g e n  a t a  p re s- 
su re  o ỉ g re a te r th a n  ỉ  a tm o sp h e re  a n d  ìs  g iv e n  b y  e n d o s- 
in g  th e  p a tie n t in  a  sp e d a l h ig h -p re ssu re  c h a m b e r. T h e  
o p tú n u m  p re ssu re  an d  d u ra tio n  o f ư e a tm e n t d ep en d  on  
th e  in d ic a tio n , b u t p re ssu re s  o ỉ 2 .5  to  3 a tm o sp h e re s ío r 
p e rio đ s fro m  4 5  m in u te s  to  2  h o u rs  a re  co m m o n ly  u se d . A  
s in g le  se ss io n  m ay  b e a d e q ú a te  ío r  so m e in d ic a tio n s , b u t 
tre a tm e n t is  u s u a lly  re p e a te d  o n ce  o r tw ic e  d a ily  an d  u p

to  4 0  se ss io n s m ay  b e  re q u ũ e d . H y p e rb a ric  o xy g e n  th e r-  
a p y  is  g e n e ra U y  s ã ỉe , b u t a d ve rse  e ữ e c ts m ay  o c c u r (se e  
p . 1 8 0 1 .3 ); in te n n itte n t re p la ce m e n t o f o xy g e n  w ith  a ir  a s 
th e  in sp ire d  g as m a y  re d u c e  th e  r is k  o f o xy g e n  to x id ty .2

H y p e rb a ric  o xy g e n  th e ra p y  a p p ears to  a a  b y  2 m a in  
m e ch a n ism s . T h e  in c re a se d  p re ssu re  h a s  a  p h y s ic a l e ữ e c t, 
re d u d n g  th e  s iz e  o f g as b u b b le s w ith in  th e  d rc u la tio n , 
w h ic h  is  o ỉ b e n e fit in  d e co m p re ss io n  s ic k n e ss  an d  gas 
e m b o lism . In  a d d itio n , th e  a m o u n t o f o xy g e n  d isso lv e d  in  
th e  b lo o d  in c re a se s  u n d e r p re ss u re , in c re a s in g  tis s u e  o xy g e n  
su p p ly . T h is  h y p e ro x ia  h a s v a rio u s  p h y s io lo g ic a l an d  
b io d ie m ic a l e H e cts, in d u d in g  s tim u la tío n  o f w o u n d  h e a lin g  
a n d  d ssu e  re p a ir an d  im p ro v e d  re s is ta n c e  to  in íe c t io n .

T h e ra p y  w ith  h y p e tb a ric  o xy g e n  h a s b een  tr ie d  in  m an y  
d iso rd e rs , b u t fo r m o st th e re  h a ve  b e e n  fe w  c o n ơ o lle d  
s tu d ie s  a n d  e v ìd e n ce  o ỉ b e n e fit is  th e re fo re  lim ite d . 
H o v v e v e r, th e re  a re  se v e ra l a cce p te d  in d ic a tio n s . an d  
re s e a rc h  c o n tin u e s  in  m a n y  o th e r d iso rd e rs .

T h e  ro le  oi h y p e rb a ric  o xy g e n  th e ra p y  a s a sa fe  an d  
e ííe c t iv c  p rim a ry  th e ra p y  fo r decompressừm sickntss a n d  air or 
gas embolism is  w e ll e s ta b lish e d . R e d u ctio n  in  b u b b le  s iz e  is  
th e  m a in  a c tio n , a lth o u g h  th e  in c re a se  in  o xy g e n a tio n  m ay  
a lso  b e b e n e lỉd a l. P re ssu re s  a re  g e n e ra lly  s im ila r to  th o se  
u sed  fo r o th e r in d ic a tio n s  ( in it ia lly  a b o u t 2 .8 a tm o sp h e re s ). 
a lth o u g h  u p  to  6 a tm o sp h e re s m ay  b e re q u ire d . T h e  
p re ssu re  m ay  th e n  be g ra d u a lly  re d u ce d  a t a sa ĩe  ra te .

H y p e rb a ric  o xy g e n  th e ra p y  h as b e e n  v v id e ly  reco m - 
m en d ed  ỉo r  carbon monoxidc poisoning b u t its  p re d se  ro le  
re m a in s u n d e a r (se e  p . 1 7 9 8 .1 ); it  m a y  be c o n sid e re d  in  
se le c te d  p a tie n ts . Its  m e ch a n ism  o f a c tio n  is  n o t fu lly  
u n d e rsto o d ; it  in c re a se s th e  ra te  a i v v h ic h  ca rb o xyh a e m o - 
g lo b in  c o n c e n tra tio n s  d e c lin e , in c re a s e s  in ư a c e llu la r  
d e liv e ry  o f o xy g e n , an d  m ay  a lso  re d u c e  lip id  p e ro x id a rio n  
an d  th u s  sp a re  n e u ro n a l c e ll m e m b ra n e s.

In  th e  m an ag em en t o f wounds and infections, h y p e rb a ric  
o xy g e n  h a s v a rio u s  a p p lic a tio n s .*  It  is  u sed  as a d ju n c tiv e  
th e ra p y  in  doitridial ìnfeơions (gasgangrene) (p . 1 8 2 .2 ). E a r ly  
ư e a tm e n t a p p e ars to  re d u c e  sy ste m ic  to x ic  re a c tio n s 
(p ro b a b ly  b y  in h ib itin g  th e  p ro d u ctio n  o í a lp h a  to x in  b y  th e  
a n a e ro b ic  b a a e ria , ơoỉtridìum)  th u s e n a b lin g  p a tíe n ts  to  
to le ra te  su rg e ry  m o re  re a d ily ; a d d itio n a lly  th e re  is  a d e a re r 
d e m a rca tio n  o f v ia b le  an d  n o n v ia b le  tis s u e . Neavtừing 
fasáitis (p . 1 9 3 .1 ) is  a n o th e r in íe c tio n  in  v v h ic h  h y p e rb a ric  
o xy g e n  th e ra p y  m ay b e  u s e íu l, a lth o u g h  e v id e n c e  is  lim ite d . 
O th e r ừ iíe c tio n s  in  w h ic h  h y p e rb a ric  o xy g e n  th e ra p y  m ay 
b e u sed  in c lu d e  o s te o m y e litis , and  in tra c ra n ia l a b sce sse s.

T h e re  is  so m e e v id e n c e  th a t h y p e rb a ric  o xy g e n  m ay  be 
u s e íu l in  n o n -in fe cte d  vvo u n d s w h e re  h y p o x ia  c o n trib u te s  
to  p o o r h e a lin g .5-6 In  problem wounds. in d u d in g  ve n o u s 
u lc e rs , th e ra p y  m a y  in c re a s e  th e  tissu e  o xy g e n  te n s io n  an d  
s tim u la te  an g io n e o g e n e sis b u t it  is  e m p h a sise d  th a t it  is  
a d ju n c tiv e  th e ra p y  an d  n o t a re p la ce m e n t fo r m e ticu lo u s 
lo c a l ca re . H y p e rb a ric  o xy g e n  th e ra p y  m ig h t a lso  re d u ce  th e  
r ís k  o f m a jo r a m p u ta tio n  in  p a tíe n ts  w ith  c h ro n ic  diabetic 
foot uker.7-‘  Im p ro v e d  h e a lin g  o f le g  u lc e rs  h a s b een  
re p o rte d ’  w ith  u se  o f h y p e rb a ric  o xy g e n  th e ra p y  in  p a tie n ts  
w ith  liv e d o id  v a sc u lo p a th y . O th e r vvo u n d s in  w h ic h  
th e ra p y  m ay  be b e n e h d a l in d u d e  th e rm a l b u m s an d  
co m p ro m ise d  sk in  g ra lts  an d  fla p s . T h e  m an ag em en t o f 
b u m s a n d  vvo u n d s is  d e sc rib e d  o n  p . 1 6 8 3 .1  a n d  p . 1 6 9 0 .1 , 
re s p e c tiv e ly . H y p e rb a ric  o xy g e n  m ay a lso  be o f b e n e fit in  
p a tie n ts  w ith  a cu te  tra u m a  an d  crush ìnjunes;'0 it  re d u ce s 
o ed em a b y  ca u sin g  v a so c o n stric rio n  an d  m a y  re ve rse  
isc h a e m ia  b y  in c re a s in g  o xy g e n  d e liv e ry .

In  p a tie n ts  w ith  m a lig n a n c y , h y p e rb a ric  o xy g e n  m ay 
h a v e  a  ro le  in  th e  tre a tm e n t o f radiation-ãiduced tisau  
damagr," ra d ia tio n  th e ra p y  c a n  d am ag e n o rm a l a d ja c e n t 
tis s u e  re s u ltin g  in  tissu e  h y p o x la  and  e v e n tu a l c e ll d e a th  b u t 
h y p e rb a ric  o xy g e n  th e ra p y  a p p ears to  a id  in  sa lv a g ìn g  su ch  
tis s u e  b y  s tim u la tin g  a n g io n e o g e n e sis in  m a rg in a lly  v ia b le  
tis s u e . T h e re  is  so m e e v id e n c e  o f b e n e S t in  o ste o rad io n e - 
c ro s is , so ft- tis su e  d am ag e , an d  ra d ia tìo n -in d u c e d  h ae m o r- 
rh a g ic  c y s t itis  (p . 2 3 4 7 .3 ), a lth o u g h  a  ra n d o m ise d  stu d y 12 
la ile d  to  c o n firm  th is  in  p a tie n ts  w ith  ja w  o ste o rad io n e - 
c ro s is . H y p e rb a ric  o xy g e n  h a s a lso  b e e n  trie d  a s a n  a d ju n c t 
to  S ta n d a rd  ơ e a tm e n t fo r m a lig n a n t n e o p la sm s b u t does n o t 
y e t h a v e  a n  e sta b lish e d  ro le .lJ

E v id e n c e  to  su p p o rt th e  u se  o f h y p e rb a ric  o xy g e n  in  
neurological dừorden is  lim ite d . B e n e B ts h a v e  b e e n  re p o rte d  
in  c h ild re n  w ith  certbral palsy, b u t th is  h a s  n o t b een  
e s ta b lish e d , an d  th e re  is  so m e e v id e n c e  th a t it  is  n o  b e tte r 
th a n  p re ssu rìse d  a ir .14 Im p ro v e ra e n t h a s b een  re p o rte d  in  
n e o n a te s w ith  h y p o x ic - isc h a e m ic  e n c e p h a lo p a th y ,15 b u t 
a g a in  h ir th e r  re se a rch  is  n e e d e d . A  stu d y  o f h y p e rb a ric  2 4 %  
o xy g e n  in  c h ild re n  w d th  a u tism  h a s a lso  sug g ested  
b e n e fits .“

H y p e rb a ric  o xy g e n  m a y  a lso  h a ve  a lim ite d  ro le  in  th e  
m an a g e m e n t o f se v e re  a n a e m ia  (p . 1 1 2 1 .2 ) d u e  to  m assiv e  
b lo o d  lo s s , s in c e  it  e n a b le s s u íB d e n t o xy g e n  to  b e d isso lve d  
in  th e  b lo o d  to  m e e t tis s u e  d e m an d s, in d e p e n d e n t o f 
h a e m o g lo b in . H o vve ve r, p ra c tic a l is su e s  m e an  th a t o th e r 
ư e a tm e n ts  a re  g e n e ra lly  p re íe rre d .
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Respiratory faihtre. Respiratoiy ỉailure is a dinỉcal condi- 
tíon in which the arterial plasma panial pressụre of oxy- 
gen (P,02) and of carbon dioxide (P,C02) cannot be main- 
tained within normal physiological limits. It may result 
from an abnormality in any pan of the respiratory System, 
induding aimays, alveoli, CNS, respữatory musdes, and 
drculation, and may be assodated with various underlying 
disorders; it may be acute or chronic. In type I respiratory 
ỉailure p,02 is low (hypoxaemia) but P,C02 may be nor- 
mal or low, whereas in type n  respiratory ỉailure p,02is 
low but P,C02is raised (hypercapnia). Type I respiratọry 
ỉailure is most common and can occur in most acute lung 
disorders; examples indude pulmonary oedema, pneu- 
monia, and pulmonary haemonhage. Type n respiratory 
íailure (also known as ventilatory lailure) is assotíated 
with conditions su ch as drug overdosage, neuromuscular 
disorders, and chronic ọbstructive airvvays disease. Patients 
with asthma may develop either type of respiratory fail- 
ure.

The signs and symptoms of respiratory ỉailure are those of 
the underlying condition plus any associated hypoxaemia or 
hypercapnia. Dyspnoea (painỉul or diHicult breathing) is 
common, and patients may also have tachypnoea, 
tachycardia and other arrhythmias, signs of cyanosis, and 
neurological symptoms such as conỉusion and somnolence.

Management of respiratory ỉailure mainly involves 
giving oxygen to reverse hypoxaemia, and spedfic therapy 
for any underiying condition. Invasive or non-invasive 
ventilatory support may be requữed in severe cases. 
Respiratory súmulants have a limited role but may be 
considered in some situatíons.

In acute respiratory ỉailure, oxygen is the mainstay of 
therapy.1-2 The concentration given should be the minimum 
required to reverse hypoxaemia and. ideally, should be 
determined by blood gas measurements or pulse oximetry. 
Use of oxygen in patients who are not hypoxaemic is not 
generally recommended,3 and there is no evidence that it is 
benehdal for dyspnoea assodated with causes such as 
cancer or heart íailure.4

In type I  respiratory Ịailure  high initial oxygen 
concentrations are given using nasal cannulae or face 
masks and target oxygen saturations are 94 to 98%. 
Ventilatory support may be required if adequate saturations 
cannot be maintained using reservoir masks.

In typc n  respiratory failure  initial oxygen concentra- 
tions depend on the risk of exacerbatìng hypercapnia and 
addosis:
• In acute severe asthma (p. 1195.2), hypercapnia is not a 

barrier to oxygen therapy and oxygen shouid be given 
from a reservoừ mask. at a flow rate of 10 to 
15 litres/minute (if oxygen saturation is beiovv 85%), or 
ừom nasal cannulae or a simple face mask at a flow rate 
of 2 to lOlitres/minute ư oxygen saturation is 85% or 
higher.3 (The BNF notes that if the P,C02 remains high 
despite other treatment, intermittent positive-pressure 
ventilation needs to be considered urgently.)

• In exacerbationỉ of chronic respiratory disorders such as 
dirorãc obstruứive pulmonary dừease (COPD, p. 1199.1), 
cystic Sbrosis (p. 177.2), or neuromuscular disorders, 
high concenưations of oxygen may exacerbate hyper- 
capnia (see Precautions, p. 1802.1), panỉcularly if given 
for a long period. Controlled delivery o{ low concenưa- 
tìons (24 to 28%) is therríore recommended for initial 
therapy,3-5 although this is based on consensus opinion 
rather than conưolled studies.

Ventilatory support is required in paúents with respiratory 
failure vvhen hypoxaemia persists or u hypercapnia and 
addosis tvorsen. This generally involves endotracheal 
intubaúon and invasive ventilaúon, but the use oỉ 
non-invasive methods is increasing and may be preỉerred 
in many situations, particuỉarly in exaceibations oỉ chronic 
conditíons.4 Use of gas mixtures that are less dense than air, 
su ch as mixtures oỉ helium and oxygen, has been tried in 
acute respiratory tailure to reduce the work oỉ breathing, 
but is not oỉ established beneht.7 In extreme cases of 
respiratory ỉailure, such as acute respiiatory distress 
syndrome, extracorporeal membrane oxygenation 
(ECMO) may be tried,* although evidence for beneHt is 
limited.

Respiratory stimulants such as doxapram have been used 
in respữatory íailure but their role is limited. In patients 
with exacerbations of chronic ventilatory failure, the Central 
drive to respiratory musdes is already increased and 
stimulants have little eữect, although they may be tried in 
patients who are unsuitable for mechanical ventìlation or 
where this is unavailable. Respiratory stỉmulants may also 
be considered in the management of postanaeỉthetic 
hypơvcntilatiơn. Specihc antagonists such as naloxone and 
flumazenil may have a role ìf respiratory depression is due 
to drugs such as opioids or benzodiazepines, respectively, 
although care is needed since therapeutic eữects may be 
reduced.

Severe respiratory lailure in rưonates may result from 
various disorders. Use of suríactant or inhaled nitric oxide 
may be of beneht in some cases but ECMO may be 
requữed.9

In chronic respiratory íailure, management involves 
treating the underlying cause and dealing with acute 
exacerbations, but oxygen therapy may have a role in some 
patíents with stable dỉsease. Long-term oxygen therapy, 
given by nasal cannulae, may improve survlval in patients 
with severe chronic obsưuctive pulmonary disease and 
persistent hypoxaemia, and should.be given for at least 15 
hours each day.3,10 Patients may also use intermittent, 
'short-burst' oxygen to improve symptoms assodated with 
exerdse, although beneht is not established.5-10 There is also 
limited evidence to support the use of nocttưnal oxygen in 
patients wìth noctumal hypoxaemia.3
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Ị Wounds. Hyperbaric oxygen therapy may have a role in 
ị the management of iníected and problem vvounds (see 
1 p. 1800.2). Supplemental normobaric oxygen has also 

been tried in the prevention of postoperative wound iníec- 
tions. Although the results of individual studies remain 
conưadinory, a meta-analysis1 conduded that oxygen, at 
80%, provided a beneficial eííect. However, a more recent 
multicenưe study2 íound no reduced risk of iníection aíter 
80% rather than 30% oxygen. during, and for 2 hours 
aíter, surgery.

Oxygen has also been applied topicalỉy to vvounds.3
1. Qadan M. tí ai. Perioperative supplemental oxygen therapy and surgỉcal 

site iníection: a meta-analysis of randomixed conưolled triaiỉ. Arch Suty 
2009; 144: 359-66.

2. Meyhoff cs, tí aỉ. Effect of hỉgh perioperaúve oxygen íraaion on 
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surgery: the PROXI randoraúed dinícaỉ trial. JAMA 2009; 302: ỉ 543-50.
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Adverse Ẹịĩects
Oxygen is essential for life but inhalaúon of high 
concenơations may have adverse eữects, particularly with 
prolonged exposure at higher pressures. Both pulmonary

and CNS ettects may occur. Pulmonary toxidty usually 
results bom prolongẽd or repeated exposure. Symptoms 
indude cough. dyspnoea, and substemal discomíort and 
there may also be a reduction in vital capadty; aỉveolar 
collapse (absorption atelectasis), pulmonary oedema, and 
pneumonitis have also been reported. CNS toxidty is 
usually only seen at pressures above 2  atmospheres absoiute 
but generally precedes pulmonary toxidty; the rísk is higher 
in wet conditions and with physical activity. Symptoms 
indude nausea, mood changes, vertigo, twitching, con- 
vulsions, and loss oí consdousness. Toxic eííects on the eyes 
may also occur (see Hyperbaric Oxygen Therapy, and 
Retinopathy oỉ Prematurity, below).

The mechanism of oxygen toxidty is not dear, but may 
involve an increase in oxygen &ee radicals. Hyperoxaemỉa 
may also have adverse physiological eííects related to 
cerebral and coronary vasoconstriction. It is also increas- 
ingly recognised that high inhaled concentrations oỉ oxygen 
may be detrimental in patients vvith chronic lung disorden 
due to the eữects oí oxygen on ventilation (see Precautíons,
p. 1802.1).

Hyperbaric oxygen therapy. CNS toxidty is an important 
and unpredictable adverse eữea with inhalation oỉ oxygen 
at pressures higher than atmospheríc both during hyper- 
baric oxygen therapy and when used by dlvers.1 Hyperba- 
ric oxygen is also assodated with pulmonary toxidty, par- 
ticularly after repeated neatments. Complications related 
to the increased pressure also occur.2"’ Barotrauma aữea- 
ing the middle ear and sinuses is relatively common, and 
tympanic membrane rupture may resulL Pulmonary baro- 
ưauma and pneumothorax hãve been reported, and 
dental barotrauma may rarely cause paỉn under a dental 
ãỉling. Visual changes induding myopia may occur, but 
are reversible once ữeatment is stopped; cataracts have 
been reponed but there iỉ no evidence that hypeibaric 
oxygen is the cause. Psychological adverse eữects su ch as 
daustrophobia may also occur.

1. Bitterman N. CNS oxygen toxỉdty. ỈM m ea HyperbMed2004: Bì: 63-72.
2. Gxỉm PS. tíaL  Hyperbãric oxygen thenpy. JAMA 1990; 263: 2216-20.
3. PUÍỈd c tí a i CompHcatỉons and sldẽ eíĩects of hyperbaric oxygen 

therapy. Avùtt Spaa Environ Mtd 2000; 71:1 ỉ 9-24.
4. GUI AL Bell CN. Ryperbarỉc oxygen: its uses. medunỉsms of actỉon and 

outcomes. Q J M ui2004: 97: 385-95.
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Retinopathy of prematurity. The role of oxygen in the 
development of retinopathy of prematurity has been con- 
ơoversial. 1-2 In the 1940s and 1950s an epidemic of retino- 
pathy oỉ prematurity. affecting perhaps 1 0 0 0 0  babies, was 
attributed to excessive use of oxygen in neonates. This 
resulted in the use of oxygen being reduced or curtailed 
and the mddence of the condition ỉell dramatícalỉy. How- 
ever, other complications increased and use of oxygen tvas 
later liberalised. possibly contributing to a resurgence of 
cases m the 1970s, although other ỉactors such as the 
improved survival of very pretenn neonates were probably 
more important. It is now generally accepted that very 
low birth-weight and extreme prematurity are the major 
risk faaors for retinopathy of prematuiity, but that exces- 
sive oxygen use also has an important role.3 Retinal devel- 
opment occurs late in gestation and depends to some 
extern on the relative hypoxia oí the uterine environ- 
ment. Supplementary oxygen inhibits production of vas- 
cular endothelial grovvth laaor, thereby mhibitìng retỉnal 
vascularisaúon. The lack of retinal blood vessels then leadỉ 
to hypoxìa. vvhich stimulates excessive neovascularisatìon, 
leading to retinal Gbrosis and detachment in severe cases. 
Generation of reactive oxygen spedes may also play a 
role.

! The optimum approach to oxygen supplementation in
1 iníants and neonates remains unclear (see under
I Precautions, p. 1802.2). Studies4-5 have suggested that 

polides in which oxygen use is adjusted for the ỉndividual 
neonate to maintain oxygen saturation (measured by pulse 
oximetry) vvithin spedĩic limitỉ. avoìding both hyperoxia 
and hypoxia. can reduce the inddence of retinopathy, and 
One study6 íound that this had no deleterious eííect on 
development at 18 months. The most approprìate oxygen 
saturation has not been determined, but may depend on the 
age of the inỉant: target saturarions oỉ 85 to 92% for 
gẽstational age less thăn 34 weeks and 92 to 97% for 
gestational age 34 weeks and above have been suggested.7 
For iníants who develop signs of reúnopathy, higher 
saturations may also be appropriate; a study1 of 
supplemental oxygen for treatingpre-threshold retinopathy 
suggested that therapy was safe, but a beneGdal effea could 
not be conhrmed.
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Precautions
Any fire or spark is highly dangerous in (he presence of 
increased oxygcn concentrations espeãally vvhen oxygen is 
used under pressure.

Metal cylinders containing oxygen should be fitted with 
a redudng valve by which the rate of flow can be controlled. 
It is ũnportant that the redudng valve should be free from 
all traces oí oil or grease (unless it is oxygen-compatible) as 
othenvise a violent explosion may occur. Combustible 
material soaked in liquid oxygen is porentiaUy explosive and 
the Iow temperature of Iiquid oxygen may cause unsuitable 
equipment to become brittle and cradc. Liquid oxygen 
should not be allovved to come into contact with the skin as 
it produces severe 'cold bums'.

Oxygen ỉntended íor aviatíon or mountain rescue must 
have a suffidently low moisture content to avoid bloddng of 
valves by ice at low temperatures.

Excessive oxygen may be detrimental in some patients 
with chronic lung disorders and in neonates, and high initial 
concentrations should generally be avoided unól oxygen 
saruratíons are knovvn (see belovv). Prophylactic oxygen is 
given in many acute situations but there is some evidence 
that it may be detrìmental in non-hypoxic patients and 
routine use may not be advisable (see Myocardial Iníarction 
and Pregnancy, belovv).

Oxygen should be avoided in the initial management oỉ 
paraquat poisoning since it may increase pulmonary 
damage. Puỉmonary toxiđty assodated with bleomydn 
toxidty may also be exaceibated by oxygen use.

ơ tronk  lung disease; Breathless paúents are írequently 
treated with 1 0 0 % oxygen but, paiadoxically, this may be 
detrimental in those with chronic lung disorders. 1'1 In 
dưonic obstructive pulmonary disease and in patients 
with chest wall deỉormỉties or musculoskeletal disorders. 
high concentrations of inhaled oxygen may lead to carbon 
dioxide retention (hypercapnia) and addosis, vvhich may 
in tum lead to organ dyshmction. The mechanism by 
whidi this occurs is complex but probably involves a 
reduction in hypoxic drive and an increased mismatching 
of blood flow and gas flow to the lungs. A lovver target 
oxygen saturation of 8 8  to 92% is recommended in su ch 
patients3 and inỉtial oxygen concentrations oỉ 24 to 28% 
should be used until oxygen saturation is knovra.
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Myocardìd iníarctkxi. Oxygen iỉ routinely recommended 
ỉor patients with acute myocardial iníarcúon (see 
p. 1257.1). Hotvever, a systemaóc revievv1 found that stu- 
dies were laddng, and the very limited evidence available 
indicated that the use oỉ high-Qovv oxygen in myocardial

inỉarctíon might increase inỉarct size and raise the risk oỉ 
mortality, possibly due to a reduction in coronary blood 
flow. The authors conduded that there was insuỉBdent 
evidence to support the practìce, and that ỉurther study 
was urgently needed.
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Naonates and iníanls. The use of supplemental oxygen in 
neonates and inỉants is controversial.1'3 For the rtsusd- 
tatũm oỉ asphyxiated tenn neonates, use of 100% oxygen 
has been Standard, but there is some evidence that the use 
of room aữ (21% oxygen) is equally eSective and possibly 
saíer. Hovvever, a systematic revỉetv4 conduded that there 
was insuffident evidence for recommendations to be 
made. Guidelines5'6 ÍOT neonatal resusdtation recommend 
the use oỉ either air or blended oxygen to achieve target 
oxygen saturations,5-6 although increasìng to 100% oxy- 
gen might be suitable for those vvho remain bradycardic 
aíter 90 seconds of resusdtatíon at lovver concentrations.* 
Pulse oximetry should be used to guide aeatment, with 
care taken to avoid both hypoxia and hyperoxia.,'< A 
study7 in preterm neonates lound that room air (21% 
oxygen) was insutĐdent to maintain adequate oxygen 
saturations and the authors suggested that an initial oxy- 
gen concentration of 30 to 40% might be more appropri- 
ate.

For rapiratory ỉupport in preterm neonates and inỉants, 
oxygen use should be dosely monitored. Excessive use of 
supplementary oxygen bas been assodated vvith retino- 
pathy of prematurity and cbronic lung disease,* and there is 
some evidence ỉor a link between neonatal oxygen 
supplementation and childhood cancer,’ although this 
remains to be conhrmed. However, unưeated hypoxia may 
result in permanent brain injury or death,’ and it has been 
suggested that oxygen supplementatíon improves sleep and 
respiratory pattems in healthy preterm iníants.10 Unrest- 
ricted use oỉ inhaled oxygen iỉ thereíore not advised, and 
the concentration given should be adjusted individually 
based on arterial-oxygen saturation measured by pulse 
oxúnetry. The optimum saturation range is not entírely 
dear," but taiget saturations of betvveen 85 and 93 to 94% 
have be en suggested2-3 for preterm neonates.
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Pregnancy. Oxygen has commonỉy bccn givcn to women 
duĩỉng labour as a treatment for fetaỉ dỉstress; howevcr, a 
systeinatíc review1 íound little evidence to support its usc. 
Funhcrmorc, prophylactic oxygen given duiing labour

may bc harmful to the fetus,2 and guidelines3 thereíore do 
not recommend thỉs practice.
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PreparaHons
Propriatary Preparalions (details are given in Volume B)

Single ingredianl Preporations. Belg.: Airapy; Cz.: Conoxia; 
Dtnm.: Conoxia; Fin.: Conoxia; Ger.: Conoxia; ItúL: Aria; 
Neth.: Airapy; Conoxia; Keol-C; Loxmed; Mediox; Norw.i Con- 
oxia; Spain: Conoxia; Keol-S.

MuhKngredỊent Preporotions. Bclg.: Kalinox; Canad.. Alnox; 
Carbogẽn: Entonox; Heliox; Liqũỉ-Med; Lung Diffuỉion Test 
Mix No Ne Co: Lung Diơusion Test Mixture Gas; Cz.: Hntonox; 
Dtnm.-. Airapy; Kalinox; Livopan; Medimix; Fin.: Airapy: Livo- 
pan; Fr.: Anusol; Bmonox; Kalinox: Oxynox; Ger.: Livopan; 
IrL: Entonox; Neth.: Donopa; Reiivopan: Pol.: Entonox; S.Afr.: 
Entonox; Spain: Entonox; Kalinox; Svtd.: Livopan; Medimix; 
Switz.: Enionox: Kalinox; Medimixt: VK: Entonox; Equanox.

Propane
Dimethylmethane; E944; Propano; Propyl Hydride; ĩlponaH.
C3Hb=44.10
CÁS — 74-98-ổ.
UNÌI—  T75W991ỈL6.

Pharmacopoeias. In USNF.
USNF 31: (Propane). A colourless gas. It is highly Uammable 
and explosive. Store in airtight cylinders at a temperature 
not exceeding 40 degrees.

P ro tiỊe

Propane is used as a reỉrigerant and as an aerosol propeỉỉant 
(p. 1797.1). It is also wide]y used as a fuel.

Toxicity bas been reported1'8 with the abuse or mỉsuse of 
propane.

1. James NK. Moss ALH. Cỡld injury ừotn Uquid propane. BMJ 1989; 299: 
950-1.

2. Siegeỉ E Wason s. Sudden death caused by inhaỉaổon of butane and 
propanc N Etìịỉ J Med 1990; 323: 1638.

3. TsoukaU H. tí ai. Death durỉng deiiberate propane inhalatíon. Fơrmic Sà 
IM 1998; 93: 1-4.

4. McLennan JJ, tí ai. Propane-aỉsoõated auioeroĩic ỉauỉỉhes. Am J Formsk 
MedPaíhol 1998; 19: 381-6.

5. Grosse K. Grosse J. Propanmissbraudỉ: enreme Dosissteỉgening durch 
Toleranzentwicklung. Nervenant 2000; 71: 50-3.

6. Jackowsỉd c  tí ai. Autoerotic acddent by inhaiadon of propane-butane 
gas mixture. Am J Fonraic Med Pathol 2005; 26: 355-9.

7. Stemberga V. tí aỉ. Propane-associated autoerotic asphyxiatíon: acddent 
or suidde? Coii Antropol 2007; 31: 625-7.

8. Bonamonte D. ff ai. Coid bura ữoni conua wỉth •  propane and butane 
gas bỉend ỉnside a spray canỉster Uỉed as a booter. ũmtaa Dermaãtừ 2008; 
59: 61-2.

Preparatìons
Propriotary Praparnlions (details are given in Volume B)

MuhHngradnnl Preporotions. Ger.: Olbas; Warmen IrL: Wart- 
ner; Israel-. Wartnerf; N ỉ: Warmen Singapore: Wartner; 
Switz.: Wartner: UK: Hĩỉtofreezer Wartnen USA: Compound 
w Freeze oa.

Ail cross-reíerences reíer to entries in Volume A
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Gastrointestinal Drugs
Gastrointestínal Drug Groups, p. l 803 

, Antacids, p.1803. : - 
. Ántídiãrrhõeals, p '1803: 

-Antiemetics,'p:1803 - 
: Antísecrètòry drugs, p. 1803 

- Àntispasmodics, p.-1803 :. .
Lăxativêvp: Ĩ8Ọ4; ' ; v 
MucootI protectđrìls, p. 1804 
Prokìnetíc drugs, p. 1804

Management of Gastroỉntestinal Disorders, p. 1804 
.. Aspiirátioh syndromes,' p. 1804

iGonstípationi p.,1804 
Decreàsed gastròintestinal motìlHy, p. 1805 

. Diarrhoea, p: 1805 
Diverticular disease, p. l 80Ó 
Dumping syndrome, p. 1806 
Dyspepsia, p. 1806 _
Eosmophilic òesóphagitis, p. 1807 • 
Gàstrointestínạl 'ipasm, p. 1807 
Gas#CKjésbplrageal reflụx dịseạse, p. 1807 
Haemòrrhoias, p. 1808''
Hepatic encephaíopathy, p. 1808

InAammatory bowel diséãse, p. 1808 
Irrílable bowei syndrome, p. 1810 
Microícopic colítỉs, p. 1811 
Moưth ulceration, p. 1811 

-. Nòuseaand vomiting. p. 1811 
Oesophagealmotility disorders, p. 1813 

■ Peptíc ulcẽr dissasé.p. 1813 ‘ 
zdlihgeríllisón syhdrome, p: 1814

This chapter describes the prúidpal drugs used in the 
treatment of gastroỉntestinal disorders, and the choice of 
treatment ỉor some oỉ the main disorders.

Gastrointẹstirial Drug Groups

Antacids
Antadds are basic compounds that neutralise hydrochloric 
add in the gastric secxetions. They are used in the 
symptomatic management of gastrointestinal disorders 
assodated with gastric hyperaddity such as dyspepsia 
(p. 1806.3), gastro-oesophageal reflux disease (p. 1807.2), 
and peptic ulcer disease (see p. 1813.2).

Ạntadds do not reduce the volume oí hydrochloric add 
secreted and elevation oỉ the gastric pH may actually 
promote an increase in add secretion. However, thỉs is 
usually minor and short-lived except after large doses of 
caldum caibonate. Antadds are nonnally given betvveen 
meals and at bedtime when symptoms oỉ gastric 
hyperaddity usually occur; the presence oỉ ỉood in the 
stomach can prolong the neutralising activity. Some 
calculate doses as mEq or mmol oỉ add-neutralising 
capadty, but the relationship bervveen neutralising capadty 
and benehdal effect is not straightforward- Other íactors, 
induding íoimulation (liquid preparations are inore 
eữective than solids) and duration of action (relatively 
insoluble antadds are longer acting) are also important.

Aluminium salts tend to produce constipation and to 
delay gastric emptyỉng, while magnesium salts have the 
reverse eHect; a combination of the two may reduce adverse 
gastrointestinal eữects. Another advantage oí combined 
antadd íormulations is that a slow-acting antadd su ch as 
aluminium hydroxide may be combined vvith a more 
rapidly acting dmg su ch as magnesium hydroxide to 
improve the onset and duratíon of eữect. Altemativeiy, 
complexes containing both aluminium and magnesium 
may be used, such as almasilate, hydrotaldte, and 
magaldrate. Other drugs that may be combined with 
antadd íonnulations indude simeticone, vvhich acts as a 
deíoamìng agent to reduce excess gas in the stomach, and 
aỉginates, which form a gel or foam on the suríace of the 
stomach contents thereby impeding reílux and protecúng 
the oesophageal mu co sa bom add attack.

Caldum carbonate and sodium bicarbonate are both 
rapidỉy acting but have disadvantages: caldum carbonate is 
usually reserved for short-term ữeatment because oí the
risk s  o f  re b o u n d  ac id  se c re tio n  a n d  m e ta b o lic  alkalosis. 
while sodium bicarbonate is absorbed and is 
contra-indicated in patients who must control sodium 
intake (e.g. in heart lailure, hypertension, renal íailure, 
dirhosis. or pregnancy).

Antadds may interact with numerous other drugs, 
aữecting the rate and extern of theữ absorption, and in some 
cases their renaỉ elimination. Changes in gastric pH aỉtea 
the dissolutlon of other drugs, and together with altered 
gastric emptying can markedly inỉluence absorption. 
Aluminium compounds in particular are noted íor their 
propensity to adsorb other drugs and to form insoluble 
complexes that are not absorbed. Antadds that alter urinary 
pH will affect renal dearance oỉ dmgs that are weak adds or 
bases. Several mechanisms may play a part in any partícular 
interaction. Interactions can be minimised by givúig 
antadds and other medication 2 to 3 hours apart.

Antadds in this chapter indude alumũũum salts, 
magnesium salts, and caldum carbonate. For sodium 
bicarbonate, see p. 1781.1.
Described in this chapter are

Aceglutamide Alunúnium, 
p. 1814.3

Alexitol Sodium. p. 1815.1
Almagate, p. 1815.3
Alniasilate, p. 1815.3

AloglutamoL p. 1816.2 
Alutninium Glydnatc, 

p. 1817.2
Aluminium Hydroxide, 

p. 18172

ÁỈuminium Hydroxide-
MagnesSum Carbonate Co- 
diied Gel, p. 1818.2

Aluminium Phosphate, 
p. 1818.3

Aluminium Sodiura Sillcate. 
p. 1818.3

Basic Aluminiuni Carbonàte. 
p. 1817 1

. Bismutb Compounds. 
p. 1821.3

Caldum Carbonate. p. 1824.3

Antìdiarrhoeals

Dihydroxyaluminum Sodium 
Carbonate. p. 1835.2 

Hydrotaldte, p. 1845.2 
Magaldrate, p. 1856.1 
Magnesium Carbonate, 

p. 1856.2
Magnesium Hydroxide. 

p. 1857.2
Magnesitun Oxide. p. 1857.3 
Magnesiura Trisỉỉicatc. 

p. 1858.1

Anddiarrhoeaỉs are used as adjuncts in the symptomatic 
ưeatment oỉ diarrhoea (see p. 1803.2), although the main 
aim in the management of acute diarrhoea is the correction 
oỉ ũuid and elecaolyte depletion with rehydration therapy; 
this is espedalỉy important in inỉants and young children 
and antidiarrhoeals are not generally recommended for this 
age group. Theữ use is also limited in ckronk diarrhoea since 
treatment aimed at the underlying disorder will often 
alleviate the diarrhoea.

Described in this chapter are đrugs that reduce intestinal 
motility such as the opioid analogues diphenoxylate and 
loperamide, and adsorbents such as attapulgite and kaolin. 
Bulking agents (yvhich indude bran and ispaghula) have 
also been used íor diarrhoea and for adjusting taecal 
consistency in patients with colostomies.
Described in this chapter are

Albumin Tannate. p. 1815.1 
Attapulgite. p. 1820.1 
Bismuth Compounds, 

p. 1821.3 
Bran. p. 1823.3 
Chalk, p. 1826.3 
Croleleiner, p. 1833.3 
Diírnoxin, p. 1835.2

Diphcnoxylate. p. 1835.3 
Ispaghula. p. 1849.1 
Kaoỉin. p. 1850.1 
Lidamidine, p. 1853.1 
Loperamide. p. 1854.2 
RacecadotriL p. 1881.3 
Smectitcs. p. 1887.1 
Zaldaride. p. 1895.3

Antìemetics
Antiemetics are a diverse group oí drugs used to treat or 
prevent nausea and vomiting, induding that assodated 
vvith cancer therapy, anaesthesia, and motion sickness (see 
p. 1811.3).

The choice of drug depends partly on the cause of nausea 
and vomitíng. For example, hyosdne or an anúhistamine 
are used in motíon sickness vyhereas dopamine antagonists 
(such as metodopramide and domperidone) and serotonin 
5-HTj-receptor antagonists (5-HTi antagonists), such as 
o n d a n s c ư o n , a re  in e ííe c tiv e . C o n v erse ly , n a u s e a  a n d  
vomiting assodated with cancer chemotherapy is often 
hard to control and spedal regimens have been devised 
induding the use oi the 5 -HT3 antagonists, dexamethasonc, 
and, more recently, the neurokinin-1 receptor antagonists 
aprepitant and casopitant.
Descnbed in this chapter are

Aliiapride. p. 1815.2 
Aprepitant, p. 1819.2 
AŨsẽiron. p. 1820.2 
Brotnopride, p. 1824.2 
CasopitaM. p. 1826.2 
Cerium Oxalate. p. 1826.2 
Clebopride. p. 1833.1 
Ditenidol. p. 1835.1 
Dolasetron, p. 1837.2 
Domperidone. p. 1838.1 
OronabinoL p. 1840.1 
Fosaprepitant p. 18432 
Ginger. p. 1844.1

Antisecretory drugs
Antisecretory drugs are used in the treatment and 
prophylaxis o{ peptic ulcer disease (p. 1813.2); some are 
also employed in other disorders assodated with gastríc 
hyperađdity such as gastro-oesophageal reflux disease

Granisetron. p. 1844.3 
Hyoscine. p. 1845.3 
Indisetron. p. 1848.3 
Itopride. p. 1850.1 
M edoxamine Citrate. 

p. 1859.1
Metodopramỉde, p. 1862.2 
M etopimaóne. p. 1865.1 
Nabilone, p. 1865.2 
Ondansetron. p. 1872.1 
Palonosetron. p. 1875.1 
Ramosetron. p. 1881.3 
Tropisetron. p. 1894.1

(p. 1807.2) and đyspepsia (p. 1806.3). They may generaỉly
be dỉvided into:
• Hừtamine HrTtaptoT antagonừts (H2-antagonists), vvhich 

act by blodông histamine Hj-receptors on gastric parietal 
cells, thereby antagonising the nonnal stimulatory effect 
o{ endogenous histamừie on gastric add production. 
Those desalbed in this chapter indude dmetidine, 
ỉamotidine, nizaddine, and ranitidine.

• Proton pump inhibiton, which aa  by blodãng the enzyme 
System responáble for active transport of protons in to the 
gastrointestinal ỉumen, namely the hydrogen/potassium 
adenosine triphosphatase (H+/K+ ATPase) oỉ the gastric 
parietal cell, also knovvn as the 'proton pump'. Those 
described in this chapter indude lansoprazole, omt- 
prazole, pantoprazole, and rabeprazole.

• Selative mtìmuxarìma, which block diolinergic stimula- 
tion of gastric add production with fewer adverse effects 
than less selective antimuscarinics (see Action of 
Antimuscarinics, p. 1310.3), but have largely been 
superseded. Pirenzepine is an example.

• Prostaglandirt anaỉogues, which ỉnhibit gastric add 
seaetion by a direa actìon on the panetal cell and may 
also inhibit gastrin release and possess cytoprotectìve 
properties. Misoprostol (p. 2140.3) is an example.

Described in this chapter are
Cimctidine, p. 1827.1 
Dexlansopcazole. p. 18342 
Bseridine Salicylate, p. 1840.3 
Esomeprazole, p. 1841.1 
Famondine. p. 1842.1 
Qapraiole, p. 18482 
Latutidine. p. 1851.3 
Lansoprazoĩe. p. 1851.3 
N1zatidine. p. 1866.1 
Omqprazolẽ. p. 1867.2 
Pantõpraxole. p. 1875.3

Píreraepine, p. 1878.2 
Proglumide. p. 1880.1 
Rabẽpraxole. p. 1881.1 
Ranitidine. p. 1882.1 
Ranitidine Bismuth Ciirate, 

p. 1883.3
Bevaprazan, p. 18842 
Roxatidine, p. 1884.3 
Tenatoprazole, p. 1893.3 
Urogastrone. p. 1894.3

ị
ị

Antispasmodics
Antispasmodics are drugs used for theừ relaxant actíon on 
smooth musde, either dứect or through an antimuscaiinic 
adion on the parasympathetic innervaúon. They play a role 
in the management of gastroỉntesónal spasm (p. 1807.1) 
and irritable bovyel syndrome (p. 1810.3) as well as other 
disorders assodated vvith smooth musde spasm. Those 
descríbed in this chapter are mainly antimuscarinics; drugs 
in other chapteis that may be used for relaxation oỉ smooth 
musde indude caldum-channel blockers (p. 1244.2) and 
nitrates (p. 1243.2), as well as drugs with less well deũned
mechanisms of aaion such as 
Described in this chapter are

Alverine Citrate, p. 1819.1
Butropium Bromide, p. 1824.3
Cidonium Bromide. p. 1827.1
Cimetropium Bromide. 

p. 1831.3
Clidinium Bromide, p. 18332
Dicydoverine Hydrochloride, 

p. 18342
Diỉonerine Hydrochloride. 

p. 1835.1
Dihexyverine Hydrochloride, 

p. 1835.2
Diisopromine Hydrochloride, 

p. 1835.3
Drolenine Hydrochloride, 

p. 1839.3
Hyosdne. p. 1845.3
Hyosdne Butylbromide. 

p. 1845.3
Hyosdne Hydrobromide, 

p. 1845.3
Hyosdne Metbobromide. 

p. 1846.1
Hyosdne Methonitrate, 

p. 1846.1
Hyoscyamráe. p. 1848.1

papaveríne (p. 2362.2).

Hyoscyamine Hydrobromide. 
p. 1848.1

Hyoscyamine Sulỉate. 
p. 1848.1

Isopropamide Iodide. p. 1848.3
Mebeverine Hydrochloride. 

p 1858.3
M cpeníolate Bromide, 

p. 1859.1
M etham helinium  Broraide, 

p  1861.3
Methylbenactyzíum Bromide. 

p. 1861.3
Octatropine Methylbromide.

p 18662
Oxapium Iodide. p. 1874.3
Oxyphencyđiminc

Hydrochloride. p. 1875.1
Oxyphenoníum Bromide. 

p. 1875.1
Pargeverine Hydrocbloride, 

p. 1877.1
Peppem únt L eal p. 1877.1
Pcppcrmint Oil, p. 1877.1
Pipenzolate Bromide. 

p. 1878.1

The Symbol t  denotes a preparation no longer actively marketed
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Piperidolate Hydrochloride. 
p. 1878.1

Pipethanatc Ethobromide, 
p. 1878.2

PUtyphyUine A dd Tartrate. 
p. 1878.3

Poldine Metilsulíate, p. 1879.1 
PriBnium Bromidc, p. 1879.3

Laxatives

Propantheline Bromide,
p. 1880.1

H emonium . p. 1893.3 
Timepidium Bromide, 

p. 1894.1
Tiquiãum  Bromide. p. 1894.1 
Valethamate Bromide, 

p. 189S.2

Laxatives (purgatìves or cathartics) promote deíaecadon 
and are used in the treatment oỉ constipation (see below) 
and ỉor bowei evacuatiọn beỉoie investigational procedures, 
su ch as endoscopy or radiological examination, or beỉoie 
surgery.

Laxaúves are ừequently used ỉor seU-medication. Àbuse 
oỉ laxatives is a well-known phenomenon that may 
occasionally lead to toxicity.

Laxatíves may be dassiSed according to theữ mode oí 
action. There is, however. a degree of overlap between the 
various groups and in some cases the predse mechanisms of 
action are not fully understood. Many ơaditionally used 
laxatives have ỉallen írom use owing to the violence of their 
action or their adverse effect prohle.
• Bulk laxatíves (bulk-forming laxatives or bulking agentỉ) 

cause retention oỉ Quid and an inaease in faecal mass 
resulting in stimulation of períỉtaisis. Owing to their 
hydrophilic nature, bulk laxatives may also be used to 
control dianhoea and to reguỉate the consistency of 
eỉũuent in coỉostomy patients. Those desaibed ìn this 
chapter ữidude bran, ispaghula, and sterculia.

• Stimulant ìaxativa (contact laxatíves) act by dlrectly 
stimulating nerve endỉngs in the colonic mucosa, thereby 
increasing intestmal motility. It is this group oỉ laxatives 
which is most commonly assodated with abuse. Those 
described in this chapter indude bisacodyl, cascara, 
phenoiphthaiein, senna, and sodium picosulỉate.

• Osmotic ừaatìva act by increasing intestinal osmotic 
pressure thereby promoting retention of fluid within the 
bovvel. Those descrìbed in this chapter indude saline 
laxatives su ch as magnesium dơate, magnesium 
hydroxide, and sodium sulíate (for magnesium sulíate 
and sodium phosphate see p. 1787.3 and p. 1791.1 
respectively). Lactulose may also be dassihed as an 
osmotic laxatìve because its breakdovvn Products exert a 
similar eSect. Also induded in this group are the 
hyperosmotic laxatives such as glycerol (p. 2517.2) and 
sôÂltol (p. 2092.1), and the macrágols (p. 2547.3).

• Faecal softmen (emollient laxatives) are daimed to act by 
decreasing svuíace tcnsion and increasing penetratìon oỉ 
intesúnal ữuid into the ỉaecal mass. Those described in 
this chapter indude docusate (which is also believed to 
have a stúnulant action).

For the lubiicant laxative liquid paraỉ&n see p. 2191.2. 
Described in this chapter are

Aloes, p. 1816.1 
Aloin. p. 1816.2 
BiỉacodyL p. 1821.1 
Bisoxatm, p. 1823.2 
Bran, p. 1823.3 
Budohom . p. 1824.2 
CasanthranÒL p. 1826.1 
Cascara. p. 1826.1 
Casáa Pulp, p. 18262 
Colocynth, p. 1833.3 
Dantrõn. p. 1833.3 
D ocusatei p. 1836.2 
Euonymus, p. 1842.ỉ 
Hg, p. 1843.2 
Frangula.p. 1843.3 
Ispaghula, p. 1849.1 
Jalap, p. 1850.1 
Laclitol p. 1850.3 
Lactulosẽ, p. 1850.3 
Liquorice. p. 1853.2 
Magnesium Citrate, p. 1857.1

Mucosal protedants

Magnesium Hydroxide, 
p. 1857.2

Magnesìum Oxide, p. 1857.3 
M anna. p. 1858.2 
Pentaerýthiitol. p. 1877.1 
Phenolpbthalein. p. 1877.3 
Polycaibophil p. 1879.1 
P otasium  Atíd Tarưate, 

p. 1879.2
Potassium Sodium Tarưate, 

p. 1879.3 
Pnúie, p. 1881.1 
PsyUium Seed, p. 1849.1 
Rhubarb, p. 18842 
Senna, p. 1885.1 
Sodium Picosulỉate. p. 18872 
Sodium Sulỉate. p. 1888.1 
Sodiuin Taitraie. p. 18882 
Sterculia, p. ỉ 8SS.3 
Tamarind. p. 18922

Cytoprotective drugs (mucosal protectants) play a role in 
the management of peptic ulcer disease (p. 1813.2). They 
may be divided into:
• Chelứtes OT complexa, which coat the gastric mucosa 

preỉerentiaUy at sites of ulceration by forming an 
adherent complex with proteins. Those described in this 
chapter indude sucralíate and tripotassium didtrato- 
bismuthate (which also has an antíbacterial role in 
regimenỉ aimed at eradicatíng Hdicobaaer pyừrrí)

• Misallaneous drugs indude liquoiice and its derívatives, 
su ch as caibenoxolone, which may act by stimulating the 
synthesis oỉ protective mucus

Described in this chapter are
Benexate. p. 1821.1 
Carbenoxoione. p. 1825.3 
Cetraxate. p. 1826.3 
Dosmalỉate, p. 1839.3 
Ecabet p. 1840.2 
Enoxolone Aluminium. 

p. 1840.3

Getamate, p. 1844.1 
lisogladine. p. 1848.3 
Liquorice, p. 1853.2 
Plaunotol. p. 1879.1 
Polapreánc p. 1879.1 
Rebamipide, p. 1884.1 
Soíalcone. p. 18882

Sucralỉate, p. 1889.1 
Sulgllcoâdê, p. 1892.2 
Teprenone, p. 1893.3

Tripotasáum
Diđtratobìsmuthate.
p. 1822.2

Ttoxipide, p. 1894.3

Prokinetic drugs
Prokứietic drugs stimulate the motility oỉ the gastrointest- 
inal tracL Gastrointestinal smooth musde exhibits intrinsic 
motor activity which is modihed by autonomỉc innervatỉon, 
local reílexes, and gastrointestỉnal hoimones. This activity 
produces peristaltic waves, which move the gut contents 
&om stomach to anus, and segmentatíons, vvhich encotưage 
digestion. Prokinetic drugs may act at various points within 
this complex System to enhance gastrointestinal movement. 
Those described in this chapter indude metodopramide. 
dsapride, and domperidone. Other drugs vvith prokinetic 
properties indude parasympathomimetics su ch as bethane- 
chol (p. 2456.2) or neostigmine (p. 687.1), and the 
macrolide antibacterial erythromydn (p. 291.2).
Described in this chapter are

Aclatonium Napadisilaie. 
p 1815.1

Acotiamide Hydrochloride. 
p. 1815.1

Bromopride. p. 1824.2 
Ciniupride, p. 1831.3 
Cisaprídc. p. 1831.3 
Clebopride. p. 1833.1 
Domperidont, p. 1838.1

Itopride. p. 1850.1 
Linacloúde. p. 1853.1 
Lubiprostone. p. 1856.1 
Metoclopramide. p. 18622 
Mosapride. p. 1865.2 
Prucalopride. p. 18802 
Rcmapride. p. 1884.1 
Tegasẽrod. p. 1893.1

Management of Gastrointestinal 
Disorders
The management ol some gasưointestinal disorders is 
discussed bdovv.

Aspiration syndromes
Regurgitation and aspữation oỉ gastric contents (Mendel- 
son's syndrome) is a potenúal cause o{ morbidity and 
mortality assodated with anaesthesia, espedalỉy in 
obstetrics and in emergency surgery. Chemical pneumoniús 
and respiratory distress result ỉrom the atíd aspiraúon, the 
risk oỉ which is increased by the drugs given as adjuncts to 
anaesthesia such as opioid analgesics and aưopine.

Apart from good anaesthetic technique. induding a 
prohibition on oral intake beíore elective procedures, eííorts 
to prevent or teduce the problem have ỉocussed mainly on 
inaeasing the pH oi gastric contents to above 2.5, and in 
reduóng gastric volume. Hovvever, there is little evidence to 
show that reduced gastric addity or volume is assotíated 
with decreased morbidity or mortality in patients who have 
aspữated gastric contents, 1 and some do not recommend the 
ĩoutine pre-operative use of pharmacological prophylaxis in 
patients undergoing dective surgery with no apparent 
increased risk for pulmonary aspiration. 1 Similarly there is 
little evidence to support the routine use of prophylactic 
drugs in vvomen undergoing normal labour (particularly 
vvith the increased use oỉ regional anaesthetic techniques).2

The Hr antagtmừts decrease gastiic add secretion and may 
decrease gastric fluid volume. However, they do not affect 
the pH of fluid already in the stomach; they must thereíore 
be given some time beíore anaesthesia, vvhich limits their 
value in emergency procedures. Cimetidine is considered 
ehectìve in most patìents, although where more prolonged 
reduction of addity is requứed H2-antagonists with a longer 
duration oỉ action su ch as ranitidine or íamotidine may be 
prderred. Nìzatídine has the advantage of a relatively rapid 
onset of actìon.* The proton pump inhibitors (PPls) hạve also 
been tried, but results ha ve been variable. A meta-analysis4 
suggested that ranitidine was more eSective than a PPI ỉn 
redudng the volume o( gastric secretions and increasing 
thdr pH. Combination of a PPI with a prokinetic drug may 
produce better results.5

Because of the lack oí eííect of antisecretory drugs on the 
pH oí existing gastric fluid H2-antagonists may be combined 
with antaríds to neutralise gastric acidity. Although 
magnesium trisilicate has be en extensively used‘ vvithout 
apparent problems particuiate antadds are potentiaỉly toxic 
to the lung, which is why soluble antadds such as sodium 
dưate have been vvidely (avoured. An eííervescent 
íoimulatìon oỉ sodium dưate vvith dmetidine has been 
reponed to raise gastric pH above 2.5 in more than 98% of 
patients undergoing caesarean section.7

A thữd component oí prophylactic regimens for add 
aspiration may be use of a prokineãc drutị su ch as 
metodopramide. These inơease gastric emptying and 
thereby decrease the volume of stomach contents, and also 
increase pressure at the lovver oesophageal sphincter. The 
abìlity of metodopramide to reverse the eổects of opioids on 
gasnic emptying appears to depend on the route: lOmg 
given intravenously aíter opioid analgesia is reported to be 
etíecúve in promoting gastric emptying, whereas the same 
dose intramuscularly is not.‘

Ií aspiration occurs, pulmonary damage may result 
vvithin seconds; t r e a tm e n t has induded removal of any 
particulate matter, and measures to maintain the airvvay 
and ensure adequate oxygenation. Cortícosteroids have 
been used but are no longer considered helphil.9
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Constipatìon
The pattem oí normal deíaecation is extremely variable, 
which makes constipaúon hard to define, and to some 
extern subjective. However, expert consensus considers that 
it occurs ư 2  or more of the followũig ỉeatures are present for 
at least 12 weeks in the previous year Iess than 3 
deíaecaóons in a week, or hard or lumpy stool, straining, 
íeeling of incomplete evacuatìon or anoreaal blockage, or 
need for manual assistance, on at least a quarter of 
occasions.1-2 New onset constípation, especiaUy in patients 
over 50 yeats of age. or accompanying symptoms such as 
anaemia, abdominal pain, vveight loss. or oveit or occult 
blood in the stool should provoke urgent invesúgation 
because of the risk of malignancy or other serious bowel 
disorder.1'’ Constipation can be a symptom of a range of 
disorders or of drug toxiđty2-5'6 and appropriate manage- 
ment oỉ any underlying cause is required. It tends to be 
more corrưnon in the elderly. in vvomen. and in late 
pregnancy.u

Certain subtypes oỉ constipation have been ìdentihed: 
patients may be subdivided according to whether intestinal 
ưansit time is slow or normal, or whether there is pelvic 
ũoor dyshmction (dyssynergia; outlet obstruction; anis- 
mus).13-5-7

There is relatively little evidence to guide managemenL 
In geneial, stepped or graded management ỉs {àvoured, 
beginning vvith advice on Uíestyle (induding exerdse and 
adequate hydration), and dietary modihcatíon if appro- 
priate.2-4̂ * An inorease in ũbre intake, preíerably through a 
high-fibre diet, is useíul in patients with normal ơansit 
times although it ís less beneỉidal in slow-ưansit 
constipation.5-7 In patients with pelvic floor dysíunction, 
bioíeeđbadc training may be instituted.3-5-7

Where lhestyle changes and dietary modihcation are 
insuỉ&dent, a laxative may be considered. Because of the 
tack oí deaĩ evidence to guide the choice of laxatìve, 
practice varies considerably. Many íavour the use of either a 
bulk laxatíve or an osmotic laxaúve as a first dioice optỉon,2' 
*-7 with stimulant laxatíves tending to be reserved as a 
second-Iine option. and diphenylmethane derivatives being 
preíerred to anthraquinones.J-6 For the treatment 0í  opioid- 
induced constipation unresponsive to usual laxative 
therapy opioid antagonists su ch as metkylnaừracone have 
been tried.
• Bulk laxatíves indude bran, ispaghula. methylcellulose 

and related compounds, psyllium, or stercuiia. Bulk 
laxatives are of parùcuiar vaỉue in those with small hard 
stools. Hovvever, they have a delayed onset oí action (up 
to 72houn) and they may exãcerbate symptoms õf 
Aatulence, bloating. and cramping;6 use should be 
avoided where these are severe. A gradual increase in 
dose may help reduee such eữects.7 They may not be the 
first choíice tôi elderly patients who are írail õr immobile 
since the resuỉting soft íaeces may result in íaecal 
incontinence,,  and should only be given where fluid 
intake is adequate, because of the risk of obstruction.7

• Oĩmotic laxativts indude saline laxatives su ch as magnes- 
ium hydroxide and magnesium sulíate, poorly absorbed 
sugars su ch as lactulose or sorbitol, and macrogols (often 
ỉoimulated with electrolytes). Some íavour the use of 
macrogol 3350 or 4000, for which there is reasonable 
evidence of beneíit in chronic constipation,5-6'1® 
However, in practice lactulose is vvidely used,6 although 
it is less etỉecùvc in the elderly than a combination oi 
bulking and stimulant laxatives (see belovv). In the USA, 
a saline laxaúve su ch as magnesium hydroxide has been

All cross-reíerences refer to entries in  Volume A
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recommended,3-4-7 although saline laxatives may not be 
acceptable to some patiẽnts because they can cause 
watẽry stool and urgency.

• Stimulant laxaáves in current use include diphenyl- 
methane derivatives such as bisacođyl or sodium 
picosulĩate, and anthraquinone-containing drugs such 
as senna. They have a more rapid onset of actíon than 
bulk laxatlves OT lactulose. and are usually glven at night 
to help produce a boweI motion the following moming. 
Many trađitional stimulant laxatives have ỉallen hom use 
because oí adverse eữects, and it haỉ been widely 
thought that theữ prolonged use or abuse may 
irreversibly damage colonic nerves and musdes; 
hovvever, the evidence for this is poor, and appropriate 
snmulant laxatives used at licensed doses are unlikely to 
cause signiBcant harm .1U2 Tolerance can occur but 
seems to be uncommon in the majority of users.11’12 
Combined preparations are also available, and a 
combination oí senna and fibre has been ỉound to be 
more eSective than the osmotic laxative lactuỉose in 
elderiy patients with chronic constipation. 15

* Other laxaứvts indude the docusates, suriactants that aie 
used as stool soheners,7 but their eíGcacy used alone for 
constipation is not well established;4 perhaps for this 
reason, they are often íormulated with a stimulant or 
osmotic laxative. Stool soỉteners would have potenúal 
value íỏrpaúents vvith haemorrhoids or anal Bssures, OT 
tbose iiĩwhom sưaining is potentially hazardous (such as 
the eldẽrly or those with existing cardiovascular disease). 
Liquid ,paraffln has also been used as a lubrícant for the 
passage of stool,7 but should be used wỉth caution 
because of its adverse eííects, which índude anal seepage 
and the risks o£ granulomatous disease of the 
gasưointestinaỉ ưact or oỉ lipoid pneumonia on 
aspiration. Although it has been recommended in some 
countries for constipation ỉn children, 14'15 the UK CSM 
considers it should not be used in those under 3 years of 
age. Prokinetíc drugs have theoretical advantages in 
patients with slovv-transit constìpation, but few suitable 
drugs are available, 5 although the selective 5-HT, agonist 
prucalopride may be tried in chronic constípation, and 
tegaserod haỉ been used in constipation-predominant 
irrltable bowel syndrome (p. 1810.3) and in chronic 
constipation. The chloride-channel activator lubipros- 
tone and the gtianylate cydase-C agonist lỉnadodde are 
also used in chronic constipaóon and constipanon- 
predominant ũritable bowel syndrome.

Rectal administration o i laxatives using enemas or 
suppositories is appropriate in patìents requiring rapid iclieỉ 
hom constipation. Phosphate enemas should be used with 
caution because oí the risks of absorption of signiBcant 
amounts oỉ phosphate.4 Glycerol and bisacodyl may be 
given as suppositories to promote íaecal evacuation; they 
shoụld not be used regularly, as changes in the rectal 
epithelium have been seen with bisacodyl and the eSect of 
glycerol on rectal mucosa is undear.4

During prtgnancy the preíerred options for management 
are increased fluid úitake. exerdse, and dietaiy íibre;2 
bulking agents may be given as Sbre supplements. and 
stimulant laxatives such as senna reserved for cases where 
these are ineSective.2-16

Paecal im paction is the inability to pass a hard 
collection of stool and may result in overũovv diarrhoea. 
Faecal impaction should be ưeated with a laxatíve enema 
and/or a lubricant and manual Oral
laxatives should not be used because of the rísk of colonic 
períoration.’ When all stool has been deared, it is imponant 
to institute measures, ohen induding regular laxadves. to 
prevent constipation and recuirent impactíon.5-7-’
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Decreased gastrointestinal motílity
Decreased gastrointestínal motility may occur in any part of 
the gasưointestìnal tract, with symptoms depending on the 
site. It ỉs of varying aedology and often secondary to some 
other dỉsorder, such as iníection, metabolic or eiectrolyte 
distuibance (ỉor example in gastroparesis due to diabetic 
neuropathy—see alsõ p. 465.2), or insult to the 
gastrointestinal ư aa  (ỉor example, paralytic or adynamic 
ileus is ừequently a consequence of abdominal surgery and 
is a serious adveise effect of some drugs).

Acute loss of gastrointestinal motility is often selí- 
limitíng once the underlying cause has been treated. 
Provided the ability of gastrointestinal smooth musde to 
contract has not been lost, hovvever, prokinetic drugs such 
as metodopramide or domperidone, or erythromydn, or 
drugs capable of stimulating íunaional contraction 
induding parasympathomimetics su ch as neostigmine or 
bethanechol, may be uscd. The opioid p-receptor antagonist 
alvimopan has recently been inưoduced for the ưeatment 
of postoperative ileus. Injection of botulinum toxin into the 
pyloric sphincter may produce temporary symptomatic 
ứnprovement in patients vvith reừaaory gasưoparesis. 
Gastric electrical stimulation may also be an option.

Drugs are less successíul in chronic conditions su ch as 
chronic intestinal pseudo-obstruction where neuro- 
muscular tunctíon of the gastrointestinal tract has some 
intrinsic abnormality.
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Diarrhoea
Diarrhoea is charaaerised by liquíd stools and increased 
stool vveight and hequency oí deíaecation. Although 
dỉarrhoea is commonly assodated with intection (see 
Gastro-enteritìs, p. 182.2), it may also result from the 
accumulatỉon of nonabsorbed osmoticaily active solutes in 
the gastrointestinal lumen. as in lactase dehdency, or from 
che g a s tro in te s tin a l  effec ts o f  s e c re to ry  s tim u li o th e r  than 
the entetntoxins from an intection. It may also occur when 
intestinal motility or morphology is altered.

Acute diarrhoea may lead to excessive vvater and 
electrolyte loss and dehydration, and is potentially Ufe- 
threatening in infants: írail and elderly patients are also at 
risk. Severe dehydration assodated with acute diarrhoea 
(greaterthan 1 0% loss of body-weight), requires irưravenous 
rehydration  th rra p y  with Ringer"s lactate solution or normal 
saline. 1'4 Intravenous therapy is also needed ỉor patients 
who are unable to drink. Othervvise, o ra l rekyd ra tio n  therapy  
to correct fluid and electrolyte depletion should form the 
basis of ưeatment lor acute diarrhoea1'4 and an oral 
rehydration solution containing essential elearolytes 
(sodium, potassium, chloride, and bicaibonate or dtrate) 
and glucose is indicated regardless of the age of the patient 
or the cause of the diarrhoea. A rehydration phase, which 
involves the replenishment of fluid and electrolytes lost 
through the diaưhoea, is íollovved by a maintenance phase 
to replace continuing losses. Oral rehydration therapy does 
not stop diarrhoea, which usually continues for a lũnited 
period. although it can reduce stool output and vomiting. 
Oral rehydration therapy may need to be modihed if the 
diaưhoea is assodated with malnutrition.7 The rationale íor 
the composition of oral rehydration Solutions is that glucose

absorption is coupled to the acdve transport of electrolytes,* 
the absorption oỉ which theoretically increases in  eỉSdency 
as the ratio oí caibohydrate to sodium approaches 1:1.

WHO originally recommended a solutíon containing 
90mmol/liơe of sodium and 111 mmol/lỉtre oỉ glucose; this 
type oỉ preparation has be en used effectìvdy in developing 
countries vvhere diarrhoeas are commonỉy bacterial in 
origin. There is now evidence from studles and meta- 
analyses to suggest that Solutions of reduced sodium content 
and osmolarity are saỉe and eữective and may be preíerable 
to the origỉnal Standard WHO solution, even in deveỉoping 
countries,9'11 and WHO and UNTCEP now recommend a 
solutíon containing 75 mmol/litre of sodỉum and 75 mmol/- 
Uơe of glucose, vvith a reduced total osmolarity oỉ 
245mmol/liơe.13 Despite concerns about the possible 
increased risk oỉ hyponatxaemia with the use oỉ the 
reduced osmolarity Solutions in patỉents with cholera, 14-16 
WHO and UNICEF have stated that hyponaữaemia may also 
occur with the Standard WHO {ormuladon, and that there is 
no evidence to suggest that this transient hyponatraemia 
has had signihcant adverse clinical conseqụences ỉor choỉera 
patients.13

In developed countries viral diarrhoeas, which are 
assodated with less electrolyte loss, are more common, and 
reduced osmolarity Solutions are lavoured.7 Commerdal 
preparations available in the UK, for example, usually 
provide 50 to 60 mmol/litre oí sodium and 90 to 
111 mmol/litre oí glucose; the total osmolarity is slightly 
hypotonic (about 250mmol/litre) to prevent possible 
induction of osmotic diarrhoea.17 Similar preparations are 
available in other developed countries.1*

Areas oỉ debate have induded the necessity ỉor indusion 
of dtrate or bicarbonate,17 and whether cereal-based rather 
than glucose-based rehydration Solutions would be 
preỉerable. There is considerable evidence that cereal- 
based Solutions tend to produce more rapid resolution ot 
dỉarrhoea, although onẽ study has suggested that the 
reduction in stool output is temporary,1’ and another ỉound 
that a glucose-based solution was equally eãective when 
combined with early re-introduction of íeeding.20 In 1994, a 
review of dinical studies conduded that a rice-based 
rehydration soludon should be recommended ỉor patients 
with cholera, but that there was no reason to change from 
WHO's glucose-based ỉormulatíon for children with 
non-cholera diarrhoea.21 A study in 48 patìents with 
cholera compared the use of Standard glucõse-based oral 
rehydratíon therapy. Standard therapy plus rice ũour, and 
Standard therapy plus amylase-resistant starch.12 The 
additíon oỉ amylase-resistant starch to Standard oral 
rehydratíon solution was shovvn to reduce stool output 
and to reduce the duratíon oỉ diarrhoea,72 althóugh the 
methodology of this study was questíoned23 and hnther 
investígatíon of such Solutions is requữed.

Home remedies* that have been used to prevent 
dehydratìon indude coconut vvater, tice water, soups, 
unsweetened íresh fruit juice, and unsweetened weak tea; 
these may be oỉ value vvhen more conventíonal oral 
rehydratìon Solutions are unavailable. The use oi cordials 
and soft drinks with low pH and high osmolality, however, 
may exacerhate diarrhoea and dehydration.1-1*

Oral rehydration therapy should be combined with 
dừtcny measurts. particulaiiy in children, to avoid malnutri- 
tion ovving to low food intake during the illness, and as 
mentioned above, may need to be modihed ư the diarrhoea 
ỉs assodated with malnutrition. Breast íeeding should be 
continued throughout rehydration therapy,14-6-17 as such 
feeding may decrease stool output and shorten the duration 
oỉ diarrhoea.2 Dilution oỉ {ormula teeds does not seem to be 
of dinical beneht and may even prolong symptoms.4'6 
Generally food should not be vvithheld in adults or children 
with diarrhoea. but for those with some signs of 
dehydration, food is not normally given during the initial 
rehydration period. 1

To reduce the duration and severity of dỉarrhoea, and to 
prevent recurrence, zinc suppỉements are recommended by 
VVHO as adjunctive therapy to oral rehydration salts for 
acute diarrhoea, see p. 2127.2. Children vvith persistent 
diarrhoea. Iasting at least 14 days, should receive zmc as part 
of a multivĩtamin and mineral supplement.1 Vitamin A may 
be important in redudng mortality, see p. 2 1 0 0 .1.

There is considerable interest in the potential use oỉ 
probiotic bacteria, or prebiotic íoods intended to stimulate 
the growth of benehdal spedes in the gastrointestinal ưact, 
in the management of diarrhoea. Although meta-analyses 
have suggested that treatment with lactic-add produdng 
organisms may reduce stool hequency and disease duration 
in children with acute inỉectious dianhoea,24 and may 
reduce the risk of antibaaerial-assodated diarrhoea in 
children,25 the role oí probiotics and prebiotics remains to be 
established,4-* particularly since many commerdal Products 
are poorly characterỉsed.

Oral rehydration therapy prevents dehydration, but does 
not necessarily shorten the duration of the diarrhoea, and 
patients thereíore ừequently desire the symptomatic relieí 
provided by drug therapy. Use of such therapy should be
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balanced against the risk that it may distract hom  the need 
for oral rehydratíon therapy and may have undesứable 
advecse eữects. WHO considers 'that antídiarrhoeal drug 
therapy is oỉ limited value for acute inỉectíous diairhoea, 
does not reduce Quid and electrolyte loss. may delay the 
expulsion oỉ causatỉve micro-organisms, and should never 
be used in children.26 Hovvever. it has been pointed out that 
extrapolatmg results in children to adult treatment is 
um vananted: there is no good evidence that anddianhoeal 
drugs prolong illness or retard expulsion of pathogens. and 
no reason to vvithhoid medication in  othervvỉse healthy 
adults.27 Shoit courses oí antidiarrhoeals are often used in 
practice (ỉrequentỉy as seif medicaóon) ií symptoms are 
caustng discorrưort.1-27-2*

The main groups oí anddiarrhoeal drugs are adsorbents 
such as attapulgite, kaolin. and pectin, and drugs that 
reduce intestinal motility su ch as diphenoxylate, loper- 
amide, and codeine. Oral loperamide has been recom- 
mended as the ưeatment oí choice, particularly for selỉ- 
međication,1-27 although bismuth salicylate, which has 
antisecretory properties, is probably equally eữective,5 and 
may be preíerred in some countries such as the USA.2* 
Other drugs with antisecretory properties are under 
investigation; they indude the enkephalinase inhibitor 
racecadotril, which unlike other antidiarrhoeal drugs is ol 
interest as a potential adjunct in children.4 Bulk laxaúves 
such as mẽthylceilulose have also been used for 
symptomatíc treatm ent because of theữ  absorptive capadty.

Antìbacteríal and antỉpiotozoal drugs have been used for 
inỉective diarrhoeas, including the prophylaxis and 
treatm ent of travellers' diarrhoea (see Gastro-enteritis. 
p. 182.2 and p. 921.2), but their overuse encourages the 
developm ent of resistance and prophylaxis is not 
recommended. Vacdnes are being developed for the 
prevention of rotavừal diarrhoeas (p. 2416.1).

C hronic d la rrh o ea  may be assodated with underlying 
disease and thereíore symptomatìc relieí is less appropriate 
than  treatm ent of the disease itselí. Por example, 
colestyramine vvill reduce the diarihoea assodated with 
bile ad d  malabsorptìon. W here the disease process 
responsible for chronic diarrhoea cannot be satisỉactorily 
suppressed, however, symptomatic relieí may be appro- 
priate,2* for example in diabetic diarrhoea (see p. 464.1).
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Diverticular disease
Diverticula are small hemias or pouches oí mucosa that 
develop through the muscular waỉỉ of the gut (espedalỉy the 
colon) or other hollow organs; they increase in prevalence 
with increasing age. Diverdcular disease (the presence oí 
colonic diverticula) is usually asymptomatic. but may be 
assodated with symptoms of abdominal paỉn and altered 
bowel habit (diverticulosis). Occasionally there may be 
severe liỉe-threatening complications such as inỉlammation 
and necrosis of divenicula (diverticulitis), períoration, 
Gstula íormation, obstruaion. or haemonrhage. There is 
some evidence that the use of NSAIDs may be associated 
vvith an increase in diverticular complications such as 
perỉoration.

In uncomplicated diverticular disease. ưeatment is with a 
high-Gbre diet, gradually supplemented ư necessary with a 
bulk laxative such as bran or ispaghula, to ease constipation, 
although the evidence to support such management is 
Iinúted. Supplements may not relieve the other symptoms 
of diverticular disease. The antỉbacterial rílaximin may be of 
beneĩit in improving symptoms; giving rilaximin and Gbre 
supplementation has been shown to be more eííective than 
fibre supplementation alone. Riíaximin has also been 
combined with 5-aminosalicylates, chiefly mesalazine; the 
latter may be of beneíit in maintaining remission. Use of 
probiotics, in the fonn of lactic-acid-producing organúms, 
aỉter a non-absorbed anúbaaerial su ch as rilaximin has also 
ptoduced some evidence of additional beneGt. Antispas- 
modics su ch as antimuscarinics or mebeveríne may be 
usehỉl in relieving pain due to musđe spasm.

Diverticulitis requứes treatment with broad-spectrum 
antibacterials and Quid support; analgesia may be needed 
for severe pain. Ií peritonitis or abscess develops, surgical 
mtervention may be necessary. Surgieal resection is usually 
consídered when Bstula, pedoration, or obstruction are 
present.
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Dumping syndrome
The word dumping in this context is used to descxibe the 
uimaturaUy rapid ưansport oỉ gastric contents to the small 
intestine. The dumping syndrome is an important cause oí 
morbidity after gastrointestinal surgery, and is thought to be 
due to the destruction of normal reguiatory mechanisms in 
the upper gastrointestinal ư aa .1'1 Early dumping begúis 
vvithin 10 to 30 minutes of the ingesãon oi a meal (typically, 
symptoms are ưiggeredby hyperosmolar, carbohydrate-rich 
food) and has gastrointestinal symptoms (fullness, abdo- 
minal pain, nausea and vomiting, explosive diarrhoea) and 
vasomotor symptoms (svveating, vveakness, dizziness, 
Qushing, and palpitations). The eữects are thought to be 
due to fluid shiíts hom the inữavascular space to the bowel 
lumen. Some patients have late dumping, 1 to 4 hours aíter 
a meal with only the vasomotor symptoms; it appears to be 
due to reactive hypoglycaemia caused by high carbohydrate 
concentrations in the small intestine.

The mainstays oỉ therapy are dietary modiũcations, 
taking small bequent meals low in carbohydrate, ỉolỉowed ■ 
by liquids 30 minutes later. Attempts to slow or reduce 
caibohydrate absorption have involved thẹ use of dietary 
fibre (guar gum or pectìn) or a-glucosidase inhibitois such 
as acarbose; acarbose and pectin have aỉso been tried in 
combinatíon.4 Hovvever, su ch agents may themselves cause 
gasưointestìnal distuibances and they do not seem to be 
heỉpỉul in most patients.2 Hovvever, beneữdal results vvith 
somatostaãn have led to the use oỉ its longer-acting 
analogue, octreotide.2,5 Octreotide substantially reduces the 
symptoms oí both early and late dumping, probably by 
slovvlng gastric emptying and by inhibiting the release of 
gastrointestinal mediators (peptide hormones such as

neurotensin), and prevents hyperinsulinaemia and sub- 
sequent reactìve hypoglycaemia. It may be given up to 2  
hours beíore a meaL or as long-acdng iormuỉation.3

In the minority of patients who do not respond to 
medical therapy surgery may be requừed’.1"1
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Dyspepsia
Dyspepsia, also commonly known as ìndigestion or 
heartbum, is a frequent but ill-defined disorder primarily 
associated with epigasưic discomíort or pain. It may be a 
symptom of speciHc diseases su ch as peptic ulcer disease, 
gastro-oesophageal reflux disease. gastric carcinoma, 
chronic pancrearitis, OT gallstones. However. in many 
patients there is no idemiíiable systemic dỉsease. in vvhich 
case it is known as non-ulcer dyspepsia or íunctional 
dyspepsia.

Many reviews and recommendatíons have addressed the 
subject of dyspepsia, 1-7 and, in the UK. vaiious authoritative 
guidelines have been issued.''9 The initiaỉ management of 
non-ulcer dyspepsia usually indudes advice to avoid 
alcohol, caữeine, smoking, and aggravating ỉoods, and to eat 
small regular meals to aid digestion. Results of studỉes oi 
drugs for non-ulcer dyspepsia have been variable and 
diíficult to evaluate since the condition tends to be selí- 
lìmiting, and there is ohen a large placebo response.10

Drugs that suppress gastrìc add such as antaàds OI 
antisecretory drugs are often used. Antadds may give some 
symptomatic relieí, and are widely used for selí- 
medicatíon.’ However, long-tenn use is inappropriate. 
Simíỉarly, Hi-antagonists are often ưied, espedaỉly íor 
symptoms of reílux, and a systematic review'° has suggested 
beneổt at ỉeast in a proportion oi patients. Proton pump 
inhibitors (PPIs) are also widely used,- although a systematic 
revievv had conádered theír reỉative eiBcacy in non-ulcer 
dyspepsia veisus Hi-antagonists to be undear, 11 Otheis5"7-12 
consider them superior to H2-antagonists. They may be 
useful for on-demand therapy to manage symptoms lõng- 
tenn.’

It is not dear what role Heliabaữer pylori plays in the 
pathology oỉ non-ulcer dyspepsia. One meta-analysis found 
eradication to be of no beneũt in non-ulcer dyspepsia, 15 but 
another, incorporating more patients, lound that a smaỉỉ 
beneữt existed, 14 aithough ít noted that most patíents 
positive for H. pylori will continue to have symptoms after 
eradication. As a result there has been much debate about 
the appropriateness of so-called 'test and treat' strategies, 
but ƯK’ and u s4-5 guidelines consider them a valid 
altemative to a trial of a PPI in the iniúal management of 
uninveságated dyspepsia.

Iniúal management of dyspepsia in patients under 55 
years of age who do not have so-caDed 'alarm symptoihs' 
(such as chronic gastrointestinal bleeding, unintentìonal 
vveight loss, diíhculty swallowing, persistent vomiting, iron 
deSdency anaemia, or epigastric mass) should therelore 
consist of eithen4-9
• an empữical one-month course of a PPL or
• testing for Beliabaữer pylorì and appĩopiìate eradication 

therapy. Those who are H. pybri-negatíve shouỉd be 
prescribed an empũical thai oỉ add suppression with a 
PPI for 1 to 2 m oãúis

Patíents over 5 5 years of age, or those vvith alarm symptoms, 
should be reíẽrred íor endoscopy. After endoscopy, 
ưeatment should be targeted at the undeiỉying diagnosis.4

Prokinenc drugs may be given, ’ partìcularly ư an 
underỉying gastrointestinal motility disordet is suspected. 
Meta-analysis has suggested that proldnetic therapy may be 
more eữecúve than an H2-antagonist in non-ulcer 
dyspepsia, 10-15 but this may be due to publication bias.10 In 
addition, dsapride is no Ionger available in many countries 
and evidence for domperidone or metodopramide is 
limited. Results with motdin agonists (đerivatives of 
erythromydn) and 5-HTj antagonists have been disappoint- 
ing to date.? Other approaches to drug therapy indude the 
use oi an insoluble bismuth salt. and the use oỉ 
antíspasmodics. Antidepressants may have a limited role 
in some patìents,5'7 and various herbal medications have 
been tried, though the qualỉty of any studies is generally 
poor.7
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Eosinophilic oesophạgitis
Eosinophilic oesophagitis is a disease oí the oesophagus 
charaaerised by a marked accumulation of eosinophils in 
the oesophageal mucosa. Severe squamous epithelial 
hyperplasia generally occurs, resultỉng in complicatíons 
such ãs oesophageal stĩictures and a narrow oesophagus. 
Symptoms indude heartbum, chest pain, dysphagia, pain 
on swallowing, vomitmg, íood impactíon, and feeding 
ừitolerance in children.

Although data on treatments are sparse, corticosteroids 
are considered appropriate. Systemic and topical corticos- 
teroidỉ are effective at rellevúig acute symptoms, although 
symptoms usually recur when treatment is stopped. Gastro- 
oesophageal reQux dỉsease may coexist with eosinophilic 
oesophagitis; hovvever, the symptoms and pathological 
íeatures of eosinophilic oesophagitis do not respond to add 
suppression treatment. Allergy has been implicated in 
eosinophilic oesophagitis, with many patientỉ being atopic. 
Dietary therapy based on eliminating exposure to food 
alỉergens is considered an effective ưeatment option for 
children, in whom most of the research has been caitied
OUL1

1. Puruta GT. et ai. Ptm International Gastroimestinal Eosinophíl Research 
Symposỉum (FIGERS) Subcommỉttees. Eosinophỉlic esophagitỉs in 
chỉldren and aduỉts: a systematỉc review and conscnsus recommenda- 
tíons íor diagnoris and creatment. Gastroentírữlogy 2007; 133: 1342-63.

Gastroìntestinal spasm
Pain or discomỉort of the gastrointestinal tract may be due to 
spasm oỉ the smooth musde oỉ the gut; such pain and spasm 
may be assodated with the irritable bowel syndrome (see 
p. 1810.3), dyspepsia (see p. 1806.3), or diverticular disease 
(see p. 1806.2). Antúpasmodic drugs have ưaditionally 
been used in patients thought to have gastrointestinal 
spasm, and have mainly been oỉ two types: antimuscarinics 
such as dicydoverine, and direct smooth muscle relaxants 
such as mebeverine; use of antimuscarinics, in particular, 
has tended to be limited by concem about their advcrse 
effects.

Colỉc is a general teirn used to describe spasmodic or 
gríping pain, usually of the viscera, and vvhen not othervvise 
qualihed is often undemood to refer to pain in the 
gastrointestinal tract. Inỉant colic is common in the íirst few 
months of childhood, 1-2 and tends to be managed by 
nonpharmacological measures and assessment oí the 
ĩeeding technique. Elimination of cow's milk protein 
appears to be of beneCt, but use of a low-lactose tormula is 
not. 1 TUactase has been added to feeds to aid lactose 
digestion but the extern of any beneíìt is unđear. Traditional 
iemedies su ch as gripe vvater, which contains essential oils 
oỉ dill OT íennel and is mildly carmúiative, are oí dubious 
eíhcacy. Antimuscarinic antispasmodics, although eỉfec- 
tive1-2 may be assodated with advérse eííects, and are no 
longer considered appropriate.3 Simeticone suspension, 
given beíore íeeds, is commonly used but has been ỉound to 
be no better than placebo.5-4 It has been reported that 
sucrose, given as a 1 2% solution, improves inỉant colic.5 
Glucose solution may also have some beneíit.2
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5. Markestad T. Use oí sucrose as a treatment ỉor ỉnỉant coỉỉc Arch Dà Chiỉd
1997; 76: 356-«.

Gastro-oesophageal reílux disease
Gastro-oesophageal reflux disease results bom the reỉlux oỉ 
gastric or duodenal contents into the oesophagus. 
Symptoms include heartbum, add regurgitation, and 
đysphagia (dUhculty in swallowing); oesophageal inflam- 
matỉon and ulceration (reílux oesophagitis), and stricture 
(ormation may occur. Extra-oesophageal symptoms may 
indude cough, horseness, and asthma. Some patients 
develop BaiTett's oesophagus (below), which is a risk íáaor 
for oesõphageaỉ cancer (p. 705.3).

Iiíestyle advice on vveight loss, raising the head of the 
bed. stopping smoking, and avoidance oỉ alcohol and 
aggTavating íoods such as chocolate and coãee is oíten givcn 
as part of initial m anagement. 1’6 although the evidence for 
most of these interventíons other than vveight loss and bed 
position is lacking.5

Paúents oíten manage initial mild symptoms with over- 
the-counter therapỉes, induding antaríds and anõsecretory 
drugs. Although the placebo response is oíten high, meta- 
analysis has shovvn some additional symptomatíc beneht 
bom antadds, histamine H2-antagonists, and in particular for 
combinations of an antadd vvith an alginate;7 such 
combinations are believed to form an alkaline 'raft' above 
the stomach contents that impedes reữux and proteas the 
oesophageal mucosa.

The sỹmptoms and management of gastro-oesophageal 
reflux disease may overiap with those of dyspepsia (see 
p. 1806.3), and initial symptomatic management is likely to 
be similar.4 Patients who do not have alarm symptoms that 
would indicate a need íor prompt endoscopy should be 
treated wlth an appropriate dose of a protott pump mhibừor 
(PPI) for 1 to 2 months.*-5 Such ơeatment is more effective 
ỉor empirical management than an H2-antagoniỉt,' and is 
appropriate therapy for endoscopy-negative disease* as well 
as for patients with reflux oesophagitis.,  There is no 
evidence for the superiority of any particular PPL nor for 
greater benefit bom doubling doses in patients with reflux 
oesophagitis.*

A signihcant minority of patients do not, hovvever, 
respond to PPIs; reasons may include poor compliance, 
noctumal add breakthrough, non-add reũux, and hyper- 
sensitivity to add .4-5 Trying an altemative PPL increasing 
the dose, or adding a Hj-antagonist to PPI tteatment have 
been suggested for patients vvith persistent symptoms.4-10 
although evidence of improved eíticacy is generally 
lacking.6•,•I, Some beneíit has been reported in extensive 
metabolisers of rabeprazole when (amotidine was addeđ to 
ưeatment compared with an increased rabeprazole dose.12

Altematively, a prokinetic drug such as metodopramide 
may improve gastro-oesophageal sphinaer íunaion and 
accelerate gastric emptyữig. These appear to be as eữective 
as Hỉ-antagonists, 1 although they are probably less eííective 
than PPIs.* An H2-antagonist used with dsapride may be 
more effective than either drug alone.1 Howevcr, concem 
over the risk of cardiotoxidty and potential for seríous 
interactions with cisapride has led to severe restrictions on 
its use.

In patients with mild disease. a trỉal oỉ vvithdravval oỉ 
drug therapy is appropriate aíter successỉul initial 
ưeatment. 1 Short courses of therapy as and when symptoms 
demand (intermitteni treatment) may be eữective in 
uncomplicated disease.1’ However, most patients with 
oesophagitis relapse when treatment is withdrawn, and 
long-term maintenance therapy is likely to be required.'-4-5 
As in acute management, PPIs appear to be the most 
eííective maintenance ưeatment, although the 'step-down' 
approach of reduced maintenance doses, which is vvidely 
íavoured,4-5 may produce less beneĐt than continuing to 
give full dose PPIs. 14 H2 antagonists were íound to be of 
marginal beneht íor maíntenance, đlthough they dỉd give 
some symptomatic relieí, and although prokinetic drugs 
(dsapride) and sucralỉate were also reponed to be more 
eííective than placebo their value was considered dubious. 14 
Another approach is to use a combination ỉor maintenance, 
and in one study omeprazole vvith ósapride provided more 
eííeaive maintenance than ranitidine or dsapríde alone or 
together. 15 Again, bowever, dsapride is now unlikely to be 
used in practice because oí the risks.

Helữobacter pybri eradication does not heal or prevent 
relapse of gasưo-oesophageal reflux disease, 1 and some 
epidemiological evidence has appeared to suggest that H. 
pylori infectíon protects against gastro-oesophageal reílux 
disease. 16 However, there is no dinical evidence that 
eradication of H. pylori exacerbates gasưo-oesophageal 
reílux disease or signiũcantly increases the risk of its 
development.17-1*

In patients who have a poor response to drug therapy, or 
in those with complicatìons su ch as oesophageal stdaure or 
ulceradon, surgery to re-establish gastro-oesophageal 
competence may be considered.1-4-7 Submucosal implants 
and various other endoscopic techniques have also been 
investigated.4 Although surgery is as eữective as drug 
treatment, it canies greater assodated risks, and many 
patients contlnue to require antisecretory drugs.4

Investigational approaches to drug therapy indude the 
development oỉ drugs with GABAergic actions similar to 
those of bacỉoỉen (but without its CNS eííects), 
cholecystokinin antagonists su ch as loxiglumide, and 
cannabinoid CB, agonists; motìlin receptor agonists such 
as alemtínal and mitemdnal do not appear to be oỉ much 
benefit.l,

A minority of patients with gasưo-oesophageal reũux 
disease develop Barret^s oesophagus (columnar lined 
oesophagus. CLO), in whidi the nonnal oesophageal 
squamous lỉning is replaced with a metaplasdc columnar 
epithelium. This is most common in patients with long- 
standing disease but may represent part of a spectrum of 
possible responses to add rellux rather than a progression 
from less sẽvere to more severe dlsease.4 The abnormal 
epithelium in Barret^s oesophagus shows dysplastíc 
changes that may progress to oesophageal adenocardnoma. 
Hovvever. not aĩl patients go on to develop cancer, and 
many aspects of management are conơoverslal.

Management of add reílux, as for other íorms of gasưo- 
oesophageal reilux disease, is the mainstay of manage- 
ment.20'23 Long-term treatment with PPIs appears to be 
eữective;22 the use of maximal doses, perhaps with an H2- 
antagoniỉt at night is ađvocated by some23 but evidence to 
support twice daily (double) dosmg is lacking.22 As the 
altered epithelium is relatively less sensitive to add, 
symptom control does not necessarily equate to suppression 
of reflux.2J There iỉ a lack of good evidence that conưol of 
add reflux produces anything other than limited regression 
of the abnormaỉ epithelium, or alters the risk of progression 
to malignancy.22-25 although there are some results that 
suggest beneht.24-25 Some evidence suggests that additional 
chemopreventíon with aspũin or another NSAID mỉght 
oữer beneSts in redudng cancer risk,22-24 but this remains 
LnvestigaúonaL The roles oỉ screening, surveillance, and 
endoscopic ablation therapy or photodynamic therapy (5- 
aminolaevulinic add or porAmer) remain matten oỉ 
debate.20-22-25

In iníants, gasưo-oesophageal reũux is common but 
usually resolves spontaneously with increasing age and 
requires no ưeatment. Occasionally, it may be assodated 
with complications su ch as lailure to thiỉve, oesophagỉtis, 
and pulmonary symptoms oỉ add regurgitation, but can be 
managed by upright positioning and the use oí thickened 
loods; drug therapy is controversial,27 and the evidence base 
is poor.2* It has been suggested that vvhere drug therapy is 
needed, an alginate-antadd combinaóon may be appTO- 
príate úútially;27 PPIs are probably safe but are not well 
studied in iníants.2* Cisaptide has been given27-2* but the 
risk of cardiotoxidty makes the use oỉ dsapride in inỉants 
extremely problemaúc (see p. 1832.2). Metodopramide 

■ may have some beneũt but again this must be weighed 
Ị against the risk of adverse ettects.29 Evidence of beneht vvith 
Ị domperidone is poor,50 and it too has the potential for 
I serious adverse eííects, but restrictions on dsapride have led 
Ị to its over-use.2* Erythromydn has been investigated ìn 
i iníants with food intolerance, though not in gastro- 
ị oesophageal reflux itselỉ; there is a risk of promoting 
ị bacterial resistance ữom su ch use.2*

Gastro-oesophageal reflux is commonly encountered 
' during normal pregnancy, and is generally managed by 
Ị lííestyle and đietary modíncations.21 If drug therapy is 
ị required. nonsystemically absorbed antadds or sucraltate 
Ị should be tried flrst. If these are ineffective, ranitidine may 
I be tried. Proton pump inhibitors are reserved for women 
ị with severe or complicated reflux disease,51 due to concems 
I about their saíety in pregnancy, although the relative risk 
1 assodated vvith exposure seems to be quite low (see under 
! Precautions of Omeprazole, p. 1870.3).
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Haemorrhoids
Haemorrhoids ('piles') are venous svvellmgs oỉ the tissues 
around the anus: those above the dentate Une (the point 
where the modihed sltín of the outer anal canal becomes gut 
epitheiium), which usually protrude into the anal canal are 
tenned intemal haemoirhoids, vvhile those below this point 
are caỌed extemal haemorrhoids. Due to intemal pressure, 
intem al. haemorrhoids tend to congest. bleed, and 
eventuaQy prolapse; with extemal haemoưhoids painỉul 
thrombosis may develop.1'3

Initial treatment oỉ intemal haemorrhoids involves a 
high-ãbie dỉet and avoidance of straining at stool,2-'* so bulk 
laxatỉves and ỉaecaỉ soíteners may be indicated.2 The prime 
objectìve oí drug therapy is to conttol the acute bleeding 
phase so that deSnitive therapy can be scheduled. 1 Small 
bleedỉng haemorrhoids may be ŨỊjeaed with a sderosing 
agenỉ such as oily phenol injection, but lubber band 
lỉgatíon. or perhaps a technique such as infra-red 
coagulation, is more eữective and assodated with fewer 
complicatìons.3-5-6 More severe and prolonged prolapse 
generally requires surgery.2-4-7 Surgical exdsion to remove 
the dot iỉ used ỉor thrombosed extemal haemoirhoids.*

An enormous range of mainly topical drug treatments is 
avaiỉable for symptomatic reliet but in many cases theứ 
value is at best unproven.

Topical prepaxations are usuaily made up in a lubricating 
or emollỉent base. Locaỉ anaesthetics may be induded to 
relieve pain, and corticosteroids may be used where 
inỉection is not present: preparations containing either 
group oỉ drugs are intended only for short-term use. 
Indusion of antibacteiials is thought to be oỉ lỉttle value and 
may encourage the development oí resistant organisms.

Some preparations indude heparínoids. Other agents 
ừequently induded íor their soothing properties indude 
various bismuth salts, zinc oxide, hamameliỉ. resordnoL 
and peru balsam.13 Topical nitrates ha ve also been used.'

BioĐavonoids and various derivatives of aesculus may 
also be induded in topical preparatíons; they have aỉso been 
given systemically in some countries as have some other 
compounds such as caldum dobesilate and tribenoside, 
presumably ỉor theừ supposed actỉon on venous capillary 
walls. Oral miCTonised bioũavonoid preparations may 
reduce symptoms as an adjunct to surgery.1-7-*

Other agents that have been used in the treatment oi 
haemoirhoidỉ indude pilewoit (hcaría) and combinatỉons 
of yeast extract with shark-liver oil.
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Hepatíc encephalopathy
Hepatic encephalopathy (portal systemic encephalopathy) 
is a metabolically related dysíunction of the brain assodated 
vvith abnormalities o( liver hmction. It may be acute, as in 
patients with hilminant hepatíc íailure, or chronic. with 
acute episodes predpitated by some triggering factor, as in 
patients with drrhosis or other chronic Iiver disease.

Treatment is aimed at identífying and coirecting any 
predpitating íaaor. decreasing the production and 
absorption of ammonia in the gut, and increasing 
metabolism oí ammonia in the tissues. Predpitating ỉactors 
indude iníection. increased protein load due to gastro- 
intestinal haemoưhage or high protein intake, alcohol 
abưse, electrolyte imbalance, and certain drugs (notably 
amdolytics, hypnotics, and diuietics).

Restrictíon oỉ dietary protein intake is a mainstay of 
short-term ơeatment, but in the long-term, care must be 
taken to provide adequate protein to avoid malnutrition. A 
daily protein intake of o .ỉ to 1.5g/kg has been 
recommended. 1'3 There is some evidence that vegetable 
protein is better tolerated than animal protein.4-5 Giving 
branched-chain amino adds (valine, isoleudne, and 
leudne) by iníusion or as dietary supplements may 
(atílitate adequate protein intake in some patients. 1’3'3 
Supplementatíon with omithine aspartate has been used 
to increase metabolic conversion oỉ ammonia to urea and 
glutamine.2’4'3 Sođium benzoate bas also been tried.4-5

Active drug treatment may begin vvith bowel deansing 
by means of a magnesium sulíate enema, espedally if the 
patient is constípated. Lactulose is then the treatment of 
choice in many cases. particulariy in the elderly. the 
constipated, and those vpith renal impairmenL It is usually 
given oraliy although it may be used rectally2-5 or by 
nasogastric tube2 when oraỉ use is not íeasible.5 It reduces 
colonic pH andabsoiption oỉ ammonia and aromatic amino 
addỉ. The lactulose analogue lactitol is also used.‘ However, 
a recent meta-analysis7 was unable to And suíAdent 
evidence to support or reíute the use oỉ nonabsoibable 
disaccbarides, such as lactulose and lactitol for hepatic 
encephalopathy. The disaccharidase inhibitor voglibose has 
been tried to reduce intestinal uptake oỉ disaccharides and 
promote íennentation, vvìth. efiects similar to lactulose.3

Altematively, locally active antibacterials ha ve been 
given to reduce the urease-produdng bacteria.2 Neomydn is 
the traditìonal drug but adveise effects such as ototoxidty 
and nepbrotoxitíty may be a problem, particuỉaTiy u used 
long-term. Meơonldazole4 and riíaximin4’*-’ are also used. 
A combinadon of lactulose and neomydn4 or metronidazole 
has been tried in patients who fail to respond to single-drug 
therapy.

In lovp grade chronic recurrent encephalopathy 
Laaobaállus arídophilus or Enterococcus /tutíum  SF6 8  have 
been tried orally in an attempt to produce a more iavourable 
bọwel floia. Results have been inconsistenL5-10 Helicobaaer 
pylori is a urease-produdng organism, but the relevance of 
H. pylori inỉection to hepatic encepbalopathy is undear."

Investigational therapy has also attempted to affea 
cerebral hinction directly. Flumazenil. a benzodiazepine 
antagonist, bas been tried. on the basis of the suspected role 
of endogenous benzodiazepine-Iike agonists.2-12 A systema- 
tic ieview13 conduded that flumazenil did produce short-

tenn improvement oỉ hepatic encephalopathy but had no 
eỉíect on recovery or survival; it might be conãdered for 
patìents with dưonic liver disease and hepatic encephalo- 
pathy but routíne dinical use was not recommended. 
Similarly, although dopaminerglcs such as levodopa or 
bromocriptine have been given, on the grounds that 
impaired dopaminergic neurotransmission may play a role 
in the syndrome,2 evidence to support their use was not 
íorthconiing from a systematíc reviẽw.14

Liver ơansplantation (p. 1936.3) iỉ the ultimatc therapy 
for end-stage drrhosis, acute liver ỉailure, or patients with 
severe reừaaory hepatic encephalopathy.4
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InAammatory bowel diseơse
Inũammatory bowel disease (IBD) covers chronic 
non-spedíic inilammatory conditíons oi the gastrointestinal 
tract, o/ which the two major íorms are Crohn's dãease and 
ulcerative colitis.

Crohn's disease is charaaerised by thickened areas of 
the gasưointestinal wail, tvith indanunation extending 
through all layen, deep ulceratìon and Assuring oỉ the 
mucosa. and the presence of granulomas; aữected aieas may 
occur in any part of the gasưointesnnaỉ tract. interspersed 
with areas of relatively normai tissue; the terminal ileum is 
ừequently involved. Symptoms depend on the site of 
disease but may inđude abdominal pain, diarrhoea, fever, 
vveighi loss. and rectal bleeding. Extra-intestinal manUesta- 
tions may indude joint inAammation, skin lesions. mouth 
ulcers, and liver disorders.

In ulceratíve colitis. disease is conAned to the colon 
and rectum, inAammation is superAdai but continuous over 
the aHected area. and granulomas are rare. In mild disease, 
the rectum alone may be aíỉected (proctitis); in severe 
disease. ulceration is extensive and much of the mucosa 
may be lost, with an increased risk of toxic dilatation of the 
colón, a potentially Uíe-threatening complication. Symp- 
toms indude diarrhoea and rectal bleeding. The extra- 
intestinal maniíestations are ỉimilar to those of Crohn's 
disease.
Drug treatm ents.

Although there are important diổerences between 
Crohn's dũsease and ulceraủve colitis which aỉfect theứ 
management, the broad prindples of treatment, and the 
drugs used, are similar. 1'6 The aminosalicylate derivatives 
are generally the Brst choice in mild to moderate active 
disease, and are of partìcular value for maintenance 
tteatmeni of ulcerative colitìs; the role o{ maintenance 
aeatment in Crohn's disease is less well established. 
Corticosteroids are also used in the initìal treatment of 
active disease, dosage and route varying vvith disease site 
and severity. Immunosuppressant or biological therapy may 
be helpỉul in severe or chronic active disease. For Crohn's 
disease an elemental diet (see InAammatory BoweI Disease, 
p. 2043.2) may have some value in acdve disease, but dlet 
plays a lesser role in ulceratíve colitis.
• Oral sulfasalazine, a 5-aminosalicylate derivative (5- 

aminosalicylic add linked to sulíapyridine), is oỉvalue in 
produdng remission of mild ulcerative colitis;7 results in 
Crohn's disease have been more equivocal.<*
The discovery that 5-aminosalicylate was the active 
component of sulfasalazine led to the development oí 
numerous derivatives, induding mesalazine (5-ainino-
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salicylic add itselt either used rectally, or oraUy in slow- 
release or enteric-coated íorm), olsalazine (2 molecules 
of 5-aminosalicylic add joined by an azo bond), and a 
variety oỉ forms, su ch as balsalaáde, in vvhich the active 
moiety was joined to inert carriers. AJ1 the above have 
been shown to be eãective in active ulcerative colitis, and 
may be better tolerated than sulfasalazine, since many of 
the latter^s adverse eSects are due to its sulỉonamide 
portion. In patients who can tolerate sulíasalaóne, the 
newer drugs have no dinical advantage for remission 
induction.7 Nevertheless, the lỉsk of adverse eílects on 
startứig sullasalaáne therapy has led to increasing use oỉ 
the newer derivatives. The S-aminosalicylates are also 
recommended for the maintenance oỉ remission in 
ulceradve colitis;3,4,7 in contrast, although they are often 
used in practice it is undear that they are oỉ value for 
maintenance in patients with Crohn's disease.3'5,10

• The other major group oỉ dmgs used in the treatment oí 
IBD is the corticosteroids. particularly ỉor more severe 
Iilcerative colitis, and in Crohn's disease. Rectal use may 
be appropriate in some patients with dỉstal ulcerative 
colitis or proctiùs; oral prednisone or prednisolone is 
oíten used in more severe and extensive disease, and in 
the most severe cases inưavenous corticosteroids 
(usuaDy hydrocortisone or methylprednisolone) may 
be given. Uníortunately, ưeatment of IBD is oíten 
prólongedt and adverse eữects remain a problem, hence 
the interêst in poorly absorbed or rapidly metabolỉsed 
corticosteroids su ch as bedometasone, budesonide, or 
tiiocortol. Oral budesonide is more eữectìve than 
mesalazine in inđudng remỉssion in Crohn's disease and 
aỉthough it may be slightly less eííective than 
conventional conicosteroids, adverse cííects are 
reduced. 11 Corticosteroids are not sủitable for main- 
tenance of remission in IBD,3,12 and inability to withdraw 
cortìcosteroid treatment vvithout predpitating relapse 
(corticosteroid dependence) is a therapeutic challenge.

• Other drugs used in active IBD indude immuno- 
suppressants. The majority of studies have been with 
azãthioprine, or its metaboũte mercáptopurine. Because 
they have a slow onset of actíon (months) thdr use in 
acute disease ìs limited, but they are of beneht in 
remission induction in patients with dưonically active 
disease, particularly corticosteroid-resistant or cortìco- 
steroid-dependent disease; they may also be used ỉor 
maintenance in both ulcerative colitis and Crohn's 
disease, oíten with other drugs.3'4,13,14 Low-dose 
intramuscular methoưexate also appears to be useỉul 
for induction15 and maintenance14 of remission in 
Crohn's disease, although ít is often given subcuta- 
neously in pracdce. Evidence for the oral route is 
lacking, 15,14 and it does not appear to be of value in 
ulcerative colitis.5,6 Conversely, ddosporín has not 
generally proved useful in chronically active inAarrun- 
atory bowel disease but may have some value in the 
short-temi ơeatment of acute severe ulcerative colitis.5,17 
Tacrolimus also appears to be of beneỉit in severe 
ulcerative colitis,5 and possibly in Crohn's disease;”  
mycophenolate moíetil has been tried, although the 
limited evidence is equivocal.14

• Of increasing importance in the management of severe 
or reỉractory foims of IBD are the so-called 'biological 
therap ies ', comprising in particular anti-tumour- 
necrosls íactor antibodies such as inQiximab, adalimu- 
mab, and certolizumab pegol. These have been shovvn to 
be effective for induction therapy and maintenance in 
Crohn's disease;5,19,20 inlliximab5,20 and adalimumab21,22 
are also used for indudion and maintenance of remission 
in ulcerative colỉtis.5,20 Golimumab is another drug in 
this group that may be used for ulcerative colitis. The 
anti-integrin anribody natalizumab is eílective in 
indudng remission in Crohn's discase.23 Thalidomide, a 
tumour necrosis (actor inhibitor, has also been tried in 
Crohn's disease with some beneíit, 14,24 but another such 
inhibitor, pentoxiíylline, was ineHective.25

• M etronidazole is useỉul in Bstulising perineal Crohn's 
disease and may be used in colonic Crohn's disease. It is 
usually given íor 3 months. Ciproỉloxadn is an 
altemative, and has also been given with metronid- 
azole, 24,27 although the combination may not be very 
well tolerated. There has been interest in the possible 
causal role oỉ Mycobaaerium paratuberculosừ in Crohn's 
disease,24 but a study of 2  years oí antituberculous 
therapy wlth darithromydn. riíabutin, and dofazimine 
in patients with Crohn's disease found no evidence of 
sustained beneht, suggesting that the organism probably 
did not play a signiScant role.2’ In contrast, a meta- 
analysis3® oí several mostly small studies suggested that 
long-term treatment with a nitroimidazole su ch as 
metronidarole, or with doỉaámine, might have beneĐts 
in patients wdth Crohn's disease. Antibacterials do not 
have a role in ulcerative colitis, except íor iníection 
prophylaxis in severe attacks.

• Many o ther drugs are being or have been tried in IBD, 
induding ũnmunoglobulins, some interleukins, inter-

ferons, short-chain latty adds, heparin, íactor xm. 
rosigIitazone, and aminosalicylic add (4-aminosalicylic 
add as ọpposed to 5>aminosalicylic add). There have 
been some short-term responses to the anti-integrin 
antibody, vedolizumab,31 and to the anti-interleukin-12  
antibody, briakinumab.32 There is lhnỉted evidence oỉ 
improvement in disease severity from the use of the 
grânulocyte-macrophage colony-stimuladng ỉactor sar- 
gramostim, 35 which is thought able to stimulate 
Intestinal innate ỉmmune deíence proccsscs that may 
be impaired in Crohn’s disease. Other biological 
therapies which are being investigated indude the 
ICAM-antisense oligonudeotide alicaíorsen, the T-cell 
costimulatíon blocker abatacept, the anti-CD3 antìbody 
visilizumab, and the CCR9 chemokine receptor inhibitor 
CCX-282.54 Nỉcotine has be en tried in ulcerative colitis, 
based on the observation that the disease is rare in 
smokers. Studies have suggested that nicoúne, supplied 
Via transdermal patch, may have beneSt in active 
disease,35 although it is ineổective for maintenance.36 
Rectal and oral ỉonnulations of nicotine are under 
investigation.

Nutritỉonaỉ and d ietary therapies.
Correctìon of nutritỉonal dehdendes may be necessary in 

severe IBD, but dietary modiĐcation may also have 
therapeutìc eSects. In Crohn's disease, enteral íeeding, 
often with an elemental diet is ehectìve in inducing 
remission (see InHammatory Bowel Disease, p. 2043.2), 
although corticosteroids are more eỉíecttve;37 there is also 
some evidence of beneãt in maintaining remission. 34 
Elemental diets are useful in children and those unable to 
tolerate corticosteroids. The role of omega-3 fatty adds has 
been investigated, but systemadc reviews have conduded 
that they are inefiective for maintenance of remission in 
Crohn's39 and ulceratìve colitis.40

There has been some interest in manipulation of the ! 
bowel Hora through use of lactobaõlli and other probiotic 
bacteria.41 There have been some reports of beneht in 
ulcerative colitis,42,43 and probiotics may be useỉul in the 
management of pouchitis,3,6 but there is no good evidence 
to date oi benefit in Crohn's disease.44 The observation that 
inEammatory bowel disease is uncommon in developing 
counưíes where most people carry helminths has led to 
preliminary studies of bowel colonisation using Trichuris suừ 
ova (pordne whipworm) in active Crohn's disease45 and 
ulcerative colitis.44 
Surgery.

In patients with ulcerative colitìs surgical colectomy is 
curatíve, and may avoid the risks of long-term corticosteroid 
therapy and the increased risk oỉ bowel cancer to which 
patients with inỉlammatory bowel disease are subject. 
Pormatíon of an ileoanal pouch, vvhich acts as a reservoir for 
the ileal contents, avoids the necessity íor a Standard 
ileostomy and maintains a degree of contínence in suitable 
patients. Curative surgery is not possible in Crohn's disease, 
since recurrence elsewhere in the gut is almost inevitable, 
but resection of the alỉeaed area becomes necessary in 
many patients during the course of their illness.
CHOICE OF THERAPY 
Ulcerative coỉỉtis.
•  ACTTVE DISHASE:

• mỉĩđ to moderate
In mild to moderate distal disease topicai mesalazine, ị 
preíerably with an oral aminosalicylate (balsalazide, i 
mesalaãne, or olsaIazine), is the ơeatment of Ị 
choice.3,6 Selerted patients may beneíìt from oral ị 
sulfasalazine. Patients intolerant of topical mesalazine I 
may be given a topical conicosteroid instead, though I 
they are less effective.47 Suppositoríes are suitable for 1 
proaitis but foam or liquid enemas are required for : 
more proximal disease (proaocolitừ) .3 Patients who fail i 
to improve on a combination of oral aminosalicylate : 
with topical mesalazine or corticosteroid may require I 
an oral cortlcosteroid (e.g. prednisone or prednisolone Ị 
40mg daily) .3,5,44 Iníliximab is an aitemative.6 
In Itỷt-sided or more cxtensivt ulcerative colitis the I 
preíẽrred therapy is an oral aminosalicylate:3,5,6 ; 
olsalazine is best avoided in patients with pancolitis I 
as it may be more likely to produce diarrhoea than ị 
mesalazine or balsalazide.3 There is some evidence Ị 
that the beneỉìts of aminosalicylates are dose 
related, 5,4 and sorae controversy exists as to the 
optimum induction dose: use oỉ higher doses initially 
may produce better responses,5,4 but there is an 
increased risk of toxidty. Some recommend the Ị 
addition of topical aminosaỉicylates as the combina- ! 
tion is considered more effective than oral treatment I 
alone.4*

• Patients who ỉail to respond to aminosalicylates ị 
should be given an oral corticosteroid (as above) .3,4,44 I 
The corticosteroid should be reduced graduaUy I 
(tapered) over several weeks once response is I 
achieved.3,4 Since long-term treatment with corticos- I 
teroids is undesirable, patients with chronic aaivt ị 
distast vvho are at high risk of relapse vvhen the

corticosteroidis withdrawn (corticosteroid-dependent 
disease) should be treated with a thiopurine 
(azathioprine or mercaptopurine) as a cortìcosteroid- 
sparing drug.3,4,44 Thiopurines may also be effectíve in 
indudng remission in some patients who do not 
respond to oral cordcosteroids, although theữ slow 
onset of action is problematic.4 In patients with more 
extensive, moderate to scvere disease, inHiximab may 
be an option.3,6 Adalimumab and golimumab are alsõ 
licensed for use in such patients.

• severe
Patients who present with severe colitis or who ỉaỉỉ to 
respond to maximal oral treatment should be 
admitted to hospital ỉor treatment with intravenous 
cortìcosteroids.3,5,4,44 Patients should be given appro- 
priate supportive therapy (induding nutriuônal 
support if the patient is malnourished, intravenous 
antibacterialỉ for inỉection, and blood transíusion iỉ 
markedly anaemic) .3,4 Intravenous ddosporin may be 
a useíul option in patients with severe disease who 
cannot tolerate corticosteroids.44 Cidosporin should 
also be considered as a second-lỉne treatment for those 
vvho fail to respond to intravenous corticosteroids 
vvithin a few days. 3,5,4,44 Inflirimah or tacrolimus are 
also options.5,6,44 Patients who respond to intravenous 
ddosporin may be given oral continuation treatment 
for 3 to 6  months.3 Drug therapy is ineííective in up to 
40% of patients with severe colitis,4 and colectomy is 
an altemative.3,4

• MAtNTENANCS:
Liỉelong maintenance therapy is generaUy recom- 
mended for patìents with ulceraúve colitis once 
remission is achieved, particularly in those with left- 
sided or more extensive disease, or those with distal 
disease who relapse more than once a year.3 The 
treatment of choice is an oral aminosalicylate,3,5,4,44 
most often mesalaãne,5 although in those that can 
tolerate it sulỉasalaãne is possibly mọre eữective.9 A 
combination oí oral and topical aminosalicylates has 
been recommended as a second-line maintenance 
ơeatment44 Topical aminosalicylates alone have be en 
used for maintẽnance in patients with proctitís, Ieft- 
sided, 44 or distal disease;3,5 a combinatìon of oral and 
rectal aminosalicyỉates can be used second line.44 
Corticosteroids are inehecdve in maintaining remis- 
sion and assodated vvith severe adverse eữects on 
prolonged use. Azathioprine may be used for 
maintenance therapy, but is best reserved for patients 
who relapse bequently despite aminosalicylate 
maintenance, or who are unable to tolerate such 
therapy.3,4,44 Patients with gastrointestinal intoler- 
ance of azathioprine may be tried cautiously with 
mercaptopuríne; altematively, surgery may be 
considered.3 Iníliximab is also eSective for main- 
tenance of remission,4 espedally in patients who 
remain corticosteroid dependent despite altemative 
therapies.5 Goliraumab is also used.

• TOUCHtns.
Ileoanal pouch anastomosis allotvs for surgical 
removal of the colon vvithout loss of continence or 
the need for an ostomy, but subsequent inAammation 
of the pouch (pouchitis) occurs in about half oỉ all 
patients.4 On the basis of limited evidence it is 
considered to be best treated by a short course of 
antibaaerials (metronidazole or dproíloxadn) .3,4 If 
these are ineííective, mesalazine or corticosteroids 
may be considered.3 Use of a probiotic íoưnulation, 
VSL 3, containing a mixture of bactería, may also be of 
bcnefit.3,4

Crohn's disease.
•  ACTIVE D1SEASE:

• mữd to modtratí
First-Iine therapy in mild to moderate Crohn's disease 
is a matter of some debate. Oral mesalazine is oỉ 
limited beneflt in ilecd or ileocaccal disease,4,5 and some 
consider that it should not be used at all.5 aỉthough 
others recommend high doses as an appropriate initial 
therapy.3 Aminosalicylates may be of more beneht in 
colonic disease, particulariy sulỉasalazine iỉ it can be 
tolerated.3'5 Others íavour the use of oral budesonide 
as Grst-line therapy ỉor mild to moderate ileocaecal 
disease;4,5 although it is somevvhat less eữective than 
conventional oral corticosteroids, vvhich are an option 
in more acóve disease,3,4 it produces fewer adverse 
effects.u Opinion also varies on the use oí topical 
mesalazine in colonic disease,3,4 although it is vvidely 
used.4 Nutritional support (enteral íeeding or the use 
oỉ elemental diets) may be considered as an 
altemative to drug theiapy or surgery in selected 
patients.3

• moderate to severe
In outpatients with moderate to severe disease, and 
those who fail to respond to initial therapy with 
budesonide or aminosalicylates, conventional oral 
corticosteroids, typically in a dose corresponding to
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4ũmg oỉ pređnisolone đaily (or up to 1 mg/kg daily), 
are recommended. 3'5 Once rẽsponse has beên 
achieved, dosagc should be gradually tapered ofl.3-4 
In patíents who have relapsed. azathioprine or 
mercaptopurine may be added,4 but they are not best 
suỉted to inductíon oí remission because of the deỉay 
in onset. 5 Methoữexate may be an altemative in 
selected patients.4
In patients with severe extensive or Ịulminant disease 
intravenous corticosteroids should be given.9',  Adding 
intravenous metronidazole may be advisable, because 
oỉ the diíĐculty of distínguishing active disease from a 
septic complỉcatíon.3 InAiximab should be conádered 
in patients with disease nỷraaory to corticosteroids;3'5 
adalimumab or certolizumab pegol may be alter- 
natíves.3

• flstu lừ m g  dừease
Simple perianal Sstulae can be treated with meưo- 
nidazole or ciproAoxadn . 3-5 Azathioprine or 
mercaptopurine are also potentially eữective,3 while 
iníliximab is recommended in patients who do not 
respond to other ơeatment.3-5 An altematìve to 
iníliximab is adalimumab.’ Surgery is appropriate for 
complex or persistent Bstulae.3,5

• chronic actìve a nd cortìcosteroid dependent dừease 
Azathioprine or mercaptopurine are the drugs of 
choice in corticosteroid dependent dỉsease.3 If they are 
ineữective or not tolerated, intramuscular metho- 
trexate may be considered;4 it is also considered 
appropriate for the management of chronic active 
disease.1 Inũiximab is generaUy reserved for paáents 
who fail first-line therapy, as an altemative to surgỉcal 
resection.3

•  MAINTENANCB:
The most important intervention in maintaining 
remission in patỉents with Crohn's disease is probably 
to peisuade those who smoke to stop smoking.3 
Mesa]azine appéars to be of limited beneht at best for 
the maintenance of remission,3•4•,0•4, although it is 
vvidely used. 5 and the other aminosalicylates are 
conãdered inappropriate.3-4 Corticosteroids are also 
not eSective for maintenance, 3-4-12 although budeso- 
nide may delay relapse for a Umited period.4-5 In 
padents who requữed corticosteroids to achieve 
remission, the usual drug treatment for maintenance 
is a thiopurine (azathioprine or mercaptopurine) .3-5 
In patients who achieved remission with intramus- 
cuỉar methotrexate, it may be continued lor 
maintenance;3 it ũ  also an option in patients 
intolerant oỉ thiopurines.4 Thiopurine maintenance 
may need to be continued íor several years,4 or even 
indeũnitely.5 ỉníliximab is also an option for 
maintenance. particulaily in patients brought to 
remisáon with the same drug,3-4 or those who cannot 
maintain remission or who remain corticosteroid 
dependent despite the use oí maintenance immuno- 
suppression.5 Altematives may be adalimumab or 
certolizumab pegoL5 To prevent recurrence ỉollowing 
surgery, short-term antãbacterial therapy with 
nitroimidazoles has be en recommended in those 
with tisk íactors for eariy recurrence, although 
adverse eổects limit longer-tenn use. Mesalazine has 
also shovra beneht in maintaining a surgically- 
induced remission. as have azathioprine and 
mercaptọpuiine, although the Iisk of adverse eííects 
is higher with the immunosuppressants. Promising 
results have been reported &om early studies using 
postoperative iníĩixiniab.30

Patients with tnflammatory bowel disease have an increased 
risk oí developing colorectal cancer and chemoprevenáon 
has been investigated. The aminosalỉcylates have shown a 
preventive eSect in most studies. and there iỉ strong 
evidence that uisodeoxycholic add reduces colorectal 
cancer in patients with ulcerative coiitis who also have 
primary sderoâng cholangitis.51
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Irritable bowel syndrome
Irritable bovrcl syndrome is a hinctional gastrointestinal 
disorder of abdominal pain and altered bovvel habit; pain iỉ 
cbaractelỉstìcally lelieved by deíaecation and may be 
associated with increase or decrease in stool Érequency. 
There may be abdominal bloating. Women are more oíten 
aíỉected than men. Most pătients have symptoms 
intermittently, with Aares lasring several days followed by 
períođs of remission.' Patients may be classifĩed as having 
diữerent subtypes of the syndrome. đepending on the 
nature of the main symptoms.

Given the heterogeneity of the condition, only a 
minority of patients will respond to any given treatment, 
and thú together with a high placebo response rate limitỉ 
the evidence base for tteatment. 1'3 The mainstay of 
treatment is explanation and reassurance, coupled with 
sensible advice about Híestyle.1-4 Dietary modiBcation 
should involve inareasing the amount oi vegetable iỉbre in 
the diet initially (but see below); some patients respond to 
exdusion oí particular ỉoods but thiỉ ís probably best 
reserved for more reíractory cases. and should not be 
allowed to compromise proper nutrition.1

Formal psychological therapieỉ may be appropriate in 
some patìents, espedaBy il they have other psychological 
problems su ch as marked anxiety or depression. or are 
unvvỉlling to consider symptomatic drug therapy. 1 Hyp- 
notherapy may have a role in re&actory patients. 1 but a 
systemadc review, although noting promising results, was 
unable to conGrm benefit.5

Many drug ữeatments have been tried in irritable bowel 
syndrome. Short-term drug therapy may be useỉul in 
managing symptoms,1'4-6'* and should be direaed according 
to which predominate:
• in paóents in whom diarrhota is predominant, loper- 

amide may be considered; it is preỉerred to other opioid 
antídiairhoeal drugs because it does not pass the blood- 
brain banier. Altematively, colestyramine may be oỉ 
beneãt. The Ỉ -H T 3  antagonist aỉoseưon is also available 
in some countties for use ba women with serere 
symptoms unresponsive to conventional therapy; it was 
previously withdrawn due to gastrointestinal toxidty

• in amstípation-predomirumt íorms of the syndrome fibre 
supplementadon is often advocated. Hovvevei, insolubìe 
Sbre, such as bran, may exaceibate pain and bloaóng in 
some patients. and if fibre supplements are to be given, 
soluble fibre, such as ispaghula. is preỉerable. 1 The 
benehts oi bulking agents Ú1 general have been 
questioned.’ An osmotic laxaóve or stool sohener may 
be added in patients who fail to respond to fibre, but 
stúnulant laxatives should be avoided or used only 
occasionally.' The synthetic peptide linadotide acts 
locally to actívate guanylate cyclase-C receptors and 
reduce constípation. 10 Tegaserod. a partial agonist at 5- 
HT4 receptors. has also becn e£Fective ba this group of 
patients, although it has been withdrawn bom the 
market in many countrìes due to cardiovascular 
ischaemic events

.  ba patients with abdominal pain, 'as-needed' antispas- 
modics may be tried. These should be taken beíore meals 
u abdominal pain occurs prindpalỉy after eating. 
Examples indude alverine, dicydoverine, hyosdne, 
mebeveiine, peppennint oil, and pinaverium. Systematic 
reviews considered the evidence of beneiĩt to be greatest 
ỉor hyosdne and its derivatíves11 dmeưopium. dicydo- 
verine, trimebutine, and pboaverium;,  peppermint oil 
was also considered eSectìve.’-11 Low-dose tricydics have 
been suggested ỉor second-line use in patients 
unresponsive to antíspasmodics. 1 Reviews, ư  found 
antidepressants more beneSdal than placebo for treating 
symptoms of irritable bowel syndrome. Tricydic 
antidepressants and SSRIs were considered equaỉly 
eữective

• patients whose symptoms are assodated with mild or 
masked deprtssion may also obtain beneSt bom 
anúdepressant therapy; a depressed patient with 
increased bowel frequency and abdominal pain may 
beneSt from a tricyclic antidepiessant whidi slows 
intestinal transit. It has been suggested that patients wlth 
constipation may be better treated vvith an SSRI
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Many other drugs have becn tried in initable bowel 
syndrome, but results have mostly been variable.2-5 Interest 
in new pharmacological approaches has induded investìga- 
don oỉ cholecystokinin antagonists (loxiglumide and 
dexloxiglumide); 5-HT*-agonists such as ATI-7505 as well 
as compoundỉ with mixed actíons such as renzapride; K- 
opioid agonists su ch as asũnadolỉne and possibly n-opioid 
antagonỉsts such as alvimopan; the 2,3-benzodỉazepine 
receptor modulator dextoũsopam; chloride channel actíva- 
tors such as lubiprostone; melatonin; non-absorbed 
antibacterials such as neomydn or riíaximin, or more 
promisingly the use oỉ probiotìc mixtures of lactic add- 
produdng organisms; and recombinant human nerve 
grovvth íactois.13' 15 Many herbaỉ-medidnes have also be en 
tried: a systematic revievv ỉound the studies mostly to be 
small and oỉ poor quality, but suggested that there was 
evỉdence of beneht íor some herbal combinations induding 
Chinese traditional medidnes su ch as tongxie yaofang.“
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Microscopic colitis
Microscopic colitìs covers the diseases collagenous colitis 
and lymphocytic colitis, which are characterised by chronic 
vvatery, non-bloody diarrhoea with intra-epithelial lympho- 
cytic ìnhltration; in collagenous coliús this is accompanied 
by a thickened band of collagen immediately below the 
suríace epithelium of the colonic mucosa.1'* Although 
originally considered to be ra re, more recent studies have 
suggested an increased incidence;2'4 differentiating from the 
dỉarrhoea-predominant form of irrítable bowel syndrome 
(p. 1810.3) may be difficult. It has been suggested that the 
disease is more common in middle-aged vvomen.2 but others 
dispute this.’

The evidence base for management is limited, and is 
complicated by the fact that the disease may remit 
spontaneously.2-* Initial measures may indude dietary 
modiScation, vvith avoidance of caffeinel ỉ  or lactose- 
containing íoods.2 A possible assodation with NSAIDs has 
been suggested: such drugs should be vvithdravvn, or their 
use minimised, if possible.2-’ Drug treatment has been 
largely empiricaL and relapse is quite common once 
treatment stops. Antìdiarrhoeal treatment vvith ioperamide 
or fibre supplements has been proposed initially.1'3-5 
Systematic revievv4 has suggested that budesonide (see 
also p. 1626.1), and probably bismuth salicylate, are of 
beneht in collagenous colitis, and they may be considered 
ỉor second-Iine therapy.1 Data bom a small study suggested 
that bismuth salicylate might also be beneíicial ỉor 
lymphocytic colitis, although no firm condusions could be 
drawn.7 In unresponsive patients, sulfasalazine or another 
5-aminosalicylate may be considered;1'5 it has been 
suggested that mesalazine or olsalazine may be less eíĩective 
(though better tolerated) than sulfasalazine.u  Other drugs 
that may be tried in resistant cases indude colestyramine.

antíbacterials such as metronidazole or erythromydn, oral 
prednisolone, or immunosuppressants su ch as azathioprine, 
mercaptopurine, or methoưexate.1'3-5 Octreotỉde and 
veiapamil have also been repoited to relieve symptoms. 1
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Moụth uỊosratìọn
Recurrent ulceration of the oral mucosa is usually idiopathic 
and selỉ-limiting and is known as recurrent aphthous 
stomatítis or recurrent aphthous ulceration. Hovvever, oral 
ulcers (canker sores) may also be caused by mechanical 
trauma, nutritional dehdendes (particularly ừon, ỉolic add, 
or vitamỉn B12), drug reactions, or underlying disease such 
as Behqet's syndrome (p. 1601.1).

Management indudes identíỉying any underlying 
disease or nutritional dehdency and treating these as 
appropriatc. Usually no underlying cause can be tound, and 
ơeatment is purely symptomatic it may indude topicai 
antí-inflammatories, local anaesthetics, antiseptics, astrin- 
gents, or antíhistamines. The value o! many of these drugs 
in redudng symptoms remains anecdotal, and no 
ưeatments have yet been proven to reduce the inddence 
of recurrences.

Where ulceration is due to minor trauma hequent use of 
a warm saline or compound thymol glycerin mouthwash 
may be all that is required to relieve dỉscomíon and 
ỉwelling. Altematively, pain relieí may be obtained with 
local anaesthetics or analgesics, but their efficacy in oral 
ulceration is llmited by theừ relatỉvely short duration oỉ 
action when applied topically. Salicylates are widely used, 
mainly as choline salicylate gel although they themselves 
have the potentìal for local irritation and ulceration. 
Benzydamine spray OT mouthwash may also be helpỉul. 
Lidocaine. as a gel or lozenges, may be oỉ value in pain that 
has not responded to other measures. Topical corticGSteroids 
are probably the most eííectíve symptomatic treatment for 
recurrent aphthous stomatitis. Pellets or lozenges of 
hydrocortisone are allovved to dissolve next to an ulcer. or 
trìamdnolone in an oral paste íotmulation may be used, 
although the paste may sometimes be difficult to apply. 
Mouthvrashes have been employed particulariy when 
ulceration is vvidespread in the mouth and a dexamethasone 
mouthwash has been used eỉíectively. The healing 
properties oỉ carbenoxolone have also been employed as a 
gel or mouthwash, and the mast-cell stabilising agent 
amlexanox is also used as an oral paste.

Mechanical protection may be provided by a paste or 
povvder of carmellose sodium, although application may be 
dithculL

Use of an antiseptic mouthwash such as chlorhexidine or 
povidone-iodine may be helpíul, since secondary baaerial 
iníection can delay healing. Chlorhexidine is also available 
as a gel. Tetracydines, used as mouthvvashes, reportedly 
reduce ulcer pain and duration, but their potentíal for 
adverse effects if swallowed must be bome in mind. Use of 
hydrogen peroxide 3% is inadvisable, as it can cause 
ulceration, but application of a 1.3% solution to individual 
ulcers. with a topical corticosteroid, may be helptul in 
produdng resoluũon.

Many other drugs have been tried in aphthous 
ulceration. Sucralỉate may be of beneht. Drugs such as 
levamisole and thalidomide, although possibly beneíidal. 
are unlikely to be suitable in most cases because of theữ 
adverse eííects, although thalidomide is used, for example, 
for aphthous stomatitis in patíents with AIDS. Pemoxiíyl- 
line. which, like thalidomide, inhibits tumour necrosis 
tactor productìon, has been used in patients with minor 
recurrent aphthous ulceration. Systemic corticosteroids are 
generally reserved for cases with severe underlying disease. 
Reĩerences.
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Nausea and vomitìng
Vomiting follows stímulation of the vomiting cenưe in the 
medulla of the brain. This may be Via the chemoreceptor 
trigger zone, vvhich is sensỉtive to many drugs and to certain 
metabolic dlsturbances, or from actỉoiũ on other areas su ch 
as the vestìbular apparatus oỉ the ear (in motion sickness), 
the cerebral conex (in psychogenic vomiting), and multiple 
peiipheral receptors. In adults vomiting is almost invariably 
preceded by a sensadon oỉ nausea.

In situatíons where it can be antỉdpated, such as motion 
sickness, surgery, and cancer therapy, antìemetic drugs are 
given prophylactically, but iỉ this ỉails they may need to be 
given therapeutìcally. Vomltìng oi unknoven origin should 
ideally not be treated until the underlying cause has been 
found. ư vomiting is prolonged, dehydration. hypokal- 
aemia, and alkalosis may occur and replacement of fluid and 
electrolytes may be necessary, espedally in young children 
and the elderiy.

Cancer chemotherapy. Nausea and vomiting are 
common adverse eữects õf cancer chemotherapy and for 
many patients represent a major drawback to treatment. 
Once experienced, antidpatory vomiting may occur at the 
sight oỉ medical staff or a needle and this problem may be 
severe enough in some cases to hinder or prevent íurther 
treatment.

Antíneoplastic Oĩ cytotoxic drugs may induce vomiting 
by both a Central action on the chemoreceptor trigger zone 
and a peripheral action on the gasưointestinal traa. The 
cerebral cortex is probably responsible for antidpatory 
vomiting. Mechanisms involving 5-HTj-receptors are 
important in the pathogenesis oí aaite àsplatin-assoàated 
vomititiỊ, whereas diữerent mechanisms are probably 
involved in delayed emesis.

The emetic potenúal oí antineoplastics varies in terms o{ 
severity and inddence. A rlsk dassihcarion System, based on 
the proportion of paúents who have emesis in the absence 
of eítectíve antiemetíc prophylaxis, has been developed. 
Although there are slight variations in published lists,1'1 
examples of risk for some common drugs indude:
•  high (more than 90% Ịhquency of cmesừ) and can be very 

severe vvith chlormethine, dsplatin, high-dose cydo- 
phosphamide, dacarhazine, dactinomydn, oral procarb- 
azine, and streptozocin

• modcratc (30 to 90% fnquen<y of emesừ) with carboplann, 
more modest doses of cydophosphamide, daunorubidn, 
doxorubidn, epirubidn. oral etoposide, idarubidn. oral 
imatinib, irinotecan, high-dose methoưexate. oxalipla- 
tin. oral temozoIomide. and oral vinorelbine

• low (10 to 30% /requency of ímaừ) with oral capedtabine, 
etoposide, oral Oudarabine, ũuorouracil. gemdtabine, 
lower doses of methotrexate, mitomydn, mitoxantrone. 
pemeưexed, and taxanes

• minimal (less than 10% frequency of cmesừ) with bleomydn, 
busullan. oral chlorambudl. dadribine, oral erlotinib, 
Qudarabine, oral geStinib. oral hydroxycarbamide, oral 
methoưexate. rítuximab, oral tìoguanine, and vinca 
alkaloids

Emetogenidty may depend to some extern on the dose, 
route. and schedule oỉ chemotherapy. Some combination 
therapy has resulted in a higher inddence oỉ vomiting than 
would be expeaed from the constituents.

The onstt and duration of vomiting also varies from drug to 
drug. For dsplatin the onset may be betvveen 4 and 8  hours 
aíter a dose, while the duratìon may be up to 48 hours or 
occasionally even longer a persistent ỉeeling of nausea, and 
sometimes vomiting, lasting for several days may also occur. 
Alter chlormcthine, vomiting may begin vvithin a halí to 2 
hours, whereas after cydophosphamide there may be a 
latent interval of 9 to 18 hours, but in both cases vomiting is 
generally less prolonged than with dsplatin. Acute emesừ 
(that occurring vvithin 24 hours oỉ chemotherapy) has 
generally been easier to control than deiayed emcsừ (that 
occurrìng more than 24 hours aỉter chemotherapy) or 
antiápatory anesũ. In patients whose regứnens are given 
over several days delayed emesiỉ hom the initial doses may 
overlap with acute emesis from Iater doses.

MANAGEMENT. Guidelines for the management oí nausea 
and vomiting assodated with chemotheiapy have been 
produced. 1’1 It is important that eỉlective antìemetic 
prophylaxis is given from the first course of chemotherapy, 
to avoid subsequent problems vvith antidpatory vomiting. 
With the antiemetic drugs now available it should be 
possible to control acute emesis; delayed emesis has proved 
more resistant but new treatments are becoming available. 
Drugs used in antiemetic regimens have induded:
• dopamine antagonists such as metodopramide, dom- 

peridone, and some pbenothiazines such as prochlor- 
perazine

• cortícosteroids such as dexamethasone
• 5-HTj antagonisis such as ondansetron
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• neurokinin-1 (NK-1) receptor antagonists su ch as 
aprepitant

• cannabinoids su ch as nabilone
• benzodiazepines such as Iorazepam
• antihistamines such as diphenhydramine
The choice depends on the emetogenìdty 0f the cancer 
chemotherapy regimen, as well as lactors su ch as the age of 
the patient
• For prophylaxis oỉ acute arusừ assodated with kighly 

emetogenic chemotherapy, a Ỉ-HT} antagonist with dexa- 
methasone and aprepitant (or ỉosaprepitant) is recom- 
mended.1'3 At equipotent doses, dolasetron. granisetron, 
ondansetron, and ơopiseơon are eSective and equally 
safe.ư  Palonoseưon, which has a prolonged action, may 
also be used.2 High-dose metodopramide was íonnerly 
used, but frequently caused extrapyramidal adverse 
eSects. partícularly in patients under 30 years of age; 
diphenhyđramine was used to reduce these elíects

• For prophyỉaxis oỉ acute tnưsii associated with moderatcly 
emetogenic chemotherapy, dexamethasone with a 5-HTj 
antagonist is suggested.1'3 Aprepitant (or ỉosaprepitant) 
may be added for patients given an anthracydine and 
cydophosphamide or other chemotherapy drugs of 
moderate emetic risk

• Dexamethasone alone may be used for prophylaxis with 
chemotherapy of low tmetic rừk;1'* altematives indude 
prochỉorperazine or metodopramide.2 No routine 
prophylacúc antiemetic needs to be given for chemo- 
therapy of m inimal emetic risk1-3 hovvever, as-needed or 
prophylactic use oi dexamethasone, a phenothiaáne, or 
metodopramide is common, particularly for paúents 
with poor emetic control durtng previous therapy1

• Lorazepam may be used for its amnesúc sedative. and 
anxiolytic eỉfects as an adjunct to antiemetics when 
anádpatữry emesũ is a problem

• Good control oỉ acute emesis is important in preventíng 
delayed tmesừ. In addition, for prophylaxis of delayed 
emesis bom  highly emetogenic chemotherapy, a 
combination of dexamethasone with aprepitant may be 
useđ. Aỉter moderately emẹtogenic chemotherapy, 
prophylaxis with a single drug su ch as dexamethasone 
or a 5-HTj antagonist may be suffident.'-3 Aprepitant or 
dexamethasone alone has been suggested ỉor patìents 
given an anthiacydine with cydophosphamide1-3

Cannabinoids such as dronabinol and nabilone have been 
used for chemotherapy-índuced nausea and vomiting, 
usually as second-Iine drugs. Although they have some 
advantages because of their eííects on mood, theír use is 
limited by adverse eílects.4

ư  breakthrough emesừ occurs. management is often 
diữicult. The generai prìndple of treatment is to add an 
addỉtional antiemetic hom a diừerent dass; multiple 
concurrent drugs, perhaps in altemating schedules or by 
altemating routes may need to be considered. Since oral 
dosage may not be ỉeasible because oí ongoing vomiting, 
treatment is oíten given by the rectal or intravenous routes.2 
More mtensive prophylacúc treatment should be consid- 
ered in subsequent courses.

M otỉon sickness has been described as a normal 
reactíon to stimuli that occur during passive transportation 
and to which the individual is not adapted. The tenn 
embraces all ỉonns of travel sickness induding sea sickness, 
car áckness, train sickness, and aừ sickness. It is a type of 
vertigo in which autonomic symptoms predominate. 
thereỉore signs and symptoms indude pallor, sweaũng< 
increased salivation, yavvning, malaise, and hyperventila- 
tíon.

MANAGEMENT. The aim ís to preveru moúon àckness and 
antíemetics are more eSective ư given prophyỉacticalỉy 
beíore nausea and vomiting has developed. The prindpaỉ 
drugs used are the antìmuscaiinic hyosdne and some oi the 
centrally acting antíhistamines.3-4 In some co un tri es 
dexamỉetamine has been tried,6 although its adverse eữects 
and the risk of abuse ma ke it an unlỉkely choice. Antiemetic 
drugs not eữective against motion sickness indude 
metodopramide, domperidone, chloipromarine, and 5- 
HTj antagonỉsts. Ginger has been tried. Hvidence ỉor the 
value oi vràst acupiessure is equivocal.6

For short-term protectíon against motìon sickness 
hyosdne hydrobromide has been shovvn to be eSective.7 It 
can be taken oially about 30 minutes beỉore a joumey 
íollovved by ỉuithẽr doses every 6 hours ư necessary. 
Transdennal hyosdne has a longer duratìon of action. but 
the patches need to be applied to the skin several hours 
beỉoĩe travelling.

There is little good evidence comparing the eãỉcacy of 
antihistamines with hyosdne against motion áckness,7 but 
they aie oíten better tolerated. They are usually given orally 
and indude dnnarizine. cydirine, dimenhydrinate, medo- 
zine. and promethaáne; all have similar eíScacy, but diỉfer 
in onset and duration oỉ action and in the extern of adverse 
eữects such as drosvsiness. Theữ antimuscarinic properties 
may contribute to their eổects. Non-sedating antihistamines 
(e.g. astemizole and terỉenadine) penetrate poorỉy into the

CNS and do not appear to be eSective against motion 
áckness.

Once motion sickness has developed, gastric motility iỉ 
inhibited and oral antiemetics are unlikely to be eâectíve. 
Where intramuscular injection is íeasible, promethaáne 
appears to be the most eBectíve treatment ư  exposure is 
likely to be prolonged, transdermal hyosdne may be uselul. 
but wiE not provide benefit for some hours.6

Palllative care. Nausea and vomiting are common in 
tenninal illness, and may be prolonged. Causes may indude 
gastric irritatíon or stasis, bovvel obstruction, renal íailure, 
hypercalcaemia, raised intracranial pressure, inỉection, or 
the ellects oi drugs OT radiatíon; anxiety. cough, and pain 
may exacerbate the condition.*'1*

MANAGEMENT. Management will depend on the cause of 
the nausea and vomitìng.*10 The evidence ba se for many 
antiemetics in tenninal ca re is poon it is perhaps best for 
metodopramide, but evidence for many common and 
apparently effective interventions, such as haloperidol, 
cycliáne, and levomepromarine, is conHicting.12 However, 
guidelines have been developed, either empirically or based 
on considerations of the likely causes. Recommendations 
indude:’
• any correctable causes should be managed appropriately. 

and treatment for exacerbating conditions (such as 
anxiety) given

• an appropriate antiemetic should be given immediately. 
and repeated as often as necessary. If nausea is 
continuous or vomiting ừequent, subcutaneous injec- 
tion or continuous subcutaneous inlusion may be. 
preíerred to the oral route. The usual ừiitìal choice for 
palliative care in the UK is betvveen metodopramide 
(preíerred ií the cause is gastric stasis. gastritis, or 
hmctional bowel obstruction), haloperidol (íavoured ỉn 
drug-ỉnduced vomiting, hypercalcaemia, and renal 
íailure), and cydizine (raỉsed inơacranial pressure. 
motion sickness, organic bowel obstruction)

• tf ữeatment fails an altemative drug may be considered. 
or combination therapy may be necessary (prokinetics 
such as metodopramide should not be combined with 
antimuscarinic drugs as their actions are antagonistic). 
Dexamethasone (usually added to the regimen). or 
levomepromazine or olanzapine (broad-spectrum antie- 
metics; these are usually substituted for the previous 
regimen) are usetul vvhere first-Iine drugs íail. 
Olanzapine is usually used ư levomepromazine is too 
sedative. Other phenothiazines. notably prochlorper- 
arine, and the phenothiaáne antihistamine prometh- 
azine, are someúmes stìlỉ used. but chiorpromarine is less 
eữective than levomepromaũne where a broad- 
spectrum drug is required. The role of S-BT] antagonists 
is limited but they may be useỉul in nausea and vomiting 
secondary to chemotherapy (above) or radiotherapy 
(belovv), or sometimes in bovvel obstruction or renal 
íailure

• u there is colic or a need to reduce secretions, hyoscine 
butylbromide should be given. alone or vyith cydixine. If 
this is inadequate in patients vvith obstrucúon. octreotide 
may be helpĩul

Non-drug measures may indude appropriate diet and 
avoidance of unpleasant odours, adequate bydration, and 
regular mouth cãre.8'10 Acupressure and acupuncture may 
provide some benehL10-13

Postoperatỉve nausea and vomiting (PONV) is a 
common iuid distressing ađvcrse eữcrt oỉ anaesthesia and 
surgery;14' 14 it is seen in some 20 to 30% oi patíents 
undergoìng surgery under general anaesthesia.,5•u•1, and iỉ 
perceived by patients as a problem comparable to 
postoperative pain.20

Risk íactors íor PONV indude a hỉstory of motion 
sickness or previous PONV, lemale sex. not smoking, use of 
opioids during or after surgery, use oỉ volatile inhaled 
anaesthetics or nitrous oxide, and prolonged surgery.13' 
1»J1 u  jj vvidely considered that certain types of surgery 
carry an increased risk, but it is undear vvhether the 
increase is due to the type ol surgery or independent risk 
facrors.1U4 A study comparing various predictìve models 
íotrnd that none was perỉect, but that a simpliũed model 
based on history, sex, smoking status, and opioid use was as 
eữective as more complex methods.21

MANAGEMENT. Prediction of riỉk is oỉ value since much of 
the management oi PONV (ocuses on prevention. It is 
generaỉly agreed that prophylaxis should be reserved for 
patients at moderate to high risk. In these. various strategies 
may be adopted to redua rừk where possible, induding the 
use of regional anaesthesia or total intravenouỉ anaesthesia 
with propoíol (but see also p. 1910.2), avoidance oí nitrous 
oxide, mínimal use of opioidỉ, adequate hydration 
(espedally with colloids), and possibly the use of 
intraoperative supplemental oxygen (although not all 
smđies found this of beneãt).13-1* Avoidance oí high-dose 
neostigmine (limiting the dose to a maxũnum oỉ 2.5 mg in 
adultỉ) has also been suggested.14 There is evidence that 
some nonphaimacological interventions, such as acupunc-

ture of the P6 point, may also be eííective, espedally for 
nausea.23

Many types of drugs have been tried as propkylactíe 
antiemetìa. These indude the 5-HT} antagonists. phenothi- 
azines su ch as prochloiperarine, butyrophenones su ch as 
droperidol, antihistamines su ch as promethazine, cydiãne, 
or dimenhydrinate, and some other drugs su ch as 
dexamethasone and hyosđne.lt22 A large and well- 
designed multicentre stuđy (IMPACT) has shown that 
ondansetxon, droperidol and dexamethasone are oỉ similar 
efficacy;24 it also conhnned that avoidance oỉ volatile 
anaesthetics and nitrous oxide was of as much benefit in 
preventing PONV as use of a prophylactic antiemetic. The 
evidence suggests that other 5-HTj antagonists are oỉ similar 
efficacy to ondanseưon.16 Hvidence ỉor some oỉ the older 
drugs is less extensive, although beneht has ohen been 
shovvn in individua] studles.14 Systematic revievvs have 
conSrmed the beneht of prophylaxis with dimenhydrinate23 
and transdeimal hyosône24 but have suggested that 
metodopramide, which has been vridely used, is in fact of 
little value in preventing PONV,27-2* perhaps because the 
doses used are too Iow.24 However, another systematic 
revietv24 induđed metodopramỉde in a list of drugs that 
reliably prevented PONV compared vvith placebo; other 
drugs listed were cydizine. dexamethasone. dolaseưon. 
droperidol, granisetron. ondanseưon, and ưopisetron. 
Ginger root has also been suggested, but ỉgain does not 
seem to be effective in this contexi,50 although there is some 
evidence of benefit for intramuscular ephedrine.31 Cloni- 
dine has also been reponed to produce beneĐt,32-33 possibly 
secondary to reduced sympathetic tone and lower use of 
inhalation anaesthetics and opioids. Neurokinin-1 antago- 
nists such as aprepitant may also be eííective.22

In patíents at moderate risk of PONV, thereíore, in 
additỉon to risk reduction, use of 1 or 2 prophylactic 
antiemetics may be considered,15’14 such as a 5-HT} 
antagoniỉt droperidol (although concems about eííects on 
QT interval have restriaed its availability), or dexa- 
methasone; or perhaps transdeimal hyoscine, dimen- 
hydrinate, or another drug such as prometharine or a 
heterocycBc phenothiaáne (prochlorperarine or peiphen- 
arine). In patients at higher risk, or in whom nausea and 
vomiõng would be parricularly problematic a combinaúon 
of antiemetics from diílerent dasses should be given.1514 
since the IMPACT study has shown that the eííects of such 
interventions are additive.24

K PONV develops, treatment vvill depend on whether 
prophylaxis was given. In patients who have received no 
prophylaxis, or only dexamethasone, a small dose of a 5-HT3 
antagoniỉt has been recommended.15-14 II PONV occurs 
vvithin 6 hours of surgery despite antìemetic prophylaxis. 
additional doses oí the same drug convey no ỉurther beneíit, 
and treatment with drugs Irom another class is 
recommended.1 ’■l4- Beyond this dme any suitable drug
may be used, but dexamethasone and transdennal hyosdne 
are not recommended íor ơeatment because of their slow 
onset of actìon.14

I Pregnancy. Nausea and vomiting or 'moming sickness'
1 is common in the Sist trimester of pregnancy, but is 
ị generally mild and does not require drug therapy. Dietary 
! modiGcation such as eating small ứequent caibohydrate 
ị meals is widely thought to be helpỉul.34 A systematic review 

has suggested that pyridoxine, vvhich has been shown to be 
of beneGt, should be tried ũrst if drug therapy is requứed.34 
BeneGt has also been reported with ginger root,34-35 but 
evidence of beneSt ỉrom stimulaúon of the P6 acupunaure 
point is ambiguous.34 Antihistamìnes such as budlrine, 
dimenhydrinate, hydroxyzỉne, medozine, promethaxine, 
and thiethylpcrarine have also been tried. and appear to be 
more effective than placebo,34 but there are obvious 
concems about potential eííects on the ỉetus (see Piegnancy, 
under Precautions ỉor Anáhistamines, p. 614.2). Although 
no real evidence of a teratogenic eílea exists.34 therapy has 
tended to be reserved for severe cases, and short-tenn use. 
In some countries metodopramíde has been vvidely used; 
there is evidence for a Iack of adverse eííects on the íetus,37 
but younger mothers may be at increased risk ot 
extrapyramidal eííects.

Persistent vomiúng and severe nausea may progiess to 
hyperemaừ gravidarum if adequate hydration cannot be 
maintained; the condition occurs in up to 1% of 
pregnandes.3* Management of hyperemesis indudes 
hospitalisation ỉor intravenous fluid and electrolyte 
replacement, and this is usually suãirient. Routine thiamine 
supplementaúon, orally if tolerated. othervrise parenterally, 
has been recommended to reduce the risk oi Wemicke's 
encephalopathy34,3’ (see Wemicke-Korsakoff Syndrome, 
p. 2103.3), although there is some dissent from this view.40 
ư hyperemesis fails to respond to rehydration. antiemetics 
should be used: opóons indude domperidone, phenothi- 
azines, and antihistamines.3'  It has been suggested that 
hyperemesis unresponsive to conventional therapy may 
respond to oral prednìsolone or intravenous hydrocorti- 
sone.34 There have also been anecdotal reports of 
ondansetron being used successíully in Uỉe-thieatening
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hyperemesis gravỉdarum unresponsive to conventional 
treatment,41 although a double-blind pilot study found it to 
be no more eữective than promethazine.'u  A systematic 
review found no evidence of beneĐt íor any interventlon ỉn 
hyperemesis gravidarum.14

After a revievy43 of the da ta the American Gastroenter- 
ological Assodation Institute conãdered44 that metodo- 
pramide, prochlorperazine, promethaáne, trimethobenza- 
mide, and ondanseaon were of low risk in pregnant women 
and could be used ỉor nausea and vomiting and for 
hyperemesis gravidarum.

Radiotherapy. The risk of emesis wíth radiotherapy 
varies with the treatment given, partìcularly the aiea oi the 
body ứradiated. Hovvever, emetic risk, and recommenda- 
tíons for use oỉ antìemetics, are less dearly dehned than in 
the átuation of chemotherapy-induced nausea and vomi- 
ting.1 Use of a prophylactic 5-HTj antagonist vvith or 
vrithout dexamethasone is usually recommended in 
patients receiving radỉatìon to the upper abdomen or total 
body irradiation.1-1 For radiotherapy of minimal emetogenic 
potential, ưeatment on an as-needed only basis has been 
suggested.1
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Oesophageal motiliỉy disorders
Oesophageal disorders, many đue to disturbances in 
oesophageal motility, may produce non-cardiac chest 
pain, sứnilar to that of angina pectoris, bom which they 
must be di£ferentiated.

Achalasỉa is obstruction caused by tailure of the lower 
oesophageal sphinaer to relax and permit passage of food 
into the stomach. It is accompanied by dilatation and 
abnormal peristalsis in the oesophagus, vvhich becomes a 
reservoứ for the unassimilated matter; symptoms indude 
dysphagia and sometimes pain. The ưeatment of choice is 
mechanical dilatation of the sphinaer or surgery. 
Laparoscopic techniques have reduced the risks assodated 
with surgery, and this may become the preíerred treatment. 
Taldng isosorbide dinitrate or niĩedipine beỉore eating 
results in some improvement in achalasia, but these drugs 
have a role only ãs a temporary measure, or when other 
options are not suitable. Sildenatn is under invesdgạtìon. 
More recently, injection of botulinum toxin into the lovver 
oesophageal sphinner has been found to be effective, but 
remission in the long-term is better with mechanical 
dilatation than botulinum toxin. Thereíore, it has been 
recommended that botulinum toxin be reserved for patientỉ 
thought to be at risk ỉrom mechanical dilatadon or surgery.

Oesophageal spasm, although írequently asympto- 
matic. can produce dysphagia and pain. Drug ưeatment oi 
diííuse oesophageal spasm, or its vaiiant ‘nutcracker 
oesophagus' vvhich is charaaerised by high amplitude 
perístalsis in the oesophagus, is often ineííective. 
Antimuscarinic antispasmodics. nitrates. and caldum- 
channel blockers have been tried in an attempt to relax 
the smooth musde, but results are often disappoinóng; 
expcrience with niíedipíne in patients with nutcracker 
oesophagus suggests that decrease in oesophageal pressure 
may not coưelate with reduction in pain. As with achalaáa, 
minimally invaáve surgery is eííective for these conditions. 
Sildenahl is also under investigation.
Reviews.
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Peptic ulcer disease
Peptic ulceration is a common condition consisting of a 
distínct break in the gastrointestinal mucosa, usually of the 
stomach or duodenum. Duodenal ulcers are rarely 
maiignant but gastric ulcers are more commonly assodated 
with maiignancy.

The aetiology of pepdc ulcer disease is probably 
multíỉactorial but the bacterium HclicobaatT pylori plays an 
important role. Abnormalitìes oí normal mucosal deíence 
mechanisms. and. in the case of gastric ulcer, reũux of 
duodenal contents into the stomach or delayed gastrìc

emptying may also be involved. Other íactors indude 
emotìonal stress, smoking, alcohol, and drugs su ch as 
NSAIDs or cortìcosteroids.

Peptìc ulcer disease usually presents as dyspeptíc pain, 
sometimes assodated with nausea, vomitíng, anorexia, 
heartbum. or bloating. Patíents may develop complỉcatíons 
such as bleeding. obstructìon, or períoration.

Certain ãmple measures such as bed rest dỉetary 
modihcatíon, and cessatíon of smoking, may accelerate 
ulcer healing. but these play an adjuvant role. and the basis 
oỉ treatment is phannacological. Treatment is aỉmed at 
eradicatìng H. pyíữrì wìth antíbaaerials and neutralising or 
inhibidng add actìvity with antísecretory drugs. Surgical 
ữeatment is used in patients with acute complicatíons su ch 
as perioratíon, haemorrhage, obstructíon, or pyloric 
stenosis, or in patients with recurrent or intractable ulcer 
disease, or where there is suspidon of malignancy.

Anti-Helicobacter therapy. The presence of H. pylori 
should usually be con&med bẽĩore therapy to eradicatẽ the 
inỉectíon is started. The urea breath test is the most widely 
used method to test for H. pytori, but may produce false- 
negatíves ư used during or too soon after treatment with 
proton pump inhibitors (see Helicobacter Iníectìon under 
Precautions ÍOT Omeprazole, p. 1870.2) or antíbacterials. 
There is good evidence that eradicatìon therapy has beneSts 
both in healing ulcers and preventìng recurrence, espedally 
for duodenal ulcer.1 Many diHerent regỉmens ha ve been 
tried, using various combinadons of oral andbacterials with 
antisecretory drugs. Expert consensus is that any ưeatment 
regimen should adũeve at least 80% eradicatìon of H. 
pylori,1 and the most appropriate regimen may thereíore 
depend to some extern on local pattems of resistance.

The following recommendatíons have been made by an 
intematíonaỉ expert group:J
• where darithromydn resístmux ử  beltnv 15 to 20%

• triple therapy with a proton pump inhibitor (PPI), 
darithromydn. and metronidazole (provided the 
prevaỉence oỉ metronidazole resistance i$ less than 
40%), for 14 days
ơr
PPT, darithromydn, and amoxỉdUin, for 14 days 
or

• quadruple therapy with a bismuth compound, a 
PPL and two antìbacterials, for 14 days. Such a 
regimen as used in the UK (usually for rescue therapy, 
see belovv) comprises a proton pump inhibitor with 
tripotassium didtratobismuthate, tetracydine, and 
meưonidazole.

• Treatment for 7 days rather than 14 may be acceptable 
where local studies show it to be effectìve (in the UK. 
the BNF considers that adverse eííects and poor 
compliance are likely to oííset any therapeudc gain 
írom 14-day regimens)

• in areas o f  high darithromyãn resistance it may be 
appropriate to consider antibacterial susceptíbility testíng 
beỉore beginning treatment; regimens that may be 
conãdered indude;

bismuth-containing quadruple therapy as above 
or
PPI, amoxidllin, and metronidazole (providcd metro- 
nidazole resistance is low)
OT
PPL tetracydine, and metronidazoIe

• tesdng to conữrm eradicatìon, at least 4 weeks after 
ơeatment. is recommended; a urea breath test is the 
preíerred method

• rescue treatments in patíents with reừactory disease 
should be based on antíbaaerial suscepdbility testíng. In 
the UK. the BNF considers that the bismuth-based 
quadruple therapy regimen reíerred to above may be 
eííectìve.

• other antíbacterials that have been investigated in 
eradicatíon regimens (mainly as rescue treatments) 
indude ríỉabutín and levoĐoxatín. although there might 
be concems about selectíng for mycobacterial resistance 
iỉ the ỉormer were to be used vvidely, and increasing 
Auoroquinolone resistance may limit the value oỉ the 
other

There ís some evidence that a sequential regimen of a PPI 
vvith amoxitíllin for 5 days, íollovved by the PPI vvith a 
niưoimidazole antíbaaerial (tinidazole) and darithromydn 
ỉor a hirther 5 days, is more eỉỉectíve than a Standard 7- or 
10-day triple therapy regimen in treatment-naive patìents.5 
The potentíal value of su ch regimens remains to be more 
vvidely proven.14

Thê ũse o{ duai therapy regimens comprising a PPI and 
an antibacterial is no Ionger recommended. Simiỉarly, 
although atíd suppressive therapy has sometimes been 
continued after completing eradicaúon therapy, the BNF 
considers this unnecessary, unless the ulcer ìs large or 
complicated by bleeding or peiỉoration.

Beíore the advent of H. pylori eradication therapy, drug 
ưeatment of gastric and duodenal ulcers relied mainly on 
antisecretory therapy. Four to 8 weeks of Hỉ-antagonist or 
proton pump inhibitor therapy was required for ulcer
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healing. Because oỉ the high inddence oỉ relapse, these 
drugs vvere then oỉten gỉven as maintenance therapy. 
Numerous other drugs weie ỉonnerỉy used in pepdc ulcer 
disease beỉore the development oỉ Hi-antagonists and 
proton pump inhibitors, induding antadds, antìmuscaiinics 
such as pứenzepine, and mucosal protectants such as 
sucralĩate.

NSAID-induced ulceratlon. The ulcerogenic eãects o i 
NSAIDs have been attributed to inhibition of prostaglanđin 
synthesis and mucosal cell proliíeration, and the ulcers they 
cause may d iữ er b o m  non-iatrogenic ulcers ỉn their 
pathology and prognosis.5-6 As many as 25% of chronic 
NSAID users will develop ulcers, and 2 to 4% wiU bleed or 
perỉorate.7 Although conãdered to be independent risk 
íactots ỉor peptíc uỉcer disease, H. pylori inỉection and NSAID 
use may act synergistically in peptíc ulceraúon and ulcer 
bleeding.*-9 Iỉ peptic ulceration develops during txeatment 
with an NSAID the drug should be vvithdravra ư posãble. ư 
this can be done, the ulcer may be treated vvith an 
antisecretory diug su ch as an H2-antagonist or PPI gi ven for 
4 to 8 weeks. ư NSAIDS have to be continued, treatmeru is 
with antisecretory drugs or the prostaglandin analogue 
misoprostol.5-6 Ulcers tend to heal more slowly vvith Hj- 
antagonists if NSAIDs are conúnued, whereas the rate of 
ulcer healing with PPIs appears not to be aãected. There is 
also some evidence that omeprazole is more eíỉective at 
healing NSAID-assodated ulceration than misoprostol.1® 
Patients at high lisk oỉ NSAID-assodated gasưointestinal 
complications, induding those with a history oỉ these 
events, should receive pTophylaữứ thcrapy if NSAỈD 
treatment is absolutely necessary.5'7 A systemaúc review“ 
conduded that misoprostol, PPIs, and double-dose 3.2 
antagonists are ẹữective at prevenóng chronic NSAID- 
assodated gastric and duodenal ulcers. Standard doses oỉ H2- 
antagonists prevent NSAID-associated đuodenal ulceradon, 
but appear to be less eãective in preventing gastric 
uiceration. Another systematíc review also íound that 
misoprostol, and probably PPIs, vvere eữective ỉn redudng 
the risk of symptomatìc NSATD-assodated ulceratíon. as was 
the use oi spedhc inhibiton of cydo-oxygenase-2 such as 
celecoxib;12 use of a cydo-oxygenase-2 inhibitor vvith a PPI 
may be appropriate in very high risk patients.12 Aỉter 
healing oỉ NSAID-assodated ulceraúon, prophylaxis with a 
proton pump inhibitor was more eỉỉective at preventing 
recurrence than an H2 antagonist,14-1’ and omeprazole was 
more eỉỉective and better tolerated than misoprostol.10 
Whether H. pyỉori eradication is appropriate in patíents 
receiving long-term NSAIDs remains debatabie. There is 
some evidence that eradication reduces the riskoỉbleeding 
ỉn patients who have not previously taken NSAIDs.2-16 and 
testing and eradication in patients talđng PPIs long-term ỉor 
prevention of NSAID-induced ulceratíon has been 
advocated by an expert consensus. since there is evidence 
that combination o{ H. pylorì inỉection and long-tenn add 
suppresãon may accelerate the development oí pre- 
malignant changes in the stomach.2 However, PPI 
maintenance is more eAective than H. pylori eradication in 
preventing ulcer recurrence or bleeding in patíents taking 
NSAIDs,2 and there is no convindng evidence that 
eradicatíon speeds ulcer healing.16

Stres* ulceration may occur in the stomach or the 
duodenum aíter major physical trauma su ch as bums or 
surgery, or after severe sepsis or illness. H2-antagonists and 
sucralỉate are vvidely used íor the prevention of stress 
ulceiation in high-risk patíents in intensive care units.17' 19 
and prophylactic therapy is increasingly used, though with 
little evidence, in less severely 111 patients.20 Pirenzepine is 
used in a few countries, and some17 preíer it in 
neurosuigicaỉ patíents and those with head trauma. H2- 
antagonists may be given orally, by nasogastric tube, or by 
the intravenous route (intermittent or continuous). Meta- 
analysis haỉ indỉcated that sucralíate may be as eSective as 
an H2-antagonist in redudng bleeding, and is assodated 
with lower rates oí mortality and pneumonia.21 For 
discussion oỉ the possible increased lisk of iníectìons with 
add suppresãng drugs, see Inỉection, under Omeprarole, 
p. 1870.1. The Andings oí a subsequent large randomised 
smdy22 by the same authors vvere at odds with those oí this 
meta-analysis, suggesting that intravenous ranitidine was 
moie eữective than sucralíate given orally or vía nasogastric 
tube in redudng dinically signiAcant gastrointestinal 
bleedỉng. Moreover, there was no diAerence in rate of 
ventỉlator-assotíated mortality between ranitidine and 
sucralíate redpients. A hirther meta-analysiỉ23 has in tmn 
raised doubts about the eíAcacy oỉ raniddine; no signiAcant 
beneAt was íound for ranitidine, compared wĩth placebo. in 
the prevention oi bleeding. One dinical guideline suggests 
that given the conAicting evidence, the choice between 
antadds, H2-antagonists, and sucralíate be made on an 
instỉtutíonal basis.1* PPIs are aỉso used lo r stress uicer 
prophylaÁỉ. although evỉdence for su ch use iỉ laddng.1’

Bleedỉng ulcer. Peptic uỉceration is responsible íor 
about 50% o i all cases of upper gastrointestinal bieeding: 
the condition is potentially life-tỉưeatening and in severe 
cases prompt resusdtation with intravenous Ouids and

blood may be required. About 80% of patients will stop 
bleeding spontaneously vvithout recurrence, but the 
remaining 20% are at risk of severe moibiđity or death,24 
and eariy sưatiíỉcaúon into low- and high-risk categories on 
the basũ of dỉnical and endoscopic criteria is important for 
proper management.24-25 No treãtment may be needed for 
low-rlsk patỉents, but those vvith a dot in an ulcer bed 
should undergo imgation and appropriate ưeatment of the 
anderỉying lesion, and high-risk patíents should be given 
immediate endoscopic injection therapy for haemostasis.24

Many diổerent Solutions have been used íor endoscopic 
iniection, induding adrenaline (alone or with sderosants 
such as monoethanolamine or lauromacrogol), alcohol, 
abrin glue, sodium tetradecyl sulỉate, thrombin, or saline 
(normal or hypertonic). None has been dearly shown to be 
superior,24 but sderosants and alcohol increase the risk of 
oomplỉcations such as perioratlon and necrosỉs compared 
with adrenaline.2’ Adrenaline injection I in 10000 is 
commonly used; a large volume (over 13mL) is considered 
more 'eSective at achieving sustained haemostasis than 
smaller volumes.25 Thermal, laser, or multipolar (coaptive) 
or plasma electrocoagulative endoscopic techniques are also 
oỉ beneAt, and again there is no dear evidence to preíer one 
over another.24 The use of mechanical dips may also be 
eAective.24,21 A combination of endoscopic therapies may be 
of greater beneAt than monotherapy.24-2’ If endoscopic 
veatments fail to stop bleeding. or rebleeding occurs, 
{urther endoscopic therapy may be considered. but 
othervvise patients require surgery,24-25 or selective anerial 
embolisation.25

There is good evidence {rom systematic revievv24 that 
treatment vvirir PPIs reduces rebleeding and surgery in 
pađents with acute bleedỉng peptic ulcers; one such review 
did not show reduced mortaUty,24 although others consider 
it to have been proven.24 An intravenous bolus of a PP1 
followed by continuous iníusion lor 72 hours is 
recommended in patients vvho have undergone successíul 
endoscopic therapy.24-2’ There is no evidence that any PPI is 
superior to others.24-27 Some suggest that high-dose PPI 
therapy (oral or intravenous, depending on the degree of 
risk) should also be consídered in patients avvaiting 
endoscopy.24

In contrast, there is no evidence that H2-antagonists are 
of beneAt in the treatment of acute nonvaríceal bleeding, 
and somatostatin, octreotide, or ưanexamic add are not 
rea>mmended.24•2,•2'

Eradicatíon oỉ H. pylori is recommended in those patìents 
positive for the organism;24-25 eradication therapy is superior 
to antisecretory drugs alone in preventing rebleeding.29
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Zollinger-Ellison syndrome
Zollinger-Ellison syndrome is a rare disorder characterísed 
by the presence of a gasưin-produdng tumour (gastrino- 
ma), which leads to hypersecretion of gastríc acid and 
consequent peptic ulcer disease (often with complications 
such as períoration or bleeding), diarrhoea, or malabsorp- 
úon. Gastrinomas usually occur in the non-beta islet cells of 
the pancreas or in the duodenal wall. Up to two-thirds are 
malignant. About 20 to 25% of cases are seen in patients 
wìth multiple endocrine neoplasia type 1 (MEN-1) 
syndrome.

Initial ưeatment is aimed at conưolling the hypersecre- 
tion oỉ gastric add wỉth an antisecretory drug. Giving 
enough medication just to conưol symptoms is not 
considered adequate, and it is important that add secretíon 
is reduced below lOmmol/hour. Intravenous H2-antago- 
nists or proton pump inhibitors may be required iniõally. 
Once the symptoms have been conữolled the tumour can 
be investigated for surgical removal. When complete 
removal is not possible then antìsecretory therapy is 
continued indeAnitely. A proton pump inhibitor is the drug 
of choice; it proíoundly reduces add seeretion with once- or 
nvice-daily use, although relatively high doses are requứed 
compared vvith those used in other conditìons. An H2- 
antagonist such as dmetìdine or raniúdine may be used as 
an altemative to omeprazole, and, as with omeprazole, daily 
doses are higher than those used for other conditions; they 
are given in 3 or 4 dỉvided doses. The somatostatin analogue 
ocưeotide can be used to reduce serum gastrin. but has to be 
given subcutaneously, and is not well tolerated.

Parietal cell vagotomy may be períormed to reduce add 
secretion ư the tumour is not found, to allotv lovver doses oi 
antisecretory drugs to be used.
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Aceglutamide Aluminium ỊriNNMi 
Aceglutamlda de aluminio; Aceglutamide Alúminum 
(ỤSAN); Acéglutamide cTAIuminium; Aluminii Aceglutami- 
dum; KW-110; AniOMMHMii AnemyraMMA.
Pẹntakis (/^-acetyk-glutaminatoKeơahydroxytrialuminium. 

. 0 5 ^ ^ , 0 0 2 4 = 1 0 8 4 3 .
CAS— 12607-92-0.
UNII — R7QTG0PMPK

Pharmocopoeias. In Jpn.

Py>fiỊe

Acegiutamide aluminium, a complex of aceglutamide with 
aluminium hydroxide, is an antadd vvith general properties 
sinũlar to those oỉ aluminium hydrmdde (p. 1817.2). It is 
given orally in a usual dose of 700 mg three times daily.

Preparations
Proprietory Praporaiians (details are given in Volume B) 
Sngb-ingrediant Praparations. Jpn; Glumal.

All CToss-reíerences reíer to enơies in Voiume A
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Aceglutamide Aluminium/Almasiỉate 1815

Aclatonium Napadisilate ỊBAN, ríNNi 

Adatonii Napadisilas; Adatonium Napadisylater CẹỊatonium 
Napadisilate; Choline Naphthalene-1,5-Disulphonate (2:1) 
Dìlaetatẹ Diacetate; Napadisĩlate d'Aclatonium; Napadisilato 
de adatónio; 5KE'100916-J;.TM-723; AKnaTOHMH HanaflM3M- 
jíaT..
2-(2-Acetoxypropionyloxy)ethy(trimethylammonium  
naphtha1ene--l,5'disutphonate (2:1). .
2CioH20NG <,C,0Hfi0 6S2= 7 2 2 8  ......
CAS — 55077-3(50.
LỊNH — Ý)Q3434YHQ: ........  '

Prọ/Ị7ẹ
Adatonium napadisilate is a cholinergic agonist given orally 
ỈOT its prokinetic propertìes in the management oỉ decreased 
gastrointestinal motility (p. 1805.2) aíter gasưointestinal 
surgery, and to relieve symptoms of bíliary dyskinesia and 
chronic gastritis.

Preparations
Proprietary Preparolicns (details are given in Volume B)

Sngếe ingrodient Preporotions. Jpn: Abovis.

Acotiamidẽ Hydrochloride IUSAN, riNNMị
Acotiamidê, Chtorhydrate d'; Acotiamidì Hydrochloridum; 
Hidrodorurọ’ de acòtiàmida; YM-443; Z-338; ẢKOTviaMMfla 
rnflpoxnopMfl.
W-(2-[bis(Ị-Methylethyl)amínolethyl}-2-[(2-hỵcỊroxy-4,5- 
dimethQxybenzoýl)amino]thiazDle-4-carboxamide monohy- 
drochloride ữihydrate.
C2,H3oN4OsS.Ha3H20=541.1 
CAS —  773092-05-0.
UNII —  NMW7447A9A

ProPilẹ
Acotiamide hydrochỉoride inhibits peripheral antícholines- 
terase activity which improves gasưointestinal motility and 
gastric emptying; it is used orally in the symptomatic relieỉ 
of hinctional dyspepsia. Adverse eííeas have induded 
constipation, diarrhoea, and nasopharyngitis; raised 
triglyceride, liver enzymes, and prolactin levels have also 
been reported.
Reíerences.
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Preparatíons
Propríelary Proporations (details are given in Volume B) 
Single-ingredient Preporotionĩ. Jptt: Acohde.

Albumin Tannate
iMbumiinitánnaatti; Aibúmina, tanato dè; Albumíni Tannas; 
Aibùmintannạẹ Albutannin; Tanniri Albuminate; A/ibôyMMH
■TáHHàf/‘i v: • ’ • ■
G4S —  900&52-4.
ATC —  A07XA0Ì.
ATC Vet —  QA07XA01.

Pharmacopoeias. In Jpn.

ProfíỊe
Albumin tannate, a compound of tannin vvith albumin, is 
given orally for its astringent properties in the treatment of 
diarrhoea (p. 1805.2). It is stated to Iiberate tannic add 
(p. 2625.2) in the gastrointestinal tract.

Preparations
IVoprietary PrgparoKons (details are given in Volume B)
Sngle-inqredient Preparatkxu. Austrúr. Tannalbín; Otinar. Dan 
Na Er Bin (AUB&iR); Ger.: Tannalbin: Netk.: Entosorbine-N; 
PoL: Taninal.
MuitHngradient Praporolions. Austria: Neoplex; Belg.: Tanalone; 
Fin.: Tannopont; Ger.: Tannacomp; Hung.: Bolus Adstringens; 
PoL: Salotannalt; Spain: Demusint; Salitanol Bstieptomidnat.

Aiexitol Sodium (SAN, rlNN)
Alexitol sódico; Alèxitol Sodique; Alexitolum Nấtricum; 
ĂnèKCMTO/1 HaTpnii.
Sodium poly(hydroxyaluminium) carbonate-hexitol corn- 
plex/
■CAS -r- 66813-51-2.

Pnọíile
Alexitol sodium is an antadd with general propertíes sũnilai 
to those of alumỉnỉtưn hydroxide (p. 1817.2). It is given 
orally in doses oí 360 to 720 mg when requừed, up to a 
maximuxn oỉ sixteen 360-mg tablets in 24 hours.

Preparations
Proprietary Praporatioro (details are given in Volume B)
Sễngb-tngredient Preparations. Hong Kong-. Actal; Malaysùr. 
Actal-h Singapore. Actal; Thai.: Actalt; UK: Actal.
Muki-ingreciiant PreporoHons. Malaysừr. Actal Plust-

Alicaforsen ỊriNNi
Alicaíorsén; Alicáforsenựm; AnktKatị)opceH: \ .
2'-Deoxy-((?)-P-£hiogUanyly|-(3'^50-2'-dèQxy-(fl)-P-thiocyti-
dýlyH3'—S^kleoxy-íM-P-thiocytÌdylyl-tà^SO-^rdeoxy-
M-P-thiocytidylyHÌ'— 50-2'-deoxy-(fl)-P-th~iọạdenyjỵl-
(3'— 5')-2/ -deòxy-(P)-P-thioadenyÌyH3f-t  5Ọ-ỵ4jếộxỵ-(fi)íp-
thioguanytyl-(3'-*S')-2'-deoxy-{M-P-thỊòcytidylýl*(3'-*5')-2'-
déo^/Á-P-thiothymidyỉỷt-Ó^S^^épxýríÁí-P-thibgua-
nylyJ-(3 — 5>2'.^TOxyr(fl)-P-thioguanylyH3'. S^-dèoxy-
(fl)-P-thiocytidylyl-(3'-*5')-2,-deoxy-(P)-P-th(óadenylyl-
ớ^-'5')-2'-dfeóxy-(fl)-P-thiothymidylyl-0'-*:5()'2'-deoxỵ“(Á)-
P-thiocytidylyl-(3'—5')-2'-deoxy-(fl)-P-thipcytidylyl-(3'-*-5')-
2'-deoxy-(P)-P-thioguâhylyl-(3, --5 ,)-2,“deoxy-(fi)-P-thiothy-
mìdylyl-(3'->5')-2,-deoxy-(P)-P-thìocytidylyl-(3'-'5Ọ-2'-
deoxyadenosine.
C192H244N75O98P1 ©S-I ạ=6368.
CAS — 185229-68-9.

Alicaforsen Sodium IUSAN. riNNMỊ
Alicaíorsen Nonadecasodium; Alicaíorsén sódico; Alicaíor- 
sen Sodique;.Aiicaforsenum Natricum; lsis-2302; AnnKaộọp- 
cen HaTpnii. ; ỈT- ■
Ct92H22sN75Na190»P.9S19=678S.8 
CAS — 331257-52-4. 
um — 4TWN6SZB8W.

Profìle
Alicaíorsen is an antisense oligonudeotide that inhibits the 
production of the cellular adhesion molecule ICAM-1, 
which plays a role in the inHammatory response involved in 
inAammatory bowel disease. It has been tried in ulcerative 
colitis and pouchỉtis, and with less success in Crohn's 
disease.
Reíerences.

1. Barish CF. AHcaỉorsen therapy in inỉlammaiory bowel dỉsease. Exptrt 
Opm Bioi Thrr 2005; 5: 1387-91.

2. Mỉner PB, ti ai. Saíety and eữicacy of two dose ỉonnuìatỉons of 
alicaíorsen enema compared wiih mesaUàne enema ỉor treaunent oí 
mild to moderate leíỉ-sided ulcerativc colỉtỉs: a rand«nìzed. doubỉe* 
blind, actỉve-controlled trial. Alimení Pharmaai Thcr 2006; 23: 1403-13. 
Corrcction. ibid.: 24: 1268.

3. van Devemer SJ, íf ai. A phase n  do$e ranging, double-bỉỉnd. pỉacebo* 
comrolled study of alicaỉorsen enema ỉn subjects wỉth acute 
cxacerbation oỉ miỉd to moderate leíi-òdcd ulceradve coỉỉtỉs. ARmerứ 
Pharmacoi Ther 2006; 23: 1415-25.

4. Miner PB. et ai. Bioavailabỉỉity and therapeuĩic actỉvity oỉ aỉỉcaíorsen 
(ISIS 2302) administered as a rectai retentỉon enema to subjects with 
actỉvc ulceratíve colids. Alimcnt Pharmaeol Ther 2006; 23:1427-34.

5. Yacyshyn B, et ai. A randomizedL double-masked. placcbo-cOTtroIlcd 
study of alicaíorsen. an antiscnse inhibiỉor of interceỉlular ađhcsion 
molcculc 1. for the treatment oí subịeas vvith aaive Crohn's dỉsease. 
Cỉin Gastroemervl Hepatot 2007; 5: 215-20.

Alizapride Hydrochloride 1'INNMI 

Alizaprida, hidrodoairo de; Alizapride, Chlorhydrate d’; 
Alizapridi Hydrochloridum; Hidroclomro de alizaprida; 
Ann3anpufla rnapoxnopnA.
N-(1-Aliyl-2-pyrrolidinylmethyl)-6-methoxy-1H-benzotria- 
zole-5-carboxamide hydrochloride. '
C16H21Ns02,Ha=3515
CAS —  59338-93-1 (atizapridéj; 59338-87-3 (alizapride 
hydrodìlorìde).
ATC —  A03FA05.
ATC Vet — QA03FA0S.
UNII — 41BT72BOQ7.

Uses and Administration
Alizapride is a substituted benzamide similar to metodo- 
pramide (p. 1862.2), vvhich is used to conưol nausea and 
vomiting (p. 1811.3) assodated with a variety of disorders. It 
is given as the hydrochloride but doses are expressed in 
tenns of the base. Alizapride 50 mg is equivalent to about
55.8 mg of alizapride hydrochloride.

Alizapride hydrochloride ìs given in usual oral doses 
equivalent to 75 to 300 mg of alizapride daily in divided 
doses. For children's doses, see below. It is also given by

intravenous or intramuscular injection in doses equivalent 
to 50 to 200 mg of alizapride daily.

For patients receiving cancer chemotherapy usual daily 
doses equivalent to alizapride 2 to 5 mg/kg have been given 
intravenously or intramuscularly in 2 divided doses, one 30 
minutes beỉore and one 4 to 8 hours aítẹr the cytotoxic 
regimen. Por highly emetic regimens requiiing doses above 
5 mg/kg it may be given by intravenous inỉusion over 15 
minutes every 2 hours for 5 doses, starting 30 minutes 
beíore the cytotoxic. It has been recommended that the total 
dose given with a course oỉ chemotherapy does not exceed 
4.5 g.

Adminiỉtration in children. Alizapride hydrochloride has 
been given to đũldren for the symptomatic treatment of 
nausea and vomỉtỉng in oral doses equivalent to 5 mg/kg 
of alizapride daily.

Adverse Effeds and Precautions
As for Metodopramide, (see p. 1863.2).

Pharmacokinetics
Alizapride is well absoibed from the gastrointestứial tracL It 
is mainly exơeted unchanged in the urine and has an 
eỉimination haỉỉ-liỉe of about 3 hours.

PreparaHons
Proprietary PreparaHons (details are given in Volume B)

Sỉngle-ingredient Preparatiom. Arg.: Gastriveraa- Belg.: Litican; 
Braz.: Superam Fr.: Plitican; Ger.: Vergentan; Gr.: Lyostene; 
ItaL: Lónican; Ntth.: Litican.

A lm a g a te  (SAN, USAN, riNNỊ

Almagaatti; Almagat; Almagát; Ầimắgatas; Ẩimagato; 
AỊmagatum; LAS-3876; AnbMaráĩ.
AỈùmiriiurn'trimạgnésium carbonate heptahydroxide dihy- 
drate!
AIMg3(C03)(0H)7^H20=315.0
GAS 66827-12-1 (almợgate); 72526-11-5 (anhydrous 
almagate).
ÀTC— A02AD03.
ATC Vữ — QÀ02AD03.
UNII — 568Z59H7ZJ.

Pharmocopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (Almagate). A white or almost vvhite, fine 
crystalline powder. It contains 15.0 to 17.0% aluminium 
calculated as aluminium oxide, 36.0 to 40.0% magnesium 
calculated as magnesium oxide, and 12.5 to 14.5% carbonic 
acid calculated as carbon dioxide. Practícally insoluble in 
water, in alcohol, and in dichloromethane. It dissolves with 
eữervescence and heating in dilute mineral adds. The 
Gltrate of a 4% suspension in water has a pH of 9.1 to 9.7. 
Store in airtight containers.

Profile
Abnagate is a hydrated aluminium-magnesium hydro- 
xycarbonate. It is an antadd vvith general properties similar 
to those of aluminium hydroxide (p. 1817.2) and 
magnesium carbonate (p. 1856.2). It has been given orally 
in doses of 1 to 1.5 g. 

ị

I Preparatíons
I Propríetary Preparations (details are givcn in Volum c B)

Ị Sĩngie-ỉngredĩeni Preparatíon*. Mex.: A lm ax; spain:  A lm ax.

Almasilate (SAN, riNNi

Almasilato; Almasilatum; Aluminium Magnesium Silicatẹ 
Hydrate; Magnesium Aluminosilicate Hydrate; Magnesium 
Aluminum Silicate Hydrate; AnMa3HfiaT. ■ .
Al20}MgÓ^StÒ2AP(jOs2£Í.4'(anhỳdrouđ io" '
CAS — 71205-22-6; 50958-44-6. ■ ■ . V •:
ATC — A02ADOS. •
ATC Vet — QA02AD05: ■
UN1I — 7T014S3RTL (anhydrous almợsibte); 0ZQ8O62H53: 
(almasìlate monohydrate). ;

Prọ/ĩ/e
Almasilate is an artihdal form of aluminium magnesium 
silicate hydrate. It is an. antadd (p. 1803.1) that is given 
orally in doses oỉ up to about 1 g.

A hydrated natíve aluminium magnesium silicate 
(p. 2168.2) is used as a suspending, thickening, and 
stabilising agent in pharmaceutical preparations. Attapul- 
gite (p. 1820.1) is another native ỉorm.

The Symbol t  denotes a preparation no longer actively marketed



1816 Gastrointestinal Drugs

Preparatíons
Propnetary Prsporabons (details are givcn ỉn Volume B)
SnQtragradiBnl Preportrtioos. Ger.: Gelusil; Megalac Simagel; 
Rus.: Simagel (CHMarem); Spain: Alubi£arf.
MuhHngradiant PrBporalions. Ger.: Gelusil-Lac Neo-Pyodron 
Nf; ultáac N; lnãia: Entasid; Intadd-MPS; Jpn: Eld cábe U; 
Spain: Dolcopin; Switz.: Gelusil N+.

Sngl> ingredwn> Preparations. Fr.: Conưe-Coups de l'Abbe Per- 
đrigeon; Vulcase; Ger.: HemoClint; Krauterlax; PoL: Biostymi- 
na; Switz.: HemoClinf.
Mukhngndénỉ PrBpomlĩoiii. Arg.: Genolaxante; Austral.: Peri- 
tone; Austricr. Artìnt; Waldheim Abỉuhrdragees íortet; Braz.: 
Camomila; Paratonicot; Vitonico; Canad.: Friar/Ỉ Balsam; Laxa- 
til; Laxolax; Tradiúonal Herbal Laxatívet; Traditíonai Laxatìve; 
Orũr. Aloelax; Bulgarolaxt; Cz.: Dr Theiss Schweden Krautert; 
Dr Thriss Schvvedenbittert; Fr.: Alco-Aloet; Dolores; Ehisanés 
Algues brunes/aloest; Ideolaxyl; Laxilo+C Opobylt: Petìtes 
Pilules Carterst; Tlsane D'Ais+; Tonilax; cirr.: Chol-Kugeletten 
Neub Cholhepan N; Hung.: Bano Svedkesèru; Inđũr. Aloe- 
derm-B; Aloederm-G; Aloedenn; Alorex; Calkem; Oarina; 
climdan; Climdan; Clin-3; Cylozen; Dandean Gariill; Koii; 
livomyn; Lunarex; Marc Free; Paedrìtone; Israel: Laxatíve 
Compound; ItaL: Emoíorm Alihesh; Grani di Vals+7 Lassatìvi

Vetegalit; PoL: AUuc ApinorarH Bioaron C; Boldaloin; Boldo- 
vera; Tabulettae Laxantes Rus.: Aiorom (AoopaM); Bioaron c 
(Enoapoa C); Doktor Mom (Aonop Mom); £Ạ/r: Helmont- 
skruiet; Levvensessens; Moultõns Herbal ExtractỶ; Turulington 
Tỉncturé+; Wonderkroonessens; Singapore. Nu-Derm Toner; 
Sankaijo; Spaũr. Aloíedina; Crislaxo; Cynaro Bilinaỷ; Laxadi- 
nasỶ; Laxante Sanatoriumt; Nlco Hepatocyn; Opobyl’ Pildoras 
Zeninas; Switz.: Padma-Lax; Padmed Laxan; Sđmeden-Mixtur 
H; GacdlaT; Dual-Lax Nonnal Strength; Laxaúve Tablets; 
Natural Herb Tablets Out-oí-Sorts; Senokot Dual Reliet Sure- 
Lax (Heibai); ukr.: Bioaron c  (Eaoapoa C); Doktor Mom lflox- 
T0p Mom cnpon); Swedish Bitters Dr Theiss (inaeacnui 
Taflcc)t; USA: Diaparene Com Starch; Vagisil.
Homoeopaihic Piopuroriom. Austria. Haemex; Canad.: Cynara 
Compiext; Pr.: Àesculuỉ Complexe No 103; Aloe Compose; 
Pemím cómpiexe No 29; Grindelia Complexe No 58; Homeo- 
gene 22+; L 25; Poconeol no 82+: Sepia Compose; Yucca Com- 
plexé No 110; Sudte.: Hemolingiial; Regenaplex Nr. 12; Rege- 
napiex Nr. 25b; Regenaplex Nr. 31c Regenaplex Nr. 3; 
Regenaplex Nr. 50b; Regenaplex Nr. 59b; Regenaplex Nr. 71b; 
Regenaplex Nr. 80aN.
Pbannocopooid Prapararions
BP 2014: Compound Bemoin Tincture;
Ph. Eur.; Aloes Dry Extract. Standardised;
ƯSP 36: Compound Benroin Tincture.

Aioglutamol
Trometấmol Glucaldrate; AnornyTaMO/1. 
2-Amino-2-hydroxymetfiylpropane-l 3-diol gluconate dihy- 
droxyaluminate.
C10HmAINO,j=3773 
C4S — 13755-41-4.
ATC —  A02AB06.
ATC Vet —  QA02AB06.

ProỊiỊe

Aloglutamol has been used as an antadd (p. 1803.1). 

Preparations
Proprietary Preponiliont (detailỉ are gỉven in Volume B)
Sngla ingradient Pieporotions. Mac.: Sabro.

Aloin IBAN)

Altoín; Aloína; AnoMH.
C4S — 5133-19r7; 8015-61-ữ, 1415-73-2 (barbaloin).
UNII — W41H6S09F4.

Poofíle
Aloin is a crystalline substance obtained [rom aloes (see 
above). It consists oỉ C-glycosides such as barbaloin. Aloin is 
an anthraquinone stimulant laxatìve. Like aloes it is very 
ũritant and other less toxic laxatìves are generally preỉeưed. 
Aloin is used as a ũavouring agent.

Preparotions
Propriatary Pmparolions (details are given in Voiume B)
Single ingredient Propqroriore. UK: Calsalenes.
MuhHngradant Praparations. AustraL: Ford Pillst; Braz.: Pilulas 
Ross; c'atuuL: Bicholatet; Israel: Laxatìve Compound; ItaL: 
Boldina He; Cuscutine+-; Grani di Valst; Mac.: Redotex NF; 
Redotex; S.Afr.: Brooklax Pillst; Doans Backache Pillst; SB 3 
Triple Actìon Pillrt; Spaửi: Laxante Bescansa AJoico+; UK: 
Oual-Lax Extra Sưong; Modem Herbalỉ Laxatíve.

Alosetron Hydrochloride
IBANM. USAN. riNNMI

Alosétron, Chlorhydrate d'; Alosetrón, hidrodoruro de; 
Alosetroni Hydrochloridum; GR-68755Q Hidrodoruro de 
alosetrỏn; AnoceĩpoHa fnflpoxnopHfl. 
23,4,5-Tetrahydro-5-methyl-2-[(5-methyl-imidazol-4-yl) 
methylh 1 H-pyrido[43-ố]indol-1 -one hydrochloride. 
C,7H1lH,0,Há=330.8
G4S —  122852-42-0 (alosetron); 122852-69-1 (alosetron. 
hyơrochbride).
ÁTC —  A03AE01.
AK Va —  QA03AE01. ... ...............
UNII ■— 2F5RỈA46YW.

Uses and Administration
Alosetron is a 5-HT, antagonist used in the ơeatment of 
severe diarrhoea-predominant iiritable bowel syndrome 
(p. 1810.3) in women who have not responded to 
conventional therapy; eíBcaqr in men has not been 
established. It is given orally as the hydrochloride but doses

are expressed in terms oỉ thebasc; alosetron hydrochloride 
1.12 mg is equivalent to about 1 mg oỉ alosetron.

The initial dose is the equivalent oỉ alosetron SOOmicr- 
ograms twice daily. Padents who become constipated on 
this dose should stop alosetron until the constỉpation 
resolves; they may then be restarted on SOOmicrôgrams 
once daily. H constỉpation recurs at the lower dose, 
alosetron treatment should be stopped. Padentỉ who 
tolerate 500miarograms once or twỉce daily may continue 
this dose ỉor 4 weeks. ư  symptom control is still inadequate 
after this time, the dose may then be increased up to 1 mg 
twice daily. If symptoms are not adequately controlled aỉter 
4 weeks of treatment vvith the hỉgher dose, alosetron should 
be stopped.
Reíerences.

1. Lembo K, et ai. Aỉoseữon in ìnrỉtable bowei synđrome: sưategies for its 
use ỉn ■ commoo gtsưointestỉnal dỉsorder. Drugs 2003; < 3 :1895-Ỉ905.

2. Mayer HA. Bndesỉ s. Alosetron and irritable bowcl syndrome. Expert 
opin Pharmacothcr 2003; 4; 2089-98.

3. Cremonỉnỉ F. et ai. BÍBcacy oí aỉoseưcm in ÍRỈuble bowd syndrome: a 
meta^analysìỉ oi nndomned comrolled ưiaỉs. Neurogastrotnterol Mòtìl 
2003; 15: 79-86.

4. Andresen V. Hoỉỉerbach s. Reassesãng the bencfits and rỉsks of 
alosetron: what is iu  place in the treatment oí irritable bowei syndrorae? 
Dntg SaỊèty 2004; 27: 283-92.

ỉ. Lembo Aj. et ai. Hííect oỉ alosetron on bovvel urgency and gỉobal 
sympioms in women with severe. diarrhea*predomỉnani irritabie bowei 
syndrome: anaiysis oí rwo controlied trỉais. ơ iti Gastroenterol Hepaiol 
2004;2:675-82.

6. Chey WD. rt a i Long-term safery and eíĩỉcacy oí aloseiron in vvomen 
Wlth severe diarrhea-predominant irriiable bovvel syndrome. Am J 
Gastroerưerot 2004; 99ì 2195-2203.

7. Chang U etai.A  dose-ranglng. phase 0 study oí the efficacy and saỉety oỉ 
aỉosetron in men Mrith đUrrhea>predomỉnam IBS. Am J Gastroenteroi 
2003,-100: 115-23.

8. Rahlmi R. et aỉ. EỈIicacy and lolerability oí aloscưon ỉor the ưeatment of 
ỈRitable bowd syndrome in women and men: a meta-analysù ỡf eỉght 
randomỉxed, pỉacebo^conưoỉled. 12-vreek Iríaỉs. ơin  7%er2008; 30:884- 
901.

9. Lewis JH. Aỉosexron for severe dỉarrhea-predomỉnant irritable bowel 
syndrome: saíery and effìcacy in perspective. Expert Rrv Gastroenuroi 
Hepatoi 2010; 4: 13-29.

Adverse Effecfs
Serious gasưointestinal adverse eữects have occuưed with 
alosetton. and as a result, it was withdrawn bom the market 
in the USA and subsequently reinưoduced with more 
restricted indications. These adverse eííects indude severe 
constipation leading to obstruction, ileus, perioration. 
impaction, toxic megacolon, and secondary ischaemia, as 
well as ischaemic colitis. Fatalities have been reponed.

Other gastrointestinal eííects reponed indude abdominal 
distenáon and pain. nausea. reũux. and haemorrhoids. 
Adverse ehects reponed rarely indude cardiac arrhythmias, 
cholecystitis, altered bilirubỉn levels. ưemor, headache, 
myalgia, malaise, íatìgue, and CNS eữeas such as coníusion, 
anxiety, depression. and sedation. Uitìcaria, skin reactions. 
nail disorders, and alopeda can occur. Hyperglycaemia, 
hypoglycaemia, and disorders of caldum and phosphate 
metabolism have been reported.

Inddence of odverse effeds. The inddence oỉ serious gas- 
trointestmal adverse eữects vvith alosetron has been 
revievved.1-2 Pooled data from dinical studies suggested 
that the rate oỉ ischaemic colitis in patíents taking alose- 
tron was about 0.15%. or 6.4 cases per lOOOpatient-yean. 
Results hom postmarketing survállance (beíore and after 
its temporary withdrawal hom the u s  market) were esti- 
mated to represent a rate of 1 case per lOOOpatíent-yean. 
Serious complications of constipation are less markedly 
increased in the population of aloseơon users. A meta- 
analysis of 8 studies3 reponed that the intídence oỉ serious 
complications of constipaóon was 0.08% in alosetron 
users; the inddence of ischaemic co li tứ was 0.16%. Over- 
all. constìpation and abdominal discomíort were the only 
adverse eữects signihcantly assodated with aloseưon use, 
the relative risks being 4.35 and 1.96 respectively.

1. Chang I.t ta l. Inddence oi ischemic coOiis and scrious corapỉỉcaũons of 
constipatỉon among patients using aloseưon: systematíc review of 
dỉnỉcal trials and post*marketing surveUlance data. Am J  ữữữmnteroí 
2006; 101: 106*-7».

2. Chang L el a i Ischemỉc coliiis and complicadons of ữnstípatìon 
assodated wỉfh the use at alosenon under a TỈ5k management pian: 
ciinical characteri5tlo. ouĩcomes, and ỉnddences. Ăm J Gatíroenunl 
2010; 109; 866-75.

ỉ .  Rahhni R. tt ềl. Efficacy and tolenbiUty of alosetnn lor the seatment of 
inhable bowel tyndiame in women and men; a mcta-analyats o1 eighi 
rindonráed. placebo-conttolled. 12-week trials. clirt Ther 2008:30:884- 
901.

Precautions
Alosenon should be stopped immediately in patients who 
develop constipation or symptoms of ischaemic colitis su ch 
as new or worserúng abdominal pain or blood in the stooL 
Treatment vvith alosetron should not be resumed in patients 
who develop ischaemic colltis.

Alosetron should not be used in patients with a history of 
severe or chronic constipation. intesdnal obstruction or 
stricture, toxic megacolon, or gastrointestinal pieiíoration or 
adhesions. It is also contra-indicated in patients with a 
bistory of ischaemic colitis, impaũed intestinal drculation.

Aloes
Adbai; Ălavijn suitysỹ kDncentruotos ir iỉdSovíntos (Cape' 
alòes);Ảlóe,ac(bar;Aloe barbadensis (Barbadosaloes); Aloe, 
Barbados- (Barbados aloes);  ̂Aloe barbadoská (Barbados 
alòes); Aloe’ capensis' (Cape aloes); Aloe; Kap (Cape aloes); 
Aloe lcapská (Capé aloes); Aloès des Barbádes (Barbados 
aloés); Aloès du Cap (Cape aloes); Alona. barbadoska 
(Barbados aloes); Aloná przylqdkowa (Cạpé áloes)Ị Bárbãdòsì 
áloé (Barbados alòes); Barbádõsin aloe (Barbados aloes); Kap- 
áloé (Cape aloes); Kapin aloe (Cape aloes); Tikrqịq alavijq 
sultys, koncentruotos ir iỉdỉovintos (Barbados aloes); Anoa 
Bap6afloca<oe (Barbados aloes); Anoa Kancttoe (Cape aloes). 
CÀS —  8001-97-6; 67479-27-0 (abe gum).
ATC Herb — HA06AB5001 (Aloe ferox- dry leafjuice).
UNII —  0D145J8EME (Aloe ferox leaO; V5VD430YW9 (socotrìnè 
aloe).

NOTE. Do not corứuse vvith Aloe vera (p. 1693.2). 
Pharmacopoeiaỉ. In Chín., Eur. (see p. vii), Jpn. and us. 
Ph. Eur. 8: (Aloes. Barbados; Aloe barbadensis). The 
concentrated and dried juice of the leaves of Aloe 
barbadensừ. It contains not less than 28% of hydroxyan- 
thracene derivatíves expressed as barbaloin and calculated 
with reference to the drìed drug. Dark brovvn masses, 
slightly shiny or opaque with a conchoidal hacture, or a 
brown powder. Partly soluble in boilỉng water, soluble in 
hot alcohol. Store in airtight containeis. Protect hom light. 
The BP 2014 lists Curagao Aloes as an approved synonym. 
Ph. Eur. 8: (Aloes, Cape; Aloe capensis). The concentrated 
and dried juice oỉ the leaves of various spedes oi Aloe, 
mainly Aloe ferox and its hybrids. It contains not less than 
18% oi hydroxyanthracene derivatives expiessed as 
barbaloin and calculated with reíerence to the dried drug. 
Dark brown masses tinged with green and having a shiny 
conchoidal hacture, or a greenish-brown povvder. Partly 
soluble in boiling waten soluble in hot alcohol; practically 
insoluble in ether. Store in airtight containers. Protect hom 
light.
USP 36: (Aloe). The dried latex of the leaves of Alot 
barbadensừ (A. vera) known in commerce as Curaqao Aloe, 
or of A. ferox and its hybrids, known in commerce as Cape 
Aloe (Liliaceae). It yields not less than 50% oỉ vvater-soluble 
extractive. It has a charaaeriỉtic somewhat sour and 
disagreeable, odour. Curaẹao AI oe is brownish-black, 
opaque masses with a hactured, uneven. waxy, and 
somewhat resinous surỉace. Cape Aloe is dusty to dark 
brown irregular masses, the suríaces of vvhich are ohen 
covered with a yellovvish powder. Its hacture is smooth and 
glassy.

Uses and Administratìon
Aloes is an anthraquinone stimulant laxative (p. 1804.1) 
but other less toxic drugs are generally preíerred. 
Hom oeopathy

Aloes have been used in homoeopathic medidnes under 
the following names: Aloe; Cape aloes; Aloe capensis; Aloe 
socotrina; Alo. soc.

Adverse Eữects and Precautions
As for Senna, p. 1885.3. although aloes has a more drastic 
and inỉtant action.

Preparotions
Propriatory Preporolioni (detailỉ are given in Volume B)

All cross-reíerences reíer to entries in Volume A
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thrombophlebitis, or hypercoagulable State, and those with 
current or previous inAammatory bowel disease or 
divertículitis.

Alosetron sbould not be used in those vvith severe 
hepatic ũnpaiiment or a history thereot it shouỉd be used 
with caution in patients with mild to moderate hepatíc 
impairment. Elderly patients may be at increased risk of 
severe complications if constipation develops.

Interactions
Plasma concentrations oỉ alosetron are markedly inaeased, 
and its halỉ-Uỉe prolonged roughly threeỉold, when given 
with ũuvoxamine; such a combination shouid be avoided. 
Licensed product iníonnatíon recommends that use with 
other more moderate inhibitors oí cytochrome P4S0 
isoenzyme CYP1A2 (such as quinolone antìbaaerials and 
cũnetidine) should be avoided unless dinically necessaiy, 
because of the risk oí similar interactions. Ketoconazole also 
increases plasma aloseưon concentrations; care shouỉd be 
taken ư alosetron is used with this or other potent inhibitors 
of the CYP3A4 isoenzyme (induding darithromydn, 
telithromydn, Hiv-protease inhibitors, voriconazole, and 
itraconázole).

Pharmacokinetics
Aloseưon israpidly absorbed hom the gasưointesúnal tract; 
peak plasma concentrations OCCUT about 1 hour after an oral 
dose. Plasma concentrations’ arẹ 30 to 50% lovver in men 
than in womèn given the same oral dose; dearance is lower 
in women. Bioavaiỉability is about 60%; the extern and rate 
of absorption are slighdy reduced by food. Plasma protein 
bindỉng is about 82%. Alosetron is extensively metabolised 
Via cytochrome P450 isoenzymes, particularly CYP1A2, 
althoúgh CYP2C9 and CYP3A4 also play a role. Numerous 
metabolites are excreted in the urine and íaeces; only 6% oi 
a dose is recovered unchanged ừom the urine. The teiminal 
elimination halMữe oi alosetron is reported to be about 1.5 
hours.
Reíerences.

ỉ. Koch KM a  ai. Sex and age dỉíĩerences ỉn the pharmacokỉnetỉcs of 
aỉosetroĐ. 3r J Oùi Pharmacol 2002; 33: 238-42.

Preparations
Proprietarỵ PrspGrahons (details are given in Volume B)
Sngle ingradient Preparotions. U SA: Lotronex.

Basic Aluminium Carbonate
Aluminium Hydroxycarbonate; Aluminum Carbonate, Basic 
(USAN); BasỊc' AÌúminurn Carbonăte; Carbonato básico de 
álumỉnio;OcHÒBHbiii yrneKHơibnăAjiK3MMHHiă. 
ịiNII— ỈCA689N629: ;■ :j

Profìlẹ
Basic aluminium carbonate is a combination oỉ aluminium 
hydroxide and aluminium carbonate. It is an antadd vvith 
general properties similar to those of aluminium hydroxide 
(below).

Basic aluminium caibonate has also been given orally as 
a phosphate binder in the ưeatment of hyperphospha- 
taemia. For a discussion of the choice of phosphate binders, 
see Renal Osteodystrophy, p. 1170.1.

Pneparatíons
Proprietary Praparolions (details are given in Volume B) 
Single-ingredient Preparotions. Fr.: Lithiagel.
MukHngredient Prepo rotions. P o rt: G astropensan t.

Alumỉnium Formate
AÍuminiụm Trịformate; Aluminum Fọrmate; MypaBbHHOKM- 
oibiti ẤniÒMMHtiR; ỌopMMaT Aạiomkhmíỉ. 
AI(CH 02^ H 2Q=2Ị6.Ì '■■■■'■
Ợị$ry736íf53^4 (onhydrous aluminium ỉormate), 
ỤNÌỊ— W34IG724y. ’ _  , . . ;

Proíile
Aluminium ỉonnate has astríngent properties and has been 
used in topical preparations íot mouth disorders.

Preparations
Proprietory PraporoHoro (details are given in Volume B)
Single-ingredient PrepqroHons. Ger.: Dynexan Zahnfleischưop- 
fen.
MulH-mgredìent Preporotionĩ. Austria: Cional; Dynexan; SAfr.: 
Dynexan; Switz.: Mucosant-

Aluminium Glycinate
Ãlúrniọio, glicinạto de; Aluminum Glyeinate; Basic Alumin- 
i'um., Ạminoacetate;. Dihydroxyaluminum Aminoacetate;; 
AmoMMHUB rnuunHat. .
(GlỵànaTÓ-Aí.Odỉhydraxyaluminium hydrate.'- : 
QH>INỌ4(+xH20)s Ị35.1 (anhydrous)
G4S — 13682-92-3 (anhydrous aluminium glydnate); 41354- 
48-7(aluminiúmglyanáehydrate). -
ATC — A02AB07.
ATC Vet —  QA02A807.
‘UNII — DO250MGOW6 (aluminium glyáriate hydrate); 
ĨIỢ13C615K (anhydrous đuminium glyơnate). ■.

Pharmacopoeias. In Br. and us.
BP 2014: (Alumỉnium Glydnate). A white or alroost white, 
odouiiess or almost odourless, povvder. It contains 34.5 to 
38.5% oỉ AljOj calculated on the dried substance, and not 
more than 12% loss of vveight on drying. Practically 
insoluble in water and in organic solvents; it dissolves in 
dilute mineral adds and in aqueous Solutions of alkali 
hydroxides. A 4% suspension in water has a pH of 6.5 to 7.5. 
USP 36: (Dihydroxyaluminum Aminoacetate). A white, 
odourless, powder. It may contain small amounts of 
aluminium oxide and aminoacetỉc add. It loses not more 
than 14.5% of its weight on drying. Insoluble in vvater and 
in oiganic solvents; soluble in dilute mineral adds and in 
Solutions oỉ fixed alkalis. A 4% suspension in vvater has a pH 
of 6.5 to 7.5.

Proỉììe
Aỉuminium glydnate is an antadd vvith general properties 
similar to those of aỉuminium hydroxide (below). It has 
been given in oral doses of up to 1.5 g.

Preparations
Propriotary PreparoHons (details are given in Volume B)

MuhKngredient PreporoHom. Arg.: Daíne; Austria. Addrine; 
Belg.: Aludd; Chile: Sinaddtt Denm.: Alminox; Fr.: Aúdrine; 
Gr.: Novalox; índon.: Addrine; Ital.: Addrine: Poi.: Proaddt; 
Spain: Meteoril; Secrepat; Thai.: New Gel; Turk.1 Addrine; 
Ãỉma; ukr.: Secrepat PÔrte (Cexpenar Ibopie).

Used <JS an adịunct in:. Austría: Indobene; Braz.: Somalgin; 
Chile: ButartroL’ Flexono; ItaL: Aspirina 03; Switz.: Bonidont; 
USA: Buffex.

Phurmocopoeid Preparations
ŨSP 36: Dihydroxyaluminum Aminoacetate Magma.

Aluminium Hydroxĩde
Allurĩiinio hidroteidas; Ảlumiinihydrolcidi;. Aluminii Hydror! 
xidum; Aluminii ọxitìum hydricum; AÍuminiùm Oxidum 
Hydricum;, Alúminíum (oxyde. d1) hydratér Ấluminiumhy- 
droxid;.AIuminum Hydroxide; Alũminyum Hidroksit: Glinú 
vvodorotlenek; Hidróxido de alumihio; Hýdroxid hlinitý; 
Wasserhaltiges Aluminiumoxid; ẠnioMnHMii rnqpoKCiaq.
G4S —  21645-51-2 [AKOHÍịỊ. ■
ATC —  A02AB01. ■;
ATC Vet— QA02AB01.
UNII — 5QBƠT2IUN0.

NOTE. Algeldrate (USAN. pINN) is dehned as a hydrated 
aluminium hydroxide vvith the general lormula of Al(OH) 5, 
xH20.

Compounded preparadons of aluminium hydroxide may 
be represented by the íollovving names:
• có-magaldrox x/y (BAN)—where X  and y  are the 

strengths in milligrams of magnesium hydroxide and 
aluminium hydroxide respectively.

Pharmacopoeias. In Chín., Eur. (see p. vii), ỉnt., Jpn. us. and 
Viet.
Ph. Eur. 8: (Aluminium Oxide, Hydrated; Dríed Aluminỉum 
Hydroxide BP 2014). It contains the equivalent of 47 to 60% 
AljOv It is a white or almost white, amotphous powder. 
Practically insoluble in vvater; it dissolves in dilute mineral 
adds and in Solutions of alkali hydroxides. Store in airtight 
containers at a temperature not exceeding 30 degrees.
Ph. Eur. 8: (Aluminium Hydroxide, Hydrated, for 
Adsorption; Aluminii Hydroxidum Hydrícum ad Adsorptío- 
nem). A white or almost white, translucent, viscous, 
colỉoidal gel. A supematant may be íormed upon standing. 
A dear or almost dear solution is obtained with alkali 
hydroxide Solutions and with mineral adds. pH 5.5 to 8.5. 
Store at a temperature not exceeding 30 degrees. Do not 
allovr to freeze.
USP 36: .(Aluminum Hydroxide Gel). A suspension oỉ 
amorphous aluminium hydroxide in vvhich there is a partiaỉ 
substitution of carbonate for hydroxide. It is a white viscous 
suspension from vvhich small amounts oỉ clear liquid may

separate on standing. It has a pH of betvveen 5.5 and 8.0. 
Store in airtight containers. Avoid freezing.
USP 36: (Dried Aluminum Hydroxide Gel). An amorphous 
fonn oi aluminium hyđroxide in vvhich there is a partial 
substitution of carbonate for hydroxide. It contains the 
equỉvalent of not less than 76.5% of Al(OH)} and may 
contain varying quantities of basic aluminium carbonatê 
and bicaibonate. The labelling requiréments States that 1 g 
of dried aluminium hydroxide gel is equivalent to 765 mg of 
Al(OH)j. It is a vvhite, odourless, tasteless, amorphous 
powder. Insoluble in water and in alcohol; soluble in dỉỉute 
mineral adds and in Solutions oi fixed alkali hydroxides. A 
4% aqueous dispersion has a pH of not more than 10.0. 
Store in airtight containers.

Uses and Administration
Aluminium hydroxide is used as an antadd (p. 1803.1). Ít is 
given orally in doses of up to about 1 g, between meals and 
at bedtime. In order to reduce the constipating eữects, 
aluminium hydroxide is often given with a magnesium- 
containing antadd, such as magnesium oxide or magnesium 
hydroxide.

Aluminium hydroxide binds phosphate in the gasơo- 
intestinal trart to form insoluble complexes and reduces 
phosphate absorption. It may thus be used to treat 
hyperphosphataemia in patients with chronic renal íailure 
(although aluminium accumulation may be a problem—see 
Renal Osteodystrophy, p. 1170.1) or assodated secondary 
hypeiparathyroidism (p. 1170.3). With this use the dose 
must be adịusted to the individual patìent’s requirement but 
up to about 10 g daily may be given orally in divided doses 
vvith meals.

Aluminium hydroxide is also used as an adjuvant ỉn 
adsorbed vacdnes.

PolymyosHis and dermatomyositis. Corticosteroids ỉorm 
the basis of the management of polymyositis (p. 1611.1) 
but the caldnosis that may occur in dennatomyositis does 
not alvvays respond well. Aluminium hydroxide 1.68 to 

'2.24g daily produced clinical improvement with complete 
dearing oỉ most caldhed nodules aíter 1 year in a patient 
with calcinosis cutis complicating juvenile dermatomyosi- 
tis.1 The calãhed masses are made up o( hydroxyapatite 
and amorphous caldum phosphate and reduction in phos- 
phate absorption by aluminium hydroxide probably 
helped to reverse their íormation. Subsequent casesiJ 
have also reponed benefit from aluminium hydroxide 
treatment in the management of caldnosis.

1. Wang W-J, rt ai. Caidnosỉs cutis in juveniỉe dcrmatomyosíũs: 
remarkable response to aluminium bydroxide therapy. Anh Dermứtoỉ 
1988; 124: 1721-2.

2. Nakagawa T, Takaitva T. Caldnosỉs cutís in juvcnilc dermatomyositls 
responsive to aỉuminhim hydroxide treatment. J Drrmatoỉ 1993; 20: 
558-60.

ỉ. Wananukul s. et a i Caldnosb cutỉs presentỉng years bcíorc other dinicaỉ 
manỉíestatỉons of juveniỉe dennatomyositis: report of two Cẵsa. 
Austraias J Dermatol 1997; 38; 202-5.

Adverse Eíĩects and Precautions
Aluminium hydroxide, like other aluminium compounds, is 
astringent and may cause constipatỉon; large doses can 
cause intestinal obstruction.

Excessive doses, or even normal doses in patients with 
Iow-phosphate diets, may lead to phosphate depletion 
accompanied by increased bone resorption and hypercal- 
ciuria with the risk of osteomalacia.

Aluminìum salts are not, in general, well absorbed ừom 
the gasưoíntestinal traa. and systemic effeas are thereíore 
rare in patients with normal renal {unaion. However, ca re 

Ị is necessary in patients with chronic renal impairment: 
' osteomalacia or adynamic bone disease, encephalopathy,
I dementia, and microcytic hypochromic anaemia have been 
1 assodated with aluminium accumulation in such patients 
I given large doses oỉ aluminium hydroxide as a phosphate- 

binding agenL Similar adverse eữects have also been 
assodated with the aluminium content oỉ dialysis Suids.

Aluminium hydroxide used as an adjuvant in adsorbed 
vacdnes has been assodated with the íormation of 
granulomas.

Ờlildren. For the suggestion that aluminỉum-containing 
antadds should not be used in iníants, see Toxidty, belovv.

Porphyrio. UK licensed product inỉormation States that 
aluminium hydroxide may be unsafe in patients with por- 
phyria undergoing haemodialysis. However, the Drug 
Database for Acute Porphyria, compiled by the Nonvegian 
Porphyria Centre (NAPOS) and the Porphyria Centre Swe- 
den. bas not dassihed aluminium hydroxjde.1

1. The Dmg Database íor Acuie Porphyria. Availablc at: http://www. 
drugs-poiphyna.org (accessed 06/10H1)

Toxicity. Reỉerences to alumìnium toxidty in dialysis 
patients and the possible assodation benveen alumirúum

The Symbol t  denotes a preparation no longer actively marketed
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ingestión and A kheũnert disease are induded under Alu- 
minium (scep. 2440.1).

Aluminium accumulatìon does not generally appear to 
be signiScant inpatíents with normal rẽnal functìon takỉng 
therăpeutìc dosẽs of alnmlniuĩn -containmg antadds, and 
there is little evỉdence that su ch antadds are a risk íactor for 
AỊzheimer,s disease.1 Hlevated plasma-aluminium concen- 
tratíons have been repoiỉed in iníants with normal renal 
hinction given ahiminitim-containing antadds but there 
were no obvious signs of toxidty.1 There have, however, 
been repons of phosphate depietion and rickets in a ỉevtr 
iníants caused by the use ol antadds contaỉning magneãum 
and aluminium hydroxides. In these cases the antadd had 
been started within a few months of birth and continued for 
up to 8 months. In reports that desaibed a total oí 3 
infants,M the authois suggested that the use oỉ soya-based 
inỉant íeedỉng lormulas, the phytates of which can interíere 
with mineiai absorption, may have exacerbated the 
phosphate-binding eữect of the antadd. In another case’ a 
dosing error resuỉted in the iaíant receiving an excessive 
dose of antadd for 6 months. The BNFC advises against the 
use of any aluminium-containing antadd in neonates and 
iníants.

Aluminium accumulaúon resulting in osteomalada or 
encephalopathy with seizures and dementia has been 
reported in children with renal lailure (but not on dialysis) 
treated with aluminium-containing phosphate binders.6' 10 
In an adult male patient with severe chronic renal lailure 
vvho was not on dialysis, selỉ-medication vvith antadds tor at 
least 3 years resulted in aluminium toxidty assodated with 
encephalopathy, bone disease, and microcytic anaemia." 
Alummium-containing antacids shoưld there/ore be used 
with caution in patìents with chronic renal íailure, 
espedally diildren.

Oral dtrate salts increase the absorptìon of aluminium 
from the gastrointestinal ưact12 and patients vvith renal 
ỉailure taking aluminium compounds sbould avoid dtrate- 
contaỉnỉng preparations, vvhich indude many eHervescent 
or dỉspersible tablets.**-14 Ascorbic add has also been 
reported to enhance aluminium absorption.15

1. Platen TP, tí tứ. Mortálity ỉrom dementía among gasưoduodenal ulcer 
pađents. J Bpiáemioì Qmumơtừy Health 1991; 49:203-6.

2. Tsou VM, tí ai. Elevated pỉasma ahimỉnum leveỉs in nonnaỉ intânu 
rccriving antadds containing aluminura. Pediatria 1991; S7:140*51.

3. Pivnick EK, tí aL Rickets secondaiy to phosphate depỉetioo: a sequela oi 
antadd use in iníancy. Ciin Peềiatr (Pfàỉa) 1995; 34: 73-8.

4. Shettỵ AK, tí ai. Rỉdcets and secoĐdary CTaniosynostosis assođated wtth 
long-tenn antaád use in an miant A nh Pediatr AdoUsc Meề 1998; 152: 
1243-5.

ỉ .  Robinson RF, tí tù. Meiaboỉỉc bone đisease aíxcr chronic antatíd 
administntíon in an inbrn. A m  Pharmacother 2004 38: 265-8.

6. ivdeneo s. Nathan B. Water treatment and diâlỴĩis dememia. Lanctí 
1982: ifc 1107.

7. GriswoW WR, tí al. Accumuỉation of aỉuminum in a noodìalyzed uremỉc 
child recôvinị alummiưn bydroxide. Pediatrìa 1983; 71: 56-8.

8. Kasdaỉl ME. Alumỉnhun toádty  ỉs an iníant DOI on dỉaỉysis. Lancet 
1983; fc 1327-8.

9. Sedman AE. tí al. Encephalopathy in chíỉdhood secondary to aỉuminum 
toxióty. J  Ptầiãtr 1984; 109; 836-8.

10. Andreoỉỉ SP, tí al. AỉunũDum intoxicatíon ỉrom aluminum-conuining 
phosphate binders ỉn children with azotemia not undergoing diaỉyste. N 
B ngù  Maá 1984; 310:1079-84.

11. 2atta p. tí al. À ỉatal case oí ahimmium encrphalopathy in a patìent with 
scvcre duonicTenal íailure not on đutyás. Nephroỉ Dùti Transpiant 2004: 
19:2929-31.

12. Waflcer JA. tí ti. The effea oĩ oral bases on enteraỉ ahiminum absorption. 
Anh lỉtírm  Hai 1990; 190: 2037-9.

ỉ 3. Mees E7D. 3ãsộ A. Chric add in cddiun cữervescent tabl«s may ỉavour 
ahimỉnỉttm imoxicatỉon. Ntphrm  1991; 59: 322.

14. Maỉn J, Ward MK. Potratiatỉon oC aluminitỉm absorptíon by eữervescent 
analgesic tableo ỉn a  haemodỉaỉysB patỉenL BM J1992; 304:1686.

15. DomỈDgo JI» tí đL Eíĩect a i asoorblc ếdd on gasưoimestinal alumỉnỉum 
absorpdon. Ltmat 1992; 338:1467.

Interactions
As outlỉned on p. 1803.1, aluminium compoundỉ used as 
antadds interact with many other drugs, both by alterations 
in gastric pH and emptying, and by dứect adsorptìon and 
ỉonnation of complexes that are not absorbed. Interactíons 
can be minimised by givỉng the aỉum inium  compound and 
any other medicatíon 2 to 3 hours apart. The absorption oỉ 
aluminium ỉram the gastrointestinal tract may be enhanced 
ư aluminium compounds are taken with dtrates or ascorbic 
add (see Toxidty, p. 1817.3).

Pharmacokinetics
Aĩuminium hydroride, given orally, slovvly reacts with the 
hydrochloric add in the stomach to form soluble aluminium 
chloride, some of which is absorbed. The ptesence ol food or 
other íactors that decrease gaỉtric emptying prolongs the 
availabỉlity ai aỉuminium hyđroxide to react and may 
increase the amount of aluminium chloride ỉonned. About 
100 to 500micrograms oi the càtìoa ii reported to be 
absotbed ừom Standard daỉly doses of an alnminiiim- 
containing antadd, leađing to about a doubling of usual 
aluminium concenơatìons in the plasma of patíents with 
nonnal renal tunction.

Absoibed alumỉnium is elimỉnated út the urine, and 
patients with renal íailure are thereỉore at particular risk oỉ

accumulation (espedally in bone and the CNS), and 
aluminium tondty (seep. 1817.3).

The aluminium compounds remaining in the gastro- 
intestỉnal tract, whlch account íor most of a dose, íorm 
insoluble, poorly absorbed alumìnium salts in the intestines 
mduding hydroxides, carbonates. phosphates and ỉatty add 
derivatives, which are excreted in the ỉaeces.

Preparotions
Propríotary Prepmtions (details are gi ven in Volume B)
Snglạ ingri i iant Preporations. Arg.: Pepsaman AuỉtraL: Alu- 
Tabtr Austria: Anti-Phosphat; Bna.: Aludroxtt; Aiiram; Ducto- 
gel; Gasưomax' Gasưox; Mylanta Plus; Pepgastrlnt; Pepsamar; 
Peptgeb CìuuuL-. Amphojel’ Ger.: Aludroxỹ; Antìphosphat; Gr.: 
Alu-Cap; Pepsaman Hortg Konf. Alu-Tab; Gasteel; Itidừn 
Aludrox; Didcum; Tricainẽ-MPS; Iruion.: Actal; Irl: Aludroxt; 
Mtáaysũr. Alu-Tab; Mex.1 Domigel-t; NZ: Alu-Tab; Phữipp.: 
Alu-Tab; PoL: Alusal; Port: Almigastrico: Pepsaman S.Afr.: 
Addex+Ĩ Alukont; Amphojeb Singapore: Alu-Tabf; Alutadd; 
Spabe Alugeỉt: Pepsamarỷ; Switĩ.: Anti-phosphatet; Thai.: 
Alumina-Magnesia; New Gel; VK: Alu-Cap; USA: ALtemaGEL' 
Amphcýel; oìálumet; Nephrox.
MuK-mgradient Preparolions. Numerous preparations are listed 
in Volume B.
Usad os an odịunct im. Arg.: Dristan Compuesto; Braỉ.: Engov; 
Bnjoy; Posdrinkt; Respraxỷ; Gr.: Ascriptin; Inđon.: Naspro; 
ItaL: Ascriptin; Mex.: Ascríptin; Meprosona-F; Switz.: Alcacyl; 
Contre-Douleurs plus: USA: Arthtids Pain Fonnula; Ascriptin; 
Cama Aithritis Pain Reliever: Cope; Vanquish; Veneỉ.: Ascrip- 
rin.
Homoeopothic Preparations. Chữe. Ikoplex No 19; Ci:: Lamio- 
Durt.
Phanmnopoatal Preporatioos
BP 2014: Aluminium Hydroxide Oral Suspension; chewable 
Aluminium Hydroxide Tableis; chewable Compound Magnes- 
ium Triálicate Tableu; Co-magaldrox Oral Suspension; Co* 
magaldrox Tablets;
ƠSP 36: Alumina and Magnesia Oral Suspension; Alumina and 
Magntsia Tablets; Alumina and Magnesium Caibonate Oral 
Suspension; Alumina and Magnesium Carbonate Tablets; 
Alumina and Magnesium Trisilicate Oral Suspension; Alumina 
and Magneáum Trisilicate Tablets; Alumina, Magnesia. and 
Caldum Carbonate Oral Suspension; Alumina. Magnesia, and 
Caldum Carbonate Tableis: Alumina, Magnesia, and Sũnethi- 
cone Oral Suspension; Alumina. Magnesia. and Simethicone 
Tablets; Alumina. Magneáa. Caldum Carbonate. and Simethi- 
cone Tablets; Alumina, Magnesium Carbonate, and Magncsium 
Oxide Tablets; Aiuminum Hydroxide Geỉ; Aspirin. Alumina. and 
Magnesia TabletK Aspitin. Alumina. and Magneáum Oxide 
Tablets; Dried Aluminum Hydroxide Gel Capsules; Dried 
Aluminum Hydroxide Gel Tablets; Dried Aluminum Hydroxide 
Gel.

Aiuminium Hydroxide-Magnesium 
Carbonate Co-dried Gel
Aluminum Hydroxide-Magnesium Carbonate Co-dried Gel; 
F-MA 11; Hidróxido de aluminio y carbonato de magnesio 
desecado, ge) de.

Phơ^/e
Alumininm hydroxide-magnesium carbonate co-dried gel is 
a co-predpitate of aluminium bydroxide and magnesium 
caibonate dried to contain a proportion of vvater for antatíd 
activity. It is an antadd with general properties similar to 
those oí aluminium hydroxide (p. 1817.2) and magnesium 
carbonate (p. 1856.2). It has been given in oral doses of 
about 450 to 900 mg, usuaỉly 3 tứnes daily atìer meals and 
beỉore bedtũne.

Porphyria. The Drug Database for Acute Porphyria. com* 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Poiphyria Cenne Sweden. dassiAes combínations and 
complexes of aluminium. caldum. and magnesium com- 
pounds lor add related disorders as not porphyrinogenic 
they may be used as drugs oỉ flrst choice and no precau- 
tions are needed.1

1. Hie Dnig Dnabasc for Acute PorpbyrúL AvalbUe a t  http://www. 
đnig^poqihyria.org (accesKd M /lO /li)

Preparations
Propríetary Preporalions (detaỉls are gíven in Volume B) I
ĩingU ingradhnl Preporqtiona. Denm.: Link; Pin.: Link; Gr 
Regla pft Indon.: Stomacain; Veragelt; Mex.: Gelasim; Neth.: 
Regla pH; Remegel; Norw.: Linlc; SweÀ: Linkf.
Muằi ingractant Praporalians. Betg.: Barexal; Regla pH Forte; 
Syngel; Braz.: Andurál; CaruuL: Diovol Plus; Diovol; Gastro- 
calm; Orũe: Algicotet; Dishutabt; Ditopax" ReHumox; Fr.: Gas- 
ơopulgite; Ger.: Colina Spexial; Duoventrinetten N; Hong 
Kong-. Diovol Plus; Veragel; Indon.: Aludonna; Di-Gei; Farma- 
crol; Gastrant; OskamagỶ; Polyaol; Símeco+; IrL: Smecta; 
Mex.: Ditopax-Pt: Ditopax+; Netlt: Algicon: Algicon; Rigolet- í

ten; PorL: Di-Gelt; Singapore. Medosil; Verageb Switz.: 
Anduidl; ThaL: Deíomil; Diovolt; Kremil-S; Kremil; Machto; 
Simecot; Todd; Veragel; UK Simeco; Ukr.: Gastal (ĩacraa); 
Veneĩ.: Ditosìl Plus; Ditosii
Usod as an aî unct im. Indon.: Rheumapilỉt.

Aluminium Phosphate
Aliuminio fòsfatas; Alumiinifosfaatti; Aluminii phosphas;; 
Aluminio,'fosfeto de; Aluminiumi phosphate d'; Aluminiurrv 
fosfat; Alumínium-fòszfiát; Aluminum Phosphate; Fosfato de- 
alúminio; Fosforeínản hlrnitý; Glinu fosfbran; Glinu fosforanu; 
AÍ1I0MMHHR OocộaT. ••
CAS — 7784-30-7 (AIPÓẬ 
ATC — A02AB03.
ATC Vet — QA02AB03.
UNII — P92V3S5210.

Pbarmocopoeias. In Viet.
Eur. (see p. vii) indudes hydrated aluminium phosphate 
and also a gel. u s  includes as a gel.
Ph. Eur. 8: (Aluminium Phosphate, Hydrated; Aluminii 
Phosphas Hydricus; Dried Aluminium Phosphate BP 2014). 
A white or almost vvhite powder. Very slightiy soiuble in 
waten practically insoluble in alcohol. It dissolves in dilute 
Solutions oi aỉkali hỵdroxides and mineral adds. A 4% 
suspension in water has a pH of 5.5 to 7.2. Store in airtìght 
containers.
Ph. Eur. 8: (Aluminium Phosphate Gel; Aluminii 
Phosphatũ Liquamen). It is alunùnium phospbate in gel 
form containing 19 to 21 % of AlPO,. Practically insoluble in 
water. in alcohol and in dichloromethane. It dissolves in 
dilute Solutions of mứieral adds. pH 6.0 to 8.0. Store in 
airtight containers.
USP 36: (Alumỉnum Phosphate Gel). A 4 to 5% suspenáon 
of aluminium phosphate (AlPO«) in vvater and has a pH oi
6.0 to 7.2. It iỉ a vvhite viscous suspension ừom vvhich small 
amounts oí vvater separate on standing. Store in airtight 
containeR.

P r ọ f i / e

Aluminium phosphate is an antadd with generaỉ properties 
similar to those of aluminìum hydroxide (p. 1817.2), but it 
does not produce phosphate depletion.

Aluminium phosphate is also used as an adjuvant in 
adsorbed vacdnes.

Preparations
Proprietary Preparationỉ (details are given ỉn Volume B)
Singla ingredient Preparurtons. China: Colphos (SH ±); Gui 
Ding Kang (íltBuH); Phosgel (ÍÉÍIS); Yu Ẽr Pr.: Phos-
phaĩugel; Ger.: Phosphalugel; ItaL: Fosíalugel; Port.: Phospha- 
iugel Rui.: Phosphâlugel (dkxxbunoreak); ukr.: Phosphaiugel 
(docỳamorenk).
Muhi-ingredient Praparatkms. Fr.: Isudrinet; Moxydar Seroxy- 
darf.
Phannacopoeial Preparatians
USP 36: Aluminum Phosphate Gel.

Aluminium Sodium Silkdte
Aluminium-Natrium-Silicat Aluminum Sodium Silicate; E554; 
Natrii aluminii silicas; Silicato de sodio y de aluminio; Sòdium 
Aluminium Silicate; Sodium Aluminosilicate; Sodium et 
aluminium, silicate de; sódium Silicoaluminate; AmoMocm 
OMKaT HaTpna.
CAS — 1344-00-9. . ■
UNII —  058TS43PSM.

Pharmacopoeias. In Eur. (see p. vu).
Ph. Eur. 8: (Aluminium Sodium Silicate). It is a silidc add 
aluminium sodium salt of syntbetíc origin. It contains 2.7 to 
7.9% aluminium and 3.7 to 6.3% sodium, both calculated 
vvith rtíerence to the dried substance. A white or almost 
white, fine. light, amorphous povvder. Practically insoluble 
in vvater and in organic solvents. A 5% dispersion in watet 
has a pH of 9.5 to 11.5.

P/ỊỮ^/e
Aluminium sodium silicate is an antadd with general 
properties similar to those of aluminium hydroxide 
(p. 1817.2). Aluminium silicate has been used sùnilarly. 
They are aỉso used as ỉood additives.

Preparutions
Proprietary Praparations (details are given in Volume B)
Singh ingredient Preporabons. Fr.: Sullurylt; Indơn.: Cerplast 
Port: Acnoil Freef.

All cross-reíerences reíer to entries in Volume A
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MubHngredient Preparatỉons. Arg.: Gastranil; Fr.: Cerat Inalter- 
áblet; Sulturyl; Ger.: Enelbin-Paste Nf: Enelbin-Pastet: Hong 
Kong: Epilon; InditE Acnil; Thai: ulgastrin.

Homoeopathic Preporatiom. Neth.: Phonix Solidago comp.

A l v e r i n e  C i t r a t e  IBANM, USAN, rtNNMi 
Alvẽrina, cìtrãtb đe; Àlverincitrãt Alvénne, Otrate d'; Alverirìi 
Cltras;'Gứato đe alverina; Dipropyline Ciơate; Phenpropa: 
mine Citrate; ÀnbBepMHa UMTpaí. " . 
N-Ethyl-3,3'-diphenyldipropylamine citrate.. . ...
CJ0HyN,C6H ^ 7=473.6
645 -4fc Ỉ50-S9r4 (alvenne); 5560-59-8 (alvenne citrơte). - 
ATC'—  Ạ03AX08. ‘ ■ - 
ATC Vet — QAÒ3ẢX08.
UNII— 9JFB58YK1E. •••■■-

Pharmacopoeias. In Eur. (see p. vii).
Ph. Eur. 8: (Alverine Citrate). A white or almost vvhite 
crystalline powder. Slightly soluble in water and in 
dichloromethane; sparingly soluble in alcohol. A 0.5% 
solution In water has a pH of 3.5 to 4.5. Protect from lighL

U ses a n d  A dm in is tra tiọn
Alverine is an antíspasmodic that acts directly on ứnestinal 
and uterine smooth musde;‘It is used for the relieỉ of 
smooth musde spasm in the"ơeatment oí gasơointestinal 
disorders such as irritable bowel syndrome (p. 1810.3). It is 
also used in the treatment of dysmenorrhoea (p. 8.2).

Alverine dttate is given inoral doses of 60 to 120mg one 
to three tũnes daily. Alverine has also been given by 
suppository as the base.

Admmistration in children. Alverine dtrate may be given 
to adolescents hom the age oỉ 12 years in the same doses 
as adults, see above.

lrritabie bowei syndrome. Alverine dtrate is vvidely used 
as an antispasmodic in the management of irritable bowel 
syndrome. However,, a 12-week study1 in 107 patíents 
íound that alveríne dtrate was no better than placebo ỉor 
the relieí of symptoms and improvement in general well- 
being. A marked placebo effect occurred and symptomatic 
improvement was reported by at least halĩ the placebo 
grôup.

1. MỉtcbeO SA, et ai. Aỉverine dtrate ỉalỉs to reỉleve the symptoim oí 
ỉnitabỉe bowel syndroroe resuỉts of a double-bUnd, randomữed, 
placebo-controlled trial. AUmertt ĩharmacol Ther 2002; 16; 1187-95.

A d v e r se  Effects a n d  Precautions
Nausea, headache. pruritus, rash, and dizziness have been 
reported. Allergic reactions, induding anaphylaxis, have 
also occurred. Alverine is contra-indicated in patients with 
intestinaỉ obstruction or paralytic ileus.

Effeds on the Kver. Acute hepatitis was attributed to 
alveiine dtrate in 2 separate cases.1-2 Evidence of an 
ứnmune reaction, induding antinudear andbodies, was 
ỉound in 1 case.1
1. Malka D, et ai. Acute hepatitis caused by alverine associated with 

antí-lacún A and c autoantibodỉes. J Hepatoi 1997; 27: 399-403. ■
2. Arhan M. et aỉ. Alverine dtrate induced acute hepatỉtỉs. Worỉđ J 

Gastroenurol 2004:10: 2303-4.

P h arm acokin etics

Alverine is absorbed írom the gastrointestinal tract after oral 
doses and is rapidly metabolised to an active metabolite. 
peak plasma concentrations of which occur 1 to 1.5 hours 
after an oral dose. Further metabolism to inactive 
metabolites occurs; metabolites are exơeted in the urine 
by active renal secretion.

Preparations
Proprietary Prepartilions (details are given in Volume B)

Singie ingredísnt Prepciiutions. Belg.: Spasmine; ơtina:
Spasmonal (KSItíA); Hong Kottg: Proíenib Spasmonalt; IrL: 
Spasmonal; PoL: Spasmollna; Singapore. Spasmonal; Thai.: 
Spasmonalt; ƯK: Ạudmonal; Spasmonal.

A4uhi-ingredient Praparations. Arg.: Meteospasmyl; China: 
Meteospasmyl (l&ttX); Cz.: Meteospasmyb Fr.: Hepatoum; 
Meteospasmỹu Schoum; Hung.: Meteospasmyl; Indon.: Spas- 
mitun: Malaysúr. Meteospasmyb Mex.: Meteospasmyb PoL: 
Meteospasmyl; Rus.: Meteospasmyl (MereociB3MHji); singapore. 
Meteospasmyl; Thai.: Avarin; Meteospasmylt; Turk.: Meteos- 
pasmyl; Ukr.: Meteospasmyl (Mereocna3MHJi).

Pharmocopoeioi Preporoliens
BP 2014: Alverine Capsules.

A l v i m o p a n  (BAN, USAN, rlNNI 
AĐL-i-2698;. Alvimopán; Alvimopanum; ,LY>246736; ẠnbBM- 
MonaH. - , :
[((2S)-2-([(3fl,4fl)-4-(3-Hyd roxy pheny Ị>3,4-d i methy I pi pe ridl n - 
1-yGmethyO-3-phenylpropanoyl)amino]acetic add.'. 
C25H32NA=4245 /. . . b . t .■
C4S —  Ỉ56053-89-3 (anhydrous alvimopan); Ỉ70098-38-1. 
(alvimopan dihydrate). . r . .
ATC —  A06AHÒ1
ATC Vet —  QAỌ6AH0Z , ‘
UNII —  677C126AET (alvimopan); Q1S3V49R3Z (anhydrous 
aMmopon).

Uses and Administration
Alvùnopan is a peripherally actìng selective antagonist of 
opioid p:receptors that is used in the treatment of 
postoperative ileus after paráal large or smalỉ bowel 
resection surgery vvith primary anastomosú. It is given in a 
12-mg oral dose between 30 minutes and up to 5 hours 
beíore surgery followed by 12 mg twice daily beginning the 
day after surgery for a maximum of 7 days or until 
discharge. A maxúnum oỉ 15 doses oỉ alvimopan should be 
given.
Reíerences.

1. Herzog TJ, c ia l A doubỉe-blind, randomized. placebo-conơolled phase 
m  study oí the saỉety oí aỉvimopan in patỉents who undergo sỉmpỉe total 
abdomirul hystereaomy. Am J obaet Gynecoỉ 2006; 195: 445-53.

2. Tan EK, tí a i Meta-analysis: Aỉvỉtnopan vs. pUcebo in the treatment of 
post-operatỉve ileus. Aliment Pharmacol Ther 2007: 25: 47-57.

3. Curran MP. tí ai. Aỉvimopan. Drugs 2008; 68:2011-19. Conrectỉon. ibiđ.: 
2324.

4. Becker G. Bỉum HE. Noveỉ opioid antagonists for opioỉd-lnduced boweJ 
dyshỉDCtion and postoperatíve iỉeus. Lancet 2009; 373: ỉ 198-1206.

5. Bream*Rouwenhorst HR, Canưeỉỉ MA. Aỉvimopan for postopexative 
iỉeus. Am J Nealth-Sytí Pharm 2009; 66: 1267-77.

Adverse Effeds and Precautìons
Gastrointestinal disordexs such as constipation, dyspepsia, 
and Qatulence have been reported aỉter use of alvimopan. 
Anaemia, back pain. hypokalaemia, and urinary retentìon 
have also occurrêd.

Aỉvimopan should not be used in patients who have 
taken therapeutic doses of opioidỉ for more than 7 
consecutive days, as they are expected to be more sensitive 
to its eỉíects. Use in patients with severe hepatic impairment 
or end-stage renal disease is not recommended due to a lack 
o{ da ta. Alvimopan is also not recommended in patients 
undergoing surgery for complete bowel obstruction.

Pharmacokinetics
Plasma-alviroopan concentrations peak about 2 hours aỉter 
an oraỉ dose. High-ỉat meals decrease the extern and rate oỉ 
absorption. Alvúnopan binds to albumin, wdth an average 
plasma protein binding oí 80%. Biliary secretíon is 
considered the primary pathway íor elimination of 
alvimopan, but renal exCTttlon also contĩibutes. Unab- 
sorbed alvimopan is metabolised by gut microQora to an 
amide hydrolysis compound vvhich is also an antagonist of 
opioid p-receptors. This metabolite is then excreted in the 
faeces and urine. The mean temúnal halMiíe of alvimopan 
aíter multiple oral doses ranged from 10 to 17 hours. 
Reíerences.

1. Foss JF. tí al. Pharmacolcinettcs oỉ aMmopan and ỉu metaboiite in 
heaithy volunteers and patients in postoperatỉve ileus rriaỉs. ơin  
Pharmacoỉ Ther 2008; 83: 770-6.

Preparatíons
Proprietory PreparoHons (details are given in Volume B) 
Kngle-ingredient Preparatíons. USA: Entereg.

A p r e p i t a n t  IU SAN, riN N i

Aprépitant;. Aprepitantum; L-754030; MK-0869; MK-869;- 
AíipenmaHT. • ■■ ■ ■'
3-{((2/?35)-3-(p-Fluorophenyl)-2-{t(a/?)-a-methyl-3^-bis(tri- 
fluoromethyl)benzyl]oxy}morpholino)methyn-Aỉ-l,2,4'tria- 
zolin-5-one.
C23H21F7N403=534.4 ...............................
CAS —  170729-80-3.
ATC —  A04ADỈ2. • .. ■-
ATC Vet — QA04AD12.
UNII —  INEỊSYRôUY. ;; o-y

Uses and Administration
Aprepitant is a neurokinin-1 (NKi) receptor antagonist used 
in the management oỉ nausea and vomiting (p. 1811.3). It is 
given orally in doses up to 125 mg, wìth a corticosteroid and 
a 5-HT} antagonist, in the prevention of acute and delayed 
nausea and vomiting assodated with highly emetogenic or

moderately emetogenic cancer chemotherapy (for details, 
see Administration, below).

For the prevention of postoperatíve nausea and vomiting 
a singie oral dose oỉ aprepitant 40 mg may be given within 
the 3 hours beỉoie inductíon of anaésthesia.

Where the intravenous route is preỉerred, it may be given 
as its prodrug, losaprepitant (for details of regimens, see 
Uses and Administration, undei Fosaprepitant, p. 1843.3). 
Reíerences.

1. Ditmunsch p, a  ữl. Prcvcnting posĩopcrative nausea and vomiting: post 
hoc analysts ot pooled data from two randomiaed active-oontioUed tiialí 
ot aprepitanL CurrM tdRa Opóĩ 2007: 23:2359-63.

2. Dando TM, Peny CM. Aprepltant: a rcvỉcw of ỉts use ỉn the prevendon oỉ 
chemotheiapy-induced nauiea and vomitìng. ữrup  2004; 64:777-94.

3. Massaro AM. Leni KL Aprepitanc a novd anriemetlc for diemothei- 
apy-induced nainea and vomiting. A m  nuam tcethtr 2003; 39: 77-85.

4. wũr D. The neunddninl teceptor antagonist aprepitam ai an 
antỉeraetic for moderately emetogenic chemotherapy. Bxpert Opin 
Phtmucothtr 2006; 7:1653-8.

5. Cuiran MP, Robinson DM. Aprepitam; a review ot its use in the 
prevention oi nausea and vomiting. DruỊt 2009: 69: 1853-78.

Adminiỉtration. Licensed product inỉormation ỉor aprepi- 
tant suggests the (ollovving 4-day regimen for the preven- 
tion of acute and delayed nausea and vomiting assodated 
with highly emetogenic cancer chemotherapy:
• day 1: oral aprepitant 125 rag (given 1 hour beíore 

chemotherapy) with oral dexamethasone 12mg and 
intravenous ondanseơon 32 mg (both 30 minutes beíore 
chemotherapy)

• days 2 and 3: oral aprepitant 80 mg with oral 
dexamethasone 8 mg in the moming

• day 4: oral dexamethasone 8 mg in the moming.
In patíents receiving moderately emetogenic chemother- 
apy, a 3-day regimen has been suggested as follows:
• day 1: oral aprepitant 125mg (given 1 hour beíore 

chemotherapy) with oral dexamethasone 12mg (30 
mỉnutes beíore chemotherapy); ondansetron is given in 
2 oral doses oỉ 8mg, one takẽn 30 to 60 minutés beíore 
chemotherapy, and one taken 8 hours after the Ễrst dose

• days 2 and 3: oral aptepitant 80 mg in the moming.

Administration in renal impairment. A study in 8 patients 
vvith severe renal impairment (24-hour creatinine dear- 
ance less than 30 mL/minute per 1.73 m*) and 8 patients 
with end-stage renal đisease requiring haemodialysis 
ỉound that pharmacokinetic parameters of aprepitant tvere 
not suffidently diHerent from those in 16 matched con- 
ưols to warrant dosage adjustment in renal impairment.1 
Licensed product inỉormatỉon concurs with this.

1. Bergman AJ. a  ai. Eỉĩea ơi impaứed renal lunction and haemodlalysii 
on the pharmacokinetics of aprepttanL ơiit Pharmacokmtt 2005; 44:637- 
47.

Pruritus. An improvement in pruritus was repotted aíter 
oral aprepitant 80 mg daily was started in 3 patients vvith 
the Sézary syndrome. Topical conicosteroid treatment had 
previously been unsuccessíul. but improvements were 
noted vvithin 2 days oi starting aprepitant.1 BeneSdal 
results were also repotted2 in 16 of 20 patients with reữac- 
tory chronic pruritus of various causes who were given 
80 mg daily for 3 to 13 days; 4 patients had complete or 
nearly complete cessation of itch and 12 had lesser degrees 
of reduction. Patients with atopic dermatitìs or prurigo 
appeared to respond better than those in whom pruritus 
was assodated with chronic kidney disease. Aprepltant is 
an antagonist of the neurokinin-1 receptor, a receptor for 
substance p which is a mediator in the itch sensation.ư

For reíerence to aprepitant's eííicacy in managing 
erlotinib-induced pruritus, see Eííects on the Skin, Hair, and 
Nails, under Erlotinib, p. 789.2.

ỉ . Duval A. Dubenret L Aprcpiuni as an antỉprurỉtic agent? N EngỊ J Međ 
2009:361: 1415-16.

2. Stãnder s. et al. Targeiing thc ncurokinin rcceptor ỉ with aprepitant: a 
novcl amipruriiic strategy. PLoS One 2010: 5: c 10968.

Adverse Eỉíects and Precautìons
The most common adverse eỉtects assodated with 
aprepitant are headache, constipation, dìarrhoea, dyspepsia, 
anorexia, (atigue, hiccups, eructation. and dizzìness. 
Increases in alanine aminotransíerase (ALT) or aspartate 
arrrinoưansíerase (AST) concentrations are common. Other 
reponed eỉỉects have induded abdominal pain, oedema, 
tinnitus, neutropenỉc colitis, chills, gait disturbances, and 
Oushing. Epigastric discomỉort, dysgeusia, dry mouth, and 
stomatitis have also occuired. Thirst polyuria, dysuria, 
haematuria, urinary ữequency, aithralgia, myalgia, mus- 
cular weakness, hyperglycaemia, disorỉentation, euphoria, 
anxiety, photosensitívity, and skin disorders such as lash 
and pruritus have been reponed. Anaemia and ỉebrile 
neuưopenia have occuned with aprepitant, as have 
cardiovascular disorden induding hypenension or hypo- 
tension, palpitations, and bradycardia. Otheradverse eííects 
reponed indude hyponatraemia, hypokalaemia. insomnia, 
drotvsiness, miosis, reduced visual acuity, vveight changes, 
sensoty disturbances, throat irritatìon, sneeáng, abnormal 
bowel sounds, add reũux, periorating duodenal ulcer.

The Symbol t  denotes a preparation no longer actively marketed
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dyspnoea, cough, wheezmg, and hyperhidrosis. Con- 
junctivitis, pharyngitis, respiratory-tract iníections, 
urinary-tract inỉectíons. candidiasis, and herpes simplex 
can occur. Hypersenátívity reactíons indudỉng anaphylaxis, 
Stevens-Johnson syndrome, and angioedema with urtlcaria 
have been reporteĩ

Licensed product inỉonnation rccommcnds cautìon in 
patìents with severe hepatìc impainnent as clinicaỉ data are 
la đáng in this patìcnt group.

Interactìons
During its usc for 3 or 4 days in the prevention oỉ nausea 
and vomiting assodated with cancer chemotherapy, 
aprepitant produces modeiate inhibition of the cytochrome 
P450 isoenzyme CYP3A4. Exposure to oral CYP3A4 
subsưates may increase substantíally; the effect oỉ 
aprepitant on intravenous CYP3A4 subsưates is expeaed 
to be less. Hovvever, on cessation oỉ aprepitant a ưansient 
mild induction oỉ CYP3A4 may become apparent with a 
maximum eữect reached 3 to 3 days laten this eỉfea is 
maintained for a íew days then slovvly declines and is 
dinically insignUicant about 2 weeks aíter stopping 
aprepitant. Caution is thereỉore required when using it 
with drugs that are primarily metabolised by this 
isoenzyme. Aprepitant should not be given with astemizole, 
dsapride, pimoáde, teiỉenadine, or tolvaptan as increased 
plasma concentrations oí these drugs could cause serious 
Uíe-threatening reactions. As aprepitant is aỉso a substrate 
for CYP3A4, other drugs that inhibit or induce this 
isoenzyme may in tum increase or decrease plasma 
concentratìons oỉ aprepitant.

When aprepitant is used to prevent postoperative nausea 
and vomiting. in a single lower dose than that used with 
cancer chemotherapy, the effect of aprepitant on CYP3A4 is 
not expected to be dinically signihcant.

Aprepitant also causes a delayed induction of CYP2C9 
and may lovver plasma concentrations of drugs metabolised 
by this i$oenzyme, ru ch as vvaiíarin, phenytoin, OT 
tolbutamide.

Aprepitant may increase systemic exposure to corticos- 
teroids; when given together it is recommended that the 
usual dose of oral dexamethasone be reduced by 50%, and 
the dose oi methylprednũolone by about 25% when gi ven. 
intravenously, and by 50% when given orally. It should be 
noted that the dose oỉ dexamethasone in the regimens 
recommended for nausea and vomióng assodated with 
cancer chemotherapy alieady accounts ỉor this interaction 
(see Administratíon, p. 1819.3).

The efficacy of oral contraceptives might be reduced by 
aprepitant. Licensed product hưormation suggests that 
altematíve methods oi contraceptỉon ỉhould be used during 
and ỉor 1 to 2 months after stopping any dose of aprepitant.

Pharmacokinetics
Aprepitant ũ absoihed from the gastrointestinal txact vvith 
peak plasma concentrations occurring after about 4 hours. 
Bioavailability is about 60% at usual doses. It crosses the 
blood-brain banien plasma protein binding is reported to be 
more than 95%. Aprepitant undergoes extenáve hepatic 
metabolism, mainly Via oxidation by the cytochrome P450 
isoenzyme CYP3A4; the isoenzymes CYP1A2 and CYP2C19 
mediate minor metabolic pathways. The resultant metab- 
olites have weak activity and are excrcted in the urìne and 
in the ỉaeces. Aprepitant is not excreted unchanged in the 
urine. The tenninal halỉ-Uỉe is about 9 to 13 hours. 
Reíerences.

1. Majumdar AK. a  ai. Pharmacokinetics af aprepitam aíter singỉe and
muỉtiple ocal doses in heaỉthy voỉumeers. J CZm Pharmacoỉ 2006; 46:
291-300.

Preparations
Propríatary PraponÉoni (details are given in Volume B)
Single ingradiaBt Proparaúons. Arg.: Bmend; AustraL: Emend; 
Austrùr. Emend; Beig.: Emend; Bna.: Eraend; CanatL Emend; 
Chũe. Emend; Cz.: Emend; Dentn.: Emend; Pin.: Emend; Fr.: 
Ẹmend; Ger.: Emend; Gr.: Emend; Bong Rong: Emend; Hung.: 
Emend; Indũr. Aprecap: Ịrt: Emend; Israel: Emend: ItaL: 
Emend; Jpm Emend: Malaysiar. Emend; Neth.: Emend: Norw.: 
Emend; NX: Emend: PoL: Ẽmend; PorL: Emend; Rus.: Emend 
(3ueas); S~Afr.: Braend; Singapore. Emend; Spain: Emend; 
Swed.: Emend; Swừz.: Emend; Thai.: Emend; Turk.: Emend; 
UR: Emend; Ukr.: Emend (3xeaa); USA: Emend; Venez.: 
Emend.

Aỉtapulgite
Atapulgit;'Atapùlgitạ; ArranynbrMT. • 

Ú 3 ^ 7 6 - 4 m 7 4 - r n z  
ATC—  A678C04,- ‘J'
AĨC Vet — QA07BC04. ■
UNir— U6V729ẠPÀM: ;

Pharmacopoeias. In Br.

Activated attapulgite is induded in Br., It.. and us. Colloidal 
activated attapulgite is induded in us.
BP 2014: (Attapulgite). A puriữed native hydrated 
aluminium magnesium silicate essentially consisting oi the 
day mineral palygorskite. A light, cream OI buổ, very fine 
povvder, hee or almost free hom gritty partides. A 5% 
suspension in vvater has a pH ot 7.0 to 9.5.
BP 2014: (Activated Attapulgite). Attapulgite that has been 
careíully heated to increase its adsoiptive capadty.
USP 36: (Activated Attapulgite). Processed natíve alumin- 
ium magnesum silicate which has been careíully heated. It 
is a cream-coloured, micronised, nonsvvellỉng powder, free 
hom gritty paitides. Insoluble in vvater.
USP 36: (Colloidal Activated Attapulgite). A native 
aluminium magnesium silicate that has been purihed. It is 
a CTeam-coloured, micronised, nonsvvelling povvder, hee 
hom giitty parddes. Insoluble in water. A 10% suspension 
in water has a pH of 7.0 to 9.5.

NOTE. Another native aluminium magnesium silicate is 
described on p. 2168.2.

Pro/Ịỉ/e
Attapulgite is highly adsoibent and is used in a vvide range of 
Products induding íertilisers, pesũddes, and pharmaceu- 
ticals. Activated attapulgite is an adsorbent antidiarrhoeal 
used as an adjunct in the management of diaưhoea 
(p. 1805.2) in a daily dose of up to 9 g orally in divided doses.

Preparations
proprietary PreporalicKts (details are given in Volume B)

Sãngfe-ingrwfient Preporotions. Belg.: Actapulgiie; Canad.: 
Kaopectate; Fr.: Actapulgite; Hong Rong: Gasưosorbt; Ịndon.: 
Biodian Enterogitt; KaotateỶ; New Diatabs; Teradi; Phũipp.: 
Polymagmat: Rui.: Neointestopan (HeoHHTecronaH); Singapore. 
Gastrosorb; Switz.: Actapulgitef; Thai.: Entox-P: Turk.: Dia- 
sorb; Diyasorbt; UAE: Kapón It USA: Diasorb; Kaopecute 
Maxúnum Strength; Venez.: Streptomagma.

Muto-ingredicnt Preparotions. Arg.: Enterobacticd; AustraL: 
Diarezef7 Braz.: Diazob Dispeptrint; Chile. Diaren; Entero 
Midnovo; Enterolt; Liracol; Nihirat; Fr.: Gastropulgite; Mud- 
pulgitet; Hong Rong: Enterocin Compoundt; ỉndon.: Andi- 
kapt; Arcapec Diagit; Entrogard; Fitodian Licopec Molagic 
Neo Diastop; Neo Entrostop; Neo Koniíormt; SAfr.: Kantrexil: 
Switz.: Mudpulgitet: Turk.: Sưeptomagma; UR: Diocalm Dual 
Action; Venez.: Micyn-2; Streptomagma.

Azasetron Hydrochioride irtNNMi
Azaséừon, Chlorhỵdrate d’; Azaseữón, hidrodoruro de; 
Azaseữoni Hydrochloridúm; Hidrodoruro de azasetrón; 
Nazasetron Hydrochloride; Y-25130; A3aceTpoHa 
rnnpoxnopnA-
(±)-6<Ihlpro-3,4-dihydro-4-methyl-3-oxo-W-3-quinudidinyl- 
2H-1,4-benzoxazine-8-carboxamide hydrcxrhloride. 
C17H2oC1NA.HC1=386.3
CAS — 123040-69-7 (azasetron); Ỉ4Ỉ922-90-9 (azaseơon 
hydrochbride).
UNII — 2BSS7XL60S.

Proịile
Azasetron is a 5-HT} antagonist with geneial properties 
similar to those of óndansetron (p. 1872.1). It is used as an 
antiemetic in the management of nausea and vomiting 
induced by cytotoxỉc therapy. Azasetron hydrochloiide is 
given in a usual dose of lOmg once daily by mouth or 
inưavenously.

Preparotions
Propríttory Preporahons (detailỉ are given in Volume B)

Singiringredịent Prepororiom. C hina: An Shỉ Tong ($ ttta.); 
Ding Yue (TỊft); Gan Su (#3?); Ou Li Kang Ding (Be&tt£); 
Ou Ting (R»); Ri An (0 $ ) ; Rui Di S u jì*## ); Tan Si Ke (á  
Hr£); Wan Wd (^ « ) ; Yi Qiong (ttỉít); Yi Su Lin 
Ipn-. Serotone.

Balsalaxide Sodium ÍBANM. liNNM)
Balsalaãda sódica; Balsalaãde Disodium (USAN); Balsalaãde 
Sodiqué; BalHláãne Disodium; BX-661A; Natrii Balsalaádum; 
HarpMM 5ancana3MA.
5-[4-(2-Carboxyethylcarbamoyl)phenylazo]salicylic acid, 
discxiiumsaỊt dihydrate.
C 17H 13M3N ế 2 0 ^ H z P = 4 3 7 3
CẠS r -  80573-04-2 (baisalaàde); 150399-21-6 (balsalaáde 
áisodium dilìydrate).
ATC — A07ẼC04.

À7CVet — QA07EC04. y  - .......  ;■ - V '--V.:.
UNÌI — 1XL6BJI034 <balsalazidé sódiủm dihydrate); 
15ASW03C9S (anhydrous balsalazide sodium).

Pharmocopoeias. In us.
USP 36: (Balsalazide Disodium). An orange to yellovv 
povvder. Freely soluble in vvater and in isotonic saline; 
spaiingly soluble in alcohol and in methyl alcohol; 
piacticaỉly insoluble in all other organic solvents. Store in 
airtight containers at a temperature oỉ 25 degrees, 
excutsions permitted between 15 degrees and 30 degrees.

Uses and Administratìon
Balsalaáde consists oỉ mesalazine linked to 4-aminoben- 
zoylalanine Via an azo bond. This bond is broken by colonic 
bacteria, releasing the active mesalaóne (p. 1859.2). 
Balsalazide sodium is given in the treatment oi mild to 
moderate active ulcerative colitis (p. 1808.3), in an oral dose 
of 2.25 g three times daily until remission or for up to 12 
vveeks. For maintenance of remission of ulcerative colitis a 
dose of 1.5 g tvvice daily is recommended. adjusted as 
necessary up to 6 g daily. For doses in children, see belovv. 
Reviews.

1. Muijsers RBR. Goa KL Baisalaxitỉc: i  n*view u! iu iherapruùc use in 
mild-io-modcraic uỉccraiivc coliiís. Druýs 2002; 62: 1689*705.

2. Patil SA. Moss AC. Balsalaiidc disndium for the rreatmcnt of ulcerative 
coliũs. Expert Rev Gastroenierol Hepaioỉ 2008; 2: 177*84.

3. Ra hi mi R. ti ai. Comparỉson oí mesalazỉne and balsaiaxide ìn inductìon 
and maintenance oí remisáon ín paưentỉ wiih uicerative colitis: a me ta- 
anaìysis. DĨỆ Dã Sã 2009; 54: 712-21.

Administralion in children. Balsalazide sodium is not 
iicensed in the UK for use in children under 18 years of 
age. However, the BNFC recommends that, in those aged 
12 years and over. 2.25 g may be given orally three times 
daily for an acute attack of mild to moderate ulcerative 
colitis, until remission occurs, or for up to 12 vveeks. For 
maintenance, 1.5 g twice daily is recommended, adjusted 
according to response up to a maximum of 6 g daily.

In the USA, licensed doses in children aged 5 to 17 years 
are 750 mg three times daily by mouth. or 2.25 g three times 
daily; treatment may be continued for up to 8 weeks.

Adverse Eữects and Precautions
As for Mesalazine, p. 1860.1. If a blood dyscrasia is suspected 
ơeatment should be stopped immediately and a blood count 
peiíormed. Patients or theứ ca ren should be told how to 
recognise signs o( haematotoxidty and should be advised to 
seek immediate medical attention if symptoms such as 
íever, sore throat, mouth ulcers, bruising, or bleeding 
develop. Balsalaáde should not be used in patients with 
severe hepatic impairment or moderate or severe renal 
ỉmpairment; ca re is required in those with lesser degrees oí 
hepatic or renal impairment, and in asthma, bleeding 
disorders, or active peptic ulcer disease.
Revievvs.

ỉ. Baker DE. SaíetY of balsaiaủde therapy in the ireatment oí inílammatory 
bovvel dỉsease. Rfi’ Gastroenteroỉ Disord 2005; 5: 135-41.

Effed5 on the cordiovascular System. Myocarditis sỉmilar 
to that seen with mesalazine (see p. 1860.2) has been 
described in a patient some days aher his treatment was 
altered hom mesaỉazine to balsalazide; the condition 
resolved once balsalazìde was withdrawn.1 

See also Hypersensitivity, below.
1. Robertson E. tí ai. Balsalaride-induced myocanỉỉiỉs. ỉnt J Cardioỉ 2008; 

UO:el21-el22.

Hypersensitivity. A ca se of acute perícarditis. cholestaás, 
and vasculitis ĩésulting hom hypeisensitivity to balsalazide 
has been reported.' The authors noted similarities to 
mesalazinc-assodated pehcarditis and lupus-like syndrome 
(see ESects on the Cardiovascular System, p. 1860.2).

1. Adhiymman V. a al. Hypersensitivity reaction to balsalaàde. BMJ 2000: 
320: 611.

Porphyria. The Drug Database for Acute Porphyiia, com- 
piled by the Nonvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, classiSes balsalazide as 
probably not porphyrinogenic it may be used as a drug of 
first dioice and no precautions are needed.1

I. The Dmg Database for Acute Porphyria. AvaAable aL* http://www. 
drugs-porphyria.org (accessed 03/10/11)

Pharmacokinetics
Very little of an oral dose of balsalaáde is absorbed Via the 
upper gastrointestina] tract, and almost the enthe dose 
reaches its site oi action in the colon intacL It is broken 
down by the colonic baaerial flora into 5-aminosalicylic 
add (mesalazìne), which is active, and 4 -aminobenzoyla- 
lanine, which is considered to be an inert carrier. About 
25% of the released mesalazine is absorbed and acetylated. 
as described under mesalazine (p. 1861.2). A small 
proportion of 4-aminobenzoylalanine is absorbed and

AU cross-reíerences reíer to entries in Volume A
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acctylatcd by ũrst-pass metabolism through the liver. The 
acetylated metabolites are excreted in the urine.

Preparotíons
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preporotions. Arg.: Benoquin; Austral.: Cola- 
lide; ƠIŨUT. Ao Rni Xin (IHUR); Bei Le Si (5l5kRl); Sai Lai De 
(S U #); DamL: Premid; India: Balacol' Colorex; Cozabal; 
ìntazide; ItaL: Balride; Norw.: Colaád; UK: Coladde; USA: 
ColazaI.

MubKngredient Praporotions. Swed.: Colaád.

phatmacopoeni Praparabocts
USP 36: Balsalaáde Dísodium Capsules.

Benexate Hydrochloríde iriNNMi

Bénexate, Ghiorhydrate de; Bénèxati Hydròchlọtĩđúm; 
Hidrocloruro de benexato; BeHeKcaTà rnnpoxnopHq;
Benzyl salicylate frans-4-(giianidinomethyl)cydohexanecar- 
boxylate hyđróchloride.
C23H27N30*HCM 4S.9 ;
CAS — 78718-52-2 (benexate); 78718-25-9 (benexate hydro- 
chloride); 91574-91-3 (benexate hỵdrođtloride betadex). 
um  — QVN4YYK2C6.

ProỊỊỊe ' "
Benexate hydrochloride is a mucosaỉ protectant that has 
been used in the management oỉ peptic ulcer disease. The B- 
cydodextrin dathrate, benexate hydrochloride betadex, has 
been given in an oral dose of 400mg twice daily.

Preparotions
Propõetarỵ Preparations (details are given in Volume B) 

Single-ingradient Preporotiom. Jpn: ulgut.

B ỉ s a c o d y i  /BAN, rlNNI
Bisacòdilo; Bỉsacodylúm; Bisakodil; Bisakodilis; Bisakodyl;; 
Bisakodyyli; Biszakodit; ẸncaKOAKn. 
4,4'-(2-Pyriđylmethylene)di(phenyl acetạtẹ). 
Ca H,9Nố^36Ì.4 . " ;
CAS -7  603-50:9:
AK  —  A06AB02; A06AGỎ2 
ATC Vet — QAŨ6ABŨ2; ŨA06AG02. 
u m  — im 7 m a

Ptiarmacopoeios. In Chín.. Eur. (see p. vii), Jpn, and us. 
Ph. Eur. 8: (Bisacodyl). A vvhite or almost white crystalline 
powder. Practically insoluble in vvaten sparingly soluble in 
alcohol; soluble in acetone. It dissolves in dilute mineral 
aáds. Protect from light.
USP 36: (Bisacodyl). A vvhite to o£f-white crystalline 
powder. Practically insoluble in vvater; soluble in benzene; 
soluble 1 in 210 of alcohol, I in 2.5 of chloroíorm, and ỉ in 
275 of ether; sparíngly soluble in methyl alcohol.

Bisacodyi Tannex ỊBANM, USAN, riNNM)

CAS —  1336-29-4.
ATC — A06AB02; AQ6AG02.
ATC Vet — QA06AB02; ŨA06AG02.

Uses and Administration
Bisacodyl is a diphenylmethane stimulant laxative 
(p. 1804.1) used for the ưeatment of constipation 
(p. 1804.3) and ỉor bovvel evacuation beỉore investigational 
procedures or suigery. Its action is mainly in the large 
intestine and it is usually eữective within 6 to 12 hours after 
oral doses. within 15 to 60 minutes after rectal use by 
suppository, and tvithin 5 to 20 minutes when given as an 
enema. Bisacodyl tablets should be swallowed whole and 
should not be taken vvithin 1 hour oỉ milk or antatídỉ.

For constipation, bisacodyl is given in usual doses of 5 to 
ỈOmg daily as enteríc-coated tablets given at night; up to 
20 mg may be given if necessary. Altematively a dose oi 
10 mg as a suppository OI enema may be given in the 
moming. For complete bowel evacuadoa an oral dose OỈ10 
to 20 mg may be given the night beỉore the procedure, 
followed by lOmg as a suppository the next moming. 
Altematively, an oral dose oỉ 10 mg may be given on each of 
the 2 nights beíore the procedure. For doses in chilđren, see 
below.

A complex oỉ bisacodyl vvith tannic atíd (bisacodyl 
tannex) has be en given vvith a barium sulỉate enema beíore 
radiographic examination oỉ the colon.

Administration in chỉldren. For constipatìon, the follow- 
ing oral doses oí bisacodyl are recommended ỉor children, 
to be taken at night:
• 4 to lOyears: 5mg
• over 10 years: 5 to 10 mg, increased ư necessary to a 

maximum oi 20 mg
Altematively, the ỉollovving rectal doses are recommended, 
to be inserted in the momingt
• up to 10 years: 5mg
• over lOyears: lOmg
The BNFC gives súnilar doses, but limits the use of 
suppositories in children to those aged over 2 years.

For bowel clearance beíore surgery or radiological 
investlgatlon, the íollovving dọses are recommended:
• 4 to 10 years: 5 mg orallỹ the night beíore, íollovved by 

5 mg as a suppository the next moming
• over 10 years: 10 to 20mg orally the night beíore, 

ỉollovved by 10 mg as a suppository the next moming
The BNFC gives similar doses but allows for the use.oí oral 
doses for 2 nights beíore the procedure, followed, ư 
necessary, by the rectal dose 1 hour beíore the procedure.

Adverse Effects
Bisacodyl and other stimulant laxatives may cause 
abdominal discomíort such as colic or cramps. Prolonged 
use or overdosage can result in diarrhoea with excessive loss 
of water and electrolytes, particularly potassium; there is 
also the possibility of developing an atonic non-ỉunctionỉng 
colon. Haematocheáa (blood in the stool) may be seen but 
is usually mild and selí-limitìng; more severe bloody 
diarrhoea may be associated with colonic mucosal 
ischaemia. Hypersensitivity reactíons, induding angio- 
edema and anaphylaaoid reactions, have been reported 
rarely. When given rectally, bisacodyl sometimes causes 
irritation and may cause proctìtis or sloughing oí the 
epithelium. To avoid gastric irritation bisacodyl tablets are 
enteric-coated.

Precautìons
As with other laxatives, prolonged use should be avoided. 
Bisacodyl should not be gìven to patients with intestinal 
obstructỉon or acute abdominal conditions su ch as 
appendidtũ; care should also be taken in patients with 
iníìammatory boweỉ disease. It shouỉd not be used in 
patients with severe dehydration. The suppositories should 
preíerably be avoided in patients with anal Đssures, 
proctitis, or ulcerated haemorrhoids.

Handling. Inhalation of bisacodyl povvder and contact 
with eyes, skin, and mucous membranes should be 
avoided.

Porphyria. The Drug Database for Acute Porphyria, com- 
piled by the Nomegian Porphyria Cenưe (NAPOS) and 
the Porphyria Centre Svveden, dassihes bisacodyl as prob- 
ably not porphyrinogenic when given as tablets or suppo- 
sitories, and not potphyrinogenic as an enema; it may be 
used as a drug oỉ Rrst choice and no precautions are 
needed.1

1. The Drug Database íor Acute Porphyria. Available ae http://www. 
drug5-porphyria.org (accessed 10/11/11)

Pharmacokinetics
On oral or reaal use bisacodyl is converted to the active 
desacetyl metabolite bis(p-hydroxyphenyl)pyridyl-2- 
methane by intestinal and baaería) enzymes. Absorption 
from the gastrointestinal tract is minimal vvith enteiic- 
coated tablets or suppositories: the smail amoum absorbed is 
excreted in the u rine  as the glucuronide. Bisacodyl is m ainly 
exaeted in the faeccs.

Preparations
Proprielory Preporotiom (details are given in Volume B)

Singte-ingredíent Preparationỉ. Arg.: Dulcolax; Laxamin; Moda- 
ton; Tractoduo; AustraL: Bisalax; Dulcolax; Lax-Tab: Austrùr. 
Dulcolax; Laxbene; Belg.: Bísolax; Caners; Dulcolax; Henaíur- 
inet; Mudnum; Purgo-Pil; Braz.: Bisalax; Cronoplext; Delu- 
lax; Dulcolax; Pideine; Isilax; Plesonax; Canad.: Alophent; 
Bisacolax: Carters Little Pills; Codulax; Correctol; Dulcolax; Sil- 
ver Bullet; Soílax EX; The Magic BụỊỊet; Woman's Laxative; 
Ckũe. Alsylax; China: Dulcolax (ĩk~BỊĨỈ); Jie Tai (#1f); Long- 
shutong (ItSĩi#); Cz.: Dulcolax; Fenolax; Stadalax; Denm.: 
Dulcolax; Perilax; Toilax; Pin.: Metalax; Toílax: Fr.: Contalax; 
Dulcolax; Cer.: Bekunis Bisacodyl; Bisco-Ziưon; Drix Bisacodyt 
Dulcolax; Florisan Nf; Laxagenen; Laxans-ratiophann; Laxans; 
Laxysat Burgert; Mediolax; Pyrilax; Tempolaxt; Tirgon; Gr.: 
Dulcolax; Florisan N; Hong Ktmg: Bicolaxt; Bisedylt: Dulax+; 
Dulcolax; Marcholaxt; Monolaxt; Hung.: Dulcolax; Stadalax; 
India: Bidlax; Bisariv; Bo-Lax; Conlax; Dulcolax; JuLax; Juni- 
íree: Laxodyl; Inảon.: Bicolax; Custodiol; Dulcolax; Laxacodt; 
Laxamext; Laxana; Stolax; IrL: Dulcolax; Toilax; Israel: Atárut 
X; Contalax; Laxadin; ItaL: Alaxa; Conletto CM: Dulcolax; Nor- 
malene; Sacodil; Stixenil; Verecolene CM; Malaysút: Dulcolax;

Mex.: Dulcolan; Dulcolax; NetH.: Dulcolax; Kruidvat Laxeerta- 
bletten; Laxeerdrageest; Laxeenablenen; Laxeeizetpillen+; 
Nourilax; TrekpỊeister Laxeertabletten: Norw.: Dulcolax; Toilax; 
NZ: Dulcolax; Fleet Laxativet; Lax-Tab; Pkũipp.: Bisalax; 
Dulcolax; Vesilac Port.: Bekunis Laxante Bisacodil; Dulcolax; 
Moderlax; Rus.: Dulcolax yiynMtonaxc); S.Afr.: Dulcolax; Mega- 
Iax; Peiilaxt; Singapore: Bicolax; Biolax; Dilax; Dulcolax; Ebo- 
liu Laxodyl* SL Laxatíve: Sunny Laxatlve; Unilax; Spaln: Dul- 
colaxo; Laxabixal; SwetL: Dulcolax; Toilax; Switz.: Bekunis 
Dragees; Demolaxint; Dulcolax; Muxol; Prontolax; Sohala-X; 
Tavolax; ThaL: Biỉacod; Bisacodylcoated; Conlax; Dulcolax; 
Emulax; Gtncolax; Kadolax; KB Biscod: Laxadryl; Laxcodyl; 
Laxitabt; Monolax: Vacolaxt; Turl£.: Bisakob Laksotek; Seko- 
laks; UAE: Laxocodyl; UK: Biolax; Boots Constipatìon Relieí; 
Dulcolax; Entrolax; USA: Alophen; Bisa-Lax; Coĩiectol; Doxi- 
danf; Dulcolax; Evac-Q-Tabs; Ex-Lax ultrạ; Feen-A-Mint; FIeet 
Bisacodyl' Fleet Laxative; Gentlax; Modanẽ; Veneỉ.: Dulcolan.
Muili-tngr«fient PreporaHons. Arg.: En-Ga-Lax; Posto-Dom Kít: 
Laxicona; Nlgalax; Nigalax; AustraL: Coloxyl; Go Kit Plus; Go 
Kit' Austria: Laxbene; Prepacol; Purgazenf; Belg.: Prepacol; 
Soítene; Braz-: Belpidex; Canad.: Bekunist; Bi-PegLyte; Blcho- 
lateỷ; Gentlax Sf; Royvac Kitt; Chile: Laxogeno; Cz.: Prepacol; 
Fr.: Prepacol; Ger.: Prepacol; Gr.: Florisan; Hung.: Laxbene; 
NZ: Coloxylt; PorL: Bekunis; Spain: Bekunis Complex; Thai.: 
Bisoỉax; Chinta-lax; T Man Lax; Turk.: Bekunis; USA: Duỉcolax 
Bowel Prep Kit; Fleet Prep Kit No. lf; Fleet Prep Kit No. 2f; 
Fleet Prep Kít No. 3; HalíLytely and Bisacodyl Bowel Prep Kit; 
X-Prep Bowel Evacuant Kit-lf.
Phannacopoeid Preparatìons
BP 2014: Bisacodyl Suppositories; Gastro-resistant Bisacodyl 
Tablets;
USP 36: Bisacodyl Delayed-release Tablets; Bisacodyl Rectal 
Suspension: Bisacodyl Suppositories.

Bismuth Compounds
Bismuto, compuestbs de; BuỊCMỵr CoeflHHeHHH.

Proỉile
Bismuth compounds have been used for their astringent 
and antidiarrhoeal properties in a variety oỉ gastrointestinal 
disorders, and have been applied topically in skin disorders 
and anoreaal disorders such as haemorrhoids. Certain salts 
are active against Helicobacter pybri and are used in the 
treatment of peptic ulcer disease.

Bismuth Aluminate IUSANI

Aluminato de bismutp;. ẤỊuminum Bismuth Oxide; 
AniOMMHaT BncMyra.
Bi2(AIA)>10H2O=952.0
CÃS — 12204-76-3 (anhydrous bismuth aluminate). 
um  — JB5Y63JDHJ.

Pharmacopoeias. In Chín, and Fr.

Bismuth Citrate
Citrato de bísmuto; LlMTpaT BMCMyra!
BìQH507=39&1 
CAS — 813-93-4. 
um  —  N04867Y76N

NOTE. Do not conhise with bismuth subdtrate potassium 
(p. 1822.1) or tripotassium didtratobismuthate (colloidal 
bismuth subdtrate, p. 1822.2).
Pharmacopoeias. In us.
USP 36: (Bismuth Citrate). A vvhite, amorphous or 
crystalline powder. Insoluble in water and in alcohol; 
soluble in dilute ammonia solution and in Solutions oỉ alkali 
citrates. Store in airtight containers. Protect from light. 
Prevent exposure to temperatures above 40 degrees.

Bismuth ỡxide
Bismuth Triọxide; óxido de bísmuto; O kcha BncMyĩa. . 
Bi2O3=466.0 
CÂ5 —  1304-76-3. 
um  —  A6I4E79QF1.

Bismuth Salicylate
Basic Bismuth Salicylate; Báásos bizmut-szalicilát; Bismuth 
Oxysalicylate; Bismuth, sous-salicylate- de; Bisrmith Sub- 
salicylate (USAN); Bismuthi subsalicylas; Bismuto subsaliciía- 
tas; Bismutsalicylat, Basisches; Salicilato de bismuto; Salicýlan 
bismutitý zásaditý; Vismutsúbsalicylát Vismuttisubsalisylaattir 
CannunnaT BMCMyra;
C7H5Bi04=362.1 'v:
CAS —  14882-18-9. 
um  — 62TƯ51R81. .

Pharmocopoeias. In Eur. (see p. VĨĨ) and us.
Ph. Eur. 8: (Bismuth Subsalicylate). A complex of bismuth 
and salicylic add. It contains not less than 56% and not

The Symbol t  denotes a preparation no longer actively marketed
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more than 59.4% oi Bi, caiculated with relerence to the 
diỉed substance. A white or almost white povvder. 
Practically insoluble in water and in alcohol; dissolves in 
mineral adds with decomposition. Protect from light.
USP 36: (Bismuth Subsalicylate). A baãc salt corresponding 
to C7HjBĩO« and containing not less than 56.0% and not 
more than 59.4% oỉ Bi and not less than 36.5% and not 
more than 39.3% oí total salicylates. It is a fine, odourìess, 
whỉte to oữ-white microaystalline powder. Practically 
insoluble in water, in alcohol and in ether. It reacts with 
alkalỉs and mineral adds. Store in airtight containers. 
Protect from light.

Bismutti Subcarbonate IUSAN)
Basic Blsrriuth Carboriate; Basisches Wlsmutkarbonat; Báãsos 
bizmutkarbonát EỊism. Cartì; Bismutcarbonat Basisches; 
Bismuth Carbonate; Bismuth Oxycarbonate; Bismuth, sóu$- 
carbonate de; Bismuthi Subcarbonas; Bismuto subkarbona- 
tas; Bismutylum Carbonicum; Carbonato de Bismutlla; 
Subcarbonato de- bismuto; Uhliditan bismutitý zásaditý; 
Vismutsubkarbonat; Vismuttisubkarbonaatti; OcHOBHhiií 
ymeKMOibiii Bnaiýr.
CBiA=510.0
CAS —■5892-10-4 (anhydrous bismuth subcarbonate); 5798- 
45-8 (bismuth subcarbõnate hemihydrate). 
u m  —  M41L2IN55T (bismuth subcarbonate); NIT50MK51G 
(bismuth sutxarbonate hemìhydrote).

Pharmocopoeias. In ƠI in.. Eur. (see p. vii), and us.
Ph. Eui. 8: (Bismuth Subcarbonate). A white or aimost 
white powder. Practically insoluble in water and in alcohoi. 
It dissolves in mineral adds with eílervescence. Protect from 
light.
USP 36: (Bismuth Subcarbonate). A vvhite or almost white 
powder. Practically insoluble in vvater, in alcohol, and in 
ethen dissolves in dilute adds with eífervescence. Protect 
from light.

Bismuth Subcitrate Potassium (USANI
1001277;. Biskalcitrate. potassium; Bismuth Biscalcitrate; 
Blsmuth biskalcitrate; OcHOBHbdă Ka/ineBbiií ựKTpaT BuCMyTa. 
Bísmuth pentapotassium dihydroxidè bis(2-hydroxypro- 
pane-1 A3-tricarboxylate hydrate).
C12HMBiKsOi7=834.7 
CAS — 880149-29-1.
UNII —  R3080H60KX.

NOTE. Do not conỉuse with bismuth dtrate (p. 1821.3) or 
tripotasáum didtratobismuthate (colloidal bismuth subd- 
trãte, below).

Bismuth Subgallate ÍUSANI
Basic Blsmuth Gallate; Basisches VVìsmưtgallat; Báásos 
bizmut-gallát Bism. Subgall; Bismutgallat, Basisches; Bis- 
muth Oxygallate; Bismuth. sous-gallate de; Bismuthi 
Subgallas; Bismuto subgalatas; 8izmut Subgalac Bizmutu 
gafusan zasadowy- Gailan bismutitý zásaditý; Subgalató de 
bismuto; Vismutsubgallat Vismuttisubgallaatti; OcHOBHtìii 
rannoBOKMcnbiií BMCMyT.
C7HsBi06=394.1 
C4S —  99-26-3.
UNII —  YIWS03MữV.

Pharmacopoeias. In Eur. (see p. vu), Jpn, and us.
Ph. Bui. 8: (Bismuth Subgallate). A complex oỉbismuth and 
gallic add. It contains not less than 48% and not more than 
51 % oỉ Bi, calculated with reỉerence to the dried substance. 
A yeDow powder. Practically insoluble in vvater and in 
alcohoh dỉssolves in mineral adds with decomposition and 
in alkali hydroxides, produdng a reddish-brown liquid. 
Protect from light.
USP 36: (Bismuth Subgallate). A basic salt containing 52 to 
57% of Bi20} when dried at 105 degrees for 3 hours. Itis an 
odouiless amorphous bright yellow powder. PractícaDy 
insoluble in water, in alcohol in chloroíorm, and in ethen 
insoiuble in very dilute minerai adds; dissolves readiỉy with 
decompoátion in vvarm, moderatdy dilute hydrochloric, 
nitric. orsulhuic adds; readily đissolves in Solutions oỉ allcali 
hydroxides to fòrm a dear yellow liquid vvhidi rapidly 
becomes deep red. Store in aứtíght containeis. Protea (rom 
light.

Bismuth Subnitrate
Subazotà&: dè- Bismuto; Basic Bismuth Nitrạte; Basisches 
Wismụtmtratỉ; ỂằáiBDs: bcmî mtrát; Blsm. Subnit; Bĩsmuth 
Hydrcnodé Nltrate Qxide; Bismuth Nltrate, Heavy: Bismuth 
Okýnitratẽ; Bísmữth (Sous-Nỉtrate de) Lourd; Bismũth, sotis- 
nitrate de; Bismuthl Subnltras; Bismuthyl Nitrate; Bisrnưto 
subnitratas; Bismuto subnitratas sunkusis; Bizmut Subnitrat; 
BÉrnutu azptah:rzasadowy; Bizmutu(lll) azotạn zasadowyj

Magistery, oí. Btsmuth; Nitrato de Bismutilo; Subnitrato de 
bismuịọ; -Visínútsúbọitrat ■VỊsmụttisubnitraatti;. Whiịe.-Bisv 
rnứth; ÒCHOBHblii A30THOKMcribiỉi BMCMyrv : • . ; .  _ VT •1.. ... 
BÌ5O(ÒH),(NO3)4=1462.0 
JCÁS— .1304-85-4. .
ATC —  A028X12 ...............  ' ' ..................
ATC Vet — QA02BX12' ■ ì : [
UNIỊ —  H19J0648A5. • '

Pharmacopoeias. In Eur. (see p. vii), Jjm, and us.
Fr. also indudes Bismuth (Sous-Nitrate de) Léger (Bismuthi 
Subnitras Levis) which is described as a variable mixture of 
bismuth hydroxide. carbonate, and subnitrate.
Ph. Eur. 8: (Bismuth Subnitrate, Heavy). It contains not less 
than 71% and not more than 74% of Bi, calculated with 
reíerence to the dried substance. A white or almost white 
povvder. Practically insoluble in water and in alcohol; 
dissolves in mineral adds with decomposition.
USP 36: (Bismuth Subniưate). A basic salt containing not 
less than 79% of Bi20 3 calculated on the dried basis. It is a 
vvhite, slightly hygroscopic powder. Practically insoluble in 
water and in alcohol; readily dissolves in nitríc and 
hydrochloric adds.

Tripotassium Dicitratobismuthate
Bizmut Subsitrat; Colloidal Bismuth Subdtrate; Didtratobis- 
mutato tripotásico; Tripơtasyum Disìtratobizmutat; BMCMyT 
TpMKannn AnuMTpàT.
CAS — 57644-54-9.
ATC —  A02BX05.
ATC Vet — QA02BX05.
NOTE. Do not conhise vvith bismuth dơate (p. 1821.3) or 
bismuth subdtrate potassium (above).

Uses and Administration
Some insoluble salts oỉ bismuth are given orally for their 
supposed antadd action and for their mildly astringent 
actìon in varíous gastrointestinal disorders, induding 
diarrhoea (p. 1805.2) and dyspepsia (p. 1806.3). Such salts 
indude the aluminate, salicylate, subcarbonate. and 
subnitrate. Bismuth salicylate, vvhich is given as an 
antidiaiThoea] and vveak antadd in doses up to about 4g 
daily in divided doses, possesses in addition the properties of 
the salicylates.

Tripotassium didtratobismuthate is active against Helico- 
bacter pylori and has been used as triple therapy (with 
metronidazole and either tetracydine or amoxidllin) to 
eradicate this organism and thereby prevent relapse of 
duodenal ulcer. It is also used as a mucosal protectant for the 
treatment of peptic ulcer disease (p. 1813.2). Bismuth 
subdtrate potassium and bismuth salicylate are also actíve 
against H. pyỉori and have been used similarly in eiadication 
regũnens.

The usual oral dose oỉ tripotasáum didưatobismuthate 
in benign gastrìc and duodenal ulceration is 240 mg tvvice 
dady, or 120mg ỉour tùnes daily before íood. Treatment is 
for a period of 4 vveeks, extended to 8 weeks if necessary. 
Maintenance therapy with tripotassium dỉdtratobismuthate 
is not recommended although treatment may be repeated 
after a drug-íree interval of one month. When used as part 
of triple therapy the usual dose oi tripotassium dicitrato- 
bismuthate has been 120 mg ỉour times daily for 2 vveeks. 
The usual dose of bismuth salicylate as part of trìple therapy 
is 525 mg ỉour times daily for 2 vveeks. Appropriate 
antisecretory treatment with a histamine Hj-antagonist or a 
proton pump ỉnhibitor is usually added to these regimens.

A complex oi bismuth dưate wlth ranitidine, ranitídine 
bismuth dtrate (p. 1883.3), has aỉso been used in the 
neaonent oí peptic ulcer disease. Colloidal bismuth pectin, a 
complex salt of bismuth, potassium, and d-polygalacturonic 
add, has also been used.

Some insoluble salts of bismuth have been used topically 
in the treatment of skin disorders, wounds, and bums. Some 
ha ve been used as ingredients of ointments or suppoàtories 
(sometimes containing more than one bismuth salt) in the 
treatment oỉ haemorrtaoids and other anorectaỉ disorders 
(p. 1808.1). Bismuth compounds that have been used 
topically and/or rectally indude the oxide, subgallate, and 
subnitrate; bismuth resordnol compounds have also been 
used. For the use of bismuth subnitrate and iodoíonn paste 
as a vvound dressing, see Iodoỉonn, p. 1758.2.

Numerous other salts and compounds of bỉsmuth have 
been promoted for various therapeutic puiposes. Glyco- 
biarsol was íonnerly given orally as an amoebidde. 
Homoeopathy

Bismuth has been used in homoeopathic medidnes 
under the following names: Bismuthum; Bismutum 
metallicum; Bismuthum metallicum; Bismuth met.

Bismuth oxide has been used in homoeopathỉc 
medidnes under the following names: Bismuthum 
orydatum; Bismuth oxyd; Bis. ox.

Bismuth subnitrate has been used in homoeopathit 
medidnes under the foDowỉng names: Heavy bismuứ 
subnitrate; Bismuthỉ subnitras ponderosus; Bismuthuir 
subnitricum; Bismuth sub; Bismutum subnitricum; Bism 
sub.

Adverse Effects, Treatment, and Precautions
The bismuth compounds listed above are insoluble or very 
pooiỉy soluble. and bismuth toxidty does not appeai to b( 
common ư they are used for limited periods. Hovvever 
excessive or prolonged dosage may produce symptoms oi 
bismuth poisoning, and for this reason Iong-term systemic 
therapy is not recommended. Reversible encephalopathy 
(see belovv) vvas once a problem in some countries, notably 
Prance and Australia; bone and joint toxidty had alsc 
occurred, sometimes assodated vvith the encephalopathy 
This led to restrictions on the use of bismuth salts and a 
Virtual disappearance oỉ these toxic eỉíects.

Nausea and vomiting have been reported. Darkening OI 
blackening of the taeces and tongue may occur due tc 
conversion to bismuth sulBde in the gasưointestinal trao.

The effeCTS of acute b ism u th  in toxica tùm  indude gastro- 
intestinal disturbances, skin reaaions, stomatitis, and 
dỉscoloration of mucous membranes; a characteristic blue 
line may appear on the gums. There may be renal íailure 
and liver damage.

Other adverse eữects may not be related to the bismuth 
contem. With bismuth subnitrate given orally there is a risk 
of the niưate being reduced in the intestines to nitrite and 
the development of methaemoglobinaemia. Absorpũon oi 
salicylate occurs írom oral bismuth salicylate and thereíore 
the adverse eííects, ơeatment of adverse eííeas, and 
precautions o i aspirin (p. 24.2) should be considered.

Gastric lavage should be considered in overdosage; oraì 
activated charcoal and the use of a chelating agent such as 
dimercaprol, sucdmer, or unithiol have been recommended 
(see also Overdosage. below). Renal íunction should be 
monitored for 10 days aíter acute overdosage.

Bismuth compounds should not be given to patients wỉtb 
moderate to severe renal impairment.

Encephalopcdhy. Reviews'-2 and reports5' 11 of reversible 
bismuth encephalopathy. Many oí the original reportỉ 
implicated bismuth subgallate or subnitrate. in most bui 
not all cases at high doses or for prolonged periods; toxi- 
dty has also occurred with other salts.6'9 Patients receivmg 
the subdtrate (480 mg daily) or the subnitrate (1.8g daily) 
for 8 weeks in the ưeatment of H elicobacter p y lo ri iníection, 
showed no evidence of neurological changes compared 
with a control group.12

1. Wỉnship KA. Toxitíty oi bísniuih salts. Advm t Drug Reaơ Aaae Poừơnms 
Rev Ỉ983;2: 103—21.

2. Slỉkkerveer A. de Wolíf FA. PhamucokineQcs and toxidry oỉ bismud) 
eompounds. Med Taxừol Advene Drttg Bxp 1989; 4: 303-23.

3. Morrcn* AW. Request íòr repoits: ađverse reactỉons with btsmutb 
subtaHate. Med J Àusĩ 1973; 1: 912.

4. Manỉn-Bouyer G. Intoxỉcaiions par les seỉs de bỉsmuth adminisữés pai 
voie oraie; enquête épidémiologique. Thenpk 1976; 31: 683-702.

ỉ. Stahỉ Jp, et ai. Encéphalites au sel insolubỉe de bismuth: toujoun 
d'aauaỉiié. N«uv Prose Mtd 1982; l l ỉ  3856.

6. Hasỉdng GJ, Duggan JM. Encephaỉopathy from bismuth subsaliqrlate 
M tdJ Abữt 1982; 2: 167.

7. Welỉer MP1. Neuropsychiaoric sympcoms foỉlowing bỉsmuih inioxica- 
tỉon. Postgrad Med J 1988; 64: 308-10.

8. Mendeỉowitz PC. et ai. Bismuth absorptíon and myodoníc encephalo- 
pathy đurtaig bísmuth subsaỉỉcyỉate thênpy. A m  Iníem Med 1990; 112; 
140-ỉ.

9. Playíord RJ, rt ai. Bismuth induced encephalopathy caused by Di 
potassỉum dỉdưato bisrauthate in a paúent with chronic renaỉ ỉaiỉure. 
Gui 1990; 31: 359-60.

10. Voo Bose MJ. Zaudig M. Encephalopathy lesembỉỉng Creuttfeldt-Jakob 
disease {ollowùỉg oral. prescrtbed doses ữỉbismuth nlưate. BrJ Psỵdtiaữy 
1991; 158: 278-80.

11. Teepker M, ti ai. Myodonic encephaỉopathy caused by chronic bismutb 
abuse. Bpiỉeptk Disori 2002; 4: 229-33.

12. Noach LA. et ai. Bismuth salts and neunnoxỉdty: a randomised. single* 
Mỉnd and comroUed study. Hum Exp Toxkol 1995; 14: 349-55.

TOHCAL APPUCATION. Encephalopathy has been assodated 
with the use of bismuth iodoỉonn paraỉBn paste (BIPP) for 
the padúng of wound cavities aíter surgery to the head 
and nedc, although there is some debate as to whether the 
bismuth or the ĩodoíorm component is responáble—see 
p. 1758.2.

Omrdosage. Bismuth salicylate or tripotassium didtrato- 
bismuthate in recommended doses are rarely assodated 
with serious adverse eííects but there are reports oí renal 
íailure,1'7 encephalopathy,*'10 and neurotoxidty1 in 
acute1-*-9 or chronic8-10 overdose. Bismuth has been 
detected in the blood, urine, stools, and kidneys of these 
patients; a blood concentration of 1.6 micrograins/mL was 
ioimd2 4 hours after an oral dose of 9.6 g.

The optimal treatment of bismuth overdosàge is 
unknown. Gastric lavage, purgation, and hydratìon should 
be considered, even if the patient presents late, as bismuth 
may be absorbed bom the colon.1-2 Chelating agents may be 
eAective; unỉthiol has been reported to increase the renal 
deatance of bismuth vvith a reduction in the blood 
concentration.* Haemodialysis may be necessary1'5 but

AU cross-reíerences reíer to entries in Volume A
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whether this hastens tissuc clearance is uncertain. 3* 
Haemodialysis pỉus unithiol treatment has been reported 
to succcssíullY climinate bismuth.6 Pcritoneal dialysis has 
also been eữectívely uscd in a paediatric paticnt.5

Prolonged ingestion of bỉsmuth salicylate in excessỉve 
doscs by an eỉdẽrly diabetỉc was assodated with hearing 
disturbances, vertigo, arìd-base abnormalities and mild 
dotting distuibanccs.11 The toxìdty was thought to be due 
to the saỉỉcylate component.

1. Hudỉon M. Mowat NAG. Reversibìe toxỉdty ỉn poỉsonỉsg with colloỉdaỉ 
bisrauth subdtrate. 5AƯ1989; 299: 159.

2. Taylor HG, Klenennan p. Acute renaỉ ỉaỉỉure âíter colỉoỉđal bỉsmuth 
subdtrate overdose. Lanett 1990; 335:670-1.

3. Huwcz ỉ ,  a  a i Acute renaỉ Eaỉlure after overdose of coỉỉoidaỉ bỉsmuth 
subdtrate. Lanat 1992; 340:1298.

4. Akpolat t  tí ai. Acute renaỉ íaỉlure due to overdose of coQoidaỉ bísmuth.
Nephrol Diaỉ Tramplani 1996; 11: 1890-8.

5. t  $lek t  ữ  ứl Reversible ncphrotoxicity aỉter overdose oỉ coUoỉdaỉ 
bỉsmuth subtiưate. Peắiatr Ncpkroỉ 2001; 16: 510-14.

6. Hruz p, tí ai. Fanconỉ's syndrome, acute renaỉ íailure, and tonsiỉ 
ulceratíons afier colloidaỉ bỉsmuth subátrate intoxicatỉon. Am J Kidney 
Dừ 2002; 39: E18.

7. Cengiz N, tí al. Acute renaỉ ỉaỉlure aỉter overdose oí coỉỉoiđal bisrauth 
subdưate. Pediứtr Nephroi 2005; 20: 1355-8.

8. Playíord RJ, tí ai. Bỉsmuth induced encephaỉopathy caused by tri 
potassỉum dỉtíưato bismuthate in a patỉent wỉth đưonỉc renal ỉailure.
Gut 1990; 31: 359-60.

9. Haskỉng GJ, Duggan JM. Encephaỉopathy from bỉsmuth subsaỉỉcyỉate.
Med J Aust 1982; 2: 167.

10. Mendelowitz PC, ữ  ai. Bỉsmuth absoipdoo and myodonỉc encephalo- 
pathy durỉng bỉsmuth subsalicyíátỂihêrapy. Ann Irứem Med 1990; 112:
140-1.

11. Veraace MA, tí al. Chronỉc saỉỉcỳỉàte toxiđty due to consumptìon oỉ 
over-the-counter bismuth subsa^Ịylate. Am J Med 1994; 97:308-9.

ToxkHy from non-conventional use. The FDA has wamed 
against use of an injectable product called bismadne or 
chromadne, which contains large amounts oỉ bismuứi.
There are reports of death or serious adverse eổects asso- 
tíated with its use. Although unlicensed íor any use, bis- 
madne has apparently been used in altematìve medidne 
to treat Lyme disease.1

1. PDA. PDA wams consumen and heaỉih care providers not to XIse 
bỉsmadne, aỉso known as chromadne (Ỉssued21st July 2006). Avaỉỉable 
a t  http://www.fda.gov/NewsEvents/Hewsroom/PressAnnouncements/ 
2006/uanl08696.htm (accessed 15/07/10)

Interactíons
Bismuth salts given orally reduce the absoipdon of 
tetracydines, possibly by chelation or by redudng tetracy- 
dine solubility as a result oí increasing the gastríc pH. This 
interaction can be minimised by separating doses oí the two 
drugs by a couple of hours. The dinical signiỉicance oi this 
interaction to the use of bismuth salts for peptic ulcer 
disease is undear; tripotassium didtratobismuthate or 
bismuth saiicyiate have been given at the same time as 
tetracydine as pan of triple therapy for the eradication of 
H elicobacter p ylori.

Antisecretory drugs. Preưeatment wỉth om eprcaole 
resulted in about a threeíold increase in absorpdon oỉ bis- 
muth ỉrom tripotassium didtratobismuthate in 6 healthy 
subjects.] The mean peak plasma concenưation of bismuth 
aftCT a single dose of 240 mg oỉ ữipotassium didtrato- 
bismuthate was increased ừom 36.7 to 86.7 nano- 
grams/mL aỉter omeprazole suggesting an increased risk of 
toxidty from combined therapy. The mechanism was 
thought to be the increase in gastric pH produced by the 
antisecretory drug as similar results had been reported 
with ra n itid in e .1  However, the dinical signibcance of these 
interactỉons to the use of antisecretory drugs vvith bismuth 
compounds for eradication of H eỉicobacter p y lo ri is undeac 
bismuth compounds have been combined with proton 
pump inhibitors or H2 antagonists in short-tenn regimens 
as part of triple or quadruple therapy.

ỉ. Treiber G. tí ai. Omeprazole-induced increase in the absorption oí 
bismuth írom tripotassỉum dicỉtrato bismuihate. ơin Pharmacol Ther 
1994: 55: 486-91.

2. Nwokolo CU. tí ai. The effea of hisumine H]*receptor blodcade on 
bismuth absorpiion {rom three uicer-healing compounds. Gastnenỉer- 
oiogy 1991; 101: 889-94.

Pharmacokinetícs
Poorly soluble bismuth compounds are largely converted to 
insolubie bismuth oxide. hydroxide, and oxychloride in the 
addic environment of the stomach. Most of the bismuth 
compounds induded in this monograph are thus onỉy 
slightly absorbed. Increased gastric pH may increase 
bismuth absorption—see Antìsecretory Drugs, above. 
Unabsorbed bismuth is excreted in the íàeces. Absorbed 
bismuth is distributed throughout body tissues, induđing 
bone. and is slowly excreted in the urine and bile. It has a 
plasma halỉ-lỉfe oỉ about 5 days and continues to be excreted 
ỉor about 12 weeks after stopping therapy.
Reíerences.

1. Nwokolo CU, tí aỉ. The absorptỉon oí bỉsmuth ỉrom oral doses oỉ 
trỉpotassỉum dỉátrato bỉsmuthate. Aỉiment Pharmacoỉ Ther 1989; ỉ: 29- 
39.

2. Froomes PRA, tí al. Absorpũon and eỉỉmỉnation of bismuth ỉrom oraỉ 
doses of tripotassium didtrato bismuthate. B urJơht Pharmacot 1989; 37:
533-6.

Lacey LP, t í  a l Compantive phannacokinetỉcs of blsmuth from 
ranỉddỉne bỉsmuth dtrate (GR122311X), a novd antỉ'Ulceram and 
tripota$5Ỉum dỉdtrato bỉsmuthate (TDB). Eur J Cbn Pharmaal 1994; 47: 
177-80.

Preparations
Proprieiary Preparoliòns (details are given in Volume B)

Single ingrediant Prepqrotions. Arg.: Re-Dux: Sesamoil; Braz.: 
Pqrto-BỈmolt; PeptoziL' Peptulan; CatuuL: Devrom: Maalox 
Multi-actiont: Neo-Laryngobis; Pepto-Bismob Stomak-Care; 
Xeioỉonn; China: Ai XI (3tS); De Bl Tai (ffíỄÍ#); De-Nol (tt 
« ); l i  Bi De Wd Dỉ Ya Xi Xỉn (S tt); Gcr.:
Haemo-Exhintd Buíexamact; Snyphnasal N: Gr.: De-Nol; 
Hững Kong: De-Nol; Pepto-Bismolt; ItuHa: Denol; Trymo; 
Indon.: Scantoma; Stobiob Israel: BITNI X; Kalbeten; Peptolỉte; 
Pink Bismuth; ItaL: De-Nol; Mex.. Bismed; Bìsmoỉarma; Bis- 
valt; Paddmol: Itamol; Pepto-BismoL' Siparox; Sucrato; Neth.: 
De-Nol; NZ: De-NoU Rus.: De-Nol (Re-Hon); S-Afr.: De-Nol; 
Singapore: De-Nol' spain: Gasơodenol; Rectamigdolt; Switỉ.: 
Amygdorectol; Thai.: Besmal; De-Nol; Gastro-Bismob Turk.: 
De-Nol; Dermatol; UK: De-Noltab; Pepto-Bismol; ukr.: De-Nol 
(Re-Hoa); Gastro-Nonn (racipo-HopM); Vis-nol (Bhc-Hoji); 
USA: Bismatrol; children's Kaopectate; Devrom; Kao-Tln; 
Kaopectate; Kapeaolint; Maalox Total Reliet' Peptic Relieỉ; 
Pepto-Bismol.

MulH-ingredient PreparaHons. Arg.: Anusol Duo S; Anusol-HC; 
Anusol-h Benitol; Colistop; Crema De Bismuto; Gastop; Gastra- 
nit Gastricur: Lemil; Mabisf; Macoderm: Neoastrin; AustràL: 
BIP; Belg.: Procto-Synalan Rectovasol; Braz.: Aítine; Anusol- 
HC; Bismu-Jet; Claudemot; Colutoide; Cutũanol; Cutisanol; 
Hemodase; Magnesia Bisurada; CanatL: Bismutai' Bismuth + 
Antadd; Onrectalt; Pepto-Bismol; Watkins Settelzf; China: 
Chanyanling (ffij%JÍ); Ge Lai slú Pepto-Bismol (fil
ff); Qiyu («■«); Yi shuang Bi {&%.&): Yiiishu (âStO); Ó.: 
Carbodt’ Mastu Sf; Spotax; Suspensio Visnevski cum Pice 
Liquida HBF; Pin.: Tannopont; Pr.: Anusolt; Bi-Qui-Nol; Cuti- 
philet; PapsỶ; Pholcones Bismuth; Ger.: Anaesthesin akutf; 
Angasst: Bismolan H Corti; Eulatứi NH; Eulatín NH; Eaktu 
akut+; Hamo-ratlopharm Nt; Hamoagil plust; Hexamon 
Buỉexamact; Mastu akut+: Mastu; Ventricon N+; Gr.: Hemor- 
roidab Hong Kong: Anusol; Anuzinct; Haemoralt; Mastu st; 
Rovvatanal; Hung.: Bolus Adstringens; Gasơitec Mastu st; 
Nũadd; Indon.: Anusol-HCt; Anusolt; IrL: Anugesic-HC; Anu- 
geác-HC; Anusol-HC; Anusob Anusob Hemocane; Pylera; 
Rovvatanal; Israel: Hemo; Hemo; Rectozorin; Rectozorin; 
Rekivt; ỊtaL: Antienioưoidalit; Malaysia. RowatanaJ; Mex.: 
Estomacurolt: Helỉton: Pepti-Max: Neth.: Anaestheticat; Roter- 
oblong Maagtabletten; Suppositoria contra haemoưhoides; 
Theranak PoL: Gastrot; Hemõrectab PorL: Synalar Rectal: Rus.: 
Anaesthesol (AaecTeacui); Anusol (Any30Ji); Neo-Anusol (Heo- 
SHynoa); Proctosan (IlporraaaH); Simetrid (CHMerpnn); Vicair 
(BmcaHp); Vicalin (BucanHH); S-Áfr.: Adco-Biskapeat; Anuge- 
ãct: Anusol; Arola Rosebalmt; Chloropecc Enterodynet: Kan- 
trexil; Sentinel ulcer MixtureỶ; singapore: Rovvaunalt; Spain: 
Grietalgen; Nasopomadat; Synalar Rectal; Switz.: Bismorectalt; 
Cicaũssan; Furodermalt: Haemocortint; Haemolan-b La pom- 
made du Dr Brand; Rectoseptal-Neo bismuthe; Thai.: Antidiar- 
rhoeals for children; AnusolỶ: Biodan; Bismocane; Mastu Sf; 
ulgasuin; Turk.: Deriseptol; Derivic Dennikolin; Dervanol; 
Hemoralgine; Kortos; Metamoríoc UK: Anugesic-HC+; Anuge- 
sic-HC; Anusol-HC, plus HC; Anusol; Anusol; Bisma-Rex; 
Hemocane; Moorland; OxBipp; Stomach Mixture; ukr.: Procto- 
san (IIpornnaH); Vicair (BmcaHp); Yicalin (BxKaiiHH); USA: 
Anumed HC; Anumed: BFI; Calmol; Helidac Hem-Prep; Hem- 
rib K-C; Kao-Paverin; Kaodene Non-Naxcotic; ManunoL' Pylera; 
Rectagene Medicated Rectal Balm; Venez.: Klincosal; Polantac.

Homoeoporiik Preporalions. Austria: Astomera; Pr.: Argentum 
Complexe no 98; Ger.: Gastritis Complex; Gastro Magentable- 
nen; Nuxal comp.

Pbarmocopoeiol Prepumlions
BPC 1954: Bismuth Subnitrate and Iodoíomn Paste;
USP 36: Bismuth Subsalicylate Magma; Bismuih Subsalicylate 
Oral Suspension; Bismuth Subsalicylate Tablets: Compound 
Resordnol Ointment; Milk of Bismuth.

Bisoxatin Acetate IBANM, USAN. rlNNM)
Acetato de ' bisoxatina; Bisoxatin Diacetate; Bisoxatina, 
acetato de; Bisoxatine, Acếtate de; Bisoxatini Acetas; Wy- 
8138; BicoKcaTMHa ALieĩaT.
2,2-Bìs(4-hydroxyphenyl)-1,4-benzoxazln-3(2H,4H)-one 
diacetate. r'
C2,HI9N06=417.4
CAS — 17692-24-9 (bisoxatín); 14008-48-1 (bisoxatin acetate). 
'ATC— A06AB09.:
ATC Vet ̂ -T QA06ABỌĨ . .. ..
u m  —  79W 5LFS83IÍ

ProẾVe
Bisoxatin acetate is a stũnulant laxative that has been used 
in a usual oral dose oỉ 120mg at night in the treatment of 
constipation (p. 1804.3).

Preparations
Propriatory Preporalions (detaíls aiie given m Yoiumẽ B) 
Single-ingrsdient PrapơraHons. Belg.: Wylaxine; Veneí: Regoxal.

Bran
Crúka; Farelo; râeiẹ SaWdo; Soa-Orpy6M. ? "
UNU ÌL922fì9NG2) (tra/T KQX2360K4U (oơt 'brạn); 
A60QEP13IC (rice bran);,6L966Ạ1IMR (wheat bran). 
D escrỉption. Bran consists of the Sbrous outer layers of 
cereal grains. It contalns celluloses, polysaccharides or 
hemỉcelluloses, protein, fat, minerals, and moisture and 
may contain part of the germ or embryo. Bran provides 
water-insoluble fibre and, depending on the source, may 
also provide water-soluble fibie (see also Dietary Role, 
belovv). It comprises about 12% of the weight of the grain 
and is a byproduct of flour milllng. It is available in various 
grades.
Pharmacopoeias. u s  indudes wheat bran.
USP 36: (Wheat Bran). The outer ừaction of the cereal grain 
(comprising the pericaip, seed coat (testa), nucellar tissue, 
and aleurone layer) derived from Trìticum aestivum, T. 
ampaaum, T. durum, or other common einkom and emmer 
wheat cultivars. It is obtained by milling and Processing the 
whole wheat grain, and is available in a variety of partide 
sizes depending on the degree of milling. It contains not less 
than 36% of dietary íibre. It is a light tan powder having a 
characteristic aroma. Practically insoluble in cold water and 
in alcohol.

Uses and Administratìon
The main use of bran is as a bulk laxative and source of 
dietary fibre in the management of disorders of the 
gasưointestinal traa  sucb as consứpation (p. 1804.3), 
espedally in divertícular disease (p. 1806.2); it is also vvidely 
used in irritable bowel syndrorae, although its value has 
been questioned (see p. 1810.3). It should always be taken 
with plenty of Ouid.

Bran is used as the basis for some breakíast cereals.

Dietary role. There is no precise deỉinition for the com- 
plex mixture of substances knovvn as dietary fibre. It has 
been defined as pUmt polysaccharides and lignin Tesistant 
to hydrolysis by the digestive enzymes of humans but this 
covers many substances other than cell-wall and related 
polysaccharides. Non-starch polysaccharides are the major 
component of the plant cell wall and are used as an index 
of dietary fibre. They compríse water-soluble Bbres such as 
pectins, gums, and mudlages and water-insoluble Bbres 
such as cellulose. Wheat, maize, and rice contain mainly 
insoluble non-starch polysaccharides vvhereas Oats, barleỹ, 
and rye have a sìgniĩicant proportion of soluble Hbres.1 
Because the USA oríginally induded nondigestible a n im a l 
carbohydrates in the deBnỉtion of fibre, the Food and 
Nutrition Board in the USA proposed a new delinition of 
ĩtbre, whereby dietary Sbre consists oí nondìgestìble car- 
bohydrates and Ugnin that are intrinsic and intaa in 
plants. and hmctional ũbre consists of isolated, nondigesd- 
ble plant or animal carbohydrates that have benelidal 
physiological effeas in humans. Total íibre is the sum of 
dietary and hinaional fibre.2

In the UK, dietary reíerence values (DRV) have been 
published for non-starch polysaccharides.1 It has been 
proposed' that adult diets should contain an average for the 
population of 18 g daily (individual range 12 to 24 g daily) 
non-starch polysaccharide from a variety of foods whose 
constituents contain it as a naturally integrated component. 
Children should receive proportionately Iess non-starch 
polysaccharide accordingto body size. No evidence exists for 
benefit of intakes of non-starch polysaccharide in excess of 
32 g daily, and thereíore there is no advantage in exceeding 
this amount.

In the USA, a total dietary fibre intake of 14 g of íibre per 
1000 calories consumed has been suggested for adults and 
children aged from 1 year.J

1. DOH. Dictary rcíercncc valucs ỉor ỉood energy and nuiĩients íor the 
United Kỉngdom: report oí the panel on dỉetary reíerencc values oí the 
committee on medicaỉ aspects oí ỉood poiicy. Report on heaỉth and soàal 
subỷcas 41. London: HMSO, Ỉ991.

2. Standing Committee on the SdentỉSc Evaluatỉon of Dietary Reíerence 
Intakes of the Food and Nutrition Bơard. Ditíary Reftrma Intaka for 
eturgy, carbohydratt. fỉber, fat. /atty aổds. dtolateroỉ. protàn. and cunino aàds. 
VVashington DC: National Academy Press. 2002/2005. Aỉso avaỉlabỉe at: 
http://www.nap.edu/openbook.php7record_idal 0490 (accessed 
04/04/08)

3. Slavin JL. Positỉon of the American Dietetíc Assodatỉon: heaỉth 
implicatlons of dietary flber. J Am Dití ÁSSOC 2008; 108: 1716-31. 
Correction. ibid. 2009; Ỉ09: 350. Aỉso availabỉe a t  http://www.eatrighL 
0rg/WQrkArea/Unkit.aspx?UnkidenUũer=idfrltemlD=8442 (accessed 
15/07/10)

Disease preventíon. Diseases such as colorectal cancer, 
ischaemic heart disease, diabetes mellitus, and obesity are 
common in ahluent developed countries but occur rarely

The Symbol t  denotes a preparation no longer actively marketed
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in rural Africa. This diííerence in dỉsease pattems has been 
linked to the low fibre intake in deveỉoped countries com- 
pared with rural Aíricans. However, there are many other 
differences in diet and liíestyle, such as a lower intake oí 
ỉat, protein, and sugar hỉ rural Aỉricanỉ and less exposure 
to toxins and pollutants, any of which could contribute to 
the diherence. The excessive consumption of energy-rich 
íoods may be more to bỉame ỉor diseases of aíDuence than 
is deSdency oi dietary ũbre.1

Results ta m  large prospective cohort studies have been 
conllicting as to vvhether there is any Ttduction àt rừk oi 
colorectal cancer assodated with a high intake of dietary 
Hbre, and have mostly íailed to show a reduction in the 
rtatrremx rate oí coloiectal adenomas (although most 
adenomas do not develop into cancer, and so the relevance 
oí these results is undear2). A pooled analysis oỉ 13 
prospectỉve cohoit studies ỉound a signiScant inverse 
assodation between dietaiy Sbre intake and colorectal 
cancer. However, aher ađjusting for other riskíactors, this 
assodatìon was attenuated and no longer statistically 
signihcant. The re was some suggestion that intake of dietary 
ũbre ta m  cereals and hom vvhole-grain ioods were both 
assodated with a weak reductíon in the risk oỉ reaal 
cancer.1 Some have commented4 that fibre is a broad term 
encompassing a wide range of organic material, which may 
have a large number oí actions on digestive physiology. 
Furthermore, there ã  some concem that the use of fibre 
supplements is not entírely without hannỉul eữects: it has 
been pointed out that fermentable fibre substrates can 
ỉtũnulate cell proUíeration in the colon.’ However, the role 
oỉ cell proliíeration as a marker for the development oỉ 
colonic cancer is questioned by some authors.6

A small randonũsed crossover study7 in patients vvith 
type 2 diabetes m ellitus suggested that an increased 
intake of dỉetary fibre was assodated with improved 
glycaemic control, decreased hyperinsulinaemia, and lower 
plasma llpid concentratìons. In prospective cohort studies, 
inverse assodadons were íound between whole-grain 
intake and the risk of type 2 diabetes mellirus;*'11 ỉn some 
studies, this inverse assodation persisted for cereal fibre 
intake,’' 11 but in One the pTOtecăve eữea o i whole grain 
could not entirely be explained by fibre content*

Rbre may act as an obstade to energy intake by 
displadng available calories and nutrients hom the diet, by 
inạeasing satiety, and by decreasing the absorption 
effidency of the small intestine. Epidemiological studies 
support the hypothesis that a higher dietary fibre intake 
prevents obesỉty; populations that report higher flbre 
consumption also demonsttate lower obesity rates.12 
Weight gain was inversely assodated with increases in the 
intake of whole grains but positively assodated with 
increases in the intake oi reũned grains, emphasising the 
importance oỉ distinguishing whole-grain hom reãned- 
grain Products.”

A large prospective cohort study in men ỉound an inverse 
assodadon betvveen whole-grain intake and the inddence 
of coronary h eart disease; the hnding was even stronger 
íor bran intake. These assodatìons were attenuated, but not 
eliminated, by acỤustment íor other risk íactors ỉor coronary 
heart disease.14 There is some suggestíon that điets high in 
Sbre may havẽ a moderate eữea on blood pressure 
reductìon.15

1. Anonynious. The braa w*fon. Lanat 1987; 1 782-3.
2. Byen T. Diet, cotorectal adeuomas. and coỉore ctaỉ ẹancer. N Bngỉ J  Mtắ 

2000: 342: 1206-7.
3. Park Y, tíaL  Dỉettry Ober inulce and rỉsk oí coỉorecul cancer a pooỉed 

analysú (tí prospcctíve coboct smdies. JAMÁ 2009; 294: 2849-37.
4. Goodỉad RA. Dỉẽtary fibre and (he riỉk of cotorecta] cancer. Gtd 2001:48: 

587-9.
5. VVasan HS, (ĩoodlad RA. Hbre-suppiemented íoods may damag« your 

heaỉth. Lam* 1996; 348: 319-20.
6. HỈU MJ, Leeds AR. Hbre and cotoreaal cancer. Lam* 1996; 348: 937.
7. Chandalla Ni. a  aL Beneôdal efiects of hỉfh dieury ũber irnake in 

patíents wỉth cypc 2 (ttabetes mcllinis. N Ertỹi J Mai 2000; 342:1392-8.
8. Uu s. et ai. A prospecdvc scudy of whole-ịrain intake and risk of type 2 

diabetes meỉhtus ỉn us women. Am J Pitbtie Htaừh 2000; 90: 1409-13.
9. Meyer XA, et aL Carbohydrates. dletary Aber. and íntídem type 2 

cũabeus in oỉder mxneiL Am J Qin Nutr 2000: 71: 921-30.
10. Pung T ĩ. et aL Wboẳe>gndn ỉntake and the rák oí type 2 diabetes: a 

prospcctive study ỉn men. Am J Qờỉ Nutr 2002; 76: 535-40.
11. Montonen X đ aL Whoỉe-fimm and ữber intake and the inddence ai 

type 2 dtabetes. Am J ơ in  Ntar 2003; 77: 622-9.
12. Sỉavỉn JL Dỉetary ffi»er and bođy weỉfhL NuữửÉem 2005; 21:411-18.
13. U xiS.etứỉ. Rdatkm b cw tcD dianges ỉn ỉntakes ơi dỉetary fiber and grain 

Products and chanfes in wdght and devdopmau of oòesỉcy amonị 
mỉddle-aged womcn. Am J Qút Nutr 2003; 78; 920-7.

14. Jensen MK, et đL Inukes oi whoỉe grains, braa and germ and the risk oỉ 
coronary heart disease in men. Am J Qin Nutr 2004; 80: 1492-9.

15. HeX etai. ESea <rf (ttetary ỈQ>er intake OD blood pressure; a randomized. 
doubk*bfind pỉacebo-conưoỉỉed ư ú l  J Hypertaa 2004; 22:73-80.

Adverse Elĩects
Large quantítíes oỉ bran may temporaiily increase Oatulence 
and abdominal distension, and intestìnal obstructìon may 
occur rarely.

Coionic atony. Colonic atony has been reported in patìents 
who had inõeased their intake oí dietary Sbre to relieve 
constípatíon assoòated with systemic sderosis.1

ỉ. Gough K etaL  Dỉetary advỉce ỉn systemỉc sderosỉs: the dangers ơf a high 
Qbre dkL Aim Rhntm Dã 1998; 37; 641-2.

Diarrhoea. A report oí điarrhoea induced by a dramatíc 
increase in fibre intake. Reducdon oỉ dietary ãbre led to a 
retum to nọnnal bowel habit in 2 to 3 days.1

t. Saibn p. DUnhea dne to Hber ovtrioKl. N En)l J Mai 1989; 32<h 599.

Intestind obshuction. Intestinal obstructíon assodated 
with excessive bran intake has been reported.1”  

ỉ. AHen-Mersli r, De Jode LR. ỉí bvan usefuỉ ỉn đỉvertỉcuỉar đỉsease? BMJ 
1982; 284: 740.

2. Cooper SG. Traccy BJ. Smaỉỉ‘boweỉ obstructỉon caused by oat-bnm 
b a o u . N Engi J Aíttt 1989; 320:1148-9.

3. MỈRer DL, a  aL Smail’boweỉ obsưucdon ỉrom brmn cexeaỉ. JAMA 1990; 
263: 813-14.

Precautìons
Bran is conưa-indicated in patients with intesdnal 
obstructíon or with undiagnosed abdominal symptoms. 
There is a partìcular rísk of intestinal or oesophageal 
obstructíon if bulk laxatives are swallowed dry; they should 
be taken with sufficient Quid and should not be taken 
immediately beíore going to bed. Wheat bran should be 
avoided in gluten enteropathies and coeliac disease.

Interađions
Bran may reduce the absorption of some drugs when given 
together orally. Interíerence with iron, zinc and caldum 
absorption has been reponed; caldum phosphate may be 
added to bran to neutralise fytic add, vvhich can contribute 
to such interierence.

Preparutions
Proprietary PrapaiulKNts (details are given in Volnme B)

Single-tngrecfi«n8 htpcBXÉom. Braz.: Trihbra Mix; China: Fiber- 
form Fr.i Doses-O-Son; Infibranf; Indùr. Imbran;
Neth.: Rberíorm: Port: Iniĩbrant: SwfJ.: Plbeiíorm Mirtí 
Hberfomtt-
Mubingndàrt Preporotions. Arg.: Adelgadn; Gelax; Oà.te. 
Naticare; M a: Psilumaxt: PoL: Magnezytkif; Otrebuskit-

Bromopríde IHNNI
Bromoprida; Bromopridum; CM-8252, VAL-13081; BpoMO- 
npnfl.
4-Amino-5-bromo-W-(2-diethylaminoethyl)-o-anisamide.
C,«H22B rtl302=3443
d ù —.4093-35-0.
ATC — Ạ03FA04.
ATC Vet —  QA03FA04.
UNII —  75473V2YZK

PrọỊiỊẹ
Bromopride is a substituted benzamide similar to metodo- 
pramide (p. 1862.2). used in a variety oỉ gastrointestinal 
disorders induding nausea and vomiting (p. 1811.3) and 
motility disorders. It is given in a usual oral dose oí 20 to 
60mg daily in divided doses, or 10 to 20mg daily by 
intramuscular or intravenous injection. The hydrochlorỉde 
is also used.

Preparations
Prapríetary Praparations (details are given in Volume B)

Single ingraiiant Praporotions. Bnn.: Bilenzimart; Bromogex; 
Bromopan; Digerext; Digesan; Digesprii DigestiL' Digestina; 
Pangest; Plamet; Pridedl; ItaL: Prodrex: Valopride.

MukHngradwit Prapanitiom. Bros.: Digecap-2matico; Lanso- 
pridt; Ptỉmeial' Port : Modulanzime.

Buclcthom
Bacca Spinae Cervinae; Espino Cerval; Kreuzdom; Nerprun; 
KpyuiMHa CnaỗMTenbHaa,- X to aẹp  CnaốMTenbHbiM.
Ùm — B4RĨEZỈR1D (buckthom extraa).

N0 TB. Distinguish hom Alder Budcthom Bark (see Frangula 
Bark, p. 1843.3) and hom Sea Budcthom (p. 2611.3). 
Pharmcicopoetas. In Ger.

Protìle
Buckthom is the drìed lipe ỉruit oi Rhamnuỉ cathartka 
(Rhamnaceae); the bark is also occasionally used. 
Buckthom is an anthraquinone stìmulant laxative.

Preparatìons
Propiieta y  Preparatians (details are given in Volume BỊ
MukHngradient PieporoHons. AustraL: Colon Care; Detox Pro 
gram; Neo-ơeanse; R u t Laxands Spedes No 1 (CnaốHToiutuì 
C6op 1); Proaophytol (nporroỘHToã); Vicalin (BracanHH); UK 
Cleansing Herbs; Lion deansing Herbs; USA: Detox.

Butropium Bromide iriNNi 
Bromuro de butropio; Butropii Bromidũm; Butropio, 
bromuro de; Butropiúm, Bromúrè de; ByTponMH BpoMMfl. 
(-H1/l3»',S5)-8-(4-Butoxyben2yl)-3-[(S)-tropoyloxy]tropanium 
bromide.
C28HMB rN 04= 5325 
CAS-2902S-Ỉ4-7 
UNII —  R3K4503MV7.

Pharmacopoeias. In Jpn.

Pro/ỊVe
Butropium bromide is a quatemary ammonium antimusca 
rinic with peripheral eílects similar to those of aưopim 
(p. 1312.1). It has been used in the symptomatic treatmen 
of visceral spasms in an oral dose of 30 mg daily in ĩ  dividet 
doses.

Preparatíons
Propriehiry Preparotkxu (details are given in Volume B)
Single4ngredient Preparotions. Ịndon.: Coliopant; Jptv. Colio 
pan; Malaỵsia: Coliopan.

Cdlcỉum Carbonate
Calcii carbonas; Calcii Carbonas Praedpitatus (precipitated 
calcium carbonate); Caldum, carbonate de; Calciumcarbo- 
nat; Carbonato de calcio; Creta Preparada; E170; Kalcio 
karbonatas; Kalciumkarbonat; Kalcium-karbonát; Kalsiumkar- 
bonaatti; Kalsiyum Karbonat; Precipitated Calcium Carb- 
onate; Predpitated Chalk; Uhliâtan vápenatý; Wapnia 
wẹglan; VVapnia wẹglan strạcony (precipitated calcium 
carbonate); KanbUMA KapốOHaT.
CaC03=lÓ0.1 
CAS -  471-34-1.
ATC —  A02AC01; A12AA04.
ATC Vet —  QA02AC01; QA12AA04.
UNII — H0G9379PGK

Pharmacopoeias. In Chín., Eur. (see p. vii), Int., Jpn, us, and 
Vict.
us indudes Ground Limestone.
Ph. Eur. 8: (Caldum Carbonate). A white or almost vvhitc 
povvder. Pracùcally insoluble in vvater.
USP 36: (Caldum Carbonate). A fine, white, odourless 
miaocrystaỉline povvder. Practically insoluble in water; ic 
solubility in water is mcreased by the presence of carbor 
dioxide or ammonium salts although the presence oỉ an  ̂
alkali hydroxide reduces its solubility; insoluble in alcohol 
dissolves with effervescence in acetic add, in hydrochlori< 
add, and in nitric add.
USP 36: (Ground Limestone). A white to off-white, fint 
microcrystalUne povvder mostly consisting of calduir 
carbonate.

Uses and Administration
Caldum carbonate is used as an antadd (p. 1803.1), usuall) 
in oral doses of up to about 1.5 g. It is ohen given with othei 
antadds, espedalỉy magnesium-containing antadds.

Caldtun carbonate is also used as a caldum supplemen 
in dehdency States and as an adjunct in the management o 
osteoporosis, as desaibed under Caldum, p. 1784.3.

Caldum carbonate binds phosphate in the gasưointest 
inal a a a  to íorm insoluble complexes and reduce: 
phosphate absorpúon. It is used to ưeat hyperphospha 
taemia in patients vvith chronic renaỉ ỉailure (see Rena 
Osteodysưophy, p. 1170.1) or assodated secondary 
hyperparathyroidism (p. 1170.3). Doses are adjusted 
according to serum phosphate concenưations. Typical oral 
doses of caldum carbonate range hom about 3 to 7 g (1.2 to
2.8 g caldum) daily in divided doses, although the us 
National Kidney Foundation suggests that the total dose oí 
elemental caldum provided by the caldum-based phos- 
phate binder should not exceed 1.5 g daily in those with 
kidney íailure. For doses in children, see p. 1825.1.

Caldum carbonate is also used as a food addỉtive. 
Homoeopathy

Native forms of caldum carbonate have been used in 
homoeopathic medidnes under the (ollovving names: 
Calcarea Carbonica; Calc. Carb.; Caldum carbonicum

AU CToss-reíerences reíer to entries in Volume A
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Hahnemanni; Conchae; Caldum Carbonate of Hahnemann; 
Cal. carb.

Administration in children. Caldum caibonate can be 
used as a phosphate binder in children wilh renal ỉailure 
and hyperphosphataemia. The BNFC suggests the follow- 
ing oral doses oỉ caldum caibonate, given 3 or 4 tìmes 
daoly with or before meals, and adjusted as necessary:
• 1 month to ỉ year of age: 120 mg
• 1 to 6 years: 300 mg
• 6 to 12 years: 600 mg
• 12 to 18 years: 1.25g

Adverse Effeds, Treahnent, and Precautions
Caldum carbonate may occasionally cause constipation. 
Platulence (rom released carbon dioxide may occur in some 
patients. High doses or prolongeduse may lead to gastric 
hypersecretion and add rebound. Like othei caldum salts 
(see p. 1786.1), caldum carbonate can cause hypercal- 
caemia, particularly in patients with renal impaữment or 
aỉter high doses. Alkalosis (p. 1773.3) may also occur as a 
result of the catbonate anion. There have been rare reports 
of the milk-alkali syndrome, see below, and ússue 
caldíication. The possibility of an increased risk oỉ 
myocardial inlarction assodated with the use of caldum 
sũpplements has been raiỉed (see Effects on the 
Cardiovascular System, p. 1786;!).

For precautions to be obseryêd vvith the use of caldum 
caibonate, see Caldum, p. 1786.1.

Milk-alkali syndrome. The miỉk-alkalỉ syndrome oỉ hyper- 
calcaemia, aỉkalosis and renal. impairment was first identi- 
fied in the 1920s and may still occur in patients who táke 
large amounts of caldum and absorbable alkali.1'3 With 
chronỉc ingestion, abnormal caldbcation can develop.3

Caldum carbonate is a common source oỉ caldum and 
alkali, and milk-alkali syndrome can be seen in patients 
being tteated for osteoporosis and after high intake oí 
antadds.3 Aỉthough an elemental caldum intake of up to 2 g 
daily is considered safe, milk-alkali syndrome has been 
reported with even lower daily doses.1,3 Some patients may 
be more susceptible; predisposing ỉactors indude the 
chronic vomiting assodated with bulimia or hyperemesis of 
pregnancy,3 pre-existmg renal ỉailure, and concomitant use 
oỉ other medidnes which alter caldum homoeostasis.1-3 

For reíerence to thiazide diuretics increasing the risk of 
the milk-alkali syndrome in patients taking moderately 
large doses of caldum carbonate, see p. 1406.2.

1. Picolos MK. tí ai. Milk-alkalí synđrorac a  a major cause oí 
hypercalcaemỉa among non-end-stage renal disease (non-ESRD) 
inpatients. ơin Bndoerinoì (OxỊ) 2005; 63: 566-76.

2. Feỉseníeỉd AJ, Levine BS. MỉUe aỉkalỉ syndromc and the dynamics oỉ 
CBỈdtim homeostasỉs. Qin J Am Soc Nephroi 2006; 1: 641-54.

3. Medarov BL Milk-aỉkaỉỉ syndrome. Mayo ơin Proc 2009; 84: 26Ỉ-7.

Porphyría. The Dmg Database ĩor Àcute Poiphyria, com- 
piled by the Norvvegian Porphyria Centre (NAPOS) and 
the Porphyria Centre Svveden, classiGes caldum carbonate 
as not porphyrinogenic it may be used as a drug oỉ first 
choice and no ptecautionỉ are needed.1 

I. The Drug Databue tor Acuie Porphyria. Availible at: http:/fwww. 
drugs - poĩphyria .org (accessed 06/10/11)

Interactìons
As for other caldum salts, p. 1786.1.

As outlined on p. 1803.1, antadds, induding caldum 
salts, interact vvith many other drugs both by alterations in 
gastric pH and emptying, and by formation oỉ complexes 
that are not absorbed. Interactions can be minimised by 
giving caldum carbonate and any other medication 2 to 3 
hours apart.

Omepraxole. In a study1 of 18 women over the age of 65, 
the use of omeprazole for a vveek signibcantly reduced the 
absorption oí caỉdum hom a caldum carbonate supple- 
ment given on an empty stomach. Fractionaỉ caldum 
absorption was reduced ửom 9.1% with placebo to 3.5% 
with omeprazole.

1. 0'Connell MB, a  ai. Eữecis oi proton pump inhỉbitois 00 caldum 
carbonate absotptỉon in vvomen: a randomteed crossover triaL Am J Med 
2005; 118: 778-81.

Pharmacokỉnetics
Caldum carbonate is converted to caldum chloride by 
gastric add. Some of the caldum is absorbed bom the 
intestines and the unabsorbed portion is excreted in the 
ỉaeces, as described for other caldum salts, p. 1786.2.

Preparations
Praprietary Preparotions (details are given in Volume B)
Single ingrodienl Prapararions. Arg.: Acomplex P; Caldo Addo; 
CaldonaL* Caldum-Sandoc Pluscal; Renacaldo; ultracaldum; 
Uvasal Tums AustraL: Andrews Tums; Cal-Sup; Caltrate; 
Sandocalt; Htraiac Austrúr. Caláum-Sandoc Dreisacarb;

Belg.: Cadt; Cald-Chevv; Sandoz Calrium; steocan Braz.: Cal- 
dum-Sandoz F; Calsan; Fontìcal; Maácalc Os-Cal; Osseopon 
Rhamical; Canad.: Apo-Cal; Cal-500; Caldlortet; Caỉdum 
Oyster Shellt; Calđum-Sandoz; Calsan; Caltrate; Hỉ Potency 
Calf; Neo Calt; Nu-Cal; Os-Cal-t; Trial Antaddt; Tums; ơtữe. 
Calcdon Caldotr Caldum Factorh Caldum-Sandozt; Caldvor- 
in; Capnmida; Elcal; Kaplus; Levucal; Natecal; Sanidecal; 
Chirur. Caldchew (SIJS.£); Gu Yuan (@5È); Kaìỉang (Sl2ĩ); 
Mylanta (=ÌS); Na Nuo Ka (íftì§-£); Xie Da u (1frjÌfỊ|); Cz.: 
Maxi-Kalz; Vitacaldn; Denm.: Caldum-Sandos Pin.:
Caldchew; Caldum-Sandozf; Kalddont; Kaidpos; Pr.: Cadt; 
Calddia; Calddose; Caldprat; Caldum-Sandoz; Calperos; Cal- 
primum; Caltrate; Denãcal; Eucaldctr FixicaL- Osteocalt; Peri- 
cal+; Ger.: Cald-Gryt; Caldmagon; Caldmed; Caldum ALf; 
Calchim beta; Caldum Stadat; Caldum Verla; Caldum-CTt; 
Caldum-Sandoz+; CC-Nebo; Dreisacarb; Loscalcont; Ospur Ca; 
Gr.: Alcamex; Body-Caldn; Caldíorm; Caldỉone; Caldoral; 
Frubiose-N; Hong Kong: Apo-Cal; CaIdum-Sandoz; Caltiate; 
DoCTor"s Choice Caldumt; Os-Cal; Scott*s Hi-Caldumt; 
Tiưalact: Hung.: Beres Caldum; Caldcaib; Caldchew; Cal- 
dum-Sandoz; Remegel; India: Bonycal; Calddp; Caldum-San- 
doz; Calibon-Z; Oscal; Sandocal; Indon.: Caldum-Sandoz Jun- 
ior Sưength; Calnat; Calos; Calsanỷ; Osteocab Stomacain; Irl.: 
Cadtỷ; Caidchevr; Remegel; Rennie chewable Tablets; Rowar- 
olan; Sandocal; Israel: Cald-Rav; Caldmore; Caldum-Sandoz; 
Caltratet; Fast; Kal Zarevetf; N-Zarevet; Tums; Tiarevet X; 
Ital.: Adiecal; Biocaldumt; Cadt; Cal-Car: Caldodie; Caldo- 
pìut; Caldum-Sandoz; Calma; Carbosint; Idracal; Lubical; 
Metocal; Recal; Savecalt; Top Caldumt; Malaysiar. Cal-Supt; 
Caltrate; Mex.: Bexacal; Calddet Caldían Caldum-Sandoz,- 
Calsan; Caltrate; Ciocart; Mubonet; Osteomin; Solibonet; 
Tums; Mon.: Orocal; Neth.: Cadt Cald-Chew; CaIdum-Sandoz; 
Norw.: Caldum-Sandos Tỉtralac NZ: CaIdum-Sandozf; Cal- 
trate; Osteo; Tĩtralac; Philipp.: Calbone; Cald-Aid; Caldum- 
Sandozf; Calmatet; Calsan; Tums; PoL: Addiriva Caldumt; 
Caldum-Sandoz Forte; Calperos; FrutiCalf; Osticalt: Vicalvitt; 
PorL: Caldon Caldorab Caldtab; Calàuzn-Sandoz; Natecal 
Sandocalf; Tums; Rus.: Caldum-Sandoz Forte (Kanuudi-CaHa03 
(bopre); S_A/r.: B-Cal; Caldchew; Caldum-Sandoz; Calsubat; 
Caltrate; Fizzical; Tỉtralact; Tumsỷ; Singapore: Apo-Cal; Bona- 
cal; Cal-Supt; Caldnm-Sandoz Forte; Calperos; Caltrate; 
Remegei; Spain: Caldum-Sandoz Fortet; Caosina; Carbocal; 
Cừnascal; Densicalt; Mastical; Natecal; Osteocalt; Swed.: Cald- 
tugg; Caldum-Sandoz; Kalddon; Kaldpos; Kaldtenat; Switz.: 
Caldum-Sandoz; Calperos; Rxateur phospho-caldque; Natecal 
D; Thai.: BayCal; Bo-Ne-Ca; Bonetec; Cal-Os; Cal-ups; Cal- 
bonet; Calcanate; Calcap; Calcan Calcarbonatet; Caldũm Cen­
tral Poly; Caldum TO; Caldum-Sandoz Bonacal; Caldum-San- 
doz; Calhoí; Calmate; Calsum; Caltab Fonef; Caltab; Caltrate; 
Caltrex; Carbocal; Carbocalct; Chalkcap; Chalktab; GPO Cab 
KaI-Forte; OB Cai' Patar Kal; Pharcal; Prứna-Cal; T-Bon; V-Cal- 
dum; Weifa-Caldumf; Turk.: Anti-Fosfat Cc Caldmed; Cal- 
dum-Sandoz; Ostram; UK: Adcal; Cadt; Caldchevv; Rap-eze; 
Remegel; Rennie Soỉt chews; Sandocal; Sea-Cal; Setlers; Tums; 
USA: Alka-Mints; Antadd; Cald-Chew; Cald-Mix; Caldum- 
600; Calưate; Chooz; Maalox Antadd Barrien Maalox Chil- 
drens; Mallamint; Mylantat; Nephro-Cald; Os-Cal; Oysco; 
Oyst-Cab Pepto Children's; Rolaids Exữa Sưength Sohchevvs; 
Stupass; Titralac Bxtra Strength; Trial Antadd; Tums; Veneĩ.: 
Caidon; Caldum-Sandoz: Foscalvit; Frutadd; Sandocal;
Titralac Tums.

MuhHngredient Preparations. Numerous preparations are listed 
in Volume B.

Used as an adỊund HK. Arg.: Aspirúia; Braz.: Buberin; Canad.: 
Aspirin with Stomach Guard; Buberin; Tri-Bufíered ASAf; 
Mex.: Reumopban Alka; Pol.: Caldpirynat; Polopiryna S; USA: 
Adprin-B; Ascriptin; Buberin; Ext ra strength Bayer Plus. Ị

ị
Homoeopathk Preparations. AustraL: Allergy Relieỉ; Elimitona ị 
Slim & Detox; Austria: Osanit Zahnungskugelchen; Osteoplex; { 
Steiroplex; Zahnkugelchen; Canad.: Bioaaiv Ef; Bioactiv Rf; I 
Earache; Formula DE 226f; Hea Complext; Hepar Composi- Ị 
tum; Homeo-Form Pf; Hylands Formũla S; Hyíands Sinust; 1 
Minerals+: Phyto-Cal; Rexorubiat; Sinus Ease; Sinus; Sinus- Ị 
paxf; Sorinohee); Tee Complext; Ubicoenzyme; Ursical Formu- 
la f; U rtíca ldn; Viburcol: c h ile : Bioactỉv D; Bioactív E; Bioactiv 
R; Cz.: Hormeel S; Viburcol; Fr.: Abbe Chaupitre no 44Ỷ; Abbe 
Chaupitre no 48f; Calcarea Compose; Dolitravelỷ; Jenoverinef; 
Osteocynesine; Rexorubia; Sels Calcaưes Nutritịfs; Sepia Com- 
plexe No 20; Sinuspax; slimuin+; Veino-Drainolt; Ger.: Agari- 
cus comp Phosphorus; Aranilorce rheuma+r Caldurelb Chiro- 
lossat; Feminon N; Hepar comp; Hewelymphon N"b Inũ- 
Symphytum; Inỉiler N: Inbhepan; Osanit: Osteoplex; Otio-cyl 
Ho-Len-Complex; Oto-cyl Ho-Len-Complex; Pllugerplex 
Lemna; Ranocaldn HM; Sepia comp; Steirocall; Steiroplex+; 
Viburcol N; Hung.: Hormeel S; Viburcol; Neth.: Auriculite; Der- 
mafleun Jenoverinet: Kind 0-6 Caltrivat; Lergilite: Myamolite; 
Osteocyneánet; Prurilite; Unizon complex; Venalleur; Viburcol 
H; PorL: Osteocynesine; Rus.: Beiberís-Plus (EqtỗepHc-Hiuoc); 
Hormeel SN (ropMera. CH); Uitica-Plus (ypTHxa-rbnoc); S.AỊr.: 
Auíbaukalk nt: Viburcol; Switz.: Regenaplex Nr. 51c Regena- 
plex Nr. 88b; Urúcaldn; Vìburcol N; UK: Conchae comp.; Fra- 
gador; ukr.: Immunokind (HMMyaoKHaa).

Pharmocopoeid Prepartrtions
BP 2014: Alginate Raft-forming Oral Suspenáon; Caldum and 
Colecaldíerol Tablets; chetvable Caldum and Colecaldíerol 
Tablets; Chewable Caldum Caibonate and Heavy Magnesium 
Carbonate Tablets; Chevvable Caldum Caibonate Tablets;
USP 36: Alumina. Magnesia, and Caldvun Carbonate Oral 
Suspension; Alumina, Magnesia, and Caldum Carbonate

Tablets; Alumina. Magnesia, Caldum Caibonate, and Simethi- 
cone Tablets; Aluminum Subacetate Topical Solutíon; Caldum 
and Magneáum Carbonates Oral Suspension; Caldum and 
Magnesium cárbonates Tablets; Caldum Carbonate and 
Magnesia Tablets; Caldum Carbonate Lozenges; Caldum 
Carbonate Orai Suspension; Caldum Carbonate Tablets; Caldum 
Carbonate, Magnesia, and Simethỉcone Tablets.

Carbenoxolone Sodium IBANM, USAN, rtNNMi ■
Carbenc^lonalsốtíicấiỉ^rỂiiẩnoxolone Sodiquẹ; Disodium 
Enoxolone ■ Succinate; Karbénoksolôn Sòdýùm; Natrii 
Carbenoxplonủm;. HaTpnft KapổeHOKCO/tOH. 7 
3P-(3-Car6oxỹprôptoriỳloxy)-1 T-oxo-olean-t2-en-30-oic 
acid, Dìsodiiim Salt •
'Cj,H«NaÁ=614.7 •
CAS -  5697-56-3 (carbenoxolone); 7421-40-1 (carbenoxolone 
dìsodium).
ATC — A02BX01.
ATC Vet —  QM2BX01. 
um — F1MP7242ZS.

Pharmacopoeias. In Br.
BP 2014: (Carbenoxolone Sodium). A white or pale cream- 
coloured, hygroscopic povvder. Freely soluble m water 
sparingly soluble in alcohol; practically insoluble in 
chloroíorm and in ether. A 10% solution in water has a 
pH of 8.0 to 9.2.

Profile
Carbenoxolone sodium is a synthetic derivative of 
glycyrrhizic add (p. 2520.2) that is One of many topical 
treatments for the symptomatic management oỉ mouth 
ulceration (p. 1811.2). It is usualỉy used as a 2% gel; a 1% 
mouthvvash has been used. It was ỉormerly also ũsed as a 
mucosal protectant in peptic ulcer disease and has been 
given Yvith antadds and alginic add ỉn gastro-oesophageal 
reũux disease.

Adverse effeds. Carbenoxolone has mineralocorticoid- 
like eữectỉ and ingestion has been assodated with sodỉum 
and water retention and hypokalaemia. Musde weak- 
ness,1-5 musde necrosis,4 myopathy,1 hypenension,2 head- 
ache,2 cardiac íailure,2 mental conbision,4 areữexia,3 renal 
tubular dysíunction,5 and acute tubular necrosis4 have all 
been assodated with carbenoxolone-induced hypokal- 
aemia. Carbenoxolone-induced hypertension may have 
predpitated the onset oỉ íatal polyarteritis in a paúent pre- 
disposed to this condition.6

1. Fyíe T, tí al. Myopathy and hypokalaemỉa ỉn carbenoxoỉone tberapy. 
BMJ 1969:3:476.

2. Davies GJ. tí ai. Compỉỉcatíons of carbenoxoỉone therapy. BMJ1974; 3: 
400-2.

3. Royston A, Prout BJ. Carbenoxolone-induced hypokalaemỉa simulatỉng 
Guilỉam-Barré syndrome. BMJ 1976; 2: 150-1.

4. Descamps c  tí aỉ. Rhabdoisyolysis and acute tubular necrosỉs assoóated 
with carbenoxolone and diuretỉc treatmenL BMJ 1977; 1:272.

5. Didònson RJ, Svvaminathan R. Totaỉ body potassium depỉetỉon and 
renaỉ rnbuiar dysỉuncúon ỉolỉowing carbenoxoỉone therapy. Postgrad 
MedJ 1978; 54: 836-7.

6. Sloan ì . Weaver JA. A case of poỉyarterỉtỉs developing aỉter 
carbenoxoỉone therapy. IrM edJ 1968; 1: 505-7.

HandKng. Carbenoxolone sodium powder is irritant to 
nasal membranes.

Mental function. High conisol concentrations have been 
assodated vvith poorer memory and neuronal loss in some 
patients. Carbenoxolone inhibits 11-P-hydroxysteroid 
dehydrogenase type 1, and thus may selectively lower 
intracellular cortisol. In a small crossover study1 in 10 
healthy elderly men, oral carbenoxolone 100 mg three 
times daily for 4 weeks signiGcantly improved verbal flu- 

; ency compared with placebo, but did not inAuence visual 
I or verbal memory, nonverbal reasoning, or Processing 
Ị speed. Tvvelve patients with stable type 2 diabetes were 
Ị gtven carbenoxolone at the same dosẽ for 6 vveeks. Verbal 
I memory was signibcantly improved compared with place- 
I bo, but verbal Ouency and õther scores were unaltered. 

AH subjects were given amiloride lOmg daily to prevent 
mineralocorticoid adverse eữects' (although this has been 
reported to reduce the eíbcacy of carbenoxolone).

1. Sandeep TC tí aỉ. 110 -Hydroxysteroid dehydrogenase inhìbition 
ùnproves cognitive hracrion in healthy elderiy men and type 2 diibetỉcs. 
Proc Natl Acad Sá U SA  2004; Ỉ01: 6734-9.

Preparatíons
Proprietary PrBporahons (details are given in Volume B)

I Single-ingrecSent Prepcrations. AustraL: Bioralt; Austria: Rovva- 
I dermat; Hong Rong: Herpesan; Hung.: Catbosan; IrL: Carbo- 
I san; Malaysia: Heipesan; Phũipp.: Rowagel; singapore: Herpe- 
; san-b Spaùr. Sanodin.

ị MulH-ingredient Preparotkxu. Iit:  Pyrogasơone+.

The Symbol t  denotes a preparatíon no longer actively marketed
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