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Osteomalocia. Vitamin D deficiency, or its abnormal
metabolism, is the most usual cause of osteomalada and
rickets (p. 1168.1); however, phosphate depletion may
also contribute, and phosphate supplementatdon may be
given as appropriate.

A suggested oral dose for vitamin-D-resistant hypo-
phosphatacmic osteomaladia in adults is 65 to }00mmol
phosphate daily. The BNFC suggests the following oral
phosphate doses:

« for neonates, 1 mmol/kg daily given as a single dose orin
2 divided doses: alternarively it may be given via fortified
breast milk

o older children may be given 2 to 3 mmol/kg daily, in 2 to
4 divided doses; a maximum dose of 48 mmol daily is
recommended in those up to 5 years of age, and a
maximum of 97 mmol daily for those aged 5 years and
over.

If parenteral administration is indicated, an intravenous

infusion of 1 mmol/kg daily may be given to

Hyperphosphatacmia may precipitate nephrocalcinosis,
causing an acute phospbate nephropathy, see Effects on the
Kidneys, below.

used as drugs of first choice and no precautions are
needed.!
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Inferactions

Oral phosphate supplements should not be used with
aluminium, calcium, or magnesiurn salts as these will bind
phosphate and reduce its absorption. Vitamin D mcreasa
the gas of phosph and theref,
increases the potential for hypcrphosphataem:a

Hyperphosphataemia, hypocalcaemia, and hypernatrae-
mia are more likely to occur with phosphate enemas or oral
laxatives if these are given to patients receiving diuretics or
other drugs that may affect serum electrolytes. The risk of
ectopic calcification may be increased by concurrent use of
calcium supplements or calcium-containing antacids.

The risk of hyperkalaemia is increased if potassium,
phosphates are given with drugs that can increase serum-
potassium concentrations.

Pharmacokinetics

i0. i Schuh §. C of Fleet enemna istration’
and idelines {or use in the pediatric emergency deparument.

0.7 mmol/kg daily to children aged 1 month to 2 years, and
0.4 mmol/kg daily to those aged 2 to 18 years. Doses should
be adjusted as necessary.

RICKETS OF PREMATURITY. Dietary deficiency of phosphorus is
unusual, but can occur in small premature infants fed
exclusively on human breast milk. The phosphate intake
in these infants appears to be inadequate to meet the
needs of bone mineralisation. and hypophosphataemic
rickets can develop. This condition, variably called metab-
olic bone disease of prematurity, or rickets of prematumy,

A&

can be prevented by ensuring an

Pediatr Emery Care 1997; 133 223-6.
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Effects on the kidneys. Acute renal failure and nephrocal-
cinosis have been reported after the use of oral phosphate-
based cathartics for bowel cleansing.!? Although relatively
rare with oral preparations, this acute phosphate nephro-

pathy is a serious adverse effect; most patients were left
with chronic renal insufficiency, and some developed end-
stage renal disease. Potential contributing factors include

intake by very low-birth-weight babies. Adequate intake
of calcium and vitamin D is also essential. Phosphate sup-
plementation, with calcium and vitamin D, may be given
orally either in formula feeds or as fortification of h

inadegq; hydration, increased age, a history of hyper-
tension and arteriosclerosis, and concurrent use of ACE
inhibitors, angiotensin receptor antagonists, diuretics, or
NSAIDs.2 The FDA has issued warnings® about the use of

breast milk, or intravenously in parenteral nutrition solu-
tions.!?

Dosage recommendations for phosphate may vary, but
the BNFC suggests a daily dose of 1 mmol/kg; if given orally,
this may be as a single dose or in 2 divided doses.

1. Ryan $. Natritional aspects of metabolic bone disease in the newborn.
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2. Harrison CM, & al. Osteopenia of prematurity: a national survey and
review of pracice. Aca Paediacr 2008; 97: 40713,

Adverse Effects and Treatment

oral sodi hosph products, especially in patients
with lmpalred renal function, hypovolaemia, decreased
inravascular volume, or dehydration, or in those taking
drugs likely to contribute to the risk of nephropathy.
Patients with bowel obstruction or active colitis may also
be at risk. Patient advice includes the need to take the cor-
rect dose of oral sodium phosphate, to drink suffident lig-
uid during bowel cleansing, and to avoid other phosphate-
containing laxatives. Patients at increased risk should have
their electrolytes and renal function monitored.
Nephrocaldnosis has also been reported in children with

Excessive doses of intravenous phosphate cause hyper-
phosphataemia, particularly in patients with renal failure.
Hyperphosphatacmia leads in turn to hypocalcaernia, which
may be severe, and to ectopic calcification, particularly in
patients with initial hypercalcaemia. Tissue calcification
may cause hypotension and organ damage and result in
acute renal failure. Hyperphosphataemia, hypocalcaemia,
and tissue calcification are rare after oral or rectal doses (but
see Effects on Electrolytes, and Effects on the Kidneys,
below).

Adverse effects of oral phosphates may include nausea,
vomiting, diarrhoea, and abdominal pain. When they are
being used for indications other than their laxative effects,
diarrhoea may necessitate a reduction in dosage. Sodium
phosphates given rectally for bowel evacuation may cause
local irritation.

Phosphates are given as the potassium or sodium salts or
both, and may thus be assocated wuh hyperka]a:mla and
hypernatraemia and dehyd phosp may
cause hypokalaemia.

Treatment of adverse effects involves withdrawal of
phosphate, general supportive measures, and correction of
serum-electrolyte concentrations, especially calcium. Mea-
sures to remove excess phosphate such as oral phosphate
binders and haemodialysis may be required (see also
Hyperphosphataemia, p. 1776.3).

Effects on elecirolyles. Although less common than after
intravenous therapy, bhyperphosphataemia, accompanied

ph ic rickets treated with calcitriol and

phosphate supplements; this was found to be assodated

with the phosphate dose.*
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About two-thirds of ingested phosphate is absorbed from
the gastrointestinal tract. Excess phosphate is mainly
excreted in the urine, the remainder being excreted in the
faeces.

References.

1. Larson JE, «t al. Laxatlve inetics of
serum phosphorus. Hum Toxicol 1986; 5: 45-9.

Human Requirements
Phosphorus requirements are usually regarded as equal t0

_those of caldum.

Most foods contain adequate amounts of phosphate,
particularly meat and dairy products, hence defidency is
virtually unknown except in certain disease states, in
patients receiving total parenteral nutrition, or in those who
have received phosphate-binding drugs for prolonged
periods; for further details see under Hypophosphataemia,
p. 1777.1.

UK and US recommended dietory infake. In the UK diet-
ary reference values (DRV—see Human Requirements,
P. 2046.1)! and in the USA dietary reference imtakes
including recc ded dietary all es (RDA)? have
been published for phosphorus. In the UK the reference
nutrient intake (RNI) for adults is about 550mg
(17.5 mmol) daily; no additional amount is recommended
for pregnancy although an additonal amount of about
440mg (14.3mmol) daily is advised during lactation. In
the USA the RDA is 1250mg daily for those aged 9 to 18
years and 700mg daily in adults; no increase in RDA is
recommended during pregnancy and lactation. A tolerable
upper intake level of 4g daily has been set in adults aged
up to 70 years; in those older than 70 a maximum of 3g
daily is recc
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products available without a prescription) (issued 12th November.

1. DoH. Dietary reference values {or food energy and nutrients for the
United Kingdom: report of the panel on dietary reference values of the

2008). Available au drp:/. fda.g
PosmnrkuDru;SlIelylnlormnlunlorPnlemnndPruwdzul
0an103334.bem (accessed 20/08/10)

4. Verge CF, er al. Effects of therapy In X-linked hypophospbaternic rickets.
N Engl J Med 1991; 325: 1843-8.

Local Joxicity. Rectal has been d with
the use of phosphate enemas in elderly patients and was
believed to be due 10 a direa necrotising effect of the
phosphate on the rectum.!

1. Sweeney JL, o al. Rectal a
Med J Aust 1986; 144: 374~-5,

U of phosphate enema.

Precautions

Phosphates should not generally be given to patients with
severe renal impairment. They should be avoxdcd in
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Preparations

Proprielory Preparofions (details are given in Volume B)
Single-ingredient Pupwm Arg.: Denvcrlax. Dicofan: Ene-
mol; Fosfacol; Fostafarmat; Fosfalax; Fosfo-Dom: Fosfoadital;
Posfobarigraf; Gadolax: Kritel Enema: Prontonema; Silaxa; Tek-
fema; Austral.: Celloids PP 85t Celloids SP 96+: Diacol; Fleet
Phospho-Soda; Fleet Ready-to-Use: Phosphate-Sandoz; Phos-
phuprepf- Austria. Fleet Phospho-Soda: Relaxylt: Belg.:
) Fleet Bnema; Fleet Phospho-Soda; Kaliphos;

patients who may have low serum-calcium conc

as these may decrease further, and in patients with mfecl.cd
phosphate renal calculi. Potassium phosphates should be
avoided in patents wu:h hyperkalaemia and sodium
phosph should be avoided in patients with

by hypocalaemm or other severe electrolyte disturb

and resulting in tetany’? and even death? has been
reported after the use of phosphate enemas. Similar effects
have also been reported with the use of oral phosphate
laxatives,>” and in the USA, the FDA has issued warnings
of the risk of electrolyte disturbances after the use of high
oral doses of sodium phosphate, particularly in vuinerable
patients.? Infants or children,>*'° the elderly,*!' and those
with renal impairment,'#!! or congestive heart failure*
have often had these adverse effects. Licensed product
information for one oral sodiumn phosphate bowel cleanser
(Visicol; Salix, USA) states that there have been reports of
generalised tonic-clonic seizures and/or loss of conscious-
ness in patients with no history of seizures; these cases
were assodated with electrolyte abnormalities, and low
serum osmolality.

All cross-references refer to entries in Volume A

congestlve heart tailure, hypemnsxon. and oedema. Serum
electrolytes and renal function should be monitored dunng
therapy, particularly if phospl are gwen .
Oral or rectal sodi hosph parations for bowel
evacuation should not be used in patients with
gastrointestinal obstruction. inflammatory bowel disease,
and conditions where there is likely to be increased colonic
absorption. They should be used cautiously in elderly and
debilitated patients, and in those with pre-existing
electrolyte disturbances (see Effects on Electrolytes, above).

ja. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies p and
sodium phosphates as not porphynnogemc they may be

Sodlphos, Braz.: Fleet Enema: Phosfoenema: Camad.: Enema;
Fleet Boema; Phoslax; Phosphates; Relicvet:; Chile: Fabulaxol:
Fleet Enema; Fleet Fosfosoda; Chima: Fleet Enema (¥§.3); Fleet
Phospho-Soda (#R); Gu Ping (ETH Qing Ke Long (MTH);
Denm.: Fleet; Phosph horak: Fr.: Colokit; Fleet
Phospho-Soda; Ger.: Fleet Phospho—Soda. FPreka-Clysst: Iso-
gutty; Gr.. Bioklysm: Enema Cooper: Fleet Enema; Fleet
Ready-to-Use; Fosfolax; Klysmol; Hong Kong: Enemolf; Fleet
Enema; Fleet Phospho-Soda; Unima; Hung.: Fleet Phospho-
Soda; Optacid; India: Exelyte; Exit: Indon.: Fleet Enema; Fleet
Phosposoda; Irl.: Fleet Phospho-Soda; Fleet; Israel: Fleet
Enema; Malaysia: Fleet Enema; Fleet Phospho-Soda; Mex.:
Fleet Enema Fosf-Sodio: Fleet PS; Neth.. Fleet Gebruiksklaar
Klysmat; Phosphoral; Nerw.: Fleet Phospho-Soda; Phosphoral:
NZ: Fleet Phosphate Enema; Fleet Phospho-Soda; Philipp.:
Fleet Enema; Oksnat; Phospho-Soda; Pol: Enema; Fleet Phos-
pho-Soda; Phospho-Laxativet; Rectanal: Port.: Fleet Enema;
Fleet Phospho-Soda; Rus.: Fleet Phospho-Soda (®mur ®ocgo-
com); Singapore: Plea Enema Fleet Phospho-Sada Phos-
phates; Spain: ¥ ; Swed.: Phos-
phoral; Switz.: Freka- Clysr Thai.: Patar 88 Enema: RISS;
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Turk.: BT Enema; Fleet Enema: Flect Fosio Soda; UK: Diafalk;
Flect Phospho-Soda; Fleet Ready-to-Use; OsinoPrep; Ukr.: Fleet
(®mar); USA: Fleet Enema; Fleet Phospho-Sodat; K-Phos Origi-
nal; OsmoPrep; Pedia-Lax; Visicol; Vessez.: Fleet Enema; Fleet
Fosfosoda.

.. Lo O s N o

gr Prep are listed
in Volume B.

prep
H shic Py >

Austral.: H_... Relief; Nervato-
mPoms:Auﬂria:I.akrimn Canad.: A!hUaTonchunjod:ePr
Bioactv Bf; Bioactiv 5t; Biochemic Phosphates; Biomagt:
Calms Forte; Combinaisont; Comp-Drops 7 Sleepless; Dia-
mite; Eczema L87; Formula FA 2241; Homeoknop Ikoplex 13¢;
Hylands Bioplasma; Hylands Formula CF; Hylands Formula NT;
Hylands Insomnia; Ikoplex 11 Digestion Aid{; Ikoplex 21+; Tko-
plex 5t; Melanget; Minerals+; Nerve Tonic; Nervita; Nuage
Bloplasmat; Rexorubiaf; Selenium Homaccordt: Sore Throat
L3%94; Ton 1| Complex; Ursical Formulat; Urticalcin; Chile:
Anacardio con Fosforo; Bioactiv E; Bioactiv F; Bioactiv M; Iko-
plex No 10; Ikoplex No 11; Ikoplex No 13; Ikoplex No 15; ko-
plex No 18; Ikoplex No 19; Ikoplex No 1; Ikoplex Ne 20; Iko-
plex No 21; Ikoplex No 22; lkoplex No 24; Lkoplex No 2;
Ikoplex No S; Ikoplex No 8; Ikoplex No 9; Fr.: Acidum Phos-
phoricum Composet; Billerol: Biomag: Boripharm No 124; Bor-
|phnrm No 15+:; Boripharm No 31 Boripharm No 3; Cistus

densis Comp No 86¢; Di Diacure; Kalium Phos-
phoncu.m Complexe No 100; Mercurius Solubilis Complexe No
39; Natrum Carbonicum Complexe No 10+; bia; Scabio-
sa Comp No 87; Stressd Triphosph Zenalia; Ger.:
Cefasept N; Cefaseprt; Cefasept; Dormi-cyl L Ho-Len-Complex;
Drufusan Nt; Drufusan; Gu-bcum HM{; HanoOxygen E; Infi-
China; Influvit; Neurod T; Rufet allergot;
Rufebran regenot; Tondinel; Viscum album H$: Zappelin N;
Neth.: Apo-STOM; Cerebrum comp; Lymfelite: Nervival: S.Afr.:
Kalium Phos Compt: Switz.: Urticalcin; UK: New Era Nervone;
Ukr.: Kindinorm (Kusansiopx).

BP 2014: Dip i ydrogen Phosphate Injection; Phosph
Oral Sol tio Phosph P i Dihydrog
Phosph Oral Soluti Sterile F Dihydrogen Phos-
phate Concentrate;
Ph. Bur.. Anticoagul Citrate-Ph Glucose Soluti
(CPD):
USP 36: Anticoagul Citrate Ph D Ad:

jon; Antic lant Citrate Phosp D luti
Multlple Electrolytes and Invert Sugar lnjemon Type 1;
s Phosp 1] Sodium Phosph Injection;
Sodi Phosph Oral Sol Phosph Rectal
Solution.

.

Potassium
Kaliurm; Potasio; Kanuu
K=39.0983"
UNIE — RWPSGAOISD worassrum) 295053K152 worasslum
ion).

Description. Pozassmm salts covered in this section are
those principally given as a source of potassium ions, but
consideration should also be given to the effect of the anion.
Phosphate salts of potassium are covered under Phosphate,
p. 1790.3, and the bicarbonate and dtrate salts under
Bicarbonate, p. 1780.3.

Poiusslum Acefute

Acetato potdsico; E261; Kalii Acetas;. Kalio acetatas;
Kaliumacetat; Kafium-acetst; Kaliumasetaatti; Octan draseiny;
Potasio, acetato de; Potassium, acétate de; Potasu octan;
Kanua AUeTar; YKCYCHOKACTbI Kanuu

CH,COK=98.14
CAS — 127082,
ATC — BOSXA17.

ATC Vet — QBOSXAT7.
UNIE — M911971002.

Pharmacopoeias. In Bur. (see p. vif) and US.

Ph. Eur. 8: (Potassium Acctate). Deliquescent white or
almost white, crystalline powder or colourless crystals. Very
soluble in water; freely soluble in alcohol. A 5% solution in
water has a pH of 7.5 to 9.0. Protect from moisture.

USP 36: (Potassium Acetate). Colourless, monoclinic
crystals, or a white crystalline powder. It is odourless or
has a faint acetous odour. Deliquesces on exposure to moist
air. Soluble 1 in 0.5 of water, 1 in 0.2 of boiling water, and 1
in 3 of alcohol. pH of a 5% solution in water is between 7.5
and 8.5. Store in airtight containers.

Equivalence. Each g of potassium acetate (anhydrous)
represents about 10.2mmol of potassium. Potassium
acetate (anhydrous) 2.51g is equivalent to about 1g of
potassium.

Pohsswm Aspartote

Aspartate monopotassuue "hémihydraté; Kalii, Hydroge
noaspartas Hemihydricus; Kalio-divandenilio . aspartatas.

hemihidratas; Kallumhydrqgenaspa -Heml{xydrat- XKalfiums
hydrogen-aspartat heriikydet: iateaspartathersitiy-

! iydraatti;. Potassium
Hyd Aspartate Hem:hydrare‘ Kanm‘Acnaprar IS

Phum\ucopoelus In Bur. (scep vu)

Ph. Eur, 8: (Potassiumn Hydrogen Aspartate Hemihydrate).
- A white or almost white, powder or crystalline powder, or
colourless crystals. Very soluble in water; practically
insoluble in alcohol and in dichloromethane. pH of a
2.5% solution in water is between 6.0 and 7.5.

Equivalence, Each g of potassium aspamate represents
about 5.5 mmol of potassium. Potassium aspartate 4.61 g is
equivalent to about 1 g of potassium.

Potassium Chloride

Chiorid draselny' Cloreto de Patdssio; Cloruro potéslco, £508;
Kalif “chloridum;.. Kalio chioridas;” Kalium. Chloratum;;
Kaliumchiorid; Kali klorl Kaliurn-idorid; Kai‘umklond|
Potasio, clorumo de; Pomssnum -chlorare de Potasu chlorek;’
“Xnopug_kanus.

KCl=74.55 BRI
CAS ~ 74474075 L T
ATC — A12BA01; BOSXAOT.

ATC Vet — QA12BA01; QBOSXAQT.
UNH — 660YQ58110;
Pharmacopoeias. In Chin., Eur. (see p. vit), Int., Jpn, US, and
Viet,

Ph. Eur. 8: (Potassium Chioride). A white or almost white,
crystalline powder or colourless crystals. Freely soluble in

- water; practically insoluble in dehydrated alcohol.

Pofasslum Tcr‘lrnlo
\836 Pomsio tamato de, Potasu winian; Tamato potésnco, .
QH.K;O,,W-!,O:BS.? :

{CAS = 921-53-9 {anhydrous porassoum rnrrrare)
UNIl — OSWLLIZLBS. . ..

Equivalence. Each g of potassium tartrate (hemihydrate)
represents about 8.5mmol of potassium. Potassium tar-
trate (hemihydrate) 3.00g is equivalent to about lg of
potassium.

Uses and Administration

Potassium saits in this section are used for the prevention
and weamnent of potassium depletion and/or hypokal-
aemia (p. 1777.2) and have been used in the prevention of
diuretic-induced hypokalaemia (see Hydrochloro-
thiazide, Effects on Electrolyte Balance, p. 1404.2). Doses
may be expressed in terms of mmol or mEq of potassium,
mass (mg) of potassium, or mass of potassium salt (for
comparative purposes see Tablc 3, below) Treatment
should be itored by p

because of the risk of mduung hyperkalacrma espedially
where there is renal impairment.

Potassium chloride is probably the most commonly used
potassium salt; this is because hypochloraemic alkalosis,
which is often assodated with hypokalaemia, can be
corrected by the chloride ions. An alkalinising salt such as
potassium acetate, potassium bicarbonate, or potassium
citrate may be preferable if a metabolic acidosis, such as
occurs in renal tubular acidosis, accompanies the hypokal-
aemia (seep. 1775.2). Other salts that are or have been used
in the 1ent of pe defidency include
potassium ascorbate, potassium aspartate, potassium benz-
oate, gluceptate, p gluconate, potassium
phosphate, and potassium tartrate. Typical doses for the

q

USP 36: (Potassium Chioride). Colourless, elc
prismatic, or cubical crystals, or a white, granular powder.
Is odourless. Soluble 1 in 2.8 of water, and ! in 2 of boiling
water; insoluble in alcohol. Its solutions are ncutral to
litmus.

Equivalence. Bach g of potassium chloride represents
about 13.4mmol of potassium. Potassium chloride 1.91g
is equivalent to about 1 g of potassium.

Potassium Gluconate

£577; Gluconato potasico; Potasio;’ gluconata de Kanvm
TNIoKOHaT.

Potassium o-gluconate. : v_e‘ B
CHOH[CHIOH)L,.COK=2342 T
CAS — 299-27-4 (anhydrous potassiuny gluconate), 35398 75‘-
3 (potassium gluconate monohydrate) )
ATC — AI2BADS..

ATC Vet — QAI2BAOS.

UNI — 12H3K50KN9.,

Pharmacopoeias. In Fr.

US permits anhydrous or the monohydrate

USP 36: (Potassium Gluconate). It is anhydrous or contains
one molecule of water of hydration. A white or yellowish-
white, odourless, crystalline powder or granules. Soluble 1
in 3 of water; practically insoluble in dehydrated alcohol, in
chloroform, in ether, and in benzene. Its solutions are
slightly alkaline to litmus. Store in airtight containers.

Equivalence. Each g of potassium gluconate (anhydrous)
represents about 4.3 mmol of potassium. Each g of potas-
sium gluconate (monohydrate) répresents about 4 mmol
of potassium. Potassium gluconate (anhydrous) 5.99¢ and
potassium gluconate (monohydrate) 6.45g are each
equivalent 10 about 1 g of potassiurn.

Polosslum Sulfcne [USANY

515 Kalit Suh‘as Kalio sulfatas. Kahum Sulfuncum
Kaliumsulfaatti; Kaliumsulfat; . Potasio,. sulfato de; Potassii
Sulphas, Potassium, sulfate de; Potassium Sulphate; Siran.
draselny; Sulfato potéslco. Tartarus _ Vitriolatus; Kanua'
Cynudart.
K:SO4=1743 :
CAS — 7778-80-5.
UNII—-IKS?BLCSTV

Pharmacopoeias. In Eur (see p. vu) and Jpn
Ph. Eur. 8: (Potassium Sulfate). A white or almost white,
crystalline powder or colourless crystals. Soluble in water;
practicaily insoluble in dehydrated alcohol.

Equivalence. Each g of pc sulfate rep about
11.5mmol of potassium. Potassium sulfate 2.23g is
equivalent to about 1 g of potassium.

The symbol t denotes a preparation no longer actively marketed

pr of hypokalaemia may be up to 50 mmol daily
and similar doses may be adequate in mild potassium
deficiency. However, higher doses may be needed in more
severe deficiency. Patients with renal impairment should
receive correspondingly lower doses. Oral weatment is used
for prophylaxis and is also suitable for treating most cases of
hypokalaemia. Oral pc salts are more irritating than
the corresponding sodium salts; they should be taken with
or after meals with plenty of fluid; liquid preparations are
preferable.

An intravenous potassium salt may be required in severe
acute hypokalacmia. This normally entails infusing a
solution containing 20 mmol of potassium in 500 mL over 2
to 3 hours under ECG control. A recommended maximum
dose is 2 to 3mmol/kg of potassium in 24 hours. Higher
concentrations have been given when an infusion pump
has been used (see Administradon p. 1794.1). Adequate
urine flow must be ensured and careful monitoring of
plasma-potassium and other electrolyte concentrations is
essential. Potassiumn chloride is the salt most commonly
used and solutions intended for intravenous use that arein a
concentrated form (such as 1.5 or 2mmol/mL) must be
diluted to the appropriate concentration before use. There
should be careful and thorough. mixing when adding
concentrated p i chloride i to infusion
fluids. Potassium chloride is also available as premixed
infusions with sodium chloride and/or glucose containing
10 to 40 mmol/litre of potassium (but see also Administra-
tion, p. 1794.1). Potassium acetate is also given
intravenously.

Amongst other uses, the sulfate, and tartrate salts of

potassium have been given orally as osmotic laxatives

(p. 1804.1).
Some potassium salts are used as sodium-free
condiments when sodium intake must be restricted.
Potassium chloride is sometimes used as an excipient in
pharmaceutical formulations.

Table 3. Some potassium salts and their potassium content.

Potassium content per g

Potassium salt “mg  mmol mEq
F itum acetate (anhydrous) 398 10.2 10.2
Potassium aspartate iy 55 55
Potassium bicarbonate 39 100 10.0
Potassium chioride 524 134 134
Potassium citrate (anhydrous) 383 9.8 9.8
Potassium citrate ( hydrate) 361 9.3 93
Potassium gluconate (anhydrous) 167 43 43
Potassium gluconate (monohydrate) 155 4.0 4.0
Potassium sulfate (anhydrous) 449 1.5 115
Potassium tartrate (hemihydrate) 332 8.5 85
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Adm!msimlm The standard concentration and rate of

istration of p i chloride for infusion is dis-
cussed in Uses and Administration, p. 1793.3. However,
higher concentrations {200 or 300 mmol/litre) and faster
infusion rates have been used, via an infusion pump, for
cases of severe symptomatic hypokalaemia, espedally with
fluid overload.!?

There has been controversy regarding the preferred route
of administration of these higher concentrations of
potassium chloride.! The cenwal route avoids the problems
of pain and phiebitis when potassium is given peripherally.

Treatment of Adverse Effects

The weatment of hyperkalaemia discussed on p. 1777.1 also
applies when hyperkalaemia occurs during potassium
therapy. However, in mild hyperkalaemia that has
developed on long-term treatment, stopping the potassium
supplement and other drugs that may increase plasma-
potassium concentrations, and avoidance of foods with a
high potassium content may be sufficient to correct the
hyperkalaemia.

In cases of acute oral overdosage of potassium
the stomach should be emptied by gastric

However, it has been suggested that high conc ions of
potassium given centrally may carry a greater risk of cardiac
toxicity if the infusion is carried directly to the heart. Use of
lidocaine has improved tolerability of peripheral adminis-
tration of potassium chloride.?

Intravenous potassium is usually given in sodium
chioride and/or glucose infusion. However, it has been
pointed out that glucose can reduce serum-potassium
concentrations, and that glucose-free solutions should be
used for the initial intravenous administration of potassium
in hypokalaemia.’

1. Kruse JA, Carlsan RW. Rapid correction ol hypokalemia using
ium chloride infusions. Arch Intern Med

1990; 150: 613—~17.

2. PudnePF. o al. Patient tolerance to irilravenous potassivm chluride with
and without lidocaine. Drug imeil Clin Pharm 1988; 22: 676-9.

3. Agarwal A, Wingo CS. Treatment of hypokalaemia. N Engl J Med 1999;
340: 154-5.

Diabetic ketoacidosis. As discussed under Diabetic Emer-
gencies on p. 465.3, potassium replacement is given in
diabetic ketoacidosis to restore total body stores of potas-
sium and thereby prevent the hypokalaemia induced by
insulin.

Hyperfension. A meta-analysis' has reported that potas-
sium supplementation reduces both systolic and diastolic
blood pressure. The size of the effect in hypertensive
patients was great enough to suggest a passible role in the
reatment of hypertension (p. 1251.1); effects in normo-
tensive subjects were less marked but consistent with a
similar role for preventing hypertension. Most studies
have used potassium chloride, but an effect has also been
found with the aspartate? and the citrate.®
1. Whelton PK, e ai. Effects of oral potassium on biood re: meta-
analysis of randomized conurolled dlinical triats. JAMA 1997; 27%: 1624~
32.
2. Branzomi F, ef al. A effear of oral aspantate
supplementation in mild 0 moderate anerial hypertension. Biomed
Pharmaother 2005; 39: 25-9.

lavage in addition to the measures described on p. 1777.1.

Precautions

Potassium saits should be given with considerable care 10
patients with cardiac disease or conditions predisposing to
hyperkalaemia-such as renal or adrenocortical insufficiency,
acute dehydration, or extensive tissue destruction as occurs
with severe burns. Excessive use of potassium-containing
salt substitutes or potassium supplements may lead 10
accumulation of potassium espedially in p with renal
insufficiency. Regular monitoring of dlinical status, serum
electrolytes, and the ECG is advisable in patients receiving
potassium therapy. particularly those with cardiac or renal
impairment.

Liquid or effervescent preparations are preferred to solid
dosage forms for oral use; use of the former, with or after
food, may reduce gastric irritation. Solid oral dosage forms
of potassium salts should not be given to patients with
gastrointestinal ulceration or obstruction. They should be
given with care to patients in whom passage through the
gastrointestinal wact may be delayed, as in pregnant
patients. Treatment should be stopped if severe nausea,
vomiting, or abdominal distress develops.

Potassium chloride should not be used in patients with
hyperchloraemia.

Direat injection of potassium chloride concentrates
without appropriate dilution may cause instant death. For
the view that glucose-containing solunons should not be

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient Ary.: Co-Salt; Control K: Gluco-
K: Kaon; Orakit; Potamkim; Austral.: Celloids PC 73t Celloids
PS 294; Chlorvescent; Duro-K: Slow-K: Span-K. Austria: KCI-
retard; Micro-Kalium; Belg.: Chloropotassuril; Kali-Sterop; Ster-
opotassium; Ultra-K; Braz: Clotassio; Decorfen; Slow-K;
Canad.: Apo-K: Essential Liquid Mirteral; K-10; K-Dur; K-Lyte/
CH; Mico-K; Odan K-20; Pro-600K: Proflavanol Ct; Riva K;
Slo-Pot; Slow-K: Chile: Kaion Retard; Sal Dietetica: Slow-K:
Yonka; Chinag: Budaxiu (#}3£%); Di Jia (i@ €£); Lai Ding Jia (¥
T®); Lejia (5 ®): Li Bei Jia (3L R P); Panangin (FWL); Xian
Jia (%%F); Xin Jian Ju (RXMXR); Cz: Kaldyum; Kalnomin;
Denm.: Kaleorid; Fin.: Kaleorid; Kalinormt; Kalisol; Fr.: Diffu-
K: Kaleorid; Nat-K; Ger.: Kalinor-retard P; KCl-retard; Reka-
warn: Gr.: Acronitol; Acroser; Sopa-K: Hong Kong: Apo-K: KSR;
Slow-K: Span-K: Hung.: Kaldyum; Kalium Durulest; Kalium-
R: India: K-Card; Kay Ciel; Keylyte; Potklor; Inden.: Aspar-K;
Kalipar; KSR; Irl: Diarrest RFt: Kay-Cee-L: Slow-X: Israel:
Moviprep; Slow-K; Ital: K-Flebo; Xadalex: Lento-Kalium:
Malaysia: Apo-K: Beacon K: Slow-K: Mex.: Ceposilt; Clor-K-
Zaf; Corpotasin GK; Corpotasin LP; Efilat; K-Dur: Kaliolite;
Kelefusin; Potasoraly; Nerh.. Slow-K: Norw.: Kaleorid; NZ:
Chlorvescent; Slow-K+: Span-K; Philipp.: lon-O-Tratet;
Kalium; Pol.: Kaldyum: Kalimatt: Kalipoz: S.Afr.: Flexivial;
Micro-K4; Plenish-K: Sandoz K; Slow-K; Singapore: Apo-K:
Dorama-neo; Slow-K: Spain: AP-Inyect; Boi-K Aspartico; Boi-
K: Potasion Solucion; Potasion; Swed.: Kaleorid; Kalium
Retardt; Switz.: Kaliglutolt; Plus Kalium retard; Thai.: Addi-K:
Enpott; Kaliject: Kaylyte: Potassride; Strong Pot Chloride:
Turk: Kadaleks; UK: Kay-Cee-L. Slow-K; Ukr.: Caldium
{Kanmemym)t; Gik {T'ux); Kalium-Normin (Kanui-Hopmuu); USA:
Adolphs Salt Substitute; Cena-K: Gen-K; K + 10; K-Dur; K-G
Blixi; K-Lor; K-Lyte/Cl; K-Tab; Kaon-Cl Kaon; Klor-Con:
Klorvess; Klotrix: Micro-K: Potasalan; Ten-K.

ond Py
op Prep

are listed

gr
in Volumne B.

ic Preparations. Austria: Tonsillopas; Canad.: Com-
binaisont; Diamite; Earache; Formula PC 2231; Homeoknop

used for the initial intravenous istration of p
in hypok ia see Administration, above.

ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dassifies potassium chloride
as not porphyrinogenic; it may be used as a drug of first
choice and no precautions are needed.'
1. T‘he Drug Daubase for Acute Porphy Available at: htep:

Ikoplex 13t; Hylands Bioplasma; lkoplex 21%; Melanget;
Nuage Bioplasmat; Optaliat; Sinus Ease: Sinuspaxt; Chile: tko-
plex No 13; Ikoplex No 15; Ikoplex No 17; Ikoplex No 18; Iko-
plex No 19; Ikoplex No 20; Ikoplex No 21: Ikoplex No 22; Tko-
plex No 23; Tkoplex No 3; Ikoplex No 5; Ikoplex No 8; Ikoplex
No 9; Fr.: Boripharm No 10+; Boripharm No 22t Kalium Mur-
iaticum Complexe No 4it; Sinuspax; Ger.: Drufusan Nt; Dru-
fusan; Hevertotox; Hevertotox; Jowidarmin; NeyArthros-Lipo-
some (Revitorgan Lp Nr 83)4; NeyArthrosome (Revitorgan-

3. HeFJ, dal. Bffect of sh of chloride
and potassium duate on blood pressure in i drugs org 26/10111) Dilution)t; Od htropiex; Pyrc ; Sinusyx: Tonsil-
2005: 45: 5714, . lopas: UK: New Era Nervone.
” Inierachons
Myocardial infarction. A glucose, insulin, and pc . i
infusion has been investigated in acute myocardial infarc- :11. n panems mc;:,::“ld‘:l:; u;:twn.h caution, if at BP 2014: ide and Prolonged-release P Tablets;
don (see p. 482.3). lncx:.as: serum- d Sodi Lactate Effervescent Potassium
pouassium concentrations. These include p paring Chlonde Tablets; Oral Rehydration Salts; Potassium Ascorbate

Termination of p y. Solutions of p chior-

dluretus, ACE inhibitors, ddosporin, and drugs that contain

ide are used to reduce fetal numbers in mulnretal preg-
nandes'? or for severe fetal malformation by abolishing
the fetal cardiac activity. The solution is injected into the
thorax of the fetus without affecting the others, which are
allowed t continue to term. Alternatively, potassium
chloride may be injected into the umbilical vein when
access 10 the fetal heart is difficult. A remospective com-
parison* found both techniques to be cffective. Signifi-
cantly smaller doses were required for the umbilical route,
possibly because a ined dose is deli d directly to
the fetal heart and myocardium, compared with intraven-

tricular injection.
1. Wapner RJ, ¢t al. Selective red o Lancet
1990; 333: 90-3.
2 RL, etal Th status of

Am J Obstet Gyneca! 1996; 174: 1265-72. 0
3. De Cane L, Foulon W. Obstemric outcome after fewal reducdon 10
ies. Prenat Diagn 2002; 22: 206-10.

such as the potassium sahs of pcnmlhn

Eye Drops; Potassium Chloride and Glucose Infusion; Potassium
Chloride and Sodium Chloride Infusion; P Chloride Oral

Sumlaﬂy, the concomitant use of p
salt substitutes for flavouring food " should be avoided.
Antimuscarinics delay gastric emptying and consequently
may increase the risk of gastrointestinal adverse effects in
patients receiving solid oral dosage forms of potassium.

Pharmacokinefics

P i Chloride, Sodium Chloride and Glucose
ium Chloride Tablets: Sterile

P lease P

Potassium Chloride Concentrate;

USP 36: Half-strength Lactated Ringer's and Dexwrose Injection;
Lactated Ringer's and Dextrose Injection; Lactated Ringer's
Injection; Minerals Capsules; Minerals Tablets; Multiple
Electrolytes and Dextrose Injection Type 1; Multiple Electrolytes

Potassium salts other than the phosphate, sulfate, and
tartrate are generally readily absorbed from the gastro-
intestinal tract. Potassium is excreted mainly by the kidneys;
it is secreted in the distal tubules in exchange for sodium or
hydrogen ions. Some potassium is excreted in the faeces and
small amounts may also be excreted in sweat.

Human Requirements

singleton pregnancies.
4. Bhide A, et al. Comparison of feticide carried out by
ardiac puncture. Ultrasound Obstet Gynecol 2002; 20: 230-2.

Adverse Effects

Excessive doses of potassium may lead to the development
of hyperkalaemia (p. 1777.1), especially in pati

and D Type 2; Miple Electrolytes and
Dextrose In;ecﬂon Type 3: Mulnplc Electrolytes and Invert Sugar
injection Type 1; Multiple Electrolytes and Invert Sugar Injection
Type 2; Multiple Elecirolytes and Invert Sugar Injection Type 3;
Multiple Electrolytes Injection Type 1 Multiple Electrolytes
Injection Type 2; Oil- and Watez-soluble Vitamins with Minerals
Capsules; Oil- and Water-soluble Vitamins with Minerais Tablets;
Ofl-Soluble Vi with Minerals Capsules; Oil-Sotuble
Vitamins with Minerals Tablets; Oral Rehydnuon Salts; PEG
3350 and Electrolytes for Oral Solution; Potassium Acetate

renal impairment. Symptoms include paraesthesia of the
extremities, muscle weakness, paralysis, cardiac arthyth-
mias, heart block, cardiac arrest, and confusion. Cardiac
toxicity is of particular concern after intravenous dosage.

Pain or phlebitis may occur when given intravenously
via peripheral veins, particularly at higher concentrations.

Nausea, vomiting, diarrhoea, and abdominal cramps may
occur with oral potassium salts. There have been numerous
reports of gastrointestinal ulceration, sometimes with
haemorrhage and perforation or with the late formation of
strictures, after the use of enteric-coated" tablets of
potassium chloride. Ulceration has also occurred after the
use of sustained-release tablets.

All coss-references refer 10 entries in Volume A

UK and US recommended diefary infake. In the UK diet-
ary reference values (DRV—see Human Requirements,
P 2046.1)" have been estimated for potassium. The refer-
ence nutrient intake (RNI) for adults is 3.5g (90mmol)

s versus | P i is an ial body electrolyte. However, | Injection; Potassi Bicarb and F chlurid:
requirements are difficult to determine and have been | Effervescent Tablets for Oral Sol jum Bic
estimated from the amount accumulated during growth and and Potassium Chloride for Eﬁervescem Oral Solution; Potas-
reported urinary and faecal excretion. sium Ch“"‘de ded Cap Potassium Chloride

Over 90% of dictary potassium is absorbed from the ded-release Tablets; P Chloride for Injection
gastrointestinal tract. Potassium is particularly abundant in Conc ; P Chloride for Oral Solution; Potassium
with and Fruit. Chloride in Dextrose and Sodium Chloride Injection; Potassium

Chloride in Dextrose Injection; Potassium Chloride in Lactated
Ringer's and Dextrose Injection; Potassium Chloride in Sodium
Chloride Injection; Potassium Chloride Oral Solution; Potassium
Chloride, Potassium Bicarbonate, and Potassium Citrate
Effervescent Tablets for Oral Solution: Potassnum Gluconate
and Potassium Chloride for Oral Solution; P Gl

and Pe Chloride Oral Solution; Potassium Gluconate and

daily. In the USA., no rec ded dietary alk
(RDA) has been established for potassium. However a
daily intake of 1.6 to 2g {40 to 50mmol) is considered
adequate for adults.

1. DoH. Dietary reference values for food energy and nuuients for the
United Kingdom: report of the panel on dictary reference values of the
commintee on medical aspects of food policy. Report on heaith and social
subjects 41. London: HMSO, 199t.

Potassium Citrate Oral Solution; Potassiura Gluconate FJudr
Potassium Gluconate Tablets; P ium Gl

Citrate, and Ammonium Chloride Oral Solution; ngers and
Dextrosc Injection; Trikates Oral Solution: Water-soluble
Vitamins with Minerals Capsules; Water-soluble Vitamins with
Minerals Tablets.
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Sodlum

Natrlum, S6d; Sodio; Hannv‘l
Na—22_98976928
ONE=— 9NEZ?3‘_N27 (sodlum), LYR4MONH37 (sodium :on)
Dscrlpﬂon. Sodium chloride is the principal sodium salt
used as a source of sodium ions. Sodium salts used chiefly as
sources of bicarbonate ions, such as the acetate, bicarb-
onate, citrate, and lactate, are covered under Bicarbonate,
p. 1780.3. Phosphate salts of sodium are covered under
Phosphate, p. 1790.3.

Sodium Chloride

Chk)rid sodny "Chiorure- de ‘Sodium; Cloreto de Sdio;’
Clorurgs6dico; Natrii Chioridum; Natrio chlofidas; Natrium=
chlorid?. Natriumklorid; Natrium-kiorid; Natritimkoridi; Salt;
Sodio, ; cioruro de; Sodlum, chiorure.. de, Sodu chlorek.
Sodyum’ Kioriir, Hanuu Xnopw: :

NaCl=5844.:- ;

CAS — 7647- 14—5 .

ATC = A12CAOI BOSCBO1; BOSXAD3:

ATC Ver — QA12CA01; QBOSCBOT; QBOSXAOJ

UNIl i‘lWAVJOBX

NOTE. Ant aqueous solution of sodxum chlonde 0.9% is often
known 3s physiological saline.

SALINE is a code approved by the BP 2014 for use on
single unit doses of eye drops containing sodium chloride
0.9% whgre the individual container may be too small to
bear all thé appropriate labelling information. HECL is a
similar code approved for hyetellose and sodium chioride
eye drops.

Pharmacopoeics. In Chin., Eur. (see p. vii), Int., Jpn, US, and
Viet.

Ph. Eur. 8: (Sodium Chloride). A white or almost white,
crystalline powder or colourless crystals or white or almost
white pearls. Freely soluble in water; practically insoluble in
dehydrated alcohol.

USP 36: (Sodium Chloride). Colourless cubic crystals or
white crystalline powder. Soluble 1 in 2.8 of water, 1 in 2.7
of boiling water, and 1 in 10 of glycerol: slightly soluble in
alcohol.

Equivalence. Each g of sodium chloride represents about
17.1mmol of sodium and of chloride. Sodium chloride
2.54 g is equivalent to about 1g of sodium.

Storage. Solutions of some sodium salts, including sodium
chloride, when stored, may cause separation of solid parti-
cles from glass containers and solutions containing such
particles must not be used.

Uses and Administration

Sodium chloride is used in the management of deficencies
of sodium and chloride ions in salt-losing conditions (see
Hyponatraemia, p. 1778.1). Sodium chloride solutions are
used as a source of sodium chloride and water for hydration.

A 0.9% solution in water is iso-osmotic, and thus in most
cases isotonic with serum and lachrymal secretions. Doses
may be expressed in terms of mEq or mmol of sodium, mass
{mg) of sodium, or mass of sodium salt (for comparative
purposes, see Table 4, below}.

A typical oral replacement dose of sodium chioride in
chronic salt-losing conditions is about 2.4 10 4.8 g {about

40 to 80mmol of sodium) daily as a modified-release :

preparation, accompanied by a suitable fluid intake; doses of
up to 12g daily may be necessary in severe cases. Oral
supplements are also used for the prevention of muscle
cramps during routine haemodialysis (p. 1779.3); a
suggested dose is about 6 to 10g of a modified-release
preparation per dialysis session.

Glucose facilitates the absarption of sodium from the
gastrointestinal tract, and scolutions containing sodium
chloride and glucose usually with additional electrolytes

Table 4, Some sodium salts and their sodium content.

(see p. 1780.1) are used for oral rehydration in acute
diarrhoea (p. 1805.2).

The concentration and dosage of sodium chloride
solutions for intravenous use is determined by several
factors including the age, weight, and dinical condition of
the patient and in particular the patients’ hydration state.
Serum-electrolyte concentrations should be carefully
monitored. In severe sodium depletion, 2 to 3 litres of
sodium chloride 0.9% may be given over 2 to 3 hours and
thereafter at a slower rate. If there is combined water and
sodium depletion a 1 to 1 mixture of sodium chloride 0.9%
and glucose 5% may be appropriate. Although hypertonic
sodium chioride solutions may be used in certain patients
with severe acute dilutional hyponatraemia, over-rapid
correction may have severe neurological adverse effects (see
Hyponatraemia, p. 1778.1). Solutions containing 1.8 to 5%
are available.

In hypernatraemia with volume depletion (p. 1778.1},
sodium chloride 0.9% may be used to maintain plasma-
sodium concentrations with expanding fluid volume.
Sodium chloride 0.9% {or rarely, in marked hypernatrae-
mia, 0.45%) is used for fluid replacement in diabetic
ketoacidosis (see Diabetic Emergendies, p. 465.3).

Among its other uses, sodium chloride solution 0.9%,
being isotonic, is a useful fluid for sterile irrigations, for
example, of the eye or bladder, and general skin or wound
cleansing. The 0.9% concentration is also widely used as a
vehicle or diluent for the parenteral administration of other
drugs. Nasal drops of sodium chloride 0.9% are used to
relieve nasal congestion. A mouthwash containing sodium
chloride is also available for oral hygiene.

Sodium chloride in the form of sea water or sea salt (see
p- 2612.1) has been also used for nasal irrigations.

Sodium chloride solutions should ot be used to induce
emesis; this practice is dangerous and deaths from resulting
hypernatraemia have been reported.

Sodium chloride is sometimes used as an excipient in
capsules and tablets.

Homoeopathy

Sodium chloride has been used in homoeopathic
medicines under the following names: Natrium murati-
cum: Nat. Mur.; Natrii chloridum; Natricum chloratum;
Natrum muriaticum.

NOTE. Do not confuse Natricum chloratum with sodium
chlorate (p. 2618.1).

Catheters and connulas. For reference to sodiurn chioride
0.9% being used to maintain the patency of catheters and
cannulas, and to its equivalent efficacy to heparin, see
Catheters and Cannulas under Uses and Administration of
Heparin, p. 1398.1.

Cystic fibrosis. Inhalation of 4 mL of a hypertonic solution
of sodium chloride (7%) twice daily for 48 weeks in 82
patients with stable cystic fibrosis (p. 177.2) was associated
with a moderate but sustained improvement in lung func-
tion and a marked reduction in the number of exacerba-
tions and need for antibacterials, when compared with 80
placebo-treated patients.' There was, however, no differ-
ence in the rate of change of lung function. Each inhala-
tion was preceded by a bronchodilator to minimise airway
narrowing: adverse reactions to the active treatment were
nonetheless reported in 14 patients and included cough,
chest tghtness or pharyngitis, sinusitis, haemoptysis,
sneezing, and vomiting. As a result, 6 patients withdrew
from the study, but the effects resolved in the remaind

Hypematraemia may also occur after inappropriate intra-
venous use of hypertonic saline.

The most serious effect of hypemnatraemia is dehydration
of the brain which causes somnolence and confusion
progressing to convulsions, coma, respiratory failure, and
death. Other symptoms indude thirst, reduced salivation
and lachrymation, fever, sweating tachycardia, hyper-
tension or hypotension, headache, dizziness, restlessness,
irritability, weakness, and muscular twitching and rigidity.

Gastrointestinal effects associated with acute oral
ingestion of hypertonic solutions or excessive amounts of
sodium chloride include nausea, vomiting, diarrhoea, and
abdominal cramps.

Excessive use of chloride salts may cause a loss of
bicarbonate with an acidifying effect.

Intra-amniotc injection of hypertonic solutions of
sodium chloride, which has been used for termination of
pregnancy, has been associated with serious adverse effects
induding disseminated intravascular coagulation, renal
necrosis, cervical and uterine lesions, haemorrhage,
pulmonary embolism, pneumonia, and death.

Gcneral references.

. Moder KG, Hurley DL. Fatal hypernatremia from exogenous salt intake:
report of a mase and review of the lnerature. Mayo Clin Proc 1950; 65:
1587-94, Correction. ibid. 1991; 66: 439.

2. Martos Sinchez L o ol. Hipernatremis grave por administracién
accidental de sal comin. An Esp Pediatr 2000 33: 495-4.

3. ;\:‘d:,ye O, atal. Hypernatremia in the eiderly. J Nar! Med Assoc 2002; 94:

4. Coulthard MG, Haycock GB. Distinguishing between salt poisoning and

hypernatraemic dehydration in children. BMJ 2003; 326: 157-60
Correction. ibid.: 497.

Treatment of Adverse Effects

In patients with mild sodiumn excess, drinking water and
restricting sodium intake is sufficient. However, in the event
of recent acute oral overdose of sodium chioride, gastric
lavage should be carried out along with general
symptomatic and supportive treatment. Serum-sodium
concentrations should be measured, and if severe
hypemauaemia is present this should be treated (see
p. 1778.1).

Precautions

Sodium salts should be used with caution in patients with
hypertension, heart failure, peripheral or pulmonary
oedema, renal impairment, pre-eclampsia, or other
conditions associated with sodium retention.

‘When sodium supplements are given orally, adequate
water intake should be maintained. Modified-release tablets
should not be given to patients with gastrointestinal
disorders associated with strictures or diverticula because of
the risk of obstruction.

Sodium chloride solutions should not be used to induce
emesis; this practice is dangerous and deaths from resulting
hypernatraemia have been reported.

ia. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies sodium chloride as
not porphyrinogenic; it may be used as a drug of first
choice and no precautions are needed.’

1. The Drug Database for Acute Porphyria. Available at: hup://www.
drugs-porphyria.org {accessed 26/10/11)

Pharmacokinetics

without the need for dose reduction or interruption.
Hypertonic saline was considered to be an inexpensive
and safe adjunctive therapy in patients with cystic fibrosis.

1. Elkins MR.c1al A c iled trial of long. inhaled ic saline
in patients with cystic fibrosis. N Engl J Med 2006: 354: 229-40.

| Termination of pregnancy. Trans-abdominal intra-amnio-

tic instillation of sodium chloride 20% (maximum volume
200 to 250 mL) has been used for the termination of sec-
ond-trimester pregnancy. However, serious adverse effects
have occurred (see below), and other methods are gener-
ally preferred (p. 2131.3).

Adverse Effects

Adverse effects of sodium salts are attributable to electrolyte
es from excess sodium: there may also be effects

Sodium content per g
Sodium salt mg mmol mEq hal
Sodium acetate (anhydrous) 280 122 12.2
Sodium acetate (trihydrate}) 169 13 73
Sodium acid citrate 175 76 76
Sodium bicarbonate 274 1.9 119
Sodium chloride 394 17.1 17.1
Sodium citrate (anhydrous) 267 11.6 116
Sodium citrate (dihydrate) 235 10.2 102
Sodiumn lactate 205 89 8.9

due to the specific anion.

Retention of excess sodium in the body usually occurs
when there is defective renal sodium excretion. This leads to
the accumulation of extracellular fluid to maintain normal
plasma osmolality, which may result in pulmonary and
peripheral oedema and their consequent effects.

Hypernatraernia (a rise in plasma osmolality) is usually
associated with inadequate water intake, or excessive water
losses (see p. 1778.1). It rarely occurs after therapeutic doses
of sodium chloride, but has occurred with the use of
hypertonic saline for induction of emesis or for gastric
lavage and after errors in the.formulation of infant feeds.

The symbol t denotes a preparation no longer actively marketed

Sodium chioride is well absorbed from the gastrointestinal
tract. Excess sodium is mainly excreted by the kidney, and
small amounts are lost in the faeces and sweat.

Human Requirements

The body contains about 4 mol (92g) of sodium of which
about one-third is found in the skeleton and about half is
present in the extracellular fluid.

The body can adapt to a wide range of intakes by
adjustment of renal excretion through physical and
hormonal factors. Loss through the skin is significant only
if excessive sweating occurs. Sodium requirements may be
increased with exercise or exposure to high ambient
temperatures in the short term, until the body adjusts.

Sodium is widely available in foods and is also added as
salt during processing, cooking, and at the table. Dietary
deficiency of sodium is therefore extremely rare and more
concern has been expressed that current intakes are
excessive. Restriction of sodium intake, by limiting the
amount of culinary salt consumed, may be a useful aid in
the management of some patients with hypertension
(p. 125L.1).

UK and US recommended diefary infoke. In the UK diet-
ary reference values (DRV—see Human Requirements,
p- 2046.1)" have been published for sodium. The reference
nutrient intake (RNT) for adults is 1.6g of sodium
(70 mmol}) daily, which is about 4g of sodium chloride. In
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the USA, it has been recommended that daily intakes of
sodium be limited to 2.4g (6 g of sodium chloride) or less.?
Dietary intake is often in excess of these recommenda-
tions, and may be a factor in essential hypertension,® and

wash; Larmabak: Larmes Artifidelles; Multilarmt; Normlgel
Physiologicat: Polyrinset; Selgine; Ger.: Adsorbonact; Preka-

Aid}; Homeoknop ITkoplex 13+; Hylands Bioplasma; Hylands
Vaginitisf; Hylavir FBY; Ikoplex 11 Digestion Aid{; Ikoplex

14%; Mel {: Nuage Bi t: Sore Throat L3%4; Sorino-

Drainjett; Hylase; Isogutt akut; Isotone Kochsalz
Kochsalzlosung: Olynth salin; Omni-Sorb; Tetrisal; Tussamag
pray Purt; Urgo sterile; Gr.: Babynose; Clinofar; Larma-

osteoporosis.* A possible assoclation with cardi
disease has also been suggested by the long-term tol]ow-
up of two hypertension studies.’ Results found that redu-
dng sodium intake may also reduce the risk of cardiovas-
cular events.

1. Dol Dietary reference values for food energy and numrients for the
United Kingdom: report of the pane! an dictary reference vaiues of the
commitiee on medical aspects of food policy. Report on health and social
subjecss 41. London: HMSO, 1991,

I
bak; Otrisalln; Phy-O; Rhinodose; Selva N; Homg Komg: Ayr
Salinet; Earinse; Larmabak; Nasal Physiological Solution; Phy-
siodose; Unison Enema; Hung.: Rins-Sal; Salsol A} India:
Hold; Hynasal; Hypersol; Hytosol; Izabel; Libna; Nam Cold-NS;
Nasalt; Nasivion-$; Nasodear; Nipit; Nos-Air Saline; Ocutone;
Osmogel; Otrivin-S; Indon.: Breathy; Infusan-NS; Otsu-NS;
wida NS; Wida NSE Irl: Dierrest RE+; Irack Af-KGd; Af-Tip-
onn. Alrin Bnby- Baby AF; Baby Salinet:; Clean-AF; L'Batzeket;
I; Ocean Spray; Otrivini; Tinok AF; Tipotaf;

2. Subcommittee on the tenth edition of the RDAs, Pood and

Board, Commission on Lile Sciences, National Research Councl

1 10th ed. DC: National
Academy Press, 1989. Also available at: hup://www.nap.edu/openbook.
php?ishn=0309046335 (accessed 21/07/08)

3. Midgley JP, o al. Bffect of reduced dietary sodium on blood pressure: a
hew-analysis of randomized controlled tials. JAMA 1996; 275: 1590-7.

4. Devine A, o al. A longitudinal study of the effect of sodium and calcium
intakes on regional bone density in postmenopausal women. Am J Clin
Nutr 1995; 62: 740-5.

5. Cook NR. e al. Long term effects of dictary sodium reduction on
cardiovascular disease ouicomes: observational follow-up of the ials of
hypenension prevention (TOHP}. Abridged version: BMJ 2007; 334:
885-3. Pull version: hup://www.bmj.com/cgi/reprint/334/7599/885
{accessed 13/03/09)

Preparations
Proprietory Preparations (details are given in Volume B}

Single-ingredient Preparafions. Arg.: Aqua Lent Limpia Cristales;
Cutidermin Bebe Ge) Nasalt; Hypersol: Larmabak; Muro 128;
Oftalook; Relente; Suaviler; Xylisol; Yusin Tears I Awustral:
Dimetapp Infants Nasal Relief; Ear Clear Ear Cleanser; Fess;
Hypergel; Lens Plus; Mesalt; Narium; Normlgel; Otrivin Saline
Baby; Sensitive Eyes Saline; Slow-Sodium; Austria: Kochsalz
SmartDoset; Belg.: Namido; Physiologica; Physiorhine; Braz.:
Advnasalt; Afrin Natural; Alive; Conidrin Baby; Conidrin Sali-

Ital.: Adsorbonacf Hydrabak; Libenar; Narhinel; Otrivin

Babyt; Physiodose; Respifree Baby; Rinowash; Mex.: Corni

Limp; Hiperton; Muro 128; Phylarm; Mon.: Unilarm; NZ: Nar-

ium; Philipp.: Hypersalt, Hyperton-Opta; Larmabakt; Muco-

nase; SahmGel. Salinase; Snif; Pol.: Oftannol Solnasint; Pon.
; Rus.: A (A Rizosin (P

heel; Chile: Anacardio con Fosforo; Bioactv M; Bioactiv O;
Bioactiv P; Ikoplex No 11; Ikoplex No 13; Ikoplex No 14; Iko-
plex No 17; Tkoplex No 19; Tkoplex No 6; Ikoplex No 7; Ikoplex
No 8; Fr.: Billerol: Pulsatilla Complexe No 60+; Soludor; Ger.:
Derivatio H; Drufusan Nt; Drufusan; Herpes-Gaswreu R68;
Hewdymphon Nt; Muco-cyl L Ho-Len-Complex; Nuxal comp;

Komplex L Ho-Fu-Complex: Neth.: Ailgeno spag:
Hemorrolite; Urtizon complex: Rus.: Diet-Comfort (Imer-
Kosdopr); Switz.: R plex Nr 28b.

Pharmacopoeial Preparations

BP 2014: Compound Glucose, Sodium Chloride and Sodium

Cnrau Oral Soluton; Compound Sodium Chloride Mouthwash;
d Sodium Lactate Infusion: Oral Rehydration Saits;

Pmasslum Chloride and Sodium Chloride Infuslon, Potassium

Chloride,; Sodium Chloride and Glucose Infusion; Sodium

Chloride and Glucose Infusion; Sodium Chloride Bye Drops:

Salin (Camam); S.Afr Polyrinset; Vicks istt; Sing
Adsorbonact: Dorama-neo; Larmabak: Normasol; Ohalmolosa
Cusi Antiedemat; Otrivin Saline Nasal Spray; Salacyn, Spﬂm

Sodium Chloride Eye Lotion: Sodium Chloride Eye Ointment;
Sodium Chloride Infusion; Sodlum Chloride Irrigation Solution;
Sodi Chloride i Sodium Chloride Oral

Antiedema; Apiroserum Clorurado; Fisiologicat; Fisi 0
Bieffe Meditalt: Fislologxco Braun; Flslolognco Mem. F'smloglco
Serra Pamiest; Fisiologico Vituliat; Fisiologicot: Fl g Fisio;
Fleboflex Salina Pisiologicat; Fleboplast Fisio; Freeflex Cloruro
Sodico; Hidmhea. Meinvenil Fisiologicof. Plast Apyr Pisiologi-
co; Solucion Fisi a Respitol: Suero Fisiologico: Suero Fisio-
logico; Switz.: Physzologlc Physiosoint: Serophy: Thai.: Patar
Enema; Royal-C; U-Enema; Unison Enema; Turk.: Berko-Fiz;
Droser: Fizyolen; Fizyolik; Fizyosol Larmabak: Ouisalin; Phy-
siodese; Physiologica Gifrer; Ser Damlat; Serum Fizyolojik;
UAEB: Normaline; UK: Aslnm. Equaleze Irriclens; Imripod;
Miniversol; MucoClear; I; I; Slow-Sod:
jum; SodiClor; Stericlens; Steripod; Tubilux; Uriflex S; Uro-

lution; Sodium Chioride Solution; Solubie Sodium Chloride
Tablets;
USP 36: Bacteriostatic Sedium Chloride Injection; Cimetidine in
Sodium Chloride Injection; Cisplatin for Injection; Dextran 40 in
Sodium Chloride Injection; Dexwran 70 in Sodium Chloride
Injection; Dextrose and Sodium Chloride Injection; Fructose and
Sodium Chloride Injection; Half-suength Lactated Ringer’'s and
Dextrose Injection; Inulin in Sodium Chloride Injection; Lactated
Ringer’s and Dextrose Injection; Lactated Ringer's Injection:
Mannitol in Sodium Chloride Injection: Multiple Electrolytes
and Dexwose Injection Type 1; Multiple Electrolytes and
Dextrose Injection Type 2; Multiple Electrolytes and Dextrose
Injection Type 3; Multiple Electrolytes and Dextrose Injection

Tainer M; Versol; Uks.: No-Sol (Ho-Com); USA: Adsorb +:
Ak-NaCl; Ayr Saline; Breathe Free; Broncho Saline; Dristan
Saline Spray; Entsol; HuMist Nasal Misy Marlin Salt System+;
Muro 128; Mumptlc: Nasal Moist; NaSal; Normaline: Ocean;

na; Del Descodrin; Fisiorinus; Pl Fluimudil Solu-

cao Nasal; i d 1 Naridrin Bebe; Nari- | Pretz Rhi SeaMist; Sochlor; Your Choicet;
drin H: Nari Neox H: il: Novo | Vemez: Larmabak: Nafavine.

Rino-$; Pratsorin; Rinoben; Rinoflux4; Rinosoft S; -Rin r .0 - " are listed
Salsep; Sinustrat Solucac Natural; Snif: Sonarin (INF); Sorine | i volume B o R

Pediatrico; Sorine; Sorofar; Soroliv; Soroneo; Canad.: Hypergel;
Mesalt; Muro 128; Nebusal; Normigel: Rhinaris Saline; Rhinaris
Sinus; Sallnex: Sea Clensr Softweart: Thalanext; Thalarist;
Chile: h Larmabakt; Pedi Printan; Respirexy:
Rmodan. Rinokid; Rinosteryl; Smus, China: Ai Na Duo (3%
#); Fin.: Nawosteril:: Selutrio; Fr.: Erjean; Hypergel; Jelly-

All cross-references refer to entries in Volume A

Homoeopathic Austral.: Allergy Relief: Childrens
Runny Nose Relief; Respatona Head Cold; Vitatona Energyt;
Austria: Globuli gegen Hautausschlage; Canad.: Adrisint;
Calms Porte 4 Kids; Cold Sores & Fever Blisters; Combinaisont;
Diamite: Eczerna; Hives; Homeoknop Bfoactiv O Weight Loss

Type 4; Multiple Electrolytes and Invert Sugar Injection Type 1:
Multiple Electrolytes and Invert Sugar Injection Type 2: Multiple
Electrolytes and Invent Sugar Injection Type 3; Multiple
Electrolytes Injection Type i; Multiple Electrolytes Injection
Type 2; Oral Rehydration Salts; PEG 3350 and Electrolytes for
Oral Solution; Potassium Chloride in Dextrose and Sodium
Chlonde lnjccrlon. Poussmm Chloride in Lactated Ringer’s and
i Chloride in Sodium Chloride
ln]ecuon. ngzr’s and Dextrose [njection; SOdlllm Chlonde and
Dextrose Tablets; Sodium Chioride Inhalati
Chloride Injection; Sodium Chioride krrigation; Sodium Chioride
Ophthalmic Ointment; Sodium Chioride Ophthaimic Solution;
Sodium Chioride Tablets for Solution; Sodium Chloride Tablets.
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Gases

This chapter includes monographs on gases with medical or
pharmaceutical uses and applications (such as oxygen,
carbon dioxide, helium, and nitrogen) and some whose
main medical interest is management of their toxicity or
adverse effects (such as carbon monox:ldc or hydrogen

environmental effects and its use is generally being phased
out.

Toxicity has been reported after the misuse or abuse of
fire extinguishers containing bromochlorodifluoro-
methane, ' and in persons exposed in other ways.**

sulfide). Also included are some d and liquefied
gases used as refrigerants and acrosol propellants Nitric
oxide gas is used in bronch and is
discussed in Cardiovascular Drugs {p. 1457 1). Other gases
with medical uses can be found in Disinfectants and
Preservatives (p. 1730.1) and General Anaesthetics
(p. 1896.1).

Refrigerants and Aerosol Propellants

1. d C, et al. Abuse of fire-extinguishing agent and sudden death in
adolescenis. Med J Aust 1984; 141: 115—17
2. Lerman Y, o al. Faul | inh of b
omethane (Halon 1211). Hum Exp Texicol 1991: 10 125-8.
3. Gerhard( R‘r Acute H-lon (bmmochlomdiﬂuoromubme) toxicity by
hal Am J Emerg Med 1996; 14: 675-7.
4. Matrat M. o ul Reactive airways dysfunction syndrome caused by
hane trom fire Ocaup Environ Med

2004; 61: 712-14.

Uses and Adminisiration

Carbon dioxide is a product of respiration and blood
concentrations are normally kept within strict physiological
limits. Manipulation of carbon dioxide concentrations has
been used therapeutically (see below) but hypocapnia is not
always desirable and carbon dioxide has been added to the
oxygen in pump oxygenators to prevent hypocapnia
developing.

Carbon dioxide acts as a respiratory snmulant. but is
rarely used therapeutically for this purpose. However,
inhalation of low conc ions has been tried in the

of neonatal apnoea (p. 1204.3).

. Lo SH, et al. Grand rounds: outbreak of i
community of people exposed to leakage of fire extdnguisher gas. Emml
Health Perspeat 2006; 1142 171317,

-

Some gases have properties that make them suitable for use
as refrigerants and as aeresol propellants; these include
npitrogen, nitrous oxide, carbon dioxide, and hydrocarbons
such as p ¢, and the butanes. Chlorofluorocarbons
(CFCs) and Kydrochlorofluorocarbons (HCFCs) have been
widely used hut are generally being phased out due to their
environmental effects, particularly depletion of the ozone
layer. Nonchlorinated fluorocarbons (hydrofluorocarbons;
HFCs) do not affect the ozone layer (although they may
contribute to global warming) and are a possible alternative;
however, their physical properties may be less suitable.
Ammonia gas {see p. 2441.2) may be used as an industrial
refrigerant.

The evaporation of propellants such as halogenated
hydrocarbons and dimethy] ether produces an intense cold.
Topical application has a numbing effect on tissues and has
been used for analgesia (see Rubefacients and Topical
Analgesia, p. 6.3), alr.hough cold injury, indluding frostbite,
has been reported.

Refrigerants and aerosol propellants have been subject to
deliberate abuse. They have similar effects to volatile
solvents (see Abuse, under Adverse Effects of Toluene,
P. 2216.3), and both acute and chronic toxicity may occur.
Inhalation of high concentrations of halogenated hydro-
carbons for their euphoriant effect may result in CNS
depression, cardiac arrhythmias, respiratory depression, and
death, while propane and butane can act as simple
asphyxiants. Toxicity may also result from decomposition
products, such as hydrogen chloride and phosgene from
heating halogenated hydrocarbons.

Toxicity. The toxicity resulting from abuse by deliberate
inhalation of propellants has been reviewed.'* Further
references relevant to the toxicity of individual agents are

Butane

n-Butang; Butano; £943a; Byrar. |

CeHyg=58.12: :

CAS — 106-97-8.

UNI— 6LV4FOR43R. ...

Pharmacopoeias. In USNF.

USNF 31: (Butane). A colourless gas. It is highly flammable

and explosive. Store in airtight cylinders at a temperature
not exceeding 40 degrees.

Profile

Butane is used as an aerosol propellant (above). It is widely
used as a fuel.

Abuse. Toxicity has been reported with the abuse of
butane.!-1®

1. Gunn J, ef al. Butane sniffing causing vencricular fibrillacion. Lancet
1989; i 617.

2. Slegel E, Wason S. Sudden death caused by inhalation of butane and
propanc. N Ensl J Med 1990; 323: 1638.

3. Roberts MID, ¢t al. Asystole following butane gas inhalation. 8r J Hosp
Med 1990; 44: 294,

4. williams DR, Cole SJ. Ventricular (brillation following butane gas
inhalation. Resuscitation 1998; 37: 435,

5. Rieder- i Joetal nach hal
tion: ein Fallbericht, Wien Kim Waochenschr 1000' 112: 1049-52,

6. Wehner F, e al. Todliche Inhalation ven Buian-Propan-Gas. Arch
Kriminol 2002; 209: 164-8.

7. El-Menyar AA. er al. A ieenager with angiographically normal tpiardhl
coronary arieries and acute myocardial infarcion aftes butane
inhalation. Ew J Emerg Med 2005; 12: 137-41.

N . 8. Harris D, Mirza Z Butane encephalopathy. Emerg Med J 2005: 22: 676-7.
given in the monographs. 9. Doogue M, Barclay M. Deatb due to butane abuse—he ciinical

1. Kurtzman Tl. «f al. Inhalant abuse by sdolescents. J Adolase Hegith 2001; pharmacology of inhalants. N Z Med J 2005; 118: U1732.

28: 170-80. 10. Girard F, et al. Fibrillati par de spray
2. Brouette T, Anton R. Clinical review of inhalants. Am J Addict 2001 10: déodorant. Ann Fr Anesth Rearrim 2008; 27: 83-5.

79-94,
3. Anderson CE, Loomis GA. Recognition and prevention of inhalant -

abuse. Am Fam Physician 2003; 68; 869-74. Preparations
4. Williams JF, Storck M. American Academy of Pediatrics C: Py B, o " .

Substance Abuse. Inhalant abuse. Pediatrics 2007; L19: §005-17. Proprietary Prep (details are given in Volume B)

-Argén; Argonury; E938; Aprom.. .. - .
CAS, — 7440-37-1.
UNIF-— 67XQYIV3KH. -

Pharmacopoeias. In Eur. (see p. vii).

Ph. Bur. 8: (Argon). A colourless gas. Solubie 1 in about 29
of water by volume at 20 degrees and at a pressure of
101kPa. Store as a compressed gas or liquid in appropriate
containers.

Profile

Argon is an mcn gas and is used to replace air in containers
I ing oxi es.
Bromochlorodlﬂuoromefhane
meoclorodlﬂuorometano, Halon 1211; R-128%;
Bpommomn@'ropmenu

CBCIF=1654 " ..

CAS ~— 353-59-3,

Profile

Bromochiorodifluoromethane is a halogenated hydrocar-
bon that has been used as a fire-extinguishing agent. Like
chlorofluorocarbons it causes ozone depletion and other

Multi-ingredient Preporations. Arg.: Frionex.

Carbon Dioxide

Anglies dioksidas; Anhidrido carbdnico; Carbone, dioxyde
de; Carbonei Dioxidurm; Carbonei. Dioxydurm; Carbonic Acid-
Gas; Carbonic Anhydride; Didxido de carbono; E290; Gaz
Carbonique; Hillidioksidi; Kohlendioxid; Koldioxid; Oxid
uhlicity; Szén-dioxid; Wegla dwutlenek; }.]uoxcm: anepona,
Dsyokuce Yrnepopa; Yrnekvuonbi. a3, ~

CO=4401
CAS — 124-38-9.
ATC — VO3ANO2.

ATC Vet — QVO3ANO2

UNI — 142M47183).

NOTE. Carbon dioxide is about 1% times as heavy as air.
Pharmacopoeias. In Chin., Eur. (see p. vii), Jpn, and US.
Ph. Eur. 8: (Carbon Dioxide). A colourless gas. Soluble 1 in
about 1 of water by volume at 20 degrees and at a pressure
of 101kpA. Store liquefied under pressure in suitable
containers.
The BP 2014 directs that carbon dioxide should be kept in
approved metal cylinders which are painted grey and carry a
label stating ‘Carbon Dioxide’. In addition, ‘Carbon Dioxide’
or the symbol ‘CO;’ should be stendilled in paint on the
shoulder of the cylinder.
USP 36: (Carbon Dioxide). A colourless, odourless gas. Its
solutions are acid to litmus. One volume dissolves in about 1
volume of water. Store in cylinders.

The symbol t denotes a preparation no longer actively marketed

Carbon dioxide may be used as the insufflating gas for
laparoscopy, and to flood the surgical field to prevent
formation of gas emboli during cardiac surgery. It may also
be used as a contrast agent in radiography (p. 1580.1).

Solid carbon dioxide, or “dry ice’ has a temperature of -80
degrees and has been used to treat warts (p. 1689.3) and
naevi by cryotherapy.

Pharmaceutically, carbon dioxide is used as an aerosol
propellant and as a replacement for air to preserve
oxidisable substances. Carbonated vehides are useful for
masking the unpleasant taste of some medicinal prepara-
tions.

Manipulation of carbon dioxide concentrations in the
blood may be achieved by ventilatory techniques and has
been used therapeutically. Examples include the use of
hyperventilation in the o of raised intracranial
pressure {p. 1271.3) and breath-holding or rebreathing for
intractable hiccup (p. 1046.3).

Adverse Effects

Carbon dioxide has direct toxic effects and also acts as an
asphyxiant. Above a concentration of about 6%, it causes
headache, dizziness, confusion, palpitations, hypertension,
dyspnoea, increased depth and rate of respiration, and CNS
depression. Concentrations of about 20% and higher
produce convulsions and loss of consciousness; inhalation of
50% carbon dioxide is reported to produce central effects
similar to anaesthetics. The inhalation of high concentra-
tions may produce respiratory acidosis.

Abrupt withdrawal of carbon dioxide after prolonged
inhalation may produce malaise, pallor, headache, and
nausea or vomiting.

Skin contact with solid carbon dioxide may cause
frostbite.

Refcxcnces
1. Halpern P, et al. 10 high of carbon
dioxide: a clinical description of a mass casuaity incident. Ay Emerg Med
2004; 43: 196-9.

2. Langlord NJ. Carbon dioxide poisoning. Toxicol Rev 2005; 24: 225-35,

Srisont S, et al. A carbon dioxide {atality from dry ice. J Foremsic S 2009;

34: 9612,

4. Leikin JB, et al. Carbon dioxide-induced narcosis due to dry ice exposure
in a patient with slecp apnes. Amn Intern Med 2009; 150: 361-2.

5. Dunlord JV, et al. Asphyxiation due to dry ice in 2 walk-in freezer. J
Emerg Med 2009; 36: 353-6.

Preparations
Proprietary Preparations (details are given in Volume B)
Multi-ingredient Pr ons. Canad.: Carbog

cal L

o

Carbon Monoxide (UsaN)

Anglies monoksidas; Carbone, monoxyde de; Carbonei,
Monoxidum; Hillimonoksidi; Karbon Marnoksit; Kolmonoxid;.
Mondxido-de carbono; Wegla tlenel; Monooncun anepona,-
Oxmce: anepona rapHbiv (a3

CAS — 630080,
UNIl = JUTEEAVAS2
Pharmacopoeias. In Bur. (see p. vii).

Ph. Bur. 8: (Carbon Monoxide). A colourless, flammable gas
obtained by steam reforming (catalytic oxidation) of
hydrocarbons. Soluble 2.266 in 100 of water by volume at
20 degrees and at a pressure of 101kPa. Store as a

comp! d gas in appropriate

Uses .

Carbon monoxide has been used in low concentrations as a
tracer gas in measurements of lung function. It is also
reported to have anti-inflammatory properties and is under
investigation for various medical uses, including the
management of delayed graft function. It appears to have
a physiological role as a signalling moiecule. Carbon
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monoxide labelled with carbon-11 may be used to assess the
blood volume.

General references.
1. Foresti R,  al. Use of abon asath agent
and challenges. butensive Care Med 2008; 34: 649-58.
2. hwlmnim-mmmmmmde—hm
drial use. Criz Care 2009; 13: 220.
3. Ghosh §, f al. Carbon mnnoxide- endogenous mediator, potential
diagnostic and therapeutic target. A Med 2010; 42 1-12.

Adverse Effects

benefit, and retrospective studies have shown improved
symptoms in patients given hyperbaric oxygen, particu-
lafly in terms of neurological outcomes.® However, con-
trolled studies have had conflicting results, and systematic
reviews!# have found insufficient evidence to determine
the value of hyperbaric oxygen. Although hyperbaric oxy-
gen has been widely recommended, particularly in severe
poisoning, availability is limited and it remains undear
which pati should be considered for therapy. There is
some evidence t.hal older patients, and those with loss of

consd prolong or high carboxyhae-

Carbon monoxide is produced by incomplete combustion of
organic materials and is highly toxic when inhaled; infants,
small children, and elderly people are parm:ularly
susceptible. Aithough the number of cases of p i

moglobin concentrations gaull- most benefit,” but tlns is not
blished. It is also unclear whether use in pregnancy
should be recommcnded. since few studies have induded

countries such as the UK has fallen as the avallabxh!y of coal
gas has declined and as changes have been made 10 motor
vehides to improve their exhaust fumes, carbon monoxide
is still a major cause of poisoning. Common sources of
carbon monoxide incdlude poorly maintained and ventilated
heating systerns and improperly burnt fuel in domestic fires.

When inhaled, carbon monoxide combines with
haemoglobin in the blood to form carboxyh Jobin:

pregnant p Case reports suggest that hyperbaric
oxygen is safe in pregnancy,® and there is a theoretical
basis for therapy since fetal carboxyhaemoglobin concen-
trations are higher than maternal concentrations, but evi-
dence is limited and successful outcomes without the use
of hyperbaric oxygen have also been reported.®

USNF 31: (Trichk onoflt hane). A clear, colour-
less gas having a faint ethereal odour. Store in airtight
cylinders at a temperature not exceeding 40 degrees.

Profile
Chlorofluorocarbons are halogenated hydrocarbons that
contain only chlorine, fluorine, and carbon. They have been
widely used as refrigerants and as acrosol propellants
{p- 1797.1), but have been phased oiat in most countries due
to their effects on atmospheric ozone. Medicinally, they
have been used in metered dose inhalers and in cold sprays
for topical anaesthesia,but alternatives are now preferred.
References.

1. WHO. Fully hal Health

Criteria 113. Geneva: WHO, 1990. Available at hup://www.inchem.org/
documents/ehc/ehc/ehc] 13.hum (accessed 08/06/09)

Preparations

Proprietary Preporations (detalls are given in Volume B)
; Austral.: Derm-

;.n_._ Arg.: Algi

1. Juurlink DN, ¢ af. Hyperbaric oxygen for carbon i
Available in The Cochrane Dambase of Systematic Reviews: Issue 1.
Cl John Wiley; 2005 (accessed 20/06/08).

this complex is unable to transport oxygen, and celiular
hypoxia therefore results. Most of the symptoms of
poisoning are due to anoxia, but carbon monoxide also has a
direct toxic effect on cells, which may contribute. The skin
and tssues may tum a dassic cherry red in patients
poisoned with carbon monoxide although this is seen most
often after death.

The symptoms of carbon monoxide poisoning are varied
and depend on the degree and duration of exposure,
although there is wide variation between individuals.
Unconsciousness may occur suddenly but is ¢ ly
preceded by headache, dizziness, wealcness, nausea, and
vomiting, which may be misdiagnosed as a viral illness or
food poisoning. Other symp may include skin lesions,
excessive sweating, pyrexia, increased respiration, mental
dullness and confusion, visual disturbances, convulisions,
hypotension, tachycardia or other cardiac arrhythmias,
myocardial ischaemia, and possibly myocardial infarction.
Death may result from respiratory failure, pulmonary
oedema, cardiovascular failure, or cerebral damage.
Carboxyhaemoglobin concentrations are a guide to the
severity of poisoning, although they are not a reliable
measure of toxicity; the lethal concentration of carbox-
yhaemoglobin in the blood is about 50% or more.

Buckley NA. ef al. Hyperbaric oxygen for carbon monoxide polsonlnl a
systematic review and critical analysis of the evidence. Toxicol Rev 2005;
24: 75-92.

. Domachevsky L a al. Hyperbaric oxygen in the wreaument of carbon

monoxide poisoning. Clin Texicel 2005; 43: 181-8.
. Sllver S, et al. Should hyperbaric oxygen be used for carbon monoxide
poisoning? CJEM 2006; 8: 43-6.

5. Wolf SJ. & a. i College of Clinical
policy: aitical issues in the management of adult pwenu presenung to
the emergency department with acute carbon monexide poisoning. Ann
Emerg Med 2008; 51: 138-52.

6. Hawkins M, et ai. Severe carbon monoxide poisoning: outcome afiec
hyperbaric oxygen therapy. Br J Anaath 2000; 84 584-6.

7. Weaver LK, et al. Carbon monoxide poisoning: risk facrors for cognitive
sequelae and the role of hyperbaric oxygen. Am J Respir Crit Care Med
2007; 176: 491-7.

8. Van Hoesen KB, « al. Shoutd hyperbaric oxygen be used 10 weat the

pregnant patient for acute carbon monoxide poisoning: a ase reportand

Kiterature review. JAMA 1989; 261: 1039-43. Correction. ibid. 1990; 263:

>
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Multi-i
Freezrr USA: Acro(reezef Fluro-Ethyh

Dimethyl Ether

Dimethyl Oxide; Eter dimetflico; Methoxymethane; Oxybis-
methane; NpocTon ﬂmemnosuu Idmp; ﬂme'run3¢np
CHgO=4607 .

CAS — 115106

UNIl — AM13FS698X.

Profile

Dimethyl ether is used as a refrigerant, aerosol propellant
{p- 1797.1), and topical anaesthetic. It has also been used as
a fuel.

2750. repa h
9. Bar R, a al. Pre-labor exposure 10 carbon monoxide: should the nconate P rations
be treated with hyperbaric oxygenation? Clin Taxicol 2007; 43: 579-81. Propriefary Preporations (details are given in Volume B)
5 Single-ingredient Preparafions. UK: ActiFreeze.
Preparations ncredient P .
- . Ml Ger.: Warner; Irl: Wartner;

Proprietary Preparations (details are given in Volume B) Israel: Wumerf- NZ: Warmer, Singapore. Wartner: Switz.:

.. . . Wartner: UK: Histofreezer; PR Freeze Spray; Ralgex Freeze

Preparations. Canad.; Lung Diffusion Test Mix | Sprayt; Wartner; USA: Compound W Freeze Off.

No Ne Co; Lung Diffusion Test Mixture Gas.

Concentrations over 1000ppm of carbon ide in
inspired air may be fatal in 1 hour. Neurological and
psychiatric sequelae may develop sorne weeks later in the
survivors of severe poisoning and therefore a prolonged
follow-up of such patients is advised; symptoms include
memory impairment, apathy, mutism, irritability, person-
ality change, gait disturbance, and urinary and faecal
incontinence. Chronic carbon monoxide exposure may
Ppresent as a non-specific illness with headache, nausea, and
flu-like symptoms.

General references.
1. WHO. Carbon Monoxide. Bnvirommental Health Criteria 213, Genzvt
'WHO, 1999. Avaiiable at: haep: inchem,

ebc213.bum (accesed 05/07/04)

2. Satan D, e dl. C: of to severe
carbon monaxide poisoning. J Am Coll Cardiol 2005; 45: 1513~16.

3. Kao LW, Nafiagas XA Toxicity associaled with carbon monoxide. Clin
Lab Med 2006; 26: 99-~125.

4. Cevik AA, et al. Interrelation berween the Poisoning Severity Score.
arboxybaemoglobin levels and in-bospital dinical course of arbon
monoxide pouonlnx. Int J Clin Pract 2006; 60 1555-64

RL Carbon an updated

S. Prockop LD, Ch
review. J Newrol Sd 2007: 262: 122-30.

6. Grieb G, o al. The divenity of carbon monoxide intoxication: medical
courses can differ exiremely—a case report. Imha! Toxiool 2008; 20: 91 1-
3.

7. Weaver LK. Carbon monoxide poisoning. N Bngl J Med 2009; 360: 1217-
25.

Treatment of Adverse Effects

The . patient should be d from the c i d
atmosphere and an effective airway established. Oxygen
(100%) should be given until the blood carboxyhaemoglo-
bin concentradon bas fallen below dangemus levels
(usually 5%). Manag is then tic
and supportive with attention being given to the possible
need to treat or correct any cardiovascular disorders,
metabolic acidosis, or cerebral oedema. Hyperbaric oxygen
therapy may be considered in pregnant patients or in severe
poisoning (if the patient is, or has been, unconsdous, or if
there are neurological symptoms or cardiac complications)
but is of unproven benefit (see below) and its use is
controversial.

Hyperbaric oxygun therapy. The use of hyperbaric oxy-
gen therapy in of carbon mc ide pois-
oning is contmvemal 13 The rationale for using hyperbaric
oxygen is that it increases the rate at which carboxyhae-
moglobin dissodates, shortening the half-life from about 2
hours with normobaric 100% oxygen to about 30 minutes
with hyperbaric oxygen. Theoretically, this should be of

All cross-references refer to entries in Volume A

Chlorofluorocarbons

CFCs; Cloroﬂuorocarbonos Xnopodrropoyrnesonopogu,
XnopTopyrniepoa.

Cryofluorane NN

‘CFE-114; Criofluorano; Cryofluoranum;. Dtchloroteu'aﬁuor~
oethane; Propellant 114; Refngerant 114 Tenaﬂuomdlmlor-
oethane; KpwodnyopaH. - :
12-Dichlore-1,1,2,2- tetraﬁuoroethanee
COLF=1709

CAS — 76-14-2.

UNIl — 6BSWT93AR.

Pharmacopoeias. In USNF.

USNF 31: (Dichlorotetrafluorocthane). A dear, colourless
gas having a faint ethereal odour. Store in airtight cylinders
at a temperature not exceeding 40 degrees.

Dichlorodiﬂuoromelhane

1z chlorodiﬂmrometanor Drﬂumodk:hloromemane:
Propellant 12; Refrigerant 12; nnwopnuxnopnman
JAuxnopawTopmeTaH. BT

CCLF,=1209

CAS — 75-71-8

UNIl — OFMO6SGIKO.

Pharmacopoeias. In USNF.

USNF 31: (Dichlorodifluoromethane). A dear, colourless
gas having a faint ethereal odour. Store in airtight cylinders
at 2 temperature not exceeding 40 degrees.

Trichlorofluoromethane

CFC-11; Fluorotrichioromethane; Flucrotriclorometano; Pro-
pellant 11; Refrigerant 11; Trichloromonofluoromethane;
Trictorofluorometano; Tncloromonoﬂuoronﬁtano Orop-
TPAXAIOPMETaH, .

COyF=1374"
CAS — 75-65-4.
UNIF— 990TYB331R. .

NOTE. Tnchloroﬂuommethane is a gas above 24 degrees

Pharmacopoeias. In USNF.

Helium

£939; Helio; Hélium; lenwit.
He=4,002602

CAS - 7440-59-7.

ATC — VO3ANO3,” -
ATC Vet — QVDIANO3.

UNIl — 206GF3GBA1.

Pharmacopoeias. In Bur. (see p. vii) and US.

Ph. Eur. 8: (Helium). A colourless, inert gas. Store as a
compressed gas or liquid at cryogenic temperatures, in
appropriate containers.

USP 36: (Helium). A colourless, .odourless, tasteless gas
which is not combustible and does not support combustion.
Very slightly soluble in water. Store in cylinders.

Profile

As helium is less dense than nitrogen, breathing a mixture
of 80% helium and 20% oxygen requires less effort than
breathing air. Thus mixtures containing various concentra-
tions of oxygen (‘Heliox’) have been used in patients with
respiratory disorders. Mixtures of helium and oxygen have
also been used as an alternative to compressed air by divers
or others working under high pressure, to prevent the
development of nitrogen narcosis. Helium has been used in
pulmonary function testing.

Breathing helium increases vocal pitch and causes voice
distortion. Cerebral artery gas embolism has been reported
after inhalation of helium from a pressurised container.

Although individual studies may have shown benefit,
systematic reviews of the use of helium and oxygen
mixtures (heliox) in various respiratory disorders have
generally failed to find convincing evidence of value.

References to the use of helium or heliox.

1. Rodrige GJ, « «l Hellox for treaument of exacerbations of chronic
obstructive pnimonary disease. Available in The Cochrane Database of
Systematic Reviews: Issue 2. Chichester: John Wiiey: 2002 (accessed
22/02110).

2. Rodrigo GJ, & 4/ Heliox for nonintubased acute asthma patients.
Avaflable in The Cochrane Database of Systematic Reviews: Issue 4.
Chichester: John Wiley; 2006 (accessed 22/02/10).

3. Colebourn Cl. e al. Use of helium-oxygen mixture in adult patents
Pmsendnl with exacerbations o{ asv.hnu and chmnlc obstructive

y disease: a ie 2007; 62: 34-42.

4. Harris PD, Barnes R. The uses oihel!ummdmnnxncunemdlmal
practice. Anaesthesia 2008; 63; 284-93.

5. McGarvey JM, Pollack CV. Heliox in airway management. Emerg Med
Clin NorthAm 2008; 26: 905-20.




Chlorofluorocarbons/Oxygen 1799

6. Migliori C, et al. The cffects of helium/oxygen mixture (heliox) before
and after extubation in long-term mechanically ventilated very low
birth weight infants. Pediatric 2009; 123: 1524-8.

7. Vorwerk C, Coats T. Heliox for croup in children. Available in The
Cochrane Database of Systematic Reviews; Issue 2.-Chichester: John

- Wiley: 2010 (accessed 22/02/10).

Preparations
Propriefary Preparations (details are given in Volume B)

Multi-ingredient Prepardations. Camad.: Heliox: Lung Diffusion
Test Mixture Gas.

Hydrochlorofluorocarbons

HCFCs; Hldrocloroﬂuo rocarbonos, anpoxnop¢10—
pymepons:

Chlorodifluoroethane
Clorodlﬂuoroetano Propel!ant l42b Reﬁlgerant ‘142b;

ﬂu¢mpmouoxnopa12u
-dlﬂuoroethane

Chlorodlﬂuommethcne

Clorodrﬂuorometano Propeﬂant 22 Refngerant 22 Ond-
TOPMOHOXTIOPMETaH; Xnopnmopmeﬁu

CHCIF;=86.47

CAS — 75456,

Profile

Hydrochlorofluorocarbons are hydrogenated chlorofluor-
ocarbons. They have been used similarly to chlorofluor-
ocarbons as refrigerants and as aerosol propellants
{p. 1797.1) but share the same environmental effects and
have been or are being phased out in most countries.
References to toxicity.
). Deksnt W. T of rb L
Health Perspect 1996; 104 (suppl 1): 75-83.
2. Xubota T, Miyata A. Acute inhalational exposure to chlorodifluor-
omethane (freon-22): a report of 43 cases. Clin Toxicof 2005; 43; 305-8.
3. Koreeds A, of al. An accidental death due 10 Freon 22 (monochiorodi-
fluoromethane) inhalation in a fishing vessel. Forensic Sa Inf 2007; 168:
208-11.
4 Lec ), et al 1 P
(HCFC-141b} is with acute
Chest 2009; 135: 149-55.

Enviren

10 11-dichloro-1-
'y toxicity.

s HE
Hydroﬁuroalkanes, I'mnpo¢mpyrneponu

Apafiurane jgan, i)

Apafturano; . Apaﬂuranurn, Heptaﬂuoropropane HFA 227
HFC-227; Anadinypan.

11 1,2.3,3,3+Ieptaﬂuompropane

C3HF=1700

CAS — 431-89-0.-

UNH — mopsscoxa

Difluoroethane

Diflucroetano; Ethyiene Fluoride; Fluoruro de etileno; HFC-
:1523; Propelente 152a; Propellant 1523; Refngerant 152a;
Refrigerante 152a; fudgropatan.

1, 1-D|ﬂuomethane

UNI — 0B1UBKIMED,

Norflurane aan, usan, iNNj

-Fluorocarbon 134a; Fluonocarbono 134a GR-106642X HEA-
134a; HFC; 134a. Norflurano; ,Norﬂuranum, Propellant 1343;
Refrigerant 134a; Hopdmypan.... . -
1,),1,2-Tetraflucroethane, *

CofyFe=1020"

CAS — 811-97-2

UMY — DHOES3KTYR -

Pharmacopoeias. In Eur. (see p. vii).

Ph. Bur. 8: (Norflurane). A clear, colourless gas, liquid
under pressure. At 20 degrees and at a pressure of 101 kPa,
slightly soluble in water: freely soluble in alcohol. Relative
density about 1.23, for the gas in the liquid phase. B.p.
about -26 degrees. It is a hygroscopic, non-flammable gas.

_UNIt = TAQUOF49CY.

HFC 45fa R-245h nemadmpnponau.. -
1,1,3,33Pentafluorapropane., . ,

CoHyFs=1340 2 - .
CAS == 460-73-1.::

Profile

USNF 31: (Isobutane). A colourless gas. It is highly
flammable -and explosive. Store in airtight cylinders at a
temperature not exceeding 40 degrees.

Profile

Isobutane is used as an aerosol propellant {(p. 1797.1).

Hydrofluorocarbons are halogenated hydrocarbons that

-contain only hydrogen, fluorine, and carbon. They do not

affect atmospheric ozone and have been used as
replacements for chlorofluorocarbons and hydrochloro-
fluorocarbons as refrigerants and as aerosol propellants
(p. 1797.1). Apaflurane and norflurane are also used in
metered dose inhalers. Norflurane and pentafluoropropane
have been used as topical anaesthetics.
References to abuse and toxicity.
1. Dekant W. of !
Health Perspect 1996; 104 (suppl 1): 75-83.
2. Kuspis DA, Krenzelok EP. Ol frostbite injury from intendonal abuse of
a Duorinated hydrocarbon. J Taxieo! Clin Taxiol 1999; 37: 873-5.
3. Sasaki C. et al. A fauality due 10 inbalation of 1.1-difluoroethane (HFC-
152a) with a peculiar device. Forensic Toxicol 2009; 27; 45-8.

Environ

Preparations
Propriefary Preparations (details are given in Volume B)
Single-ingredient Preparafions. Ger.: Wartner Kids+.

Multi-ingredient Py ons. USA: Geb

P

Spray & Stretch.

Hydrogen Sulfide

Aodo sulﬂ'udnco, Hydrogen Sulphnde Snarkcrwodér Suffuro
de hldrégeno Sulphuretted Hydrogen Cynb¢un Bonopo.qa.
Ceposonopog.

H5=3408 . -

CAS.—.7783:06-4.

UNIl 5~ YYOFVM7NSN,

Description. Hydrogen sulfide is a colourless flammable
gas with a characteristic odour.

Uses

Preparations .

Proprietary Preporafions (details are given in Volume B)
Molti-ingredient Preparations. UK: Histofreezer, USA: Com-
pound W Freeze Off.

Nitrogen

Azt Azotas; Azote; Dusik; . E941; Kvévgas, Nltrogén,
Nmogemum, Nmbgeno Nmogenum, Stlckstoff Typpi; Asor

NZ-Z&OM
CAS — 7727-37:9,
ATC — VO3AND4.

ATC Vet — ovosmo#
NI — N762921175. -

Pharmacopoeias. In Exr. (see p. vii) and Jpn. Also in USNF.
Ph. Eur. 8: (Nitrogen). The monograph applies to nitrogen
for medicinal use. A colourless, odourless gas. Soluble 1 in
about 62 of water and 1 in about 10 of alcohol by volume at
20 degrees and at a pressure of 101kpA. Store as a
compressed gas or a liquid in appropriate containers.

The BP 2014 directs that nitrogen should be kept in
approved metal cylinders, the shoulders of which are
painted black and the remainder grey. The cylinder should
carry a label stating “Nitrogen’.

Ph. Bur, 8: (Nitrogen, Low-oxygen). The monograph
applies to nitrogen used in the production of an inert
atmosphere for finished medicinal products that are
particularly sensitive to degradation by oxygen. A colour-
less, odourless gas. Soluble 1 in about 62 of water and 1 in
about 10 of alcohol by volume at 20 degrees and at a
pressure of 101 kpA. Store as a compressed gas or a liquid in
appropriate containers.

USNEF 31: (Nitrogen). A colourless, odourless, tasteless gas.
It is non-flammable and does not support combustion.
Soluble 1 in about 65 of water v/v and 1 in about 9 of

Hydrogen sulfide is used in industrial processes as a source
of sulfur and in the manufacture of other chemicals,
although it is mainly encountered as a byproduct. It appears
to have a physiological role as a signalling molecule and has
been investigated for therapeutic use.

Adverse Effects

Hydrogen sulfide is a common industrial hazard and is
encountered in such places as chemical works, mines,
sewage works, and stores of decomposing protein.
Concentrations of 0.1 to 0.2% in the atmosphere may be
fatal in a few minutes. At concentrations of about 0.005%
and above hydrogen sulfide causes anosmia and its
unpleasant odour is no longer detectable. Pulmonary
irritation, oedema, and respiratory failure usually occur
after acute poisoning; prolonged exposure to low
concenuations may cause severe conjunctivitis with
photophobia and corneal opadity, irmritation of the respir-
atory tract, cough, nausea, vomiting and diarrhoea,
pharyngitis, headache, dizziness, and lassitude. There are
some similarities to poisoning with cyanides.

General references.

I. WHO. Hydrogen Sulfide. Envirommental Health Criteria 19. Geneva: WHO,

1981. Available ac:  hup://www.inchem.org/documenis/ehc/che/
¢hc019.htm (accessed 05/07/04)

Treatment of Adverse Effects

alcohol v/v at 20 degrees and at a pressure of 760 mmHg.
Store in cylinders.

USNF 31: (Nitrogen 97 Percent). It contains not less than
97% viv of nitrogen. Store in cylinders or in a low-pressure
collecting tank.

Uses and Administration

Nitrogen is used as a diluent for pure oxygen or other active
gases and as an inert gas to replace air in containers holding
oxidisable substances. It is also used as an aerosol propellant.
Liquid nitrogen is used as a cryotherapeutic agent for the
removal of warts (p. 1689.3) and for preservation of tissues
and organisms.

Adverse Effects

Nitrogen narcosis has been reported after use of nitrogen
mixtures (such as air) at high pressure, for example in deep-
water diving. Under high pressure, nitrogen dissolves in
blood and lipid. ¥ decompression is 100 rapid, nitrogen
effervesces from body stores produdng gas emboli and leads
to the synd of decomp sickness. High inhaled
concentrations of nitrogen are asphyxiant. Skin contact
with liquid nitrogen causes frostbite or burns.

References.

1. Roblin P, et al. Liquid nitrogen injury: a case report, Burns 1997; 23: 638
40.

In poisoning with hydrogen sulfide the patient should be
removed from the coniaminated atmosphere and an
effective airway established. Inhalation of amyl nitrite or
parenteral therapy with sodium nitrite have been suggested
for severe poisoning: this produces methaemoglobin, which
may bind sulfide. Oxygen should be given: hyperbaric
oxygen therapy has also been suggested. The conjunctival
sacs should be carefully washed out if eye irrtation is
severe. Management is then usually symptomatic and
supportive.

Isobutane

E943b Isbbutano, 2 Methyipropane. 2 Metllptopano, Mso-
GyTan.

CHi=58.12

CAS — 75-28-5.

UNIT= BXRATPE 1.

Pharmacopoeias. In USNF.

The symbol t denotes a preparation no longer actively marketed

2. -Wighton G, e al. Clinical and morphological aspects of death
due to liquid nitrogen. Int J Lesal Med 1998: 111: 191-5.

3. Koplewitz BZ «f al. Gastric perforation auributable to liquid nitrogen
ingestion. Pediatria 2000; 103: 121-3.

4. Kim DH. Lee HJ. Evaporated liquid nitrogen-induced asphyxia: a case
report. J Korean Med Sci 2008; 23: 163-5.

Preparations
Proprielary Preparctions (details are given in Volume B)
Singlo-ingredient Preporations. Belg.: Airapy; Neth.: Airapy.

i Canad.: Lung Diffusion Test Mix

Multi-ingredient
No Ne Co; Lung Diffusion Test Mixture Gas; Demm.. Airapy;
Fin.: Alrapy.

Oxygen
Deguonis; E9548, Happi Kyslfk; Ossngencr Oxngén‘ Oxfgeno,
Oxygéne, Oxygemum, Oxygenum Sauerstoﬁ‘ ‘nen Kucno;r

02-31 998.
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CAS'= 7780447

i OVOJANO
UNIl—SBBTTI4065:

Pharmacopoeias. In Chin., Eur. (see p. vu) Int., Jpn, US, and
Viet.
Ph. Bur. 8: (Oxygen). A colourless gas. Solubie 1 in about 32
of water by volume at 20 degrees and at a pressure of
101 kPa. Store as a compressed gas or liquid in appropriate
containers. Oils and grease are not to be used unless
oxygen-compatible.
The BP 2014 directs that oxygen should be kept in approved
metal cylinders, the shoulders of which are painted white
and the remainder black. The cylinder should carry a label
stating ‘Oxygen’. In addition, ‘Oxygen’ or the symbol ‘O,
should be stencilled in paint on the shoulder of the cylinder.
- Ph. Bur. 8: (Oxygen (93 per cent)). It contains 90.0% v/v to
96.0% v/v of O,, the remainder mainly consisting of argon
and nitrogen. A colourless gas. It is normally used on the site
where it is produced. It is fed directly into a medicinal gas
pipeline or administration system. Where authorised, it may
be stored in suitable containers. Oils and grease are not 10 be
used unless oxygen-compatibie.
Ph. Eur. 8: {Air, Medicinal; Aer Medicinalis; Medical Air BP
2014). It is compressed ambient air containing not less than
20.4% and not more than 21.4% of oxygen. A colourless,
odourless gas. Soluble 1 in about 50 of water by volume at
20 degrees and at a pressure of 101 kPa. Store as a gas in
sujtable containers.
Ph. Bur. 8: (Air, Synthetic Medicinal; Aer Medidnalis
Artificiosus; Synthetic Air BP 2014). It is a mixture of
nitrogen and oxygen containing between 21.0% and 22.5%
of oxygen. A colourless, odourless gas. Soluble 1 in about 50
of water by volume at 20 degrees and at a pressure of
101 kPa. Store as a compressed gas in suitable containers.

USP 36: (Oxygen). A colourless, odourless, tasteless gas that
supports combustion more energetically than does air.
Soluble 1 in about 32 of water v/v and 1 in about 7 of
alcohol v/v at 20 degrees and at a pressure of 760 mmHg.
Store in cylinders or in a pressurised storage tank.

USP 36: (Medical Air). A natural or synthetic mixture of
gases consisting largely of nitrogen and oxygen. It contains
not less than 19.5% and not more than 23.5% of oxygen.
Store in cylinders or in a low pressure collecting tank.

USP 36: (Oxygen 93 Percent). It contains not less than 90%
v/v and not more than 96% v/v of oxygen, the remainder
consisting mostly of argon and nitrogen. Store in cylinders
or in a low-pressure collecting tank.

Uses and Administration

Oxygen comprises about 21% of ambient air (at sea level)
and is essential for human life. Supplementary inhaled
oxygen may be necessary to prevent or correct hypoxaemia
and increase oxygen delivery to the tissues in situations
where the ambient air is unable to meet the body’s
demands. It is used in respiratory failure (p. 1801.1), as an
adjunct to specific treaument of the underlying cause and
general measures such as correction of anaemia or
repositioning of the patient. It is also used in situations
where the oxygen content of the air breathed is inadequate,
for ple in the 8! of high-altitude disorders
(p- 1276.2).

Oxygen is of value in the treatment of poisoning with
several substances, induding carbon monoxide (p. 1798.1),
cyanides- (see under Hydrocyanic Adid, p. 2156.2), and
dichloromethane (p. 2181.2). It is also used in inhalation
injury and in poisoning with asphyxiant gases. Workers in
pressurised spaces and divers may breathe oxygen rather
than air to reduce the risk of nitrogen narcosis, although
mixtures of oxygen with an inert gas such as helium may be
preferred to reduce the risk of oxygen toxicity. Oxygen is
also used as a diluent of volatile and gaseous anaesthetics.

Supplementary oxygen is usually provided at a
concentration of 100% as a compressed gas in metal
cylinders, but is also available as liquid oxygen, supplied at
low temperatures in insulated containers. Oxygen
concentrators, which extract oxygen from the air, can
provide concentrations of 95 to 98% and are useful for
domiciliary therapy, espedially in patients using large
quantities of oxygen. Oxygen is used in varying
concentrations, and this is controlled by the flow rate and
delivery system. In general, the exact concentration inhaled
is not critical, and most delivery systems work by adjusting
the flow rate to provide an approximate dose. Nasal
c lae deliver.conc of 24 to 40% at flow rates
of 1 to 4litres/minute and are widely used, particularly for
domidiliary therapy. Standard face masks deliver concen-
trations of 40 to 60% at flow rates of 5 to 10litres/minute,
while reservoir masks allow flow rates of 10 to
15 litres/minute and oxygen concentrations of 60 to 90%.
Where more precise dosage is required Venturi masks may

All cross-references refer to entries in Volume A

be used; these provide a set oxygen concentration

independent of the flow rate and are available for a range

of concentrations between 24 and 60%. If very high doses
are required, endotracheal tubes or oxygen tents can be

used to deliver concentrations of up to 100%.

The concentration of inspired oxygen used has generally
been determined by the condition being treated, but for
acute therapy it is now considered preferable to adjust the
concentration in line with the patient’s oxygen saturation.
For most -patients, the target oxygen saturation,
measured by pulse oximetry, should be 94 to 98%.
However, for patdents with hypercapnia or at risk of
hypercapnia, a lower target range of 88 to 92% is
recommended (see Chronic Lung Disorders under Precau-
tions, p. 1802.1). Suggested initial concentrations and
delivery systems are as follows:

e gitically ill patients, induding those with carbon
monoxide poisoning: high concentration oxygen
{reservoir mask at flow rate of 15 litres/minute)

« patients with acute hypoxaemia due to conditions such
as acute asthma, pneumonia, pulmonary embolism, and
postoperatively: moderate concentration therapy
* oxygen saturation below 85%: reservoir mask at flow

rate of 10 to 15 lires/minute

« oxygen saturation 85% or higher: nasal cannulae or

simple face mask at flow rate of 2 10 10litres/minute
o patients with chronic obstructive pulmonary disease or
otherwise at risk of hypercapnia: low concentration
{controlled) oxygen therapy
o if oxygen saturation unknown: 28% at 4litres/mi-
nute, or 24% at 2 to 4 litres/minute if there is a history
of hypercapnia (via Venturi mask)
* oxygen saturation below 88%: nasal cannulae at 2 to
6 litres/minute or simple face mask at 5 litres/minute
Hyperbaric oxygen therapy, in which oxygen is given at
pressures greater than 1 atmosphere, has an established role
in the g of decompression sickness and gas
emboli. It may also be used in carbon monoxide poisoning,
severe anaerobic infection, and several other conditions,
although this is more controversial; for further discussion,
see below.

Genu’al references.

1. Bateman NT, Leach RM. ABC of oxygen: acute oxygen therapy. 8MJ
1993; 317: 798-801.

. Rees PJ, Dudley F. ABC of oxygen: oxygen therapy in chronic lung
disease. BMJ 1998; 317: 8714.

. Rees PJ, Dudley F. ABC of oxygen: provision of oxygen at home. BMJ
1998; 317: 935-8.

4. Treacher DP, Leach RM. ABC of oxygen: oxygeo transporn: basic

principles. BMJ 1998; 317: 1302-6.

S. Leach RM, Treacher DF. ABC of oxygen: oxygen transport: tissue
hypoxia. BMJ 1998; 317: 1370-3.

6. T3 lor Yy Care (AARC). AARC
clinical pracdce guideline: oxygen therapy for adults in the acute care
facility—2002 revision & update. hprr Care 2002; 47: 717-20. Also
available ac 02.717.pd{
{accessed 26/02/10)

7. Ameri i for Care (AARC). AARC dinical
practice guideline: oxygen therapy in the home or alternate site health
care hali:y—zoo7mmm5updnz.xcnrarezoa7 52: 10638, Also
available ar http:/ /1 Pes/pdi/08.07.1063.pdl
{accessed 26/02/10)

8. ODriscoll BR, ¢ al. British Thoracic Society. BTS guideline for
emergency use in adult patients. Thorax 2008; 63 (suppl 6): vil-
vi68. Correction. ibid. 2009: 64: 91. Also available at: hup://www brit-
thoracic.org.uk Ll linical % %
200xygen/Ex Y i fTHX-63-Suppl_6.pd{
{accessed 03/06/09)

. Balfour-Lynn IM. et /. British Thoradc Sodety. BTS guidelines for home
oxygen in children. Thorax 2009; “ {suppl 2): ki1-ii26. Also avalhble n.
hutp://www brit-thoracic.org.uk/Portal linical%. fi
Home%20( 200xygen%. i -
children-full-guideline.pdf (sccessed 26/02/10)
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Cluster headache. Randomised studies!? and case series®

have suggested that inhalation of 100% oxygen can

provide rapid and effective treatment of custer headache

aunacks (p. 670.1), although the evidence is limited.* Treat-

ment with 100% oxygen should thereiore be considered

in all patients,’ although practical issues may limit its use.
1. Foganm L. Treatment of cluster headache: a double-blind comparison of

oxygen v air inhalation. Arch Neuro! 1985: 42: 362-3.

to 40 sessions may be required. Hyperbaric oxygen ther-
apy is generally safe, but adverse effects may occur (see
p. 1801.3); intermittent replacement of oxygen with air as
the inspired gas may reduce the risk of oxygen toxicity.

Hyperbaric oxygen therapy appears to act by 2 main
mechanisms. The increased pressure has a physical effect,
reducing the size of gas bubbles within the drculaton,
which is of benefit in decompression sickness and gas
embolism. In addition, the amount of oxygen dissolved in
the blood increases under pressure, increasing tissue oxygen
supply. This hyperoxia has various physiological and
biochemical effects, including stimulation of wound heali
and tissue repair and improved resistance to infection.

Therapy with hyperbaric oxygen has been tried in many
disorders, but for most there have been few controlled
studies and evidence of benefit is therefore limited.
However, there are several accepted indications, and
research continues in many other disorders.

- The role of hyperbaric oxygen therapy as a safe and
effective primary therapy for decompression sickness and air or
gas embolism is well established. Reduction in bubble size is
the main action, although the increase in oxygenation may
also be beneficial. Pressures are generally similar to those
used for other indications (initially about 2.8 atmospheres),
although up to 6atmospheres may be required. The
pressure may then be graduaily reduced at a safe rate.

Hyperbaric oxygen Lherapy has been widely recom-

ded for carbon g but its precise role
remains undear (see p. 1798 1) it may be considered in
selected patients. Its mechanism of action is not fully
understood; it increases the rate at which carboxyhaemo-
globin concentrations decline, increases intracellular
delivery of oxygen, and may also reduce lipid peroxidation
and thus spare neuronal cell membranes.

In the management of wounds and infections, hyperbaric
oxygen has various applications.* It is used as adjunctive
therapy in dostridial infections (gas gangrene) (p. 182.2). Early
treatment appears to reduce systemic toxic reactions
(probably by inhibiting the production of alpha toxin by the
anaerobic bacteria, Clostridium) thus enabling patients to
tolerate surgery more readily; additionally there is a dearer
demarcation of viable and nonviable tissue. Necrotising
fasdiitis (p. 193.1) is another infection in which hyperbaric
oxygen therapy may be useful, although evidence is limited.
Other infections in which hyperbaric oxygen therapy may
be used include osteomyelitis, and intracranial abscesses.

There is some evidence that hyperbaric oxygen may be
useful in non-infected wounds where hypoxia contributes
to poor healing® In problem wounds, including venous
ulcen Lherapy may increase the tissue oxygen tension and

but it is emphasised that it is
adjunctive therapy and not a replacement for meticulous
local care. Hyperbaric oxygen therapy might also reduce the
risk of major amputation in patients with chronic diabetic
foot wicer.”® Improved healing of leg ulcers has been
reported® with use of hyperbaric oxygen therapy in patients
with livedoid vasculopathy. Other wounds in which
therapy may be benefidal include thermal burns and
compromised skin grafis and flaps. The management of
burns and wounds is described on p. 1683.1 and p. 1690.1,
respectively. Hyperbaric oxygen may also be of benefit in
patients with acute trauma and cqush injuries;'? it reduces
oedema by causing vasoconsuiction and may reverse
ischaemia by increasing oxygen delivery.

In patients with malignancy, hyperbaric oxygen may
have a role in the treatment of radiation-induced tissue
damage;"! radiation therapy can damage normal adjacent
tissue resulting in tissue hypoxia and eventual cell death but
hyperbaric oxygen lherapy appears to aid in salvaging such
tissue by in inally viable
tissue. There is some evidence of benefit in osteoradione-
crosis, soft-tissue damage, and radiation-induced haemor-
rhagic cystitis (p. 2347.3), although a randomised study'?
failed to confim this in patients with jaw osteoradione-
crosis. Hyperbaric oxygen has also been tried as an adjunct

to dard t for neopl but does not

2. Cohen AS, d al. High-Dow oxygen for of cluster &
randomized trial. JAMA 2009; 302: 2451-7.

3. Rozen TD. High oxygen (low rates for cluster headache. Neurology 2004:
63: 593.

4, Bennett MH, # al. Normoberic and hyperbaric oxygen therapy for
migraine and cluster headache. Available in The Cochrane Database of
Systematic Reviews; Issue 3. Chichester: John Wiley: 2008 {accessed

. 21/08/08).

5. Scotiish Intercollegiate Guidelines Network. Diagnosis and managemenx
of headache in adults (issued November 2008). Available au: hrp:!/
werw.sign.ac.uk/pdt/sign107.pdf (accessed 26/01/09)

ic oxygen therapy. Hyperbaric oxygen ther-
apy'” involves the inhalation of 100% oxygen at a pres-
sure of greater than 1 amosphere and is given by endos-
ing the patient in a special high-pressure chamber. The
optimum pressure and duration of treatment depend on
the indication, but pressures of 2.5 to 3 atmospheres for
periods from 45 minutes to 2 hours are commonly used. A
single session may be adequate for some indications, but
weaunent is vsually repeated once or twice daily and up

yet have an established role.'?

Evidence 1o support the use of hyperbaric oxygen in
neurological disorders is limited. Benefits have been reported
in children with cerebral palsy, but this has not been
established, and there is some evidence that it is no better
than pressurised air.”* Improvement has been reported in
neonates with hypoxic-ischaemic encephalopathy,!® but
again further research is needed. A study of hyperbaric 24%
oxygen in children with autism has also suggested
benefits.'

Hyperbaric oxygen may also have a limited role in the

1t of severe ia (p. 1121.2) due to massive
blood loss, since it enables sufficient oxygen to be dissolved
in the blood to meet tissue demands, independent of
haemoglobin. However, practical issues mean that other
treatments are generally preferred.
1. Tibbles PM, Edelsberg JS. Myperbaric-oxygen therapy. N Engl J Med
1996; 334: 1642-8.
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2. Leach RM, ot al. ABC of oxygen: hyperbaric oxygen therapy. BMJ 1998;
317: 1140-3.

3. Gill AL Bell CNA. Hyperbaxic n: its uses, mechanisins of action
mdwmq.’mlm 97: 385-95.
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5. Thackham JA. et al. The use of hyperbaric oxygen therapy to weat
chronic wounds: a review. Wound Repair Regen 2008; 16: 321-30.

6. Kulikovsky M. ¢ ol Hyperbaric oxygen therapy for non-heaiing
wounds. lir Med Atsoc J 2009; 11: 480-5,

7. Wang C. o al. Hyperbaric oxygen for weating wounds: a

Ventilatory support is required in patients with respiratory
failure when hypoxaemia persists or if hypercapnia and
acidosis worsen. This generally involves endotracheal
intubation and invasive ventlation, but the use of
non-invasive methods is inaeasing and may be preferred
in many situations, particularly in exacerbations of chronic
conditions.® Use of gas mixtures that are less dense than air,
such as mixtures of helium and oxygen, has been tried in

review of the literarure. Arck Surg 2003; 138 272-9.

8. Roeckl d L etal Sy review of hyperbaric oxygen in the
management of chronic wounds. Br J Surg 2003; 92: 24-32.
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2004; 72; 1-13.
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Respiratory failure. Respiratory failure is a clinical condi-
tion in which the arterial plasma partial pressure of oxy-
gen (P,03) and of carbon dioxide (P,CO,) cannot be main-
tained within normal physiological limits. It may result
from an abnormality in any part of the respiratory system,
including airways, alveoli, CNS, respiratory muscles, and
circulation, and may be associated with various underlying
disorders; it may be acute or chronic. In type I respiratory
failure P,0, is low (hypoxaemia) but P,CO; may be nor-
mal or low, whereas in type H respiratory failure P,O;is
low but P,CO,is raised (hypercapnia). Type 1 respiratory
failure is most common and can occur in most acute lung
disorders; examples indude pulmonary oedema. pneu-
monia, and pulmonary haemorrhage. Type U respiratory
failure (aiso known as ventilatory failure} is associated
with conditions such as drug overdosage, neuromuscular
disorders, and chronic obstructive airways disease. Patients
with asthma may develop either type of respiratory fail-
ure.

The signs and symptoms of respiratory failure are those of
the underlying condition plus any assodiated hypoxaemia or
hypercapnia. Dyspnoea (painful or difficult breathing) is

acute r ory failure to reduce the work of breathing,
but is not of established benefit.” In extreme cases of
respiratory failure, such as acute respiratory distress
syndrome, extracorporeal membrane oxygenation
(ECMO) may be tried,® although evidence for benefit is
limited.

Respiratory stimulants such as doxapram have been used
in respiratory failure but their role is limited. In patients
with exacerbations of chronic ventilatory failure, the central
drive to respiratory muscles is already increased and
stimulants have little effect, although they may be tried in
patients who are unsuitable for mechanical ventilation or
where this is unavailable. Respiratory stimulants may also
be considered in the ma 1t of ic

hyp tlation. Specific g n

such as naloxone and
flumazenil may have a role if respiratory depression is due
to drugs such as opioids or benzodiazepines, respectively,
although care is needed since therapeutic effects may be
reduced.

Severe ory failure in may result from
various disorders. Use of surfactant or inhaled nitric oxide
may be of benefit in some cases but ECMO may be
required.®

In chronic respiratory failure, management involves
treating the underlying cause and dealing with acute
exacerbations, but oxygen therapy may have a role in some
patients with stable disease. Long-term oxygen therapy,
given by nasal cannulae, may improve survival in patients
with severe chronic obstructive pulmonary disease and
persistent hypoxaemia, and should be given for at least 15
hours ecach day.>!® Patients may also use intermittent,
‘short-burst’ oxygen to improve symptoms associated with
exercise, although benefit is not established.’1? There is also
limited evidence to support the use of nocturnal oxygen in
patients with nocturnal hypoxaemia.*

1. Chakrabarti B, Calverley PM. Management of acute ventilatory fatlure.
Postgrad Med J 2006; 82: 438-45.

2. Goldring JJP, Wedzicha JA. Managing acute on chronik respiratory
hilure a guide to non-invasive ventilation. Br J Hosp Med 2008: 69: 444~

3. O’Dﬂscoﬂ BR, ¢ al. British Thoradc Society. BTS guideline for
‘emergency oxygen use in adult parlents. Thorax 2008; 63 (suppl 6): vil—
vi6B. Correction. ibid, 2009; 64: 91. Also available at: hrtp://www brit-
thoracic.org.uk/Portals/0/Clinical % 20Information/Emergency %

ITHX-63-Suppl_6.pdl
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common, and patients may also have tachypnoea,

tachycardia and other arthythinias, signs of cyanosis, and

neurological sy such as confusion and somnolence.

M of resp y failure mainly involves
giving oxygen to reverse hypoxaemia, and spedific therapy
for any underlying condition. Invasive or non-invasive
vennlatory supporl may be required in severe cases.

Y have a limited role but may be
consndmd in some situations.

In acute respiratory failure, oxygen is the mainstay of
therapy.'? The concentration given should be the minimum
required to reverse hypoxaemia and. ideally, shouid be
determined by blood gas measurements or pulse oximetry.
Use of oxygen in patients who are not hypoxaemic is not
generally recommended,® and there is no evidence that it is
benefidal for dyspnoea associated with causes such as
cancer or heart failure.*

In type I respiratory failure high initial oxygen
concentrations are given using nasal cannulae or face
masks and target oxygen saturations are 94 10 98%.
Ventilatory support may be required if adequate saturations
cannot be maintained using reservoir masks.

In type I respiratory failure initial oxygen concentra-
tions depend on the risk of exacerbating hypercapnia and
addosis:

« In acute severe asthma (p. 1195.2), hypercapnia is not a
barrier to oxygen therapy and oxygen should be given
from a reservoir mask, at a flow rate of 10 to
15 litres/minute (if oxygen saturation is below §5%), or
from nasal cannulae or a simple face mask at a flow rate
of 2 to 10litres/minute if oxygen saturation is 85% or
higher.? (The BNF notes that if the P,CO, remains high
despite other treatment, intermittent positive-pressure
ventilation needs to be considered urgently.)

* In exacerbations of chronic respiratory disorders such as
chronic obstructive pulmonary disease (COPD, p. 1199.1),
cystic fibrosis (p. '177.2), or neuromuscular disorders,
high concentrations of oxygen may exacerbate hyper-
capnia (see Precautions, p. 1802.1), particularly if given
for a long period. Controlled delivery of low concentra-
tions (24 to 28%) is therefore recommended for initial
therapy,*? aithough this is based on consensus opinion
rather than controlled studies.

4. Cransion JM. o al. Oxygen therapy for dyspnoea in adults. Available in
The Cochrane Database of Sysiematic Reviews; Issue 3. Chichester: John
Wiley: 2008 (accessed 01/03/10).

S. Abramson M, e &/, The COPDX plan: Australian and New Zecaland
guidelines for the management of chronic obstructive pulmonary
discase  2009. Available au  hrtp://www.copdx.org.au/guidelines/
doc OPDX_ VZ 18, pdl d 01/03/10)

6. E, ef al. ion for critical care. Chest 2007:
132: 711-20.

7. Colebourn CL e al. Use of helium-oxygen mixture in adult patents
prexminl with cxacerbations of asthma and chronic obstructive

y discasez a review. hesia 2007; 62: 34-42.

8. Schuerer DJ, e al. current
clinical practice, coding. and reimbursement. Chest 2008; 134: 179-84.

9. Bamrington KJ, Finer NN. Care of near term infants with s Y

and CNS effects may occur. Pulmonary toxicity usually
results from prolonged or repeated exposure. Symptoms
include cough, dyspnoea, and substernal discomfort, and
there may also be a reduction in vital capacity; alveolar
collapse (absorption atelectasis), pulmonary oederna, and
pneumonitis have also been reported. CNS toxicity is
usually only seen at pressures above 2 atmospheres absolute
but g lly precedes p Y toxicity; the risk is higher
in wet conditions and with physical activity. Symptoms
incdude nausea, mood changes, vertigo, twitching, con-
vulsions, and loss of consciousness. Toxic effects on the eyes
may also occur (see Hyperbaric Oxygen Therapy, and
Retinopathy of Prematurity, below).

The mechanism of oxygen toxicity is not dlear, but may
involve an increase in oxygen free radicals. Hyperoxaemia
may also have adverse physiological effects related to
cerebral and coronary vasoconstriction. It is also increas-
ingly recognised that high inhaled concentrations of oxygen
may be detrimental in patients with chronic lung disorders
due to the effects of oxygen on ventilation (see Precautions,
p. 1802.1).

Hyperbaric oxygen therapy. CNS toxicity is an important
and unpredictable adverse effect with inhalation of oxygen
at pressures higher than atmospheric, both during hyper-
baric oxygen therapy and when used by divers.! Hyperba-
ric oxygen is also associated with pulmonary toxicity, par-
ticularly after repeated treatinents. Complications related
10 the ineased pressure also occur.?® Barotrauma affect-
ing the middle ear and sinuses is relatively common, and
tympanic membrane rupture may result. Pulmonary baro-
traurna and pncumothorax have been reported, and
dental barotrauma may rarely cause pain under a dental
filling. Visual changes including myopia may occur, but
are reversible once treatment is stopped; cataracts have
been reported but there is no evidence that hyperbaric
oxygen is the cause. Psychological adverse effects such as
claustrophobia may also accur.

1. Binerman N. CNS oxygen toxiclty. Undersea Hyperb Med 2004; 31: 63-72.

2. Grim PS, et al. Hyperbaric oxygen therapy. JAMA 1990; 263: 2216-20.

3. Pafld ¢ # ol Complications and side efiects of hyperbaric oxygen

therapy. Aviat Space Environ Med 2000; 71: 119-24.
4. GHi AL Bell CN. oxygen: its uses. mechanisms of action and
outcomes. Q J Med 2004:; 97: 385-95.

5. Huang K-C. e a/. Hyperbaric oxygen therapy in orthopedic conditons:
an cvaluation of safety. J Trauma 2006; 61: 913-17.
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Y. The role of oxygen in the
development of rztmopathy of prematurity has been con-
troversial.'? In the 1940s and 1950s an epidemic of retino-
pathy of prematurity. affecting perhaps 10000 babies, was
attributed to excessive use of oxygen in neonates. This
resulted in the use of oxygen being reduced or curtailed
and the inddence of the condition fell dramatically. How-
ever, other complications increased and use of oxygen was
later liberalised, possibly contributing to a resurgence of
cases in the 1970s, although other factors such as the
improved survival of very preterm neonates were probably
more important. It is now generally accepted that very
low birth-weight and extreme prematurity are the major
risk factors for retinopathy of prematurity, but that exces-
sive oxygen use also has an important role.? Retinal devel-
opment occurs late in gestation and depends to some
extent on the relative hypoxia of the uterine environ-

failure. BMJ 1997; 315: 1215-18.

10. National Collaborating Centre for Chronic Conditions. Chronic
obstruclive puimonary disease: national clinical guideline on manage-
ment of chronic obstructive pulmonary disease in adults in primary and
secondary care. Thorar 2004 39 (suppl 1): 1-232. Also available at
hitp://www.nice.org.uk dia/pdf/CGOI2_; pdf
(accessed 16/04/10)

Wounds. Hyperbaric oxygen therapy may have a role in
the management of infected and problem wounds (see
p. 1800.2). Supplemental normobaric oxygen has also
been tried in the prevention of postoperative wound infec-
tions. Although the results of individual studies remain
contradictory, a meta-analysis' concluded that oxygen, at
80%, provided a beneficial effect. However, a more recent
muiticentre study? found no reduced risk of infection after
80% rather than 30% oxygen, during, and for 2 hours
after, surgery.
Oxygen has also been applied topically to wounds.?

L Qadan M, nal Pmownnve snpplzmznul oxygen therapy and surgical
site § i lysis of trials. Arch Sury
2009; 144: 359—66

2. MeyhoH CS, o al. Effect of high ptriopenuvt oxygen Incuon on
surgical site infection and after

ment. 1 y oxygen inhibits production of vas-
cular endothetial growth factor, thereby inhibiting retinal
vascularisation. The lack of retinal blood vessels then leads
to hypoxia, which stimulates excessive neovascularisation,
leading to retinal fibrosis and detachment in severe cases.
Generation of reactive oxygen specles may also play a
role.

The optimurm approach 1o oxygen supplementation in
infants and neonates remains unclear (see under
Precautions, p. 1802.2). Studies*® have suggested that
policies in which oxygen use is adjusted for the individual
neonate to maintain oxygen saturation (measured by pulse
oximetry) within specific limits, avoiding both hyperoxia
and hypoxia, can reduce the incidence of retinopathy, and
one study® found that this had no deleterious effect on
development at 18 months. The most appropriate oxygen
saturation has not been determined. but may depend on the
age of the infanu target sawrations of 85 to 92% for
gestational age less than 34 weeks and 92 to 97% for
gestational age 34 weeks and above have been suggested.”
For infants who develop signs of retinopathy, higher
saturations may also be appropriate; a study® of

surgery: the PROXI randomized clinical trial. JAMA 2009; 302: 1543-50.

3. Gordillo GM. Sen CK. Evidence-based recommendations for the use of
topical oxygen therapy in the treatment of lower extremity wounds. intJ
Low Extrem Wounds 2009; 8: 105~11.

Adverse Effects

Oxygen is essential for life but inhalation of high
concentrations may have adverse effects, particularly with
prolonged exposure at higher pressures. Both pulmonary

suppl ] oxygen for treating pre-threshold retinopathy
suggested that therapy was safe, but a beneficial effect could
not be confirmed.

1. Saugstad OD. Oxygen and retinopathy of prematurity. J Perinato! 2006;
26 (suppl 1): 546-530.

2. Harrelt SN, Br-ndon DH. Rellnopathy of pmmmmy the disease
process, Neonatal
Netw 2007; 26: 371-8.

3. Tin W, e al. Pulse oximetry, severe retinopathy, and outcome at one
year in babies of less 1han 28 weeks gestation. Arch Dis Child Feta!
Neonatal Ed 2001; 84: F106-F110.
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Precautions

Any fire or spark is highly dangerous in the presence of
increased oxygen concentrations espedially when oxygen is
used under pressure.

Metal cylinders containing oxygen should be fitted with
areducing valve by which the rate of flow can be controlled.
It is important that the reducing valve should be free from
all traces of oil or grease (unless it is 0xygen-compatible) as
otherwise a violent explosion may occur. Combustible
material soaked in liquid oxygen is potentially explosive and
the low temperature of liquid oxygen may cause unsuitable
equipment to become brittle and crack. Liquid oxygen
should not be allowed to come into contact with the skin as
it produces severe ‘cold burns’.

Oxygen intended for aviation or mountain rescue must
have a sufficdiently low moisture content to avoid blocking 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 until oxygen
saturations are known (see below). Prophylactic oxygen is
given in many acute situations but there is some evidence
that it may be detrimental in non-hypoxic patients and
routine use may not be advisable (see Myocardial Infarction
and Pregnancy, below).

Oxygen should be avoided in the initial management of
paraquat poisoning since it may increase pulmonary
damage. Pulmonary toxicity associated with bleomydn
toxicity may also be exacerbated by oxygen use.

Chronic ung disease: Breathless patients are frequently
treated with 100% oxygen but, paradoxically, this may be
detrimental in those with chronic lung disorders.”? In
chronic obstructive pulmonary disease and in patents
with chest wall deformities or musculoskeletal disorders,
high concentrations of inhaled oxygen may lead to carbon
dioxide retention (hypercapnia) and acidosis, which may
in turn lead to organ dysfunction. The mech

which this occurs is complex but probably involves a

infarction might increase infarct size and raise the risk of -

mortality, possibly due to a reducton in coronary blood
flow. The authors concluded that there was insufficdent
evidence to support the practice, and that further study
was urgently needed.

Wuadhnﬂneuduymhlhemmd
'yocardial infarction: systematic review. Heart 2009; 95: 198-202.

Neonates and infonts. The use of supplemental oxygen in
neonates and infants is controversial.'?> For the resusd-
tation of asphyxiated term neonates, use of 100% oxygen
has been standard, but there is some evidence that the use
of room air (21% oxygen) is equally effective and possibly
safer. However, a systematic review* concluded that there
was insuffident evidence for recc dations to be

may be harmful to the fetus,?-and guidelines® therefore do
not recommend this practice.

1. Fawole B, Hofmeyr GJ. Maternal oxygen administation for lfewal
distress. Available in The Cochrane Database of Systematic Reviews:
Issue 4. Chichesier: John Wiley; 2003 (accessed 01/05/09).

2. Simpson KR. Intranterine resuscitation during labor: should maternal
oxygen administration be a first-line measure? Semin Fetal Nesnatal Med
2008; 13: 362-7.

3. ODriscoll BR, & &l British Thoracic Society. BTS guideline for
emergency oxygen use in adult patienis. Thorax 2008; 63 (suppl 6): vil—
vi68. Correction. ibid. 2009; 64 91. Also available at: himp:/fwww brit-
thoracic.org.nk/Portals/0/Clinical %20Information/Emergency %

o -63-Suppi_6.pdf
{accessed 03/06/09)

Preparations

Proprietary Preparations (details are given in Volume B)

made. Guidelines®¢ for neonatal resuscitation rec

the use of either air or blended oxygen to achicve target
oxygen saturations,>S although increasing t0 100% oxy-
gen might be suitable for those who remain bradycardic
after 90 seconds of resusdtation at lower concentrations.®
Pulse oximetry should be used to guide treatment, with
care taken to avoid both hypoxia and hyperoxia.’¢ A
study’ in preterm neonates found that room air (21%
oxygen) was insufficient to maintain adequare oxygen
saturations and the authors suggested that an initial oxy-
gen concentration of 30 to 40% might be mare appropri-
ate.

For respiratory support in preterm neonates and infants,
oxygen use should be closely monitored. Excessive use of
supplementary oxygen has been associated with retino-
pathy of prematurity and chronic lung disease,® and there is
some evidence for a link between neonatal oxygen
supplementation and childhood cancer,’ although this
remains to be confirmed. However, untreated hypoxia may
result in penmanent brain injury or death,? and it has been
suggested that oxygen supplementation improves steep and
respiratory patterns in healthy preterm infants.'® Unrest-
ricted use of inhaled oxygen is therefore not advised, and
the concentration given should be adjusted individually
based on arterial-oxygen saturation measured by pulse
oximewy. The optimum saturaton range is not entirely
clear,!! but target saturations of between 85 and 93 10 94%
have been suggested? for preterm neonates.
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reduction in hypoxic drive and an increased
of blood flow and gas flow to the lungs. A lower target
oxygen saturation of 88 to0 92% is recommended in such
patients® and initial oxygen concentrations of 24 to 28%
should be used until oxygen saturation is known.
1. New A. Oxygen: kill or cure? Prehospital hyperoxia in the COPD patient.
Emerg Med J 2006; 23: 144-6.
2. Beasley R. ¢ al. Is it time t0 change the approach to oxygen therapy in
the breathless patient? Thontx 2007; 62: 840-1.
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100% oxygen. Pediamric 2008; 121: 1083-9.

Single-ingredient Belg.: Airapy: Cz: Conoxia;
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Carbogen: Entonox: Heliox: Liqui-Med; Lung Diffusion Test
Mix No Ne Co: Lung Diffusion Test Mixture Gas; Cz.: Entonox:
Denm.: Airapy; Kalinox; Livopan; Medimix: Fin.: Airapy; Livo-
pan; Fr.. Anasol; Entonox; Kalinox; Oxynox; Ger.: Livopan;
IrL: Entonox; Neth.: Donopa; Relivopan; Pol.: Entonox; S.Afr.:
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Propane

Dimethyimethane; £944; Propano- onpyl Hydnde Nponan. .
C3Hg=4410 .

CAS ~ 74-986.

UNIt— T75W9911L6.

Pharmacopoeias. In USNF.

USNEF 31: (Propane). A colourless gas. It is highly flammable
and explosive. Store in airtight cylinders at 2 temperature
not exceeding 40 degrees.

Profile

Propane is used as a refrigerant and as an aerosol propeliant
(p. 1797.1). It is also widely used as a fuel.
Toxicity has been reported!-® with the abuse or misuse of

propane.
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Gastrointestinal Drugs

n -
) F'rolunehc ngs. 1

Managemei ofGastrofntesﬁnul Disorders, p. 1804
Asplrahon syndromes, p. 1804 :

 This chapter describes Lhc pnndpal drugs used in the
and the choice of
treatment for some of the main disorders.

tr gastrc

Gostromteshnol Drug Groups

Anfacids 4.

Antadids are basic compounds that neutralise hydrochloric
add in the gastric secretons. They are used in the

ptomatic of gastrointestinal disorders
assocmcd with gasmc hyperadidity such as dyspepsia
(p. 1806.3), gastro-oesophageal reflux disease (p. 1807.2),
and peptic ulcer disease (see p. 1813.2).

Antacids do not reduce the volume of hydrochloric acid
secreted and elevation of the gastric pH may actually
promote an increase in add secretion. However, this is
usually minor and short-lived except after large doses of
calcium carbonate. Antacids are normally given between

meals and at bedtime when symptoms of gastric |

hyperacidity usually occur; the presence of food in the
stomach can prolong the neutralising actvity. Some
calculate doses as mEq or mmol of acid-neutralising
capacity, but the relationship between neutralising capacity
and beneficial effect is not straightforward. Other factors,
including formulation (liquid preparations are more
effective than solids) and duration of action (relatively
insoluble antacids are longer acting) are also important.

Aluminium salts tend to produce constipation and to
delay gastric emptying, while magnesium salts have the
reverse cffect; a combination of the two may reduce adverse
gastrointestinal effects. Another advantage of combined
antacid formulations is that a slow-acting antacid such as
aluminium hydroxide may be combined with a more
rapidly acting drug such as magnesium hydroxide to
improve the onset and duration oi effect. Ah:mauvely.
complexes containing both alumi and magn
may be used, such as almasilate, hydrotalcite, and
magaldrate. Other drugs that may be combined with
antacid formulations include simeticone, which acts as a
defoaming agent to reduce excess gas in the stomach, and
alginates, which form a gel or foam on the surface of the
stomach contents thereby impeding reflux and protecting
the oesophageal mucosa from adid attack.

Caldum carbonate and sodium bicarbonate are both
rapidly acting but have disadvantages: calcium carbonate is
usually reserved for short-term wreatment becausc of (hc
risks of rebound acid secretion and

Conshpaﬂon\ 1804 . -
. Decreased gostmmfeshnol mohlny, p 1805
;. :Diarrhoeq, p-:1805 -

* Diverficular dlsease, p. 1806 - -
~ Dunping syndrome, p. 1806

ia, p. 1806 -

- Ezzﬁ;’:;hrhc Sesophogitis, p. 1807 -

: Gas?romteshnclxpcm p: 1807
Gosfro-oesophqgec reflux disease, p. 1807
Hoemorrhoids, p. 1808
Hepatic encephalopathy, p. 1808

Alumini ydroxi Dihydroxy Sodium
Carb Co- Carb p. 18352
dried Gel, p. 1818.2 Hydrotaldte, p. 1845.2
juminium Phosph galdrate, p. 1856.1
p. 1818.3 Magnesivm Carbonate,
Aluminium Sodjum Silicate, p. 1856.2
p. 1818.3 Magnesium Hydroxide,
Basic Aluminium Carbonate, p. 1857.2
p. 1817.1 Magnesium Oxide. p. 1857.3
. Bismuth Compounds, Magnesium Trisilicate,
p. 18213 p. 1858.1
Caldum Carbonate, p. 1824.3
Antidiarrhoeals

Anddiarthoeals are used as adjuncts in the symptomatic
treatment of diarrhoea (see p. 1805.2), although the main
aim in the management of acute diarrhoea is the correction
of fluid and electrolyte depletion with rehydration therapy;
this is especially important in infants and young children
and antidiarthoeals are not generally recommended for this
age group. Their use is also limited in cironic diarrhoea since
treatment aimed at the underlying disorder will often
alleviate the diarthoea.

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

Described in this chapter are

Albumin Tannate, p. 1815.1 Diphenoxylate, p. 1835.3

Attapulgite, p. 1820.1 Ispaghuia, p. 1849.1
Bismuth Compounds, Kaolin, p. 1850.1

p. 18213 Lidamidine, p. 1853.1
Bran, p. 1823.3 Loperamide, p. 1854.2

Chalk, p. 1826.3
Crofelemer, p. 1833.3
Difenoxin, p. 1835.2

Racecadotril, p. 1881.3
Smectites, p. 1887.1
2aldaride, p. 1895.3

Antfiemetics

Mouﬂruloemhon,p 1811
- Nouseoundvomnﬁngcr lBH

Inﬂummaiory boweldlseose p 1808
~lrritable bowel syndrome, p. 1810
- Mieroséopic colifis, p: 18

"~ Qesopliageal mofility rders, P 1813
 Peptic ulcer disease, p. e
'V-Zollinger-Elllwn syndrome ‘p 1814 : ’

(p. 1807.2) and dyspepsia (p. 1806.3). They may generally

be divided into:

« His Hy ists (Hy nists), which
act by blocking l:ustamme H,-receptors on gastric parietal
cells, thereby antagonising the normal stimulatory effect
of endogenous histamine on gastric acid production.
Those desaibed in this chapter include cimetidine,
famotidine, nizatidine, and ranitidine.

«  Proton pump inhibitors, which act by blocking the enzyme
system responsible for active transport of protons into the
gastrointestinal lumen, namely the hydrogen/potassium
adenosine triphosphatase (H*/K* ATPase) of the gastric
parietal cell, also known as the ‘proton pump’. Those
described in this chapter indude lansoprazole, ome-
prazole, pantoprazole, and rabeprazole.

o Selective antimuscarinics, which block cholinergic 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.

® Prostaglandin analogues, which inhibit gastric acid
secretion by a direct action on the parietal cell and may
also inhibit gastrin release and possess cytoprotective
properties. Misoprostol (p. 2140.3) is an example.

Described in this chapter are
Cimeridine, p. 1827.1
Dexlansoprazole, p. 1834.2
Eseridine Salicylate, p. 1340.3
Esomeprazole, p. 1841.1
Famotidine, p. 1842.1
laprazole, p. 1848.2
Lafutidine, p. 1851.3
Lansoprazole, p. 1851.3
Nizatidine, p. 1866.1
Omeprazole. p. 1867.2
Pantoprazole, p. 1875.3

Pirenzepine, p. 1878.2
Proglumide, p. 1880.1
Rabeprazole. p. 1881.1
Ranitidine, p. 1882.1
Ranitidine Bismuth Citrate,
p. 18833
Revaprazan, p. 1884.2
Roxatidine, p. 1884.3
Tenatoprazole, p. 1893.3
Urogastrone, p. 1894.3

Antispasmodics

Antiemetics are a diverse group of drugs used to treat or
prevent nausea and vomiting, including that associated
with cancer therapy, anaesthesia, and motion sickness (see
p. 1811.3).

The choice of drug depends partly on the cause of nausea
and vomiting. For example, hyoscine or an antihistamine
are used in motion sickness whereas dopamine antagonists
(such as metodopramide and domperidone) and serotonin
5- HT,-recepror antagonists (5-HT; antagonists), such as

while sodium bicarbonate is absorbed and is
contra-indicated in patients who must control sodium
intake (e.g. in heart failure, hypertension, renal failure,
cirrhosis, or pregnancy).

Antacids may interact with numerous other drugs,
affecting the rate and extent of their absorption, and in some
cases their renal elimination. Changes in gastric pH affect
the dissolution of other drugs, and together with altered
gastric emptying can markedly influence absorption.
Aluminium compounds in particular are noted for their
propensity to adsorb other drugs and to form insoluble
complexes that are not absorbed. Antacids that alter urinary
PH will affect renal clearance of drugs that are weak acids or
bases. Several mechanisms may play a part in any particular
interaction. Interactions can be minimised by giving
antacids and other medication 2 to 3 hours apart.

Antacids in this chapter incude aluminium saits,
magnesium salts, and caldum carbonate. For sodium
bicarbonate, see p. 1781.1.

Described in this chapter are
Acegl ide Alumi Jogl L p. 1816.2
p. 18143 Aluminium Glycinate,
Alexttol Sodium, p. 1815.1 p. 1817.2
Almagate, p. 1815.3 Aluminium Hydroxide,
Almasilate, p. 1815.3 p. 18172

are ineffective. Conversely., nausea and

hemoth :
vomiting assodated with cancer chemotherapy is often { Described in this chapter are

hard to control and special regimens have been devised
including the use of the 5-HT; antagonists, dexamethasone,
and, more recently, the neurokinin-1 receptor antagonists
aprepitant and casopitant.
Described in this chapter are
Alizapride, p. 1815.2
Aprepitant, p. 1819.2
Azasetron, p. 1820.2
Bromopride, p. 1824.2
Casopitant, p. 1826.2
Cerium Oxalate, p. 1826.2
Clebopride, p. 1833.1
Difenidol, p, 1835.1
Dolasetron, p. 1837.2
Domperidone, p. 1838.1
Dronabinol, p. 1840.1
Fosaprepitant. p. 1843.2
Ginger, p. 1844.1

Granisetron. p. 1344.3
Hyoscine, p. 1845.3
Indisetron, p. 1848.3
Itopride, p. 1850.1
Mecloxamine Citrate,

p. 1859.1
Mctodopramide, p. 1862.2
Metopimazine, p. 1865.1
Nabilone, p. 1865.2
Ondansetron, p. 1872.1
Palonosetron, p, 1875.1
Ramosetron, p. 1881.3
Tropisetron, p. 1894.1

Antisecrefory drugs

Antisecretory drugs are used in the treatment and
prophylaxis of peptic ulcer disease (p. 1813.2); some are
also employed in other disorders associated with gastric
hyperacidity such as gastro-oesophageal reflux disease

The symbol t denotes a preparation no longer actively marketed

Antisp dics are drugs used for their relaxant action on
smooth muscle, either direct or through an antimuscarinic
action on the parasympathetic innervation. They play a role
in the management of gastrointestinal spasm (p. 1807.1)
and irritable bowel syndrome (p. 1810.3) as well as other
disorders associated with smooth muscle spasm. Those
described in this chapter are mainly antimuscarinics; drugs
in other chapters that may be used for relaxation of smooth
muscle include calcium-channe! blockers (p. 1244.2) and

nitrates (p. 1245.2), as well as drugs with less well defined
mechanisms of action such as papaverine (p. 2362.2).

Alverine Citrate, p. 1819.1

Hyoscyamine Hydrobromide,

Butropium Bromide. p. 1824.3 p. 1848.1
Cidonium Bromide. p. 1827.1 Hyoscyamine Sulfate,
Cimetropium Brosnide, p. 1848.)

p. 1831.3 Isopropamide lodide, p. 1848.3
Clidinium Bromide, p. 1833.2 Mebeverine Hydrochloride,
Dicydoverine Hydrochloride, p- 18583

p. 1834.2 Mepenzolate Bromide,
Difemerine Hydrochloride. p. 1859.1

p-1835.1 Mﬂhamhcllnhlm Bromide,
Dihexyverine Rydrochloride, p. 186

p. 1835.2 Methylbenmrdum Bromide,
Diisopromine Hydrochloride, p. 186

p. 1835.3 Ocuunpme Methylbmmade
Drofenine Hydrochioride, P. 1866.2

p- 1839.3 ’ Oxapium lodide, p. 1874.3
Hyoscine, p. 1845.3 Oxyphencydimine
Hyoscine Butylbromide, Hydrochloride, p. 1875.1

p. 18453 Oxyphenonium Bromide,
Hyoscine Hydrobromide, p. 1875.1

. 1845.3 Pargeverine Hydrochloride,
Hyosdne Methobromide, p. 1877.1
p. 1846.1 Peppermint Leal, p. 1877.1
Y h int Oll, p. 1877.1

p. 1846.1 Plpenzolau Bromide,

Hyoscyamine, p. 1848.1 p- 1878.1
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p- 1878.1 p. 1880.1

ipeth id T p. 18933

p- 18782 Timepidium Bromide,
Platyphylline Adid Tartrate, p. 1894.1

p. 18783 Tiquizium Bromide, p. 1894.1
Poldine Metilsulfate, p. 1879.1  Valethamate Bromide,
Prfinium Bromide, p. 1879.3 p. 18952

Laxatives

Laxatives (purgatives or cathartics) promote defaecation

and are used in the treatment of constipation (see below)

and for bowel evacuation before investigational procedures,
such as endoscopy or radiological examination, or before
surgery. )

Laxatives are frequently used for self-medication. Abuse
of laxatives is a well-known phenomenon that may
occasionally lead to toxicity.

Laxatives may be dassified according to their mode of
action. There is, however, a degree of overlap between the
various groups and in some cases the predise mechanisms of
action are not fully understood. Many traditionally used
laxatives have fallen from use owing to the violence of their
action or their adverse effect profile.
¢ Bulk laxatives (bulk-forming laxatives or bulking agents)

cause retention of fluid and an increase in faecal mass
resulting in stimulation of peristalsis. Owing to their
hydrophilic nature, bulk laxatives may also be used to
control diarrhoea and to regulate the consistency of
effluent in colostomy patients. Those described in this
chapter indude bran, ispaghula, and sterculia. -

o Stimulant laxatives (contact laxatives) act by directly
stimulating nerve endings in the colonic mucosa, thereby
increasing intestinal motility. It is this group of laxatives
which is most commonly associated with abuse. Those
described in this chapter indude bisacodyl, cascara,
phenolphthalein, senna, and sodium picosulfate.

* Osmotic laxatives act by increasing intestinal osmotic
pressure thereby promoting retention of fluid within the
bowel. Those described in this chapter indude saline
laxatives such as magnesium citrate, magnesium
hydroxide, and sodium sulfate (for magnesium sulfate
and sodium phosphate see p. 1787.3 and p. 1791.1
respectively}. Lactulose may also be dassified as an
osmotic laxative because its breakdown products exert a
similar effect. Also induded in this group are the
hyperosmotic laxatives such as glycerol (p. 2517.2) and
sorbito! (p. 2092.1), and the macrogols (p. 2547.3).

e Faecal softeners (emollient laxatives) are claimed to act by
decreasing surface tension and increasing penetration of
intestinal fuid into the faecal mass. Those desaibed in
this chapter indlude docusate (which is also bcheved to
have a stimulant action).

For the lubricant laxative liquid paraffin see p. 2191.2.

Described in this chapter are
Aloes, p. 1816.1 Magnesium Hydroxide,
Aloin, p. 1816.2 p. 1857.2

Bisacodyl, p. 1821.1
Bisoxatin, p. 1823.2
Bran, p. 1823.3
Buckthorn, p. 1824.2
Casanthranol, p. 1826.1
Cascara, p. 1826.1

Magnesium Oxide, p. 1857.3
Manna, p. 1858.2
Pentacrythritol, p. 1877.1
Phenolphthalein, p. 1877.3
Polycarbophil, p. 1879.1
Potassium Add Tarate,

Cassia Pulp, p. 1826.2 p- 1879.2

Colocynth, p. 1833.3 Potassium Sodium Tartrate,
Dantron, p. 1833.3 p- 18793

Docusates, p. 1836.2 Prune, p. 1881.1

Euonymus, p. 1842.1 Psyllium Secd, p. 1849.1

Fig p. 1843.2 Rhubarb, p. 1884.2
Frangula, p. 1843.3 Senna, p. 1885.1

Ispaghula, p. 1849.1 Sodium Picosulfate, p. 1887.2
Jalup, p. 1850.1 Sodjum Sulfate. p. 1888.1
Laattol, p. 1850.3 Sodium Tartrate, p. 1888.2
Lactulose, p. 1850.3 Sterculia, p. 1888.3
Liquorice, p. 1853.2 Tamarind, p. 1892.2

Magnesium Citrate, p. 1857.1

Mucosal profectants

Cytoprotective drugs (mucosal protectants) play a role in

the management of peptic ulcer disease (p. 1813.2). They

may be divided into:
Chelates or complexes, which coat the gastric mucosa
preferentially at sites of ulceration by forming an
adherent complex with proteins. Those described in this
chapter include sucralfate and tripotassium dicitrato-
bismuthate (which also has an antbacterial roie in
regimens aimed at eradicating Helicobacter pylori)

s Miscellaneous drugs include liquorice and its derivatives,
such as carbenoxolone, which may act by stimulating the
synthesis of protective mucus

Described in this chapter are
Benexate, p. 1821.1
Carbenoxolone, p. 1825.3
Cetraxate, p. 1826.3
Dosmalfate, p. 1839.3

Gefamate, p. 1844.1
Irsogladine, p. 1848.3
Liquorice, p. 1853.2
Plaunotol. p. 1879.1

Ecabet, p. 1840.2 Polapmzinr. p- 1879.1
lone Alumi ipide, p. 1884.1
p. 1840.3 Sofalcone. p. lm.z

Al cross-references refer to entries in Volume A

Sucralfate, p. 1889.1 Tripotassium
Sulglicotide, p. 1892.2 Diditracobismuthate,
Teprenone, p. 1893.3 p. 18222

Troxipide, p. 1894.3

Prokinetic drugs

Prokinetic drugs stimulate the motility of the gastrointest-
inal tract. Gastrointestinal smooth muscle exhibits intrinsic
motor acnvxty which is modified by autonomic innervation,
local and gastrointestinal hormones. This activity
produces pensnluc waves, which move the gut contents
from stomach to anus, and segmentations, which encourage
digestion. Prokinetic drugs may act at various points within
this complex system to enhance gastrointestinal movement.
Those described in this chapter incdlude metodopramide,
cdsapride, and domperidone. Other drugs with prokinetic
properties include parasympathc ics such as beth
chol (p. 2456.2) or neostigmine (p. 687.1), and the
macrolide antbacterial erythromydn (p. 291.2).
Described in this chapter are
Aclatonium Napadisilate,

Iopride, p. 1850.1

p. 1815.1 Lmadoude p. 1853.1
Acotiamide Hydrochlorid p. 1856.1
p. 1815.1 Melodopnmldt p- 18622

Mosapride, p. 1865.2
Prucalopride, p. 1880.2
Renzapride, p. 1884.1
Tegaserod. p. 1893.1

Bromopride, p. 1824.2
Cinitapride, p. 1831.3
Cisapride, p. 1831.3
Clebopride, p. 1833.1
Domperidone. p. 1838.1

Management of Gastrointestinal
Disorders

The management of some gasmointestinal disorders is
discussed below.

Aspiration syndromes

Regurgitation and aspiration of gastric contents (Mendel-
son’s syndrome) is a potential cause of morbidity and
mortality assocdiated with anaesthesia, especially in
obstetrics and in emergency surgery. Chemical pneumonitis
and respiratory distress result from the acid aspiration, the
risk of which is increased by the drugs given as adjuncts to
anaesthesia such as opioid analgesics and atropine.

Apart from good anaesthetic technique, including a
prohibition on oral intake before elective procedures, efforts
10 prevent or reduce the problem have focussed mainly on
increasing the pH of gastric contents to above 2.5, and in
reduding gastric volume. However, there is little evidence to
show that reduced gastric acidity or volume is associated
with decreased morbidity or mortality in patients who have
aspirated gastric contents,' and some do not recommend the
routine pre-operative use of pharmacological prophylaxis in
patients undergoing elective surgery with no apparent
increased risk for pulmonary aspiration.! Similarly there is
litde evidence to support the routine use of prophylactic
drugs in women undergoing normal labour (pamcularly
with the increased use of regi hetic tech

The Hj-antagonists decrease gastnc acid secretion and may
decrease gastric fluid volume. However, they do not affect
the pH of fluid already in the stornach; they must therefore
be given some time before anaesthesia, which limits their
value in emergency procedures. Cimetidine is considered
effective in most patients, although where more prolonged
reduction of acidity is required H,-antagonists with a longer
duration of action such as ranitidine or famotidine may be
preferred. Nizatidine has the advantage of a relatively rapid
onset of action.? The protont pump inhibitors (PPIs) have also
been tried, but results have been variable. A meta-analysis*
suggested that ranitidine was more effective than a PPI in
reduding the volume of gastric secretions and increasing
their pH. Combination of a PPI with a prokinetic drug may
produce better results.’

Because of the lack of effect of antisecretory drugs on the
pH of existing gastric fluid H;-antagonists may be combined
with amtacids to neutralise gastric acidity. Although
magnesium trisilicate has been extensively used® without
apparent problems particulate antacids are potentially toxic
to the lung which is why soluble antadids such as sodium
dtrate have been widely favoured. An effervescent
formulation of sodium dtrate with cimetidine has been
reported to raise gastric pH above 2.5 in more than 98% of
patients undergoing caesarean section.”

A third component of prophylactic regimens for add
aspiration may be use of a prokinetic drug such as
metoclopramide. These increase gastric emptying and
thereby decrease the volume of stomach contents, and also
inaease pressure at the lower oesophageal sphincter. The
ability of metoclopramide to reverse the effects of opioids on
gastric emptying appears to depend on the route: 10mg
given intravenously after opioid analgesia is reported to be
effective in promoting gastric emptying, whereas the same
dose intramuscularly is not.®

If aspiration occurs, pulmonary damage may result
within seconds; treatment bas included removal of any
particulate matter, and measures to maintain the airway
and ensure adequate oxygenation. Corticosteroids have
been used but are no longer considered helpful.?

I Sodety of i iste Task Force on Preoperatve
Pasting. Practice guidellnes for preoperative fasting and the use of
pharmacologic agents to reduce the risk of pulmonary aspiraton:
application 1o healthy patients undergoing elecive procedures.
Anesthesiology 1999; 90: 896-905.

2. Gywe GML Richens Y. Routine prophylactic drugs in normal labour for
reducing gasiric aspiration and its effecs. Available in The Cochrane
Dawsbase of Sysicmatic Reviews; Issue 3. Chichester: John Wiley; 2006
{accessed 13/05/08).

3. Popat MT. # al. Comparison of the effects of oral nizatidine and
ranitidine on gastric volume and pH in patients undergoing

hesia 1991; 46: 816-19.

4 Cark K etal The el!ecl of l'llﬂﬂﬂh'l( versus proton pump Inhibitors on
gastric i control wrials.
Anaesthesia 2009; 64: 652—7

5. Orr DA, er ol Effiects of omeprazole. with and without metodopramide,
in elective obstetric anaesthesia. Andestheris 1993; 48: 1 14-19.

6. Sweency BL. Wright L The use of anwcdids as a prophylaxis against
Mendelson’s syndrome in the United Kingdom: a survey. Anaesthesia
1986: 41: 419-22.

7. 0 X o1 al A in obstetric
anaesthesia: comparison of effervescent cmetidine-sodium citrate
mixture and sodium ditrate. 8r J Anoesth 1990; 64: 5036,

8. McNeilt MJ. o al. Elfect of iv ! de on gastric
opioid premedication. Br J Anaesths 1990: $4: 450-2,

9. Ryan DW. Puimonary aspiration: high dose siervids should be
abandoned. 2MJ 1984; 289: 51.
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Constipation
The pattern of normal defaecation is extremely variable,
which makes constipation hard to define, and to some
extent subjective. However, xpert consensus considers that
it occurs if 2 or more of the following features are present for
at least 12 weeks in the previous year: less than 3
defaecations in a week, or hard or lumpy stool, straining,
feeling of incomplete evacuation or anorectal blockage, or
need for manual assistance, on at least a quarter of
occasions.’? New onset constipation, especially in patients
over 50 years of age, or accompanying symptoms such as
anaemia, abdominal pain, weight loss, or oven or occult
blood in the stool should provoke urgent investigation
because of the risk of malignancy or other serious bowel
disorder.>* Constipation can be a symptom of a range of
disorders or of drug roxicity*>¢ and appropriate manage-
ment of any underlying cause is required. It tends to be
more common in the elderly, in women, and in late
pregnancy.'-?

Certain subtypes of constipation have been identfied:
patients may be subdivided according to whether intestinal
transit time is slow or normal, or whether there is pelvic
floor dysfunction (dyssynergia; outlet obstruction; anis-
mus).zuﬂ

There is relatively little evidence to guide management.
In general, siepped or graded management is favoured,
beginning with advice on lifestyle {(including exerdise and
adequate hydration), and dietary modification if appro-
priate. 2448 An increase in fibre intake, preferably through a
high-fibre diet, is useful in patients with normal transit
times although it is less benefidal in slow-transit
constipation.>” In patients with pelvic floor dysfunction,
biofeedback training may be instituted.>*?

Where lifestyle changes and dietary modification are
insuffidient, a laxative may be considered. Because of the
lack of dear evidence 1o guide the choice of laxative,
practice varies considerably. Many favour the use of eithera
bulk laxative or an osmotic laxative as a first choice option.*
47 with stimulant laxatives tending to be reserved as a
second-line option, and diphenylmethane derivatives being
preferred to anthraquinones.>S For the reatment of opioid-
induced comstipation unresponsive to usual laxative
therapy opioid ists such as hylnaitrexone have
been tried.

e Bulk laxatives include bran, ispaghula, methylcellulose
and related compounds, psyllium, or sterculia. Bulk
laxatives are of particular value in those with small hard
stools. However, they have a delayed onset of action (up
to 72hours) and they may exacerbate symptoms of
flatulence, bloating. and cramping:® use should be
avoided where these are severe. A gradual increase in
dose may help reduce such effects.” They may not be the
first choice for elderly patients who are frail or immobile
since the resulting soft facces may result in faecal
incontinence,” and should only be given where fluid
intake is adequate, because of the risk of obstruction.”

» Osmotic laxatives incdude saline laxatives such as magnes-
ium hydroxide and magnesium sulfate, poorly absorbed
sugars such as lactulose or sorbitol, and macrogols {often
formulated with clectrolytes). Some favour the use of
macrogol 3350 or 4000, for which there is reasonable
evidence of benefit in chromic constipation,’*®
However, in practice lactulose is widely used,® although
it is less effective in the elderly than a combination of
bulking and stimulant laxatives {see below). In the USA,
a saline laxative such as magnesium hydroxide has been

{



Gastrointestinal Drugs 1805

recommended,>47 although saline laxatives may not be
acceptable to some patients because they can cause
watery stool and urgency.

o Stimulant laxatives in current use include diphenyl-
methane derivatives such as bisacodyl or sodium
picosulfate, and anthraquinone-containing drugs such
as senna. They have a more rapid onset of action than
bulk laxatives or lactulose, and are usually given at night
to help produce a bowel motion the following morning.
Many traditional stimulant laxatives have fallen from use
because of adverse effects, and it has been widely
thought that their prolonged use or abuse may
irreversibly damage colonic nerves and musdles;
however, the evidence for this is poor, and appropriate
stimulant laxatives used at licensed doses are unlikely to
cause significant harm.!'* Tolerance can occur but
seems to be uncommon in the majority of users.!'i2
Combined preparations are also available, and a
combination of senna and fibre has been found to be
more effective than the osmotic laxative lactulose in
elderly patients with chronic constipation.'*

o Other laxatives include the docusates, surfactants that are
used as stool softeners,” but their efficacy used alone for
constipation is not well established;* perhaps for this
reason, they are often formulated with a stimulant or
osmotic laxative. Stool softeners would have potential
valuejgr patients with haemorrhoids or anal fissures, or
those in whom straining is potentially hazardous (such as
the elderly or those with existing cardiovascular disease).
Liquid pafaffin has also been used as a lubricant for the
passage of stool.” but should be used with caution
because of its adverse effects, which include anal seepage
and the risks of granulomatous disease of the
gastrointestinal tract or of lipoid pneumonia on
aspiration. Although it has been recommended in some
_countries for constipation in children,'+* the UK CSM
considers it should not be used in those under 3 years of
age. Prokinetic drugs have theorerical advaniages in
patients with slow-transit constipation, but few suitabl
drugs are available, although the selective 5-HT, agonist
prucalopride may be tried in chronic constipation, and
tegaserod has been used in constipation-predominant
irritable bowel syndrome (p. 1810.3) and in chronic
constipation. The chloride-channel activator lubipros-
tone and the guanylate cydase-C agonist linaclotide are
also used in chronic constipation and constipation-
predominant irritable bowel syndrome.

Rectal administration of laxatives using enemas or

suppositories is appropriate in patients requiring rapid relief

from constipation. Phosphate enemas should be used with
caution because of the risks of absorption of significant
amounts of phosphate.* Glycerol and bisacodyl may be
given as suppositories to promote f{aecal evacuation; they
should not be used regularly, as changes in the rectal
epithelium have been seen with bisacodyl. and the effect of
glycerol on rectal mucosa is unclear.*

During pregnancy the preferred options for

13. Passmore AP, e al. Chronic constipadon in long sty ¢lderly patent: a
comparison of lactulose and s senna-fibre combination. BMJ 1993; 307:
769-71.

14.¢ C of the North Society for
Pediawic and and
trestment of constipation In infants and chlldren: yecommendadons of
the North American Society for Pediatric Gastroenterology. Hepatology
mdmdnn_]mummvlm2006 43: el-el3. Also
avallable au  hnp
PositlonPap deline.2006.pdf d14/08/08)

15. Shani{ F, etal. quuldpu:ﬂlmamwnhldmmle!nmmmol
constipation. Arck Dis Cuild 2001; 83: 121-4.

16. Jewell DJ, Young G. Imerventons for treating constpation in
pregnancy. Available in The Cochrane Database of Systematic Reviews:
Issue 2. Chichester: John Wiley; 2001 (accessed 01/03/05).

Decreased gasirointestinal mofility

Decreased gastrointestinal motility may occur in any part of
the gastrointestinal tract, with symptoms depending on the
site. Tt is of varying aetiology and often secondary to some
other disorder, such as infection, metabolic or electrolyte
disturbance (for ple in g paresis due to diab
neuropathy—see also p. 465. 2), or insult to the
gastrointestinal wact (for example, paralytic or adynamic
ileus is freq: ly a ¢ 1ce of ab ] surgery and
is a serious adverse effect of some drugs).

Acute loss of gastrointestinal motility is often self-
limiting once the underlying cause has been weated.
Provided the ability of gastrointestinal smooth musde to
contract has not been lost, however, prokinetic drugs such
as metoclopramide or domperidone, or erythromycin, or
drugs capable of stimulating functional contraction
induding parasympathomimetics such as neostigmine or
bethanechol, may be used. The opioid p-receptor antagonist
alvimopan has recently been introduced for the treatment
of postoperative ileus. Injection of botulinum toxin into the
pyloric sphincter may produce temporary symptomatic
improvement in patients with refractory gastroparesis.
Gastric electrical stimulation may also be an option.

Drugs are less successful in chronic conditions such as
chronic intestinal pseudo-obstruction where neuro-
muscular function of the gastrointestinal tract has some
intrinsic abnormality.
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are increased fluid intake, exercise, and dlctary fibre;?
bulking agents may be given as fibre supplements, and
stimulant laxatives such as senna reserved for cases where
these are ineffective.2!¢

Faecal impaction is the inability to pass a hard
collection of stool, and may result in overflow diarrhoea.
Faecal impaction should be treated with a laxative enema
and/or a lubricant and manual disimpaction.*>® Oral
laxatives should not be used because of the risk of colonic
perforation.” When all stool has been cleared, it is important
10 institute measures, often incuding regular laxatives, to
prevent constipation and recurrent impaction.*”*
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Diarrhoea

Diarrhoea is characterised by liquid stools and increased
stool weight and frequency of defaecation. Although
diarrhoea is commonly associated with infection (see
Gastro-enteritis, p. 182.2), it may also result from the
accumulation of nonabsorbed osmotically active solutes in
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the gastroi I lumen, as in lactase deficiency, or from
the gastrointestinal effects of secretory stimuli other than
the enterotoxins from an infection. It may also occur when
intestinal motility or morphology is aitered.

Acute diarthoea may lead to excessive water and
electrolyte loss and dehydration, and is potendally life-
threatening in infants; frail and elderly patients are also at
risk. Severe dehydration associated with acute diarrhoea
(greater than 10% Joss of body-weight), requires intravenous
rehydration therapy with Ringer’s lactate solution or normal
saline.!* Intravenous therapy is also needed for patients
who are unable 10 drink. Otherwise, oral rehydration therapy
to correct fluid and electrolyte depletion should form the
basis of treatment for acute diarrhoea!® and an oral
rehydration solution containing essential electrolytes
(sodium, potassium, chloride, and bicarbonate or citrate)
and glucose is indjcated 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 diarrhoea, is followed by a maintenance phase
to replace continuing losses. Oral rehydration therapy does
not stop diarrhoea, which usually continues for a limited
period, although it can reduce stool output and vomiting.
Oral rehydration therapy may need to be modified if the
diarrhoea is assodiated with malnutrition.” The rationale for
the composition of oral rehydration solutions is that glucose

absorption is coupled to the active ransport of electrolytes,?
the absorption of which theoretically increases in efficiency
as the ratio of carbohydrate to sodlum appmachcs 1 l

WHO originally rec g
90 mmol/litre of sodium and 111 mmolllltre of glucosc, this
type of preparation has beent used effectively in developing
countries where diarthoeas are commonly bacterial in
origin. There is now evidence from studies and meta-
analyses to suggest that solutions of reduced sodium content
and osmolarity are safe and effective and may be preferable
to the original dard WHO solution, even in developi
countries, ™3 and WHO and UNICEF now recommend a
solution containing 75 mmol/litre of sodium and 75 mmol/-
lire of glucose, with a reduced total osmolarity of
245 mmol/litre.”® Despite concerns about the possible
increased risk of hyponan-acmm with the use of the
reduced larity sol in p with cholera,!#'¢
WHO and UNICEF have stated that hyponatracmia may also
occur with the standard WHO formulation, and that there is
no evidence to suggest that this transient hyponatraemia
has had significant adverse clinical consequences for cholera
patients.!?

In developed countries viral diarrhoeas, which are
associated with less electrolyte loss, are more common, and
reduced osmolarity solutions are favoured.? Commerdal
preparations available in the UK, for example, usually
provide 50 to 60mmol/litre of sodium and 90 to
111 mmol/litre of glucose; the total osmolarity is slightly
hypotonic (about 250 mmol/litre) to prevent possible
induction of osmotic diarrhoea.!” Similar preparations are
available in other developed countries.'®

Areas of debate have included the necessity for inclusion
of citrate or bicarbonate,'” and whether cereal-based rather
than glucose-based rehydration solutions would be
preferable. There is considerable evidence that cereal-
based solutions tend to produce more rapid resoludon of
diarrhoea, aithough one study has suggested that the
reduction in stool output is temporary,'* and another found
that a glucose-based solution was equally effective when
combined with early re-introduction of feeding.*In 1994, a
review of clinical studies concluded that a rice-based
rehydration solution should be recommended for patients
with cholera, but that there was no reason to change from
WHO's glucose-based formulation for children with
non-cholera diarrhoea.?! A study in 48 patients with
cholera compared the use of standard glucose-based oral
rehydration therapy. standard therapy plus rice flour, and
standard therapy plus amylase-resistant starch.2? The
addition of amylase-resistant starch to standard oral
rehydration solution was shown to reduce stool output
and to reduce the duration of diarthoea,2 although the
methodology of this study was questioned® and further
investigation of such solutions is required.

Home remedies' that have been used to prevent
dehydration indude coconut water, rice water, soups,
unsweetened fresh fruit juice, and unsweetened weak tea;
these may be of value when more conventional oral
rehydration solutions are unavailable. The use of cordials
and soft drinks with low pE and high osmolality, however,
may exacerbate diarrhoea and dehydration.!-'#

Oral rehydration therapy should be combined with
dietary measures, particularly in children, to avoid malnutri-
tion owing to low food intake during the illness, and as
mentioned above, may need to be modified if the diarthoea
is associated with Inutrition. Breast feeding shouid be
continued throughout rehydration therapy,*46!7 as such
feeding may decrease stool output and shorten the duration
of diarrhoea.? Dilution of formula feeds does not seem to be
of clinical benefit and may even prolong symptoms.*®
Generally food should not be withheld in adults or children
with diarthoea, but for those with some signs of
dehydration, food is not normally given during the initial
rebydration period.}

To reduce the duration and severity of diarrhoea, and to
prevent recurrence, zinc ! are rec ded by
WHO as adjunctive therapy to oral rehydration salts for
acute diarrhoea, see p. 2127.2. Children with persistent
diarrhoea, lasting at least 14 days, should receive zinc as part
of a multivitamin and mineral supplement.! Vitamin A may
be important in reducing mortality, see p. 2100.1.

There is considerable interest in the potential use of
prabiotic bacteria, or prebiotic foods intended 10 stimulate
the growth of beneficial species in the gastrointestinal wact,
in the management of diarrhoea. Although meta-analyses
have suggested that treatment with lactic-add producing
organisms may reduce stool frequency and disease duration
in children with acute infectious diarthoea,®* and may
reduce the risk of antibacterial-associated diarrhoea in
children,? the role of probiotics and prebiotics remains to be
established,** particularly since many commercial products
are poorly characterised.

Oral rehydration therapy prevents dehydration, but does
not necessanly shorten the duration of the diarrhoea, and

fore frequently desire the symptomatic relief
provnded by drug therapy. Use of such therapy should be
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balanced against the risk that it may distract from the need
for oral rehydration therapy and may have undesirable
adverse effects. WHO considers that antidiarrhoeal drug
therapy is of limited value for acute infectious diarrhoea,
does not reduce fluid and electrolyte loss, may delay the
expulsion of causative micro-organisms, and should never
be used in children.?¢ However, it has been pointed out that
extrapolating results in children to adult treatment is
unwarranted: there is no good evidence that antidiarrhoeal
drugs prolong illness or retard expulsion of pathogens, and
no reason to withhold medication in otherwise healthy
adults.? Short courses of antidiarrhoeals are often used in
practce (frequently as self medication) if symptoms are
causing discomfort,>27-22

The main groups of antidiarrhoeal drugs are adsorbents
such as attapulgite, kaolin, and pectin, and drugs that
reduce intestinal motility such as diphenoxylate, loper-
amide, and codeine. Oral loperamide has been recom-
mended as the weatnent of choice, particularly for seli-
medication,>*” although bismuth salicylate, which has
antisecretory properties, is probably equally effective,’ and
may be preferred in some countries such as the USA.2®
Other drugs with antisecretory properties are under
investigation; they include the enkephalinase inhibitor
racecadotril, which unlike other antidiarrhoeal drugs is of
interest as a potential adjunct in children.* Bulk laxatives
such as methylcellulose have also been used for
symptomatic treatment because of their absorptive capacity.

Antibacterial and antiprotozoal drugs have been used for
infective diarrhoeas, including the prophylaxis and
treatment of travellers’ diarrhoea (see Gastro-enteritis,
p. 182.2 and p. 921.2), but their overuse encourages the
development of resistance and prophylaxis is not
recommended. Vaccines are being developed for the
prevention of rotaviral diarrhoeas (p. 2416.1).

Chronic diarrhoea may be assoclated with underlying
disease and therefore symptomatic relief is Jess appropriate
than treatment of the disease itself. For example,
colestyramine will reduce the diarrhoea associated with
bile acid malabsorption. Where the disease process
responsible for chronic diarrhoea cannot be satisfactorily
suppressed, however, symptomatic relief may be appro-
priate,?® for example in diabetic diarrhoea {see p. 464.1).
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Diverticular disease
Diverticula are small hernias or pouches of mucosa that

- develop through the muscular wall of the gut (espedially the

colon) or other hollow organs; they increase in prevalence
with increasing age. Diverticular disease (the presence of
colonic diverticula) is usually asymptomatic, but may be
associated with symptoms of abdominal pain and altered
bowet habit (diverticulosis). Occasionally there may be
severe life-threatening complications such as inflammation
and necrosis of diverticula (diverticulitis), perforation,
fiswla formation, obstruction. or haemorrhage. There is
some evidence that the use of NSAIDs may be associated
with an increase in diverticular complications such as
perforation.

In uncoraplicated divertcular disease, treatment is with a
high-fibre diet, gradually supplemented if necessary with a
bulk laxative such as bran or ispaghula, 1o ease constipation,
although the evidence to support such management is
limited. Supplements may not relieve the other symptoms
of diverticular disease. The antibacterial rifaximin may be of
benefit in improving symptoms; giving rifaximin and fibre
supplementation has been shown to be more effective than
fibre supplementation alone. Rifaximin has also been
combined with 5-aminosalicylates, chiefly mesalazine: the
latter may be of benefit in maintaining remission. Use of
probiotics, in the form of lactic-acid-producing organisms,
after a non-absorbed antibacterial such as rifaximin has also
produced some evidence of additional benefit. Antispas-
modics such as antimuscarinics or mebeverine may be
useful in relieving pain due to muscle spasm.

Diverticulitis requires treatment with broad-spectrum
antibacterials and fluid support; analgesia may be needed
for severe pain. If peritonitis or abscess develops, surgical
intervention may be necessary. Surgical resection is usually
considered when fistula, perforation, or obstruction are
present.
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Dumping syndrome
The word dumping in this context is used to describe the
unnaturally rapid transport of gastric contents to the small
intestine. The dumping syndrome is an important cause of
morbidity after gastrointestinal surgery, and is thought to be
due 10 the destruction of normal regulatory mechanisms in
the upper gastrointestinal tract.!* Early dumping begins
within 10 to 30 minutes of the ingestion of a meal (typically,
symptorms are triggered by hyperosmolar, carbohydrate-rich
food) and has gastroi inal symp (full abdo-
minal pain, nausea and vomiting, explosive diarrhoea) and
vasomotor symptoms (sweating weakness, dizziness,
flush and palpitati The effects are thought to be
due to fluid shifts from the intravascular space to the bowel
lumen. Some patients have late dumping, 1 to 4 hours after
ameal, with only the v ymp it appears to be
due to reactive hypoglycaemia caused by high carbohydrate
concentrations in the small intestine.

The mainstays of therapy are dietary modifications,

taking smoall frequent meals low in carbohydrate, followed .

by liquids 30 minutes later. Actempts to slow or reduce
carbohydrate absorption have involved the use of dictary
fibre {guar gum or pectin) or a-glucosidase inhibitors such
as acarbose: acarbose and pectin have also been tried in

dumping . Nat Rev Hepatol 2009;
6 583-90.

4. Speth PAJ, ef al. Effect of acarbose, pectin, a combination of acarbose
with pectn, and placebo on reacive hypogly after
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Dyspepsia

Dyspepsia, also commonly known as indigestion or
heartbum, is a frequent but ill-defined disorder primarily
associated with epigastric discomfort or pain. It may be a
symp of specific di such as pepric ulcer disease,
gastro-oe. I reflux di gastric carcinoma,
chronic pancreatitis, or gallstones. However. in many
patients there is no identifiable systemic disease, in which
case it is known as non-ulcer dyspepsia or functional
dyspepsia.

Many reviews and recommendations bave addressed the
subject of dyspepsia,'” and, in the UK, various authoritative
guidelines have been issued.!? The initial management of
non-ulcer dyspepsia usually includes advice to avoid
alcohol, caffeine, smoking, and aggravating foods, and to eat
small regular meals to aid digestion. Results of studies of
drugs for non-ulcer dyspepsia have been variable and
difficult to evaluate since the condition tends to be self-
limiting, and there is often a large placebo response.'®

Drugs that suppress gastric acd such as antacids or
antisecretory drugs are often used. Antacids may give some
symptomatic relief, and are widely used for self-
medication.” However, long-term use is inappropriate.
Similarly, Hj-antagonists are often tried, especially for
symptoms of reflux, and a systematic review'® has suggested
benefit, at least in a proportion of patients. Proton pump
inhibitors (PPIs) are also widely used; although a systematic
review had considered their relative efficacy in non-ulcer
dyspepsia versus Hz gonists 10 be unclear,!’ others®712
consider them superior to H,-antagonists. They may be
useful for on-demand therapy to manage symptoms long-
term.?

1t is not dear what role Helicobacter pylori plays in the
pathology of non-uleer dyspepsia. One meta-analysis found
eradication to be of no benefit in non-ulcer dyspepsia,'? but
another, incorporating mote patients, found that a small
benefit existed,! although it noted that most patients
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 UK® and US** guidelines consider them a valid
alternative to a trial of a PPl in the initial management of
uninvestigated dyspepsia.

Initial 2 of dyspepsia in p under 55
years of age who do not have so-called ‘alarm symptors’
(such as chronic gastrointestinal bleeding, unintentional
weight loss, difficulty swallowing persistent vomiting, iron
deficiency anaemia, Or cpigastric mass) should therefore
consist of either:*?

« an empirical one-month course of a PPL or
o testing for Helicobacter pylori and appropriate eradication
therapy. Those who are H. pylori-negative should be

prescribed an empirical wial of add suppression with a

PPI for 1 to 2 months
Patients over 55 years of age, or those with alarm symptoms,
should. be referred for endoscopy. After endoscopy.
treatment should be targeted at the underlying diagnosis.*

Prokinetic drugs may be given,' particularly if an
underlying gastrointestinal motility disorder is suspected.
Meta-analysis has suggested that prokinetic therapy may be
more effective than an H;-antagomist in non-ulcer
dyspepsia,'®t* but this may be due to publication bias.!® In
addition, cisapride is no longer available in many countries
and evidence for domperidone or metodopramide is
limited. Results with motlin agonists (derivatives of
erythromycin) and 5-HT; antagoni have been disapp
ing to date.? Other approaches to drug therapy include the
use of an insoiuble bismuth salt, and the use of
anti »dics. Antidepressants may have a limited role

combinadon.* However, such agents may th lves cause
gastrointestinal disturbances and they do not seem 10 be
helpful in most patients.? However, beneficial results with
somatostatin have led to the use of its longer-acing
analogue, octreotide.? Octreotide substantially reduces the
symptoms of both early and late dumping probably by
slowing gastric emptying and by inhibiting the release of
gastrointestinal mediators (peptide hormones such as

in some- patients,>” and various herbal medications have
been tried, though the quality of any studies is generally
poor.”
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‘Gastro-oesophageal reflux disease

Gastro-oesophageal reflux disease results from the reflux of
gastric or duodenal contents into the oesophagus.
Symptoms include heartbum, acid regurgitation, and
dysphagia (difficulty in swallowing); oesophageal inflam-
mation and ulceration (reflux oesophagitis), and stricture
formation may occur. Extra-oesophageal symptoms may
include cough, horseness, and asthma. Some patients
develop Barrett’s oesophagus (below), which is a risk factor
for oesoph 1 cancer (p. 705.3).

10. M di P, a1 ol Ph logical interventions for )
dyspepda, Available in The Cochrane Database of Systematic Reviews;
Issue 4. Chichester: John Wiley: 2006 (accessed 01/11/07).

11, Delaney B, e al Initlal for
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Eosinoph?l:zq oesophagitis

Lifestyle advice on weight loss, raising the head of the
bed, stopping smoking, and avoidance of alcohol and
aggravating foods such as chocolate and coffee is often given
as part of initial management, !¢ although the evidence for
most of these interventions other than weight loss and bed
position is lacking.’

Patients often manage initial mild symptoms with over-
the-counter therapies, induding antadds and antisecretory
drugs. Although the placebo response is often high, meta-
analysis has shown some additional symptomatic benefit
from antacids, histamine Hy-antagonists, and in particular for
combinations of an antacid with an alginate;? such
combinations are believed to form an alkaline ‘raft’ above
the stomach contents that impedes reflux and protects the
oesophageal mucosa.

Eosinophilic oesophagitis is a disease of the oesophagus
characterised by a marked accumulation of eosinophils in
the oesophageal mucosa. Severe squamous epithelial
hyperplasia g lly occurs, Iting in complicatdons
such as oesophageal strictures and a narrow oesophagus.
Symptoms include heartburn, chest pain, dysphagia, pain
on swallowing. vomiting, food impaction, and feeding
intolerance in children.

Although data on treatments are sparse, corticosteroids
are considered appropriate. Systemic and topical corticos-
teroids are effective at relieving acute symptoms, although
symptoms usual]y recur when treatment is stopped. Gastro-
oesoph | reflux di may coexist with eosinophilic
ocsophagiﬂs however. the symptcms and pathological

of philic it do not respond to acid
suppression treatment. Aﬂergy has been implicated in
eosinophilic oesophagitis, with many patients being atopic.
Dietary therapy based on eliminating exposure to food
allergens is considered an effective treaument option for
children, in whom most of the research has been carried
out.!

The symptoms and management of gastro-oesophageal
reflux disease may overlap with those of dyspepsia (see

In patients who have a poor response to drug therapy, or
in those with complicarions such as oesophageal stricture or
ulceration, surgery to gastro-oesoph
competence may be considered !4* Sub osal i
and various other endoscopic techniques have also been
investigated.* Although surgery is as effective as drug
treatment, it carries greater assodated risks, and many
patients continue to require antisecretory drugs.*

Investigational approaches to drug therapy incdlude the
development of drugs with GABAergic actions similar to
those of baclofen (but without its CNS effects),
cholecystokinin antagonists such as loxiglumide, and
cannabinoid CB, agonists; motilin receptor agonists such
as alemdnal and mitemcinal do not appear to be of much
benefit.*

A minority of patients with gastro-oesophageal reflux
disease develop Barrett’s oesophagus (columnar lined
oesophagus, CLO), in which the normal oesophageal
squamous lining is replaced with a metaplastic columnar
epithelium. This is most common in patients with long-
standing disease but may represent part -of a spectrum of
possible responses to acid reflux rather than a progression
from less severe to more severe disease.* The abnormal
epithelium in Barrett’s oesophagus shows dysplastic
changes that may progress to oesophageal adenocarcinoma.
However, not all patients go on to develop cancer, and
many aspects of management are coniroversial.

Management of acid reflux, as for other forms of gastro-

h 1 reflux di is the y of manage-
ment 05 Long-term treaument with PPIs appears to be
effective;? the use of maximal doses, perhaps with an H;-
antagonist at night, is advocated by some?* but evidence to
support twice daily (double) dosing is lacking.?? As the
altered epithelium is relatively less sensitive to acid,

Lich

p. 1806.3), and initial symptomatic management is likely to
be similar.* Patients who do not have alarm symptoms that
would indicate a need for prompt endoscopy should be
treated with an appropriate dose of a proton pump inhibitor
(PPY) for 1 to 2 months.** Such treatment is more effective
for empirical management than an H,-antagonist.® 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 from doubling doses in patients with reflux
oesophagitis.®

A significant minority of patients do not, however,
respond to PPIs; reasons may include poor compliance,
nocturnal acid breakthrough, non-add reflux, and hyper-
sensitivity to acid.*® Trying an alternative PP1, increasing
the dose, or adding a H;-antagonist to PP! treatment have
been suggested for patients with persistent symptoms,*'°
although evidence of improved efficacy is generally
lacking.%*!* Some benefit has been reported in extensive
metabolisers of rabeprazole when famotidine was added to
treatment compared with an increased rabeprazole dose.?

Al ively, a inetic drug such as metoclopramide

1. Puruta GT. &t ol. First i | h
il in
children and adults: a review and
" tons for and 2007; 133: 1342-63.
Gastrointestinal spasm

Pain or discomfort of the gastrointestinal tract may be due to
spasm of the smooth muscle of 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). Antispasmodic drugs have waditionally
been used in patients thought to have gastrointestinal
spasm, and have mainly been of two types: antimuscarinics
such as dicycloverine, and direct smooth muscle relaxants
such as mebeverine; use of antimuscarinics, in particular,
has tended to be limited by concern about their adverse
effects.

Colic is a general term used to describe spasmodic or
griping pain, usually of the viscera, and when not otherwise
qualified is often understood to refer to pain in the
gastrointestinal tract. Infant colic is common in the first few
months of childhood,'? and tends to be managed by

may improve gastro-oesophageal sphincter function and
accelerate gastric emptying. These appear to be as effective
as H,-antagonists,' although they are probably less effective
than PPIs.® An H,-antagonist used with cisapride may be
more effective than either drug alone.! However, concern
over the risk of cardiotoxicity and potential for serious
interactions with cisapride has led to severe restrictions on
its use.

In patients with mild disease, a trial of withdrawal of
drug therapy is appropriate after successful initial

treatment.! Short courses of therapy as and when symptoms |

demand (intermittent treatment) may be effective in : during normal p ncy. and is generally managed by

uncomplicated disease.'* However, most patients with
oesophagitis relapse when treatment is withdrawn. and
long-term maintenance therapy is likely to be required.***
As in acute management, PPls appear to be the most
effective maintenance treatment, although the ‘step-down’
approach of reduced maintenance doses, which is widely
favoured,**> may produce less benefit than continuing to
give full dose PPIs.!* H, antagonists were found to be of

nonpharmacological and of the
feeding technique. Elimination of cow's milk protein
appears to be of benefit, but use of a low-lactose formula is
not.! Tilactase has been added to feeds to aid lactose
digestion but the extent of any benefit is unclear. Traditional
remedies such as gripe water, which contains essential oils
of dill or fennel and is mildly carminative, are of dubious
efficacy. Antimuscarinic antispasmodics, although effec-
tive!? may be associated with adverse effects, and are no
longer considered appropriate.? Simeticone suspension,
given before feeds, is commonly used but has been found to
be no better than placebo.># It has been reported that
sucrose, given as a 12% solution, improves infant colic.®
Glucose solution may also have some benefit.?

1. Lucassen PLBJ, o al Effectiveness of treauments for infantile cofic
systematic review. BMJ 1998; 316: 1563-9.

2. Cohen-Silver J, Ratnapalan $. Management of infantile colic: a review.
Clin Pediatr (Phila) 2009; 48: 14-17.

1 benefit for maintenance, although they did give
some symptomatic relief, and although prokinetic drugs
(cisapride) and sucralfate were also reported to be more
effective than placebo their value was considered dubious.'

ymptom control does not necessarily equate to suppression
of reflux.® There is a lack of good evidence that control of
add reflux produces anything other than limited regression
of the abnormal epithelium, or alters the risk of progression
to malignancy,?*® although there are some results that
suggest benefit ¥ Some evidence suggests that additional
chemoprevention with aspirin or another NSAID might
offer benefits in reducing cancer risk, 2 but this remains
investigational. The roles of screening, surveillance, and
endoscopic ablation therapy or photodynamic therapy (5-
aminolacvulinic acid or porfimer) remain matters of
debate 02233
In inf; gastro- h ] reflux is cc but
usually resolves spomancously with increasing age and
requires no treatment. Occasionally, it may be associated
with complications such as failure to thrive, oesophagitis,
and pul Y symp of adid regurgi but can be
managed by upright positioning and the use of thickened
foods; drug therapy is controversial,?” and the evidence base
is poor. 2 has been suucstcd that where drug therapy is
an bination may be appro-
priate mmally"’ PPIs are probably safe but are not well
studied in infants.?® Cisapride has been given?”-? but the
risk of cardiotoxicity makes the use of cisapride in infants
exwremely problematic (see p. 1832.2). Metoclopramide
may have some benefit but again this must be weighed
against the risk of adverse effects.?® Evidence of benefit with
domperidone is poor,’® and it too has the potential for
serious adverse effects, but restrictions on disapride have led
to its over-use.?* Erythromycin has been investigated in
infants with food intolerance, though not in gastro-
oesophageal reflux itself; there is a risk of promoting
bacterial resistance from such use.?
Gastro-c h ] reflux is c

ly encountered

lifestyle and dietary modifications.?! If drug therapy is
required, nonsystemically absorbed antacids or sucraifate

i should be tried first. If these are ineffective, ranitidine may
! be tried. Proton pump inhibitors are reserved for women

with severe or complicated reflux disease,” due to concerns
about their safety in pregnancy, although the relative risk
associated with exposure seems to be quite low (see under
Precautions of Omeprazole, p. 1870.3).

1. Dent ). ef al. An evidence-based appraisal of reflux disease
he Genval p Report. Gur 1999: 44 (suppl 2):

DeVault KR, Castelt DO. College of Updated

$3-§16.

~

Another approach is to use a c ion for r
and in one study omeprazole with dsapride provided more
effective maintenance than ranitidine or cisapride alone or
together.!* Again, however, cisapride is now unlikely to be
used in practice because of the risks.

Helicobacter pylori eradication does not heal or prevent
pse of gastro-oesophageal reflux di ! and some
epidemiological evidence has appeared to suggest that H.
pyleri infection protects against gastro-oesophageal reflux

1ce,

1

disease.!¢ However, there is no clinical evidence that !
eradication of H. pylori exacerbates gastro-oesophageal :

reflux disease or significantly increases the risk of its
development.!”-!8

for the diagn and of reflux
disease. Am J Gastroemterol 2005; 100: 190-200. Also available ar: hip: II
www.acg.gl
01/07/08)

3. Kaltenbach T. o al. Are lfestyle measures effective in patients with
gaswoesophageal reflux disease? An evidence-based approach. Ardh
Intern Med 2006; 166: 965~71.

4. FoxM.Fofncl Gastro-oesophageal reflux disease. BMJ 2006; 332: B3~
93.

5. Moayyedl P. Talley NJ. Gastro-oesophageal reflux disease. Lancet 2006;

367: 2086-2100.

6. Kahrilas PJ, et al . ical Medical
Position ] reflux
d:sug Gaxmaum»logyzml. l)! DB)—I 391 Also available at: hep://

load._journals. 15/0016-5085/

pdl

15107110)



1808 Gastrointestinal Drugs

7. Tran'T, & ol Mem-analysis: the efficacy of over-the-counter gastro-
hageal reflux discase Aliment Pharmacol Ther 2007; 25:
143-53.

8. van ren B, o al. Sh with proton pump
inhibitors, H2-receptor antagonists and prokinetis for gastro-oeso-
phageal reflux discase-like symptoms and negative reffux
disease. Avallable in The Cochrane Dawabase of Systematic Reviews;
Tssue 3. Chichester: John Wiley: 2006 (accessed 05/11/07).

9. Moayyedi P, et al. Medical treatments in the short term mansgement of

of

Some preparations include heparinoids. Other agents
trequently induded for their soothing properties include
various bismuth salts, zinc oxide, hamamelis, resorcinol,
and peru balsam.** Topical nitrates have also been used.!
Bioflavonoids and varlous derivatives of aesculus may
also be included in topical preparations; they have also been
given systemically in some countries as have some other

term improvement of hepatic encephalopathy but had no
effect on recovery or survival; it might be considered for
patients with chronic liver disease and hepatic encephalo-
pathy but routine clinical use was not recommended.
Similarly, although dopaminergics such as levodopa or
bromocriptine have been given, on the grounds that
impaired dopaminergxc neurotransmission may play a role
in the :v-‘ vidence to support their use was not
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bly for their supposed action on venous mpﬂhry
walls. Oral micronised bioflavonoid prcpmnons may
reduce symptoms as an adjunct to surgery."”*
Other agents that have been used in the treatment of
haemorrhoids incdude pilewort {ficaria) and combinations
of yeast extract with shark-liver oil.
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Liver n-ansplantation (p. 1936.3) is the ultimate therapy
for end-stage cirrhosis, acute liver failure, or patients with
severe refractory hepatic encephalopathy.*
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Hepatic encephalopathy (portal systemic encephalopathy)
is a metabolically related dysfunction of the brain assodated
with abnormalities of liver function. It may be acute, as in
patients with fulminant hepatic failure, or chronic, with
acute episodes precipitated by some wiggering factor, as in
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p with dirrhosis or other chronic liver disease.

Treaument is aimed at identifying and correcting any
precipitating factor, decreasing the production and
absorption of ammonia in the gut and increasing
metabolism of ammonia in the tissues. Precipitating factors
include infection, increased protein load due to gastro-
intestinal haemorrhage or high protein intake, alcohol
abuse, electolyte imbalance, and certain drugs (notably
anxiolytics, hypnotics, and diuretics).

Restriction of dietary protein intake is a mainstay of
short-term treatment, but in the long-term, care must be
taken to provide adequate protein to avoid malnutmition. A
daily protem mtake of 0.5 to 1.5g/kg has been
rec 3 There is some evidence that vegetable

gasuo-oesophageal reflux in children under two years. [
Available in The Cochrane Daubase of Sysiematic Reviews; Issue 5.
Chichester: John Wiley: 2010 {accessed 15/07/10).

30. Pritchard DS, et al. Should domperidone be used for the of

protein is better tolerated than animal protein.*® Giving
branched-chain amino acids (valine, isoleucine, and

gastro-oesophageal refiux in children? Systematic review of randomized
controlled wials in children aged | month w0 11 years old. Br J Clin
FPharmaci 2005; 39: 725-9.

31. Richter JB. Review article: the of b in
Aliment Pharmacol Ther 2005; 32: 749-57.

Haemorrhoids

Haemorrhoids (‘piles’) are venous swellings of the tissues
around the anus: those above the dentate line (the point
where the modified skin of the outer anal canal becomes gut
epithelium), which usually protrude into the anal canal, are
termed internal haemorrhoids, while those below this point
are called external haemornhoids. Due to internal pressure,
internal . baemorrhoids tend to congest, bleed, and
eventually prolapse; with external haemotrhoids painful
thrombosis may develop.!-

Initial treatment of internal haemorrhoids involves a
high-fibre diet and avoidance of straining at stool, >4 so bulk
)! and faccal softeners may be indicated.? The prime
objective of drug therapy is to control the acute bleeding
phase so that definitive therapy can be scheduled.! Small
bleeding haemorrhoids may be injected with a sderosing
agent such as oily phenol injection, but rubber band
ligation, or perhaps a technique such as infra-red
coagulation, is more effective and associated with fewer
complications.>>® More severe and prolonged prolapse
generally requires surgery.*7 Surgical exdsion to remove
the dlot is used for thrombosed external haemorrhoids.*

An enormous range of mainly topical drug reatments is
available for symptomatic relief, but in many cases their
value is at best unproven.

Topical preparations are usually made up in a lubricating
or emollfent base. Local anaesthetics may be included to
relieve pain, and corticosteroids may be used where
infection is not present: preparations containing either
group of drugs are intended only for short-term use.
Inclusion of antibacterials is thought to be of little value and
may encourage the development of resistant organisms.

All cross-references refer to entries in Volume A

leucine) by infusion or as dietary supplemenis may
facilitate adequate protein intake in some patients.!>*
Supplementadon with omithine aspartate has been used
to increase metabolic conversion of amrmonia to urea and
glutamine.?4* Sodium benzoate has also been tried.**

Active drug treatment may begin with bowel cleansing
by means of a magnesium sulfate enema, espedally if the
patient is constipated. Lactulose is then the treatment of
choice in many cases, particularly in the elderly. the
constipated, and those with renal impairment. It is usually
given orally although it may be used rectally*s or by
nasogastric tube? when oral use is not feasible.® It reduces
colonic pH and ‘absorption of ammonia and aromartic amino
acids. The lactulose analogue lactitol is also used.® However,
a recent ‘meta-analysis” was unable to find sufficient
evidence to support or refute the use of nonabsorbable
disaccharides, such as lactulose and lactitol, for hepatic
encephalopathy. The disaccharidase inhibitor voglibose has
been tried to reduce intestinal uptake of disaccharides and
promote fermentation, with. effects similar to lactulose.®

Alternatively, Jocally active antibacterials have been
given to reduce the urease-producing bacteria.? Neomydn is
the traditional drug but adverse effects such as ototoxicity
and nephrowxicity may be a pmblem. particularly if used
long-term. Metronidazole* and rifaximin**? are also used.
A combination of lactulose and neomycin® or metronid
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ia and the brain.

Inflammatory bowel disease

Inflammatory bowel disease (IBD) covers chronic
non-spedific inflammatory conditions of the gastrointestinal
tract, of which the two major forms are Crokn’s disease and
ulcerative oolitis.

Crohn’s disease is characterised by thickened areas of
the gastrointestinal wall, with inflammation extending
through all layers, deep ulceration and fissuring of the
mucosa, and the presence of granulomas: affected areas may
occur in any part of the gastrointestinal ract, interspersed
with areas of relatively normal tissue; the terminal ileum is
frequently involved. Symptoms depend on the site of
disease but may include abdominal pain. diarrhoea, fever,
weight loss, and rectal bleeding. Extra-intestinal manifesta-
tions may include joint inflammation, skin lesions, mouth
ulcers, and ltver disorders.

In ulcerative colitis, disease is confined to the colon
and rectumn, inflammation is superficial but continuous over
the affected area. and granulomas are rare. In mild disease,
the rectum alonc may be affected (proctitis); in severe
disease, ulceration is extensive and much of the mucosa
may be lost, with an increased risk of toxic dilatation of the
colon, a potentally life-threatening complication. Symp-
toms indude diarthoea and rectal bleeding. The extra-
intestinal manifestations are similar to those of Crohn's
disease.

Drug treatments.

Although there are important differences between
Crohn’s disease and ulcerative colitis which affect their
management, the broad prindples of treatment, and the
drugs used, are similar."* The aminosalicylate derivatives
are generally the first choice in mild to moderate active
disease, and are of particular value for maintenance
treatment of ulcerative colitis; the role of maintenance
treatment in Crohn's disease is less well established.
Corti ids are also used in the initial treatment of

has been tried in patients who fail to respond to single-drug
therapy.

In low grade chronic recurrent encephalopathy
Lacwobacillus acidophilus or Enterococcus faecium SF68 have
been tried orally in an attempt to produce a more favourable
bowel flora. Results have been inconsistent.*!° Helicobacter
pylori is a urease-producing organism, but the relevance of
H. pylori infection to hepatic encephalopathy is unclear.”

Investigational therapy has also attempted to affect
cerebral function directly. Flumazenil, a benzodiazepine
antagonist, has been med. on the basis of the suspected ole
of end like
tic review?* concluded that flumazenil did producc short-

active disease, dosage and route varying with disease site

and severity. Inmunosuppressant or biological therapy may

be helpful in severe or chronic active disease. For Crohn’s
disease an elemental diet (see Inflammatory Bowel Discase,

p. 2043.2) may have some value in active disease, but diet

plays a lesser role in ulcerative colids.

» Oral sulfasalazine, a 5-aminosalicylate derivative (5-
aminosalicylic acid linked to sulfapyridine), is of value in
producing remission of mild ulcerative colitis;” results in
Crohn’s disease have been more equivocal.*®
The discovery that 5-aminosalicylate was the active
component of sulfasalazine led to the development of
numerous derivatives, including mesalazine (5-amino-
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salicylic acid itself, either used rectally, or orally in slow-
release or enteric-coated form), olsalazine (2 molecules
of 5-aminosalicylic acid joined by an azo bond), and a
variety of forms, such as balsalazide, in which the active
molety was joined to inert carriers. All the above have
been shown to be effective in active ulcerative colitis, and
may be better tolerated than sulfasalazine, since many of
the latter’s adverse effects are due to its sulfonamide
portion. In patients who can tolerate sulfasalazine, the
newer drugs have no dlinical advantage for remission
induction.” Nevertheless, the risk of adverse effects on
starting sulfasalazine therapy has led to increasing use of
the newer derivatives. The 5-aminosalicylates are aiso
recommended for the r e of 1 in
ulcerative colitis;*4? in contrast, although they are often
used in practice it is unclear that they are of value for
maintenance in patients with Crohn’s disease.>-*1°
The other major group of drugs used in the treatment of
IBD is the corticosteroids, particularly for more severe
ulcerative colitis, and in Crohn’s disease. Rectal use may
be appropriate in some patients with distal ulcerative
colitis or proctitis; oral prednisone or prednisolone is
often used in more severe and extensive disease, and in
the most severe cases intravenous corticosteroids
(usually hydrocortisone or methylprednisolone) may
be given. Unfortunately, treatment of IBD is often
prolonged;-and adverse effects remain a problem, hence
the interest in poorly absorbed or rapidly metabolised
i pids such as bedl , budesonide, or
Oral budesonide is more effective than
in inducing remission in Crohn’s disease and
although it may be slightly less effective than
conventional corticosteroids, adverse cffects are
reduced.!" Corticosteroids are not suitable for main-
tenance of remission in IBD,*!? and inability to withdraw
corticosteroid treatment without predpnanng relapse
(corticosteroid d ¢)isa th
Other drugs uscd in active IBD mdude immuno-
suppressants. The majority of studies have been with

COTtiC

tixocortol:”

Vi

ferons, short-chain fatty acids, heparin, factor XmI,

corticosteroid is with {corticosteroid-d dent

rosiglitazone, and licylic add (4 licylic
acid as opposed to S-aminosalicylic acid). There have
been some short-term responses to the anti-integrin
antibody, vedolizumab,?! and to the anti-interleukin-12
antibody, briakinumab.? There is Iimited evidence of
improvement in disease severity from the use of the
granulocyte-macrophage colony-stimulating factor sar-
gramostim,>® which is thought able to stimulate
intestinal innate immune defence processes that may
be impaired in Crohn’s disease. Other biological
therapies which are being investigated include the

ICAM-antisense oligonudeotde alicaforsen, the T-cell

costimulation blocker abatacept, the anti-CD3 antibody

visilizumab, and the CCR9 chemokine receptor inhibitor

CCX-282.* Nicotine has been tried in ulcerative colits,

based on the observation that the disease is rare in

smokers. Studies have suggested that nicotine, supplied
via transdermal patch, may have benefit in active
disease,>® although it is ineffective for maintenance.®

Rectal and oral formulations of nicotine are under

investigation.

Nutritional and dietary therapies.

Correction of nutritional deficiencies may be necessary in
severe IBD, but dietary modification may also have
therapeutic effects. In Crohn’s disease, enteral feeding,
often with an elemental diet is effective in inducing
remission (see Inflammatory Bowel Disease, p. 2043.2),
although corticosteroids are more effective;®’ there is also
some evidence of benefit in maintaining remission.’®
Elemental diets are useful in children and those unable to
tolerate corticosteroids. The role of omega-3 fatty acids has
been investigated, but systematic reviews have concluded
that they are ineffective for maintenance of remission in
Crohn’s*® and ulcerative colitis.*

There has been some interest in manipulation of the
bowel flora through use of lactobadilli and other probiotic
bacteria.! There have been some reports of benefit in
ulcerative colitis,**** and probiotics may be useful in the

ine.

azathioprine, or its bolite mercap
they have a slow onset of action (months) their use in
acute disease is limited, but they are of benefit in
remission induction in patients with chronically active
disease, particularly corticosteroid-resistant or cortico-
steroid-dependent disease; they may also be used for
maintenance in both ulcerative colitis and Crohn’s
disease, often with other drugs.-¢!>!* Low-dose
intramuscular methotrexate also appem 0 bc useful
for induction'* and i e'é of in
Crohn’s disease, although it is often given subcuta-
neously in practice. Evidence for the oral route is
lacking,'*!¢ and it does not appear to be of value in
ulcerative colitis.>* Conversely, ciclosporin has not
generally proved useful in chroniclly active inflamm-
atory bowel disease but may have some value in the
short-terni treatment of acute severe ulcerative colitis.>”
Tacrolimus also appears to be of benefit in severe
ulcerative colitis,® and possibly in Crohn's disease;'®
mycophenolate mofetil has been tried, although the
limited evidence is equivocal.'$

Of increasing importance in the management of severe
or refractory forms of IBD are the so-called ‘biological
therapies’, comprising in particular anti-tumour-
necrosis factor antibodies such as infliximab, adalimu-
mab, and certolizumab pegol. These have been shown to
be effective for induction therapy and maintenance in
Crohn’s disease;*!*2° infliximab**® and adalimumab?!-3
are also used for induction and maintenance of remission
in ulcerative colitis.**® Golimumab is another drug in
this group that may be used for ulcerative colitis. The

anti-integrin antibody natalizumab is effective in |

inducing remission in Crohn's discase.?* Thalidomide, a

tumour necrosis {actor inhibitor, has also been tried in

Crohn’s disease with some benefit,'#2* but another such
inhibitor, pentoxifylline, was ineffective.?
Metronidazole is useful in fstulising perineal Crohn’s
disease and may be used in colonic Crohn’s disease. It is
usually given for 3 months. Ciprofloxacin is an
alternative, and has also been given with metronid-
azole,?#7 although the combination may not be very
well tolerated. There has been interest in the possible
causal role of Mycobacterium paratuberculosis in Crohn‘s
disease,?® but a study of 2 years of antituberculous
therapy with darithromycin, rifabutin, and dofazimine
in patients with Crohn’s disease found no evidence of
sustained benefit, suggesting that the organism probably
did not play a significant role.?® In contrast, a meta-
analysis®® of several mostly small studies suggested that
long-term treatment with a nitroimidazole such as
metronidazole, or with dof: ine, might have benefits
in patients with Crohn’s disease. Antibacterials do not
have a role in ulcerative colitis, except for infection
prophylaxis in severe attacks.

Many other drugs are being or have been tried in IBD,
including immunoglobulins, some interleukins, inter-

of pouchitis, > but there is no good evidence
to date of benefit in Crohn’s disease.* The observation that
y bowel di is unc in developing
countries where most people carry helminths has led to
preliminary studies of bowel colonisation using Trichuris suis
ova (porcine whipworm) in active Crohn’s disease® and
ulcerative colitis. %
Surgery.

In patients with ulcerative colitis surgical colectomy is
curative, and may avoid the risks of long-term corticosteroid
therapy and the increased risk of bowel cancer to which
patients with inflammatory bowel disease are subject.
Formation of an ileoanal pouch, which acts as a reservoir for
the ileal contents, avoids the necessity for a standard

di ) should be treated with a thiopunne
(azathioprine or mercaptopurine) as a corticosteroid-
sparing drug.>44# Thiopurines may also be effective in
indudng’ remission in some patients who do not
respond to oral corticosteroids, although their slow
onset of action is problematic.® In patients with more
extensive, moderate to severe disease, infliximab may

be an option.>¢ Adali b and goli b are also
licensed for use in such patients.
o severe

Patients who present with severe colitis or who fail to
respond to maximal oral treatment should be
admitted to hospital for treatment with intravenous
corticosteroids.>*44¢ Patients should be given appro-
priate supportive therapy (including nutritional
support if the patient is malnourished, intravenous
antibacterjals for infection, and blood transfusion if
markedly anaemic).>¢ Intravenous cidosporin may be
a useful option in patients with severe disease who *
cannot tolerate corticosteroids.*¢ Cidosporin should
also be considered as a second-line treatment for those
who fail to respond to intravenous corticosteroids
within a few days.>*4* [nfliximab or tacrolimus are
also options.*44# Patients who respond to intravenous
ciclosporin may be given oral continuation treatment
for 3 to 6 months.? Drug therapy is ineffective in up to
40% of patients with severe colits,® and colectomy is
an alternative.>$
*  MAINTENANCE:

Lifelong maintenance therapy is generally recom-
mended for patients with ulcerative 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.? The
treatment of choice is an oral aminosalicylate, 54
most often mesalazine,® although in those that can
tolerate it sulfasalazine is possibly more effective.’ A
combination of oral and topical aminosalicylates has
been recommended as a second-line maintenance
t 4 Topical aminosalicylates alone have been
used for maintenance in patients with proctitis, left-
sided,*® or distal disease;>* a combination of oral and
rectal aminosalicylates can be used second line.*
Corticosteroids are ineffective in maintaining remis-
sion and associated with severe adverse effects on
prolonged use. Azathioprine may be used for
maintenance therapy, but is best reserved for patients
who relapse frequently despite aminosalicylate
maintenance, or who are unable to tolerate such
therapy.>#4* Patients with gastrointesiinal intoler-
ance of azathioprine may be tried cautiously with
mercaptopurine; alternatively, surgery may be

ileostomy and maintains a degree of continence in suitabl
patients. Curative surgery is not possible in Crohn’s disease,
since recurrence elsewhere in the gut is almost inevitable,
but resection of the affected area becomes necessary in
many patients during the course of their illness.
CHOICE OF THERAPY
Ulcerative colitis.
®  ACTIVE DISEASE:
* mild to moderate
In mild to moderate distal disease toplcal mesalazme
pre(erably with an oral licylate (balsal

considered.’ Infliximab is also effective for main-
tenance of remission,® especially in patients who
remain corticosteroid dependent despite alternative
therapies.® Golimumab is also used.
®  POUCHITIS.

llcoanal pouch anastomosis allows for surgical
removal of the colon without loss of continence or
the need for an ostomy, but subsequent inflammation
of the pouch (pouchitis) occurs in about half of all
paﬁems.‘ On the basis of limited evidence it is
considered to be best treated by a short course of

or olsalazine), is the treatment of
choice.® Selected patients may benefit from oral
sulfasalazine. Patients intolerant of topical mesalazine
may be given a topical corticosteraid instead, though
they are less effective.*” Suppositories are suitable for

proctitis but foam or liquid enemas are required for

more proximal disease (proctocolitis).? Patients who fail
to improve on a ¢ ination of oral ami li

antibacterials (metronidazole or ciproﬂoxacm) e If
these are ineffective,
may be considered.®> Use of a probiotic formulation,
VSL 3, containing a mixture of bacteria, may also be of
benefit.>¢

Crohn’s discase.

ine Or COTLCC

| ® ACTIVE DISEASE:

ylate
with topical mesalazine or corticosteroid may require

an oral corticosteroid (e.g. prednisone or prednisolone

40 mg daily).>*** Infliximab is an alternative.®

In left-sided or more extensive ulcerative colitis the

preferred therapy is an oral aminosalicylate;>¢
olsalazine is best avoided in patients with pancolitis
as it may be more likely to produce diarrhoea than

mesalazine or balsalazide.> There is some evidence-

that the benefits of aminosalicylates are dose
related,>® and some controversy exists as to the
optimum induction dose: use of higher doses initially
may produce betuter responses,>® but there is an
increased risk of toxicity. Some recommend the
addition of topical aminosalicylates as the combina-
ton is considered more effective than oral treatment
alone.®
. Patients who fail to respond to i licylates
should be given an oral corticosteroid (as above).>44
The corticosteroid should be reduced gradually
(tapered) over several weeks once response is
achieved.>¢ Since long-term weatment with corticos-
teroids is undesirable, patients with chronic active
disease who are at high risk of relapse when the

« mild to moderate
First-line therapy in mild to mod. Crohn’s disease
is a matter of some debate. Oral mesalazine is of
limited benefit in ilea! or ileocaeca! disease,** and some
consider that it should not be used at all.* although
others recommend high doses as an appropriate initial
therapy.® Aminosalicylates may be of more benefit in
colonic disease, particularly sulfasalazine if it can be
tolerated.** Others favour the use of oral budesonide
as first-line therapy for mild 0 moderate ileocaecal
disease;** although it is somewhat less effective than
conventional oral corticosteroids, which are an option
in more active disease,>* it produces fewer adverse
effects.’! Opinion also varies on the use of topical

1 in colonic di 34 although it is widely

used.* Nutritional support {enteral feeding or the use
of elemental diets) may be considered as an
alternative 10 drug therapy or surgery in selected
patients.?

o moderate 1o severe
In outpatents with moderate to severe disease, and
those who fail to respond to initial therapy with

bud ide or ami licylates, conventional oral

corticosteroids, typically in a dose corresponding to
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40 mg of prednisolone daily (or up to 1 mg/kg daily),
are recommended.’* Once response has been
achieved, dosage should be graduaily tapered off.>¢
In patients who have relapsed, azathioprine or
mercaptopurine may be added,* but they are not best
suited to induction of remission because of the delay
in omset.’ Methotrexate may be an alternative in
selected patients.

In patients with severe extensive or fulminant disease
intravenous corticosteroids should be given.** Adding
intravenous metronidazole may be advisable, because
of the difficulty of distinguishing active disease from a
septic complication.? Infliximab should be considered
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Mesalazine appears to be of limited benefit at best for
the maintenance of remission,>4194® although it is
widely used,” and the other aminosalicylates are
considered inappropriate.>* Corticosteroids are also
not effective for maintenance,>*1? although budeso-
nide may delay relapse for a limited period.** In
patients who required corticosteroids to achieve
remission, the usual drug treatment for maintenance
is a thiopurine (azathioprine or mercaptopurine).>*
In patients who achieved remission with intramus-
cular methotrexate, it may be continued for
maintenance;® it is also an option in patients
intolerant of thiopurines.* Thiopurine maintenance
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Irritable bowel syndrome is a functional gastrointestinal
disorder of abdominal pain and altered bowel habit; pain is
charactetistically relieved by defaecation and may be
associated with increase or decrease in stool frequency.
There may be abdominal bloating. Women are more often
affected than men. Most patients have symptoms
intermittently, with flares lasting several days followed by
periods of remission.! Patients may be dassified as having
different subtypes of the syndrome, depending on the
nature of the main symptoms.

Given the hererogeneity of the condition, only a
minority of patients will respond to any given treatment,
and this together with a high placebo response rate limits
the evidence base for treatment.!* The mainstay of
treaunent is explanation and reassurance, coupied with
sensible advice about lifestyle.'* Dietary modification
should involve increasing the amount of vegetable fibre in
the diet initially (but see below); some patients respond to
exclusion of particular foods but this is probably best
reserved for more refractory cases, and should not be
allowed to compromise proper nutrition.!

Formal psychological therapies may be appropriate in
some patients, especially if they have other psychological
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suprpressmn’ Alternatives may be adalimumab or
certolizumab pegol.” To prevent recurrence following
surgery, short-term antbacterial therapy with
nitroimidazoles has been recommended in those
with risk factors for early recurrence, although
adverse effects limit longer-term use. Mesalazine has
also shown benefit in maintaining a surgicaily-
induced remission, as have azathioprine and
mercaptopurine, although the risk of adverse effects
is higher with the immunosuppressants. Promising
results have been reported from early studies using
postoperative infliximab.’®
Patients with inflammatory bowel disease have an increased
risk of developing colorectal cancer and chemoprevention
has been investigated. The aminosalicylates have shown a
preventive effect in most studies, and there is strong
evidence that ursodeoxycholic acid reduces colorectal
cancer in patients with ulcerative colitis who also have
primary sclerosing cholangitis.*!
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problems such as marked anxiety or depression, or are

unwilling to consider symptomatic drug therapy.! Hyp-
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systernatic review, although noting promising results, was

unable 1o confirm benefir.

Many drug treatments have been tried in irritable bowel
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symptoms unresponsive to conventional therapy: it was
previously withdrawn due to gastrointestinal toxicty
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symptoms of irritable bowel syndrome. Tricydic
antidepressants and SSRIs were considered equally
effective

" patients whose symptoms are associated with mild or

masked depression may also obtain benefit from
anidepressant therapy; a depressed patient with
increased bowel frequency and abdominal pain may
benefit from a tricyclic antidepressant, which slows
intestinal transit. It has been suggested that patients with
constipation may be better treated with an SSRI
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Many other drugs have been tried in irritable bowel
syndrome, but results have mostly been variable.*? Interest
in new pharmacological approaches has incdluded investiga-

tion of cholecystokinin antagonists (loxiglumide and

anubactcrlals such as metronidazole or erythromycin, oral
or PP nts such as azathioprine,

mercapwpunne. or methotrexate.'>3 Octreotide and

verapamil have also been reported to relieve symptoms.?

dexloxiglumide); 5-HT,-ag! such as ATI-7505 as well
as oumpounds with mixed actions such as r:nzxpnde, x-
opioid ag such as asimadoline and p p-opioid
antagonists such as alvimopan; the 2.3-b
receptor modulator dextofisopam; chloride channel activa-
tors such as lubiprostone; melatonin; non-absorbed
antibacterials such as neomycin or rifaximin, or more
promisingly the use of probiotc mixtures of lactic acid-
producing organisms; and recombinant human nerve
growth factors.!>** Many herbal medicines have also been
tried: a systematic review found the studies mostly to be
small and of poor quality, but suggested that there was
evidence of benefit for some herbal combinations including
Chinese traditional medicines such as tongxie yaofang.!¢
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Recurrent ulceration of the oral mucosa is usually idiopathic
and self-limiting and is known as recurrent aphthous
stomatitis or recurrent aphthous ulceration. However, oral
ulcers {canker sores) may also be caused by mechanical
trauma, nutritional deficiencies (particularly iron, folic acid,
or vitamin B,;), drug reactions, or underlying disease such
as Behget's syndrome (p. 1601.1).
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disease or nutritional deficiency and treating these as
appropriate. Usually no underlying cause can be found, and
treatment is purely symptomatic; it may include topical
anti-inflammatories, local anaesthetics, antiseptics, astrin-
gents, or antthistamines. The value of many of these drugs
in reducing symptoms remains anecdotal, and no
treaunents have yet been proven to reduce the incidence
of recurrences.

‘Where ulceration is due to minor trauma frequent use of
a warm saline or compound thymol glycerin mouthwash
may be all that is required to relieve discomfort and
swelling. Alternatively, pain relief may be obtained with
local anaesthetics or analgesics, but their efficacy in oral
vlceration is limited by their relatvely short duration of
action when applied topically. Salicylates are widely used,
mainly as choline salicylate gel, although they themselves
have the potential for local irritation and ulceration.
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Microscopic colitis

Microscopic colids covers the diseases collagenous colits
and lymphocytic colitis, which are characterised by chronic,
watery, non-bloody diarrhoea with intra-epithelial lympho-
cytic infiltration; in collagenous colitis this is accompanied
by a thickened band of collagen immediately below the
surface epithelium of the colonic mucosa.'* Although
originaily considered to be rare, more recent studies have
suggested an increased incidence; - differentiating from the
djarrhoea-predominant form of irritable bowel syndrome
{p. 1810.3) may be difficult. It has been suggested that the
disease is more common in middle-aged women, but others
dispute this.?

The evidence base for management is limited, and is
complicated by the fact that the disease may remit
spontancously.?# Initial measures may include dietary
modification, with avoidance of caffeine?’ or lactose-
containing foods.? A possible association with NSAIDs has
been suggested; such drugs should be withdrawn, or their
use minimised, if possible.%} Drug treatment has been
largely empirical. and relapse is quite common once
treatment stops. Antidiarrhoeal treattnent with ioperamide
or fibre supplements has been proposed initially.'->*
Systematic review® has suggested that budesonide (see
also p. 1626.1), and probably bismuth salicylate, are of
benefit in collagenous colitis, and they may be considered
for second-line therapy.? Data from a small study suggested
that bismuth salicylate might also be benefidal for
lymphocytic colitls, although no firm conclusions could be
drawn.? In unresponsive patients, sulfasalazine or another
5-aminosalicylate may be considered;'-* it has been
suggested that mesalazine or olsalazine may be less effective
(though better tolerated) than sulfasalazine.!? Other drugs
that may be tied in resistant cases include colestyramine,

spray or mouthwash may also be helpful.
Lidocaine, as a gel or lozenges, may be of value in pain ﬂxat
has not responded to other Topical cortic

are probably the most effective symptomatic treatment for
recurrent aphthous stomatitis. Pellets or lozenges of
hydrocortisone are allowed to dissolve next to an ulcer, or
triamcinolone in an oral paste formulation may be used,
although the paste may sometimes be difficult to apply.
Mouthwashes have been employed particulaﬂy when

Benzy

9. Ahenburg A, Zouboulis CC. Current concepts in the twearmen: of
recurrent aphthous stomatius. Skin Therapy Lert 2008; 13: 1-4.

Nausea and vomiting

Vomiting follows stimulation of the vomiting centre in the
medulla of the brain. This may be via the chemoreceptor
trigger zone, which is sensitive to many drugs and to certain
metabolic disturbances, or from actions on other areas such
as the vestibular apparatus of the ear {in motion sickness),
the cerebral cortex (in psychogenic vomiting), and multiple
peripheral receptors. In adults vomiting is almost invariably
preceded by a sensation of nausea.

In situations where it can be anticipated, such as motion
sickness, surgery, and cancer therapy, antiemetic drugs are
given prophylactically, but if this fails they may need to be
given therapeutically. Vomiting of unknown origin should
ideally not be treated until the underlying cause has been
found. I vomiting is prolonged, dehydraton, hypokal-
aemia, and alkalosis may occur and replacement of fluid and
electrolytes may be necessary, especially in young children
and the elderly.

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

Antineoplastic or cytotoxic drugs may induce vomiting
by both a central action on the chemoreceptor trigger zone
and a peripheral action on the gastrointestinal tract. The
cerebral cortex is probably responsible for anticipatory
vomiting. Mechanisms involving 5-HTy-receptors are
important in the pathogenesis of acute dsplatin-associated
vomiting, whereas different mechanisms are probably
involved in delayed emesis.

The emetic potential of antineoplastics varies in terms of
severity and incidence. A risk dassification system, based on
the proportion of patients who have emesis in the absence
of effective antiemetic prophylaxis, has been developed.
Although there are slight variations in published lists,'-
examples of risk for some common drugs include:

o high (more than 90% frequency of emesis) and can be very
severe with chlormethine, dsplatin, high-dose cyclo-
phosphamide, dacarbazine, dactinomycin, oral procarb-
azine, and streptozocin

s moderate (30 to 90% frequency of emesis) with carboplatin,

more modest doses of cyclophosphamide, daunorubidin,

doxorubidn, epirubicin, oral etoposide, idarubicin, oral
imatinib, irinotecan, high-dose mer.htm-exam oxalipla-

tin, oral temozolomide, and oral vi

low (10 to 30% frequency of emesis) with oral capeditabine,

ulceration is widespread in the mouth and a d
mouthwash has been used effectively. The healing
properties of 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
powder of carmellose sodium, although application may be
difficult.

Use of an antiseptic mouthwash such as chlorhexidine or
povidone-iodine may be helpful, since secondary bacterial
infection can delay healing. Chlorhexidine is also available
as a gel. Tetracyclines, used as mouthwashes, reportedly
reduce ulcer pain and duration, but their potential 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 1.5% solution to individual
ulcers, with a topical corticosteroid, may be helpful in
producing resolution.

Many other drugs have been tried in aphthous
ulcerauon Sucralfate may be of benefit. Drugs such as
le le and thalidomide, although possibly beneficial.
are unlikely to be suitable in most cases because of their
adverse effects, ah.hough thalidomide is used, for example,
for aphth in pat with AIDS. Pentoxifyl-
line, which, like thalxdomlde, inhibits tumour necrosis
factor production, has been used in patients with minor
recurrent aphthous ulceration. Systemic corticosteroids are

ide, oral fludarabine, fluorouracil. gemdcitabine,
lower doses of methotrexate, mitomycin, mitoxantrone,
pemetrexed, and taxanes
o minimal (less than 10% frequency of emesis) with bleomycin,
busulfan, oral chlorambucil, cladribine, oral erlotinib,
fludarabine, oral gefitinib, oral hydroxycarbamide, oral
methotrexate, rituximab, oral tioguanine, and vinca
alkaloids

genicity may d d to some extent on the dose,
route, and schedule of chemotherapy. Some combination
therapy has resulted in a higher incidence of vomiting than
would be expected from the constituents.

The onset and duration of vomiting also varies from drug to
drug. For cisplatin the onset may be between 4 and 8 hours
after a dose, while the duration may be up to 48 hours or
occasionally even longer; a p feeling of and
sometimes vomiting, lasting {or several days may also occur.
Alter chlormethine, vomiting may begin within a half to 2
hours, whereas after cyclophosphamide there may be a
latent interval of 9 to 18 hours, but in both cases vomiting is
generally less prolonged than with cisplatin. Acute emesis
(that occurring within 24 hours of chemotherapy) has
generally been easier to control than delayed emesis (that
occurring more than 24 hours after chemotherapy) or
anticipatory emesis. In patients whose regimens are given
over several days delayed emesis from the initial doses may
overlap with acute emesis from later doses.

generally reserved for cases with severe underlying di
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MAN! . Guidelines for the manag of
and vomiting associated with chemotherapy have been
produced.’® It is important that effective antiemetic
prophylaxis is given from the first course of chemotherapy,
to avoid subsequent problems with anticipatory 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 included:

o dc such as metod ide, dom-
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peridone, and some phenothiazines such as prochlor-

perazine
» corticosteroids such as dexamethasone
e 5-HT, gonists such as ond Ton
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o necurokinin-1 (NK-1) receptor antagonists such as

aprepitant
« cannabinoids such as nabllone
« b di ines such as |

« antihistamines such as diphenhydramme
The choice depends on the emetogenidty of the cancer
chemotherapy regimen, as well as factors such as the age of

the patient.
For pmphy]axxs of acute emesis associated with highly
g herapy, a 5-HTy ist with dexa-
meth and aprep {or fosaprep ) is recom-
ded.!-> At equi doses, dolasetron, granisetron,

ondansetron, and tropisetron are effective and equally
safe.’? Palonosetron, which has a prolonged action, may
also be used.? High-dose metociopramide was formerly
used, but frequently caused extrapyramidal adverse
effects, particularly in patients under 30 years of age;
diphenhydramine was used to reduce these effects

Far prophylans of acute musu assodated with moderately

with a 5-HT;
antagonist is suggested."’ Aprepitant (or fosaprepitant)
may be added for patients given an anthracycline and
cydophosphamide or other chemotherapy drugs of
moderate emetic risk

* Dexamethasone alone may be used for prophylaxis with
chemotherapy of low emeric risk;'? alternatives include
prochlorperazine or metoclopramide.? No routine
prophylactic antiemetic needs to be given for chemo-
therapy of minimal emetic risk;'-> however, as-needed or
prophylactic use of dexamethasone, a phenothiazine, or
metoclopramide is common, particularly for patients
with poor emetic control during previous therapy'

e Lorazepam may be used for its amnestic, sedative, and
anxiolytic effects as an adjunct to antiemetics when
anticipatory emesis is a problem

e Good control of acute emesis is important in preventing
delayed emesis. In addition, for prophylaxis of delayed
emesis from highly emectogenic chemotherapy, a
combinadon of de: h e with may be
used. After moderately emetogenic chemotherapy,
prophylaxis with a single drug such as dexamethasone
or a 5-HT; antagonist may be sufficient.!> Aprepitant or
dexamethasone alone has been suggested for patents
given an am.h:acydine with cyclophosphamide’-?

C binoids such as d binol and nabil have been

used for chemotherapy-induced nausea and vomi

CNS and do not appear to be effective against motion
sickness.

Once motion sickness has developed, gastric motility is
inhibited and oral anti ics are unlikely to be effecve.
Where intramuscular injection is feasible, promethazine
appears to be the most effective treatinent. If exposure is
likely to be prolonged, ransdermal hyoscine may be useful,
but will not provide benefit for some hours.®

Palliative care. Nausea and vomiting are common in
terminal illness, and may be prolonged. Causes may include
gastric irritation or stasis, bowel obstruction, renal failure,
hypercalcaemia, raised intracranial pressure, infection, or
the effects of drugs or radiation; anxiety. cough, and pain
may exacerbate the condition.™!!

MANAGEMENT. Management will depend on the cause of
the nausea and vomiting.>'® The evidence base for many
antiemetics in terminal care is poor; it is perhaps best for
metoclopramide, but evidence for many common and
apparently effective interventions, such as haloperidol,
cydlizine, and levomepromazine, is conflicting.'? However,
guidelines have been developed, either empirically or based
on considerations of the likely causes. Recommendations
include:®

« 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 frequent, subcutaneous injec-

ton or continuous subcutaneous infusion may be.

preferred to the oral route. The usual initial chaice for
palliative care in the UK is between metoclopramide
(preferred if the cause is gastric stasis, gastritis, or
functional bowel obstruction), haloperidol (favoured in
drug-induced vomiting, hypercalcaemia, and renal
failure), and cyclizine (raised intracranial pressure,
motion sickness, organic bowel obstruction)

if treaument fails an alternative drug may be considered,
or combination therapy may be necessary (prokinetics
such as metoclopramide 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 useful where first-line drugs fail.
Ol is usually used if levomepromazine is too

usually as second-line drugs. Although they have some
advantages because of their effects on mood, their use is
limited by adverse effects.*

If breakthrough emesis occurs, management is often
difficult. The general principle of trearment is to add an
additional antiemetic from a different dass; multiple
concurrent drugs, perhaps in alternating schedules or by
alternating routes may need to be considered. Since oral
dosage may not be feasible because of ongoing vomiting
treatment is often given by the rectal or inavenous routes.?
More intensive prophylactic treatment should be consid-
ered in subsequent courses.

Motion sickness has been described as a normal
reaction to stimuli that occur during passive transportation
and to which the individual is not adapted. The term
embraces all forms of travel sickness including sea sickness,
car sickness, train sickness, and air sickness. It is a type of
vertigo in which autonomic symptoms predominate,
therefore signs and symptoms include pallor, sweatng,
increased salivation, yawning, malaise, and hyperventila-
tion.

MANAGEMENY. The aim is to prevertt motion sickness and
antiemetics are more cffective if given prophylactically
before nausea and vomiting has developed. The prindpal
drugs used are the antimuscarinic hyoscine and some of the
centrally acting antihistamines.>* In some countries
dexamfetamine has been tried,® although its adverse effects
and the risk of abuse make it an unlikely choice. Antiemetic
drugs not effective against motion sickness include
metodopramide, domperidone, chlorpromazine, and 5-
HT; antagonists. Ginger has been tried. Evidence for the
value of wrist acupressure is equivocal.®

For short-term protection against motion sickness
hyoscine hydrobromide has been shown to be effective.” It
can be taken orally about 30 minutes before a journey
followed by further doses every 6 hours if necessary.
Transdermal hyoscine has a longer duration of action, but
the patches need to be applied to the skin several hours
before travelling.

There is little good evidence comparing the efficacy of
antihistamines with hyosdine against motion sickness,” but
they are often better tolerated. They are usually given orally
and indude cinnarizine, cyclizine, dimenhydrinate, meclo-
zine, and promethazine; all have similar efficacy, but differ
in onset and duration of action and in the extent of advcrse
effects such as drowsiness. Their antimuscarinic prop

sedative. Other phenothiazines. notably prochiorper-
azine, and the phenothiazine antihistamine prometh-
azine, are sometimes still used, but chiorpromazine is less
effective than levomepromazine where a broad-
spectrum drug is required. The role of 5-HT, antagonists
is limited but they may be useful in nausea and vomiting
secondary to chemotherapy (above) or radiotherapy
{below), or sometimes in bowel obstuction or renal
failure
if there is colic or a need 10 reduce secretions, hyoscine
butylbromide should be given, alone or with cydlizine. If
this is inadequate in padents with obstruction, octreotide
may be helpful
Non-drug measures may include appropriate diet and
avoidance of unpl odours, adeq hydration, and
regular mouth care,®'? Acupressure and acupuncture may
provide some beneﬁt.“’-“

ve and iting (PONV) is a
common ‘and dmrcsing adverse effect of anaesthesia and
swgery;’*'% it is seen in some 20 to 30% of patients
undergoing surgery under general anaesthesia,!*161? and is
perceived by patients as a problemm comparable to
postoperative pain.?

Risk factors for PONV include a history of motion
sickness or previous PONV, female sex, not stnoking, use of
opioids during or after surgery, use of volatile inhaled
anaesthetics or nitrous oxide, and prolonged surgery.'*
193122 1t is widely considered that certain types of surgery
carry an increased risk, but it is uncdear whether the
increase is due to the type of surgery or independent risk
factors.!*!¢ A study comparing various predictive models
found that none was perfect, but that a simplified model
based on history, sex, smoking status, and opioid use was as
effective as more complex methods.?!

ture of the P6 point, may also be effective, espedally for
nausea.”

Many types of drugs have been tried as prophylactic
antiemetics. These include the 5-HT; antagonists, phenothi-
azines such as prochlorperazine, butyrophenones such as
droperidol, anthistamines such as promethazine, cyclizine,
or dimenhydrinate, and some other drugs such as
dexamethbasone and hyoscine.'$2 A large and well-
designed multicentre study (IMPACT) has shown that
ondansetron, droperidol, and dexamethasone are of similar
efficacy;* it also confirmed that avoidance of volatile
anaesthetics and nitrous oxide was of as much benefit in
preventng PONV as use of a prophylactic antiemetic. The
evidence suggests that other 5-HT; antagonists are of similar
efficacy to ondansetron.’ Evidence for some of the older
drugs is less extensive, although benefit has often been
shown in individual studies.'® Systematic reviews have
confirmed the benefit of prophylaxis with dimenhydrinate*
and transdermal hyoscine?* but have suggested that
metoclopramide, which has been widely used, is in fact of
little value in preventing PONV,¥-3 perhaps because the
doses used are too low.?® However, another systematic
review?® included metoclopramide in a list of drugs that
reliably prevented PONV compared with placebo; other
drugs listed were cyclizine, dexamethasone, dolasetron,
droperidol, granisetron, ondansetron, and tropisetron.
Ginger root has aiso been suggested, but again does not
seem 10 be effective in this context, * although there is some
evidence of benefit for intramuscular ephedrine.? Cloni-
dine has also been reported to produce benefit, 32> possibly
secondary to reduced sympathetic tone and lower use of
inhalation anaesthetics and opioids. Neurokinin-1 antago-
nists such as aprepitant may also be effective.?2

In patients at moderate risk of PONV, therefore, in
addition to risk reduction, use of 1 or 2 prophylactic
antiemetics may be considered,'*'® such as a 5-HT,
antagonist, droperido! (although concerns about effects on
QT interval have restricted its availability), or dexa-
methasone; or perhaps transdermal hyoscine, dimen-
hydrinate, or another drug such as promethazine or a
heterocydic phenothiazine (prochlorperazine or perphen-
azine). In patients at higher risk, or in whom nausea and
vomiting would be particularly problematic, a combination
of antiemetics from different classes should be given,'>'¢
since the IMPACT study has shown that the effects of such
interventions are additive.?

If PONV develops, treatment will depend on whether
prophylaxis was given. In patients who have received no
prophylaxis, or only dexamethasone, a small dose of a 5-HT,
antagonist has been recommended.'>'* If PONV occurs
within 6hours of surgery despite antiemetic prophylaxis.
additional doses of the same drug convey no further benefit,
and treatment with drugs from another class is
recommended.!>'¢'822 Beyond this time any suitable drug
may be used, bur dexamethasone and transdermal hyoscine
are not recommended for treatment because of their slow
onset of action.'®

Pregnancy. Nausea and vomiting or ‘morning sickness’
is common in the first trimester of pregnancy. but is
generally mild and does not require drug therapy. Dietary
modification such as eadng small frequent carbohydrate
meals is widely thought 10 be helpful.’ A systematic review
has suggested that pyridoxine, which has been shown to be
of benefit, should be tried first if drug therapy is required.>
Benefit has also been reported with ginger root,**?* but
evidence of benefit from mmulauon of the P6 acupuncture
point is ambi M oA ines such as budizine,
dimcnhydrmatc, hydroxyzine, meclozine, promethazine,
and thiethylperazine have also been tried, and appear to be
more effective than placebo,> but there are obvious
concerns about potental effects on the fetus (see Pregnancy,
under Precautions for Antihistamines, p. 614.2). Although
no real evidence of a teratogenic effect exists,’* therapy has
tended to be reserved for severe cases, and short-term use.
In some countries metoclopramide has been widely used;
there is evidence for a lack of adverse effects on the fetus,”
but younger mothers may be at increased risk of
extrapyramidal effects.

Persistent vomiting and severe nausea may progress to
hyperemesis gravidarum i adequate hydration cannot be
maintained; Lhe condition occurs in up to 1% of

MANAGEMENT. Prediction of risk is of value since muchof | p es g of hyp includes
the management of PONV focuses on p jon. It is | hospi hsauon for intravenous fluid and electrolyte
generally agreed that prophylaxis should be reserved for rcplaccmem, and this is usually sufﬁn:m. Routine thiamine
patients at moderate to high risk. In these, various strategi jon, orally if tol d. otherwise p lly,
may be adopted to reduce risk where possible, indluding the has been recommended to reduce the risk of Wernicke’s

use of hesia or total i ous anaesthesia
with propofol (but see also p. 1910.2), avoidance of nitrous
oxide, minimal use of ioids, adequate hydration
(especlally with colloids), and possibly the use of
intraoperative supplemental oxygen (although not all
studia found this of benefit).!*'$ Avoidance of high-dose
ine (limiting the dose to a maximum of 2.5 mg in

may contribute to their effects. Non-sedating antihistamines
{e.g. astemizole and terfenadine) penetrate poorly into the

All cross-references refer to entries in Volume A

adults) has also been suggested.'s There is evidence that
some nonpharmacological interventions, such as acupunc-

encephalopathy®?® (see Wemicke-Korsakof Syndrome,
Pp- 2103.3), although there is some dxssenl from tlns vuew S
If hyp is fails to respond to rehy

should be used: indude d done,
azines, and antihistamines.”® It has been suggested that
hyperemesis unresponsive to conventional therapy may
respond to oral prednisolone or intravenous hydrocorti-
sone.* There have also been anecdoial reports of
ondansetron being used successfully in life-threatening

b, hi.
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hyperemesis gravidarum unresponsive to conventional
treatment,*! although a double-blind pilot study found it to
be no more effective than promethazine.** A sysiernatic
review found no evidence of benefit for any intervention in
hyperemesis gravidarum.*

After a review*? of the data the American Gastroenter-
ological Assodation Institute considered* that mctodo-

34, Jewell D, Young G. Interventions for nausea and vomiting in early
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mide, and ondansetron were of low risk in pregnant women
and could be used for nausea and vomiting and for
hyperemesis gravidarum.

Radiotherapy. The risk of emesis with radiotherapy
varies with the treatment given, particularly the area of the
body irradiated. However, emetic risk, and recommenda-
tions for use of antiemetics, are less clearly defined than in
the situation of chemotherapy-induced nausea and vomi-
ting.! Use of a prophylactic 5-HT; antagonist with or
without dexamethasone is usually recommended in
patiens receiving radiation to the upper abdomen or total
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emptying may also be involved. Other factors include
emotional stress, smoking, alcohol, and drugs such as
NSAIDs or corticosteroids.

Peptic ulcer disease usually presents as dyspeptic pain,
sometimes associated with nausea, vomiting, anorexia,
heartburn, or bloating. Patients may develop complications
such as bleeding, obstruction, or perforation.

Certain simple measures such as bed rest, dietary
modification, and cessation of smoking, may accelerate
ulcer healing, but these play an adjuvant role, and the basis
of weatment is pharmacological. Treatment is aimed at
eradicating H. pylori with antibacterials and neutralising or
inhibiting acid activity with antisecretory drugs. Surgical
treatment is used in patients with acute complications such
as perioration, haemorrhage, obstructdon, or pyloric
stenosis, or in patients with recurrent or intractable ulcer
disease, or where there is suspicion of malignancy.

Anti-Helicobacter therapy. The presence of H. pylori
should usually be confirmed before therapy to eradicate the
infection is started. The urea breath test is the most widely
used method to test for H. pylori, but may produce false-
negatives if used during or too soon after treatment with
proton pump inhibitors (see Helicobacter Infection under

available lt: P: journals.et dis/
J pd (accessed 15/07/10)
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Oesoph ) disorders, many due to disturbances in
oesophagcal motility, may produce non-cardiac chest
pain, similar to that of angina pectoris, {from which they
must be differentiated.

Achalasta is obstruction caused by failure of the lower
i} | sphincter to relax and permit passage of food
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into the stomach. It is accompanied by dilatation and
abnormal peristalsis in the oesophagus, which becomes a
reservoir for the unassimilated matter; symptoms include
dysphagia and sometimes pain. The treatment of choice is
mechanical dilatation of the sphincter or surgery.
Laparoscopic techniques have reduced the risks associated
with surgery, and this may become the preferred treatment.
Taking isosorbide dinitrate or nifedipine before eating
results in some improvement in achalasia, but these drugs
have a role only as a temporary measure, or when other
options are not suitable. Sildenafil is under investigation.
More recently, injection of botulinum toxin into the lower
oesophageal sphincter has been found 10 be effective, but
remission in the long-term is better with mechanical
dilatation than botulinum toxin. Therefore, it has been
recorm ded that boruli toxin be reserved for patients
thought to be at risk from mechanical dilatation or surgery.

Oesophageal spasm. although frequently asympto-
matic, can produce dysphagia and pain. Drug treatment of
diffuse oesophageal spasm, or its variant ‘nutcaacker
oesophagus’ which is characterised by high amplitude
peristalsis in the oesophagus, is often ineffective.
Antimuscarinic antispasmodics, nitrates, and calcdum-
channel blockers have been tried in an attempt to relax
the smooth muscle, but results are often disappointing:
experience with nifedipine in patients with nutcracker
oesophagus suggests that decrease in oesophageal pressure
may not corre]atc with reduction in pain. As with achalasia,
lly invasive surgery is effective for these conditions.
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Peptic ulceration is a common condition consisting of a
distinct break in the gastrointestinal mucosa, usually of the
stomach or duodenum. Duodenal ulcers are rarely
malignant but gastric ulcers are more commonly associated
with malignancy.

The aetiology of peptic ulcer disease is probably
muitifactorial but the bacterium Helicobacter pylori plays an
important role. Abnormalities of normal mucosal defence
mechanisms. and, in the case of gastric ulcer, reflux of
duodenal contents into the stomach or delayed gastric

Prec for Omeprazole, p. 1870.2) or antibacterials,
There is good evidence that eradication therapy has benefits
both in healing ulcers and preventing recurrence, especially
for duodenal ulcer.! Many different regimens have been
tried, using various combinations of oral antibacterials with
antisecretory drugs. Expert consensus is that any treatment
rcguncn should achieve at least 80% cradiauon oi H.
pylori,* and the most priate may th
depend to some extent on local patterns of resistance.
following rect dations have been made by an
international expert group:?
o where darithromycin resistance is below 15 to 20%

o triple therapy with a proton pump inhibitor (PPI),
clarithromycin, and metronidazole (provided the
prevalence of metronidazole resistance is less than
40%), for 14 days

or
PPL, darithromycin, and amoxidillin, for 14 days

or

+ quadruple therapy with a bismuth compound, a
PPL and two antibacterials, for 14 days. Such a
regimen as used in the UK (usually for rescue therapy,
see below) comprises a proton pump inhibitor with
tripotassium  dicitratobismuthate, tetracycline, and
metronidazole.

o Treatmem for 7 days rather than 14 may be acceptable
where local studies show it to be effective (in the UK,
the BNF considers that adverse effects and poor
compliance are likely to offset any therapeutic gain
from 14-day regimens)

o in areas of high darithromycin resistance it may be
appropriate to consujer anubmeml susceptibility testing
before begi tr g 15 that may be
considered include:

bismuth-containing quadruple therapy as above

or

PPL. amoxidillin, and metronidazole (prov:dcd metro-
nidazole resistance is low)

or

PPL, tetracycline, and metronidazole

» testing 10 confirm eradication, at least 4 weeks after
treatment, is recommended: a urea breath test is the
preferred method

e rescue treatments in patients with refractory disease
should be based on antibacterial suscepribility testing. In
the UK, the BNF considers that the bismuth-based
quadruple therapy regimen referred to above may be
effective.

e other antibacterials that have been investigated in
eradication regimens (mainly as rescue treatments)
include rifabutin and levofloxacin, although there might
be concerns about selecting for mycobacterial resistance
if the former were to be used widely, and increasing
fluoroquinolone resistance may limit the value of the
other

There is some evidence that a sequential regimen of a PP1

with amoxidillin for 5 days, followed by the PPI with a

nitroimidazole antibacterial (tinidazole) and darithromydn

for a further 5 days, is more effective than a standard 7- or
10-day triple therapy regimen in treatment-naive patients.?

The potential value of such regimens remains to be more

widely proven.*

The use of dual therapy regimens comprising a PPI and
an antibacterial is no longer recommended. Similarly,
although acid suppressive therapy has sometimes been
continued after completing eradication therapy, the BNF
considers this unnecessary, unless the ulcer is large or
complicated by bleeding or perforation.

Before the advent of H. pylori eradication therapy, drug
treatment of gastric and duodenal ulcers relied mainly on
antisecretory therapy. Four to 8 weeks of H,-antagonist or
proton pump inhibitor therapy was required for ulcer
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healing Because of the high incidence of relapse, these

blood may be required. About 80% of patients will stop
di ly without recurrence, but the

drugs were then often given as
Numerous other drugs were formerly used in peptic u.lcer
disease before the development of H,-antagonists and
proton pump inhibitors, incdluding antadds, antimuscarinics
such as pirenzepine, and mucosal protectants such as
sucralfate.

NSAID-induced ulceration. The ulcerogenic effects of
NSAIDs have been attributed to inhibition of prostaglandin
synthesis and mucosal cefl proliferation, and the ulcers they
cause may differ from non-iatrogenic ulcers in their
pathbology and prognosis.>* As many as 25% of chronic
NSAID users will develop ulcers, and 2 to 4% will bleed or
perforate.” Although considered to be i dent risk
factors for peptic ulcer disease, H. pylori infection and NSAID
use may act synergistically in peptic ulceration and ulcer
bleeding.*? If peptic ulceration develops during weatment

xemamlng 20% are at risk of severe morbidity or death,>*
and early stratification into low- and high-risk categories on
the basis of dlinical and endoscopic criteria is important for
proper 223 No may be needed for
low-risk pauents. but those with a dot in an ulcer bed
should undergo irrigation and appropriate treatment of the
underlying lesion, and high-risk patients should be given
tmmediate endoscopic injection therapy for haemostasis.?

Many ditferent solutions have been used for endoscopic
injection, induding adrenaline (alone or with sclerosants
such as monoethanolamine or lauromacrogol), alcohol,
fibrin glue, sodium tetradecyl sulfate, thrombin, or saline
{normal or hypertonic). None has been dearly shown to be
superior.™ but sclerosants and alcohol increase the risk of
complications such as perforation and necrosis compared

with an NSAID the drug should be withd: dp if
this can be done, the ulcer may be treated with an
antisecretory drug such as an H,-antagonist or PPI given for
4 to 8 weeks. If NSAIDS have to be continued, rreaoment is
with antisecretory drugs or the prostaglandin analogue
misoprostol.>¢ Ulcers tend to heal more slowly with H,-
antagonists if NSAIDs are continued, whereas the rate of
ulcer healing with PPIs appears not to be affected. There is
also some evidence that omeprazole is more effective at
healing NSAID-associated ulceration than misoprostol.'?
Patients at high risk of NSAID-associated gasuointestinal
complicadons, induding those with a history of these
events, should receive prophylactic therapy if NSAID
treamnent is absolutely necessary.>” A systematic review!!
concluded that misoprostol, PPIs, and double-dose H,
antagonists are effective at preventing chronic NSAID-
associated gasuic and duodenal ulcers. Standard doses of H,-
antagonists prevent NSAID-associated duodenal ulceradon,
but appear to be less effective in preventing gastric
ulceration. Another systematic review also found that
misoprostol, and probably PPls, were effective in reducing
the risk of symptomatic NSAID-associated ulceration, as was
the use of specific inhibitors of cyclo-oxygenase-2 such as
celecoxib;'? use of a cyclo-oxygenase-2 inhibitor with a PP
may be appropriate in very high risk patients.'*> After
healing of NSAID-associated ulceration, prophylaxis with a
proton pump inhibitor was more effective at preventing
recurrence than an H, antagonist,'*!* and omeprazole was
more effective and better tolerated than misoprostol.'®
Whether H. pylori eradication is appropriate in patients
receiving long-term NSAIDs remains debatabie. There is
some evidence that eradication reduces the risk of bieeding
in patients who have not previously taken NSAIDs,>'* and
testing and eradication in patients taking PPIs long-term for
prevention of NSAID-induced ulceration has been
advocated by an expert consensus, since there is evidence
that combination of H. pylori infection and long-term acid
suppression may accelerate the development of pre-
malignant changes in the stomach.? However, PPI
maintenance is more effective than H. pylori eradication in
preventing ulcer recurrence or bleeding in patients taking
NSAIDs,®> and there is no convincing evidence that
eradication speeds ulcer healing. !¢

Stress ulceration may occur in the stomach or the
duodenum after major physical trauma such as burns or
surgery, or after severe sepsis or illness. H;-antagonists and
sucralfate are widely used for the prevention of stress
ulceration in high-risk patents in intensive care units,'’-'*
and prophylactic therapy is increasingly used, though with
little evidence, in less severely ill patients.?® Pirenzepine is
used in a few countries, and some!” prefer it in
neurosurgical patients and those with head wauma. H,-
antagonists may be given orally, by nasogastric tube, or by
the intravenous route (intermi or oont Meta-
analysis has indicated that sucralfate may be as effective as
an H,-antagonist in reducing bleeding, and is assodated
with lower rates of mortality and pneumonia.?' For
discussion of the possible increased risk of infections with
acid suppressing drugs, see Infectdon, under O !

with adrenaline.? Adrenaline injection I in 10000 is
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given dine and for p of siress ulcer: meta-
analysis of randomised controlled uhls. BMJ 2000; 321: 1103-6.

24. Barkun A, «f al. Noavariceal Upper GI !leeding Consensus Conference
Group. petients with
noavariceal upper gaswrointestinal bk-eding. Ann Duern Med 2003; 139:
843-57. Also available at: hup://www.annais.org/cgi/repriny/139/10/
843.pdf (nccesscd 01/07/08)

23. Scottish Network. of acote
upper and lower pstmtnusmnl bleeding (fssued Sept:mber 2008).
Available at: bup:/iwww.sign.ac.uk
28/07/09}

26. Leontiadis GL ef al. Proton pump inhibitor trearment for acute peptic
uicer bleeding. [Whhdrawn and awaiting update]. Available in The
Cochrane Database of Systematic Reviews; Issue 5. Chichester: Jobn
‘Wiley; 2010 (accessed 15/07/10).

27. Andriulli A, ¢f al. Proton-pump inhibitors and outcome of endoscopic
hemostasls in bleeding pepric ulcers: a series of meta-analyses. Am J

2005; 100; 207-19.

commonly used; a large volume {over 13mL) is considered
more effective at achieving sustained haemostasis than
smaller volumes.?’ Thermal, laser, or multipolar (coaptive}
or plasma electrocoagulative endoscopic techniques are also
of benefit, and again there is no clear evidence to prefer one
over another.2* The use of mechanical clips may also be
effective.2425 A combination of endoscopic therapies may be
of greater benefit than monotherapy.?*?* If endoscopic
weatments fail to stop bleeding, or rebleeding occurs,
further endoscopic therapy may be considered. but
otherwise patients require surgery,*3* or selective arterial
embolisation.?®

There is good evidence from systematic review?® that
meatunent with' PPls reduces rebleeding and surgery in
patdents with acute bleeding peptic ulcers; one such review
did not show reduced mortality,?¢ although others consider
it to have been proven.?* An intravenous bolus of a PP
followed by continuous infusion for 72 hours is
recommended in patients who have undergone successful
endoscopic therapy.?*?* There is no evidence that any PPl is
superior to others.**?’ Some suggest that high-dose PPI
therapy (oral or intravenous, depending on the degree of
nisk) should also be considered in patients awaiting

18. Kovacs TOG, Jensen DM. The short-term medical managemert of
non-variceal upper gastroiniestinal biceding. Drugs 2008; 68: 2105-11.

29. Gisbent JP. o1 al. H. pylor eradication iherapy vs. antisecretory
non-cradicatian therapy (with or without lang-term maimenance
antisecretory therapy) for the prevention of recurrent bleeding from
peptic uicer. Available in The Cochrane Database of Sysiematic Reviews;
Issue 2. Chichester: Juhn Wiley: 2004 (accessed 0971 1/07).

Zollinger-Ellison syndrome

Zollinger-Ellison syndrome is a rare disorder characterised
by the presence of a gastrin-producing tumour (gastrino-
ma), which leads to hypersecretion of gastric acid and
consequent peptic ulcer disease (often with complications
such as perforation or bleeding), diarrhoea, or malabsorp-
tion. Gastrinomas usually occur in the non-beta isler 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
with multiple endocrine neoplasia type 1 {MEN-1)
syndrome.

Initial treatment is aimed at controlling the hypersecre-
tion of gastric acdid with an antisecretory drug. Giving
enough medication just to control symptoms is not

endoscopy.2¢
In contrast, there is no evidence that H;-antagonists are
of benefit in the treatment of acute nonvariceal bleeding,
and somatostatin, octreotide, or tranexamic acid are not
mmmended_}‘.zi.ﬂ
Eradication of H. pylort is recommended in those patients
positive for the organism;?42" eradication therapy is superior
to antisecretory drugs alone in preventing rebleeding.?®
L. Ford AC, e al. Eradicadon thetapy for peptic uicer disease in
Helicobacter pylori posiive patienis. Available in The Cochrane
Database of Systemaiic Reviews: Issue 2. Chichesier: John Wiley: 2006

{acvessed 09/11/07).
2. Malfertheiner P, o ol Cummcom-:pumzhe management of
b pylori i the he 1 C Report. Gui
2007; 5& 772-81.

3. Jafri NS, of ol. Meta-snalysis: sequential therapy appears superior to
saandacd therapy for Helicobacter pylori infection in patients naive w
treatment. Aar Ditern maoot. 148: 923--3). Correction. ibid.; 149: 439.

4 '3 for pylori cradi
Kauam'l: 370: 1010-2.
5. Wolfe MM, e al. toxicity of dal antiin-

flammatory drugs. N Engl J Med 1999: 340: 1888-99.
6. La Corte R ot ol Prophylaxis and treatment of NSAID-induced
gastroduodenal disorders. Drug Safety 1999: 20: 527-43.

7. Llanza FL a o). Praciice P < olhe A College
ol lines for p ion o NSAID-related ulcer
complications. Am J G-ﬂr'nuznl 1009‘ 104 725-3! Also available at:

ACE.gi.

ed adeq and it is important that add secretion
is reduced below 10mmol/hour. Intravenous H,-antago-
nists or proton pump inhibitors may be required inidally.
Once the symptoms have been controlled the tumour can
be investigated for surgical removal. When compl
removal is not possible then antisecretory therapy is
continued indefinitely. A proton pump inhibitor is the drug
of choice: it profoundly reduces acid secretion with once- or
twice-daily use, although relatively high doses are required
compared with those used in other conditions. An H;-
antagonist such as dmetidine or ranitidine may be used as
an alternative to omeprazole, and, as with omeprazole, daily
doses are higher than those used for other conditions; they
are given in 3 or 4 divided doses. The somatostatin analogue
octreotide can be used to reduce serum gastrin, but has to be
given subcutaneously, and is not well tolerated.
Parietal cell vagotomy may be performed to reduce acd
secretion if the tumour is not found, to allow lower doses of

antisecretory drugs to be used.
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for ulcers
y drugs. N EnglJ Med 1998;

p. 1870.1. The findings of a subsequent large
study? by the same authors were at odds with those of this
meta-analysis, suggesting that intravenous ranitidine was
more effective than sucralfate given orally or via nasogastric
tube in reducing dinically significant gastrointestinal
bleeding. Moreover, there was no difference in rate of
ventilator-associated mortality between ranitidine and
sucralfate recipients. A further meta-analysis®* has in turn
raised doubts about the efficacy of ranitidine: no significant
benefit was found for ranitidine, compared with placebo, in
the prevention of bleeding. One clinical guideline suggests
that, given the conflicting evidence, the choice between
antacids, H;-antagonists, and sucralfate be made on an
institutional basis.'8 PPIs are also used for stress ulcer
prophylaxis, although evidence for such use is lacking.!?
Bleeding ulcer. Peptic ulceraton is responsible for
about 50% of all cases of upper gastrointestinal bieeding:
the condition is potentially life-threatening and in severe
cases prompt resuscitation with intravenous fluids and
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Aceglutamide Aluminium (v
Aceglutamida de - aluminio;: Aceglutamlde Alzminum
(USAN); Acéglutamide d'Aluminium; Aluminii Aceglutami-
dum; KW-110; Amomurui Auemyramn.

Pentakds (M- -acetyi-glutaminato)tetrahydroxytrialuminium.
CasHispAliNiO2=10848

CAS — 12607-92-0.

UNIf — R7QTGOPMPX.

Pharmocopoeias. In Jpn. ‘
Profile

15. Ng F-H, o 4l. Pamotidine is inferior 1o
recurrence of aspirin-relsted peptic ulcers or erosions. Gmlnvby
2010; 138 82-8.

16 H. pyleni
Buil 2005; 43: 37-40.

in NSAID-

ulcers. Drug Ther

17. Tryba M. Cock D. Current on stress ulcer prophy Drugs
1997; 34: 581-96.
18. ASHP C on Th ASHP th idel! on

swess ulcer prophylaxis. Am J Health-Syst Pharm 1999; 36: 347-79.

19. Sesler JM. Stress-related mucosal disease in the intensive care unit: an
update oo prophyiaxis. AACN Adv Crit Care 2007; 18: 119-26.

20. Grube RR. May DB. Stress ulcer prophylaxis in hospialized patients not
in ntensive care units. Am J Health-Syst Pharm 2007: 64: 1396-400.

Aceglutamide aluminium, a complex of aceglutamide with
aluminium hydroxide, is an antacid with general properties
similar to those of aluminium hydroxide (p. 1817.2). It is
given orally in a usual dose of 700 mg three times daily.

Preparations
Proprietary Proparations {details are given in Volume B)
Single-ingredient Preparctions. Jpm: Glumal.




~

Aceglutamide Aluminium/Almasilate 1815

Aclatonium Napcdlsnlafe (BAN, ANN)

.- Adlatonii Napad:snlas. Adatonlum ‘Napadisylate; Celétomum

Napaa“ silate; Choline Naphd\alenel,S—Dusulphonate (P30
Dilactat D|acetate Napadlsnlate d'Aclatomum, Napadisilato-
de aclato 0; 5KF-10091 6—J TM-723 AKna'ron Hanaunau-

- ce(oxyprop!onyloxy)ethyknmethylammon|um
naphthaleneH S-disulphonate (21).- . i
sz_)NouC\oHsossr722-3 Co i

Profile

Adatonium napadisilate is a cholinergic agonist given orally
for its prokinetic properties in the management of decreased
gastrointestinal motility (p. 1805.2) after gastrointestinal
surgery, and to relieve symptoms of biliary dyskinesia and
chronic gastritis.

Preparations

Proprietary Preparafions (details are given in Volume B)
W Preparations. Jpn: Abovis.

Acotiamide Hydmhlonde {USAN, ANNM)

‘Acotiamide, Thilorhydrate’ d Acotiamidi Hyd:ochlond
Hidrocloruro” de aconamlda, YM443 2338; AxoTvammga
Mugpoxnopua.
N-{2-[bis(1-~ Methylethyl)ammo]ethyll-z [(2-hydroxy-4,5-
dlmethoxybenzoyl)armno]thlazole-4—carboxamlde monohy—
drochloride trihydrate.

CaH3oN.OsSHCI,3H,0=541.1
CAS — 773092-05-0.
UNIl ~~ NMW7447A9A.

Profile

Acotiamide hydrochloride inhibits peripheral antic
terase activity which improves gastrointestinal motility and
gastric emptying; it is used orally in the symptomatic relief
of functonal dyspepsia. Adverse effects have included
constipation, diarrhoea, and nasopharyngitis: raised
triglyceride, liver enzymes, and prolactin levels have also
been reported.

hali

References.
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1377-83.
Preparations
Proprietory Preparotions (details are given in Volume B)
Single-ingredient Preparations. Jpn: Acofide.

Albumin Tannate

Albumnnltannaam Albumma, tanato dé; Albumini Tannas;
Albummtannat Albutannln Tannln Albuminate; Anuﬁymm
TaHWar. ‘"

CAS ~~ 9006-52-4.

ATC = p07xA01" "

ATC Vet '— QAO7XAO1.

Pharmacopoeias. In Jpn.
Profile

Albumin tannate, 2 compound of tannin with albumin, is
given orally for its astringent properties in the treatment of
diarthoea (p. 1805.2). It is stated to liberate tannic acid
(p- 2625.2) in the gastrointestinal tract.

Preparations

Proprietary Preparofions (details are given in Volume B)
Single-ingredient Preparations. Austria: Tannalbin; China: Dan
Na Er Bin (R B/RiR); Ger.: T ibin; Neth.: bine-N;
Pol.: Taninal.

Mudti-ingredient Py Austria: Neoplex; Belg.: Tanal
Fin.: Tannoponf Ger Tannacomp; Hung Bolus Adsmngcns:
Pol.: Sal l; Spain: Demusint; +.

Alexitol Sodium AN, NN

Alexm)l sédico; Alexitol Sodlque' Alexitolum’ Natricum,
Anexcmon Hatpuii.

Sod!um poly(hydroxyalumlnlum) carbonate-hexitol com-
“ple

CAS

— 66813-51-2,

Profile

Alexitol sodium is an antacid with general properties similar
to those of aluminium hydroxide (p. 1817.2). It is given
orally in doses of 360 to 720mg when required, up to a
maximum of sixteen 360-mg tablets in 24 hours.

Preparations
Propriefary Preparations (details are given in Volume B)

Single-ingredient Preparations. Honmg Kong: Actal; Malaysia:
Actalt; Singapore: Acwal; Thai.: Actalt; UK: Actal.

Muki-ingredient Preparati I Actal Plust.

ol

Alicaforsen NN

Alicaforsén; Alicaforsenuim; Anm<a¢o cen:
2-Deoxy-(R)-P-thioguanylyk-(3/==5')-: Zdeoxy-(R)-P'thlocyu—
dylyl-3' ~57)- ¥ deoxy-(R-P-thiocytidylyl-(3'; 7+5)-2-deoxy-
(R)-P-thiocytidylyl-(3'— 5)-2'-deoxy-(R)-P-thioadenylyl-
(3"—5')-2'-deoxy-(R)-P-thicadenyly}-{3'—~ 5)~2/-deoxy-(R)-P-
thioguanylyl-(3' —5')-2'-deoxy-(R)-P-thiocytidylyl(3'<-59-2'-
deoxy-(R)-P-thiothymidylyl- (3’-’5’)-2‘—deoxy {R)-P-thiogua-
nylyl-(3'—5')-2'-deoxy-(R)-P-thioguanylyl-(3' = 5')-2'-deoxy-
(R)-P-thiocytidylyl-(3'—5")-2'-deoxy-(R)-P-thioadenylyi-
(3'—~5")-2'-deoxy-(R)-P-thiothymidylyl-(3' —5'}-2'-deoxy-(R)-
P-thiocytidytyl-(3' —5")-2'"-deoxy-(R)-P-thiocytidyly-3' =57
2'-deoxy-(R)-P-thioguanylyH(3’ — 5'}-2'-deoxy-(R)-P-thiothy-
midylyl-(3'—5-2’-deoxy-(R)-P- thlocytldylyl‘(3’-'5') -2/-
deoxyadenosine.

CioaHa4aNrsOggP1515=6368.1

CAS — 185229-68-9.

Alicaforsen Sodium jusan, iNNv)

Alicaforsen Nonadecasodium; Alicaforsén sédico; Alicafor-.
sen Sodigue;, Ailcaforsenum Namcum Isis- 2302 AnuKatbop-
ced-Harpwa.” <

ClquzzanNawosanSw—67858 e
CAS — 331257-52-4. oL TL T
UNil — 4TWNGSZBSW. R

Profile

Alicaforsen is an antisense oligonucleotide that inhibits the
production of the cellular adhesion molecule ICAM-1,
which plays a role in the inflammatory response involved in
inflammatory bowel disease. It has been tried in ulcerative
colitis and pouchitis, and with less success in Crohn’s
disease.

References.
1. Barish CF. Alical, therapy in i
Opin Biol Ther 2008; 5: 1387-91,
2. Mlner PB. et al. Salety and efficacy of two dose lormulations of
enema P with lazine enema lo( of
mild 10 left-sided colitis: a double-
blind, active-controlled trial. Alimens Pharmacol Ther 2006; 23: 1403-13.
Correction. ibid.: 24; 1268.
3. van Deventer 5J, & al. A phase IT dose ranging, double-blind, placebo-
cummlled sludy of alicaforsen enema in subjects with acute
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y bowe| discase. Expert

intravenous or intramuscular injection in doses equivalent
to 50 1o 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 before and one 4 to 8 hours after the cytotoxic
regimen. For highly emetic regimens requiring doses above
5mg/kg it may be given by intravenous infusion over 15
minutes every 2 hours for 5 doses, starting 30 minutes
before the cytotoxic. It has been recommended that the total
dose given with a course of chemotherapy does not exceed
4.5¢.

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

Adverse Effects and Precautions

As for Metoclopramide, (see p. 1863.2).

Pharmacokinetics

Alizapride is well absorbed from the gastrointestinal tract. It
is mainly excreted unchanged in the urine and has an
elimination half-life of about 3 hours.

Preparations
Proprictory Preparations (details are given in Volume B)

Prepardtions. Arg.: Gastriveran; Belg.: Litican;
Braz.: Superan: Fr.: Plitican; Ger.: Vergentan; Gr.: Lyostenc
Ital.: Limican; Neth.: Litican.

Almagate Ban, UsaN, iNN)

Almagaam,' Almagal: Almagﬁ: Almagata A
atum; LAS-3876; AltbMarat, :

A!umlmum trimagnesitm’ carbonate heptahydroxide dlhy-
drate.

AIMQ:(CO,)(OH);JH;O=3150 ;

CAS — '66827-12-1- {almagare) 72526-11-5 (anhydrous
glmaga_te) :

ATC— ADZA'DOJ

ATC Vet — QA0ZADO3..

UNIi — S68Z59H7Z,

Pharmacopoeias. In Eur. (see p. vii).

Ph. Eur. 8: (Almagate). A white or almost white, fine
crystalline powder. It contains 15.0 t0 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. Practically insoluble in
water, in alcohol, and in dichloromethane. It dissolves with
cffervescence and heating in dilute mineral acids. The
filtrate of a 4% suspension in water has a pH of 9.1 t0 9.7.
Store in airtight containers.

Profile

Almagate is a hydrated aluminium-magnesium hydro-
xycarbonate. It is an antacid with general properties similar
to those of aluminium hydroxide (p. 1817.2) and

Imagato;

5. Yacyshyn B, er al. A randomized. double-masked. placebo-
study of alicaforsen, an antisense inhibitor of interceilular adhesion
molecule 1, for the reatment of subjects with active Crohn’s disease.
Clint Gastroenterol Hepatol 2007; 3: 215-20,

Alizapride Hydrochloride imnwvy

Alizaprida, hidrocloruro de; Alizapride, Chlorhydrate d’
Alizapridi  Hydrochloridum; Hidrocloruro de  alizaprida;
Anmzanpuga Muapoxnopng.

N-(1-Altyl- 2-pyrrohdmylmethyI)-6-methoxy-Ih-benzotna-‘
zole-5-catboxamide hydrochlonde :
CighnNsO,HO=3518"

CAS — 59338-93-1 (alizapride);
hydrochioride).

ATC — AO3FADS.

ATC Vet — QAD3FADS.

UNIl — 418T72B0Q7.

59338-87-3 {all'zapride

Uses and Administration
Alizapride is a substituted benzamide similar to metoclo-
pramide (p. 1862.2), which is used to control and

carbonate (p. 1856.2). It has been given orally
in doses of 1 to 1. Sg.

Preparations

; Propriekary Preparations (details are given in Volume B)
Single-ingredient Preparations. Mex.: Almax; Spain: Almax.

Almasilate Ban, /NN

Almasilato; Almasilatum; Aluminium: :Magnesium  Silicate
Hydrate; Magnesium Aluminosilicate Hydrate; Magneswm
Aluminum Silicate Hydrate; Anmasunar. :

Al MgO 25i0,xH,0=262.4 (anhydrous) )
CAS — 71205-22-6; 50958446, >+ :
ATC — AD2ADOS. ~ -

ATC Vet — QA0ZADOS: -~

UNIl ~ 7TO1453R1L (anhydrous almasllate), OZ%OGZHS&
(almasilate monohydrate).. - x>

Profile

vomiting (p. 1811.3) assodiated with a variety of disorders. It
is given as the hydrochloride but doses are expressed in
terms of the base. Alizapride 50 mg is equivalent to about
55.8 mg of alizapride hydrochloride.

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

The symbol t denotes a preparation no longer actively marketed

Almasilate is an artifidal form of aluminium magnesium
silicate hydrate. It is an. antacid (p. 1803.1) that is given
orally in doses of up to about 1g.

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

Vetegalt}; Pol.: Ahx: Apinormt; Bioaron C; Boldaloin; Boldo-
Rus.: Alorom (Asopoa); Bioaron C

Proprietary Preparations (details are given in Volume B)
Single-ingredient Preparafions. Ger.: Gelusil: Megalac Simagel:
Rus.: Simagel (Cmeareis); Spain: Alubifart.

Mulsi-ingredient Ger.. Gelusil-Lac Neo-Pyodron
Nt; Ulilac N; India: Entasid; Intadd-MPS; Jpm: Eki Cabe U;
Spain: Dolcopin; Switz.: Gelusil Nt. :

Aloes

Adbar Alavuq sultys, koncentruotos i EdZovintos: (Cape
aloes); Aloé,- aclbar; Aloe barbadensis (Barbados-aloes); Aloe,
Barbados- (Barbados * aloes);: ‘Aloet barbadoskd (Barbados:
‘aloes);"Aloe’ caperisis (Cape-aloes); Aloé; Kap (Cape' aloes);
‘Alog” Kapskd. (Capé- aloes) Aloés des' Barbades: (Barbados
aloes);” Alods du ' Cap’ (Cape’ aloes); Alona_ barbadoska
(Barbados aloes); Alora przyladkowa (Cape’ aloes), Barbadosi
&loé (Barbados aloes); Barbadosin aloe (Barbados aloes); Kap-
Sloé (Cape aloes); Kapin aloe (Cape aloes); Tikryjy alavijy
sultys, koncentruotos ir i3dZiovintos (Barbados aloes); Anoa
BapGagocckoe (Barbados aloes); Anoa Kanckoe (Cape aloes).
CAS — 8001-97-6; 67479-27-0 (aloe gum).

ATC Herb ~- HADGAB5001 (Aloe ferox: dry leaf juice).

UNil — OD145J8EME (Aloe ferox leal); VSVD430YW9 {socomne
aloe).

NoTe. Do not confuse with Aloe vera (p. 1693.2).
Pharmocopoeias. In Chin., Eur. (see p. vi), Jpr, and US.
Ph. Bur. 8: (Aloes, Barbados; Aloe barbadensis). The
concentrated and dried juice of the leaves of Aloe
barbadensis. It contains not less than 28% of hydroxyan-
thracene derivatives expressed as barbaloin and calculated
with reference to the dried drug. Dark brown masses,
slightly shiny or opaque with a conchoidal fracture, or a
brown powder. Partly soluble in boiling water; soluble in
hot alcohol. Store in airtight containers. Protect from light.
The BP 2014 lists Curagao Aloes as an approved synonym.
Ph. Bur. 8: {Aloes, Cape; Aloe capensis). The concentrated
and dried juice of the leaves of various spedes of Ale,
mainly Ale ferex and its hybrids. It contains not less than
18% of hydroxyanthracene derivatives expressed as
barbaloin and calculated with reference to the dried drug.
Dark brown masses tinged with green and having a shiny
conchoidal fracture, or a greenish-brown powder. Partly
soluble in boiling water; soluble in hot alcohol; practically
insoluble in ether. Store in airtight containers. Protect from
light.

USP 36: (Aloe). The dried latex of the leaves of Aloe
barbadensis (A. vera) known in commerce as Curagao Aloe,
or of A. ferox and its hybrids, known in commerce as Cape
Aloe (Liliaceae). It yields not less than 50% of water-soluble
extractive. It has a characteristicc somewhat sour and
disagreeable, odour. Curagao Aloe is brownish-black,
opaque masses with a fractured, uneven, waxy, and
somewhat resinous surface. Cape Aloe is dusty to dark
brown irregular masses, the surfaces of which are often
covered with a yellowish powder. Its fracture is smooth and

Uses and Adm:msfrahon

Aloes is an h 1 L (p. 1804.1)
but other less toxic drugs are genemlly preferred.
Homoeopathy

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

Adverse Effects and Precautions

As for Senna, p. 1885.3, although aloes has a more drastic
and irritant action.

Preparations
Proprietary Preporchions (details are given in Yolume B)

: Preparations. Fr.: Contre-Coups de I'Abbe Per-
drigeon; Vulcase; Ger.: HemoClint; Krauterlax; Pol.: Biostymi-
na; Switz.: HemoClint.

Muli-ingredient Preparations. Arg.: L Austral. Pen-
tone; Austria: Anin-r Waldheim Abfuhrdragees fortet; Braz.:
Camomila; Paratonico}; Vitonico; Camad.: Friar's Balsam; Laxa-
til; Laxolax; Traditional Herbal Laxativet; Traditional Laxative;
Chrile: Aloelax; Bulgarolaxt; Cz.: Dr Theiss Schweden Krautert;
Dr Theiss Schwedenbitter}; Fr.: Alco-Aloet; Dolores; Elusanes
Algues brunes/aloest; Ideolaxyl: Laxilo}: Opobylf: Petites

vera; 1

(Buospon C); Dohot Mom (Hoxrop Mowm); S.Afr.: Helmont-
skruie}; Lewensessens; Moultons Herbal Extract}; Turulington
Tincturet; Wonderkroonessens; Simgapore: Nu-Derm Toner:
Sankaijo; Spair: Alofedina; Crislaxo; Cynaro Bilinat; Laxadi-
nasf; Laxante Nico H yn; Opobyl; Pildoras
Zeninas; Switz.: Padma-| Lax: Padmed hxzn, Schweden-Mixtur
H; UK: Cassilax; Dual-Lax Normal Swrength; Laxative Tablets;
Natural Herb Tablets: Out-of-Sorts; Senokot Dual Rellef; Sure-
Lax (Herbal); Ukr.: Bicaron C (Buaospou C); Doktor Mom {fox-
Top Mom cupon); Swedish Bitters Dr Theiss (Ilseacxan fip
Taikec)f: USA: Diaparene Corn Starch; Vagisil.

Homoeopathic Austria: Haemex; Canad.: Cynara
Complext: Pr.. Aesculus Complexe No 103; Aloe Compose:
Ferrum Complexe No 29: Grindelia Complexe No 58; Homeo-
gene 224; L 25; Poconeol no 821; Sepia Compose; Yucca Com-
plexe No 110; Switz.: Hemolingual; Regenaplex Nr. 12; Rege-
naplex Nr. 25b: Regenaplex Nr. 3lc Regenaplex Nr. 3;

iex Nr. 50b; lex Nr. 59b; lex Nr. 71b;

Regenaplex Nr. 80aN.
ol P fons

BP 2014: Compound Benzoin Tincture;
Ph. Bur.: Aloes Dry Extract, Standardised:
USP 36: Compound Benzoin Tincture.
Aloglutamol
Trometamol Glucaldrate; AnornyTamon.
2-Amino-2-hydroxymethylpropane-13-diol gluconate dihy-
droxyaluminate.
CioHAING;=377.3
CAS — 13755-41-4.
ATC — AU2ABOG.

ATC Vet — QAD2AB06.

Profile

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

Proprietary Preporations (details are given in Volume B)
Single-ingrodient Preporations. Mex.: Sabro.

Aloin panN

Alloin; Aloina; AnovH.

CAS — 5133-19:7; 8015-61-0; - 1415-73-2 (barbaloin).
UNIl — WA41HES09F4.

Profile

Aloin is a crystalline substance obtained from aloes (see
above). It consists of C-glycosides such as barbaloin. Aloin is
an anthraquinone stimulant laxative. Like aloes it is very
irritant and other less toxic laxatives are generally preferred.
Aloin is used as a flavouring agent.

Preparations
Propristoary Preparations (details are given in Yolume B)
Single-ingredient Preparations. UK: Calsalettes.

Muhi-ingredient Preparations. Austral.: Ford Pillst; Braz.: Pilulas
Ross; Canad.: Bicholatet; Israel: Laxative Compound: Ital:
Boldina He; Cuscutine}; Grani di Valsi; Mex: Redotex NF;
Redotex: S.Afr.: Brooklax Pillst: Doans Backache Pillst; SB 3
Triple Action Pillst; Spaim: Laxante Bescansa Aloico}: UK:
Dual-Lax Extra Strong; Modern Berbals Laxative.

Alosetron Hydrochloride
IBAI\M, USAN, dNNMl

Alosétron, Iorhydrate d; Alosetrdn, hidrocloruro de
Aosetroni Hydrochloridum; GR-68755C; Hidrocloruro de
alosetron; AnoceTpoHa MapoXIopKA.
2,3,4,5-Tetrahydro-5-methyl-2-{(S-methyl-imidazol-4-yl)
methyi}-1H-pyridof4,3-blindol-1-one hydrochloride.
GHN,OHO=3308

CAS. — 122852-42-0 (alosetron);
hydrochloride).

ATC — AD3ALD1.

ATC Ver — QAO3AEDT,. .

YN — 2FSRIA46YW. . ..

122852-69-1 (alosetron,

Uses and Administration

are expressed in terms of the base; alosetron hydrochloride
1.12mg is equivalent to about 1 mg of alosetron.

The initial dose is the equivalent of alosetron 500 micr-
ograms twice daily. Patients who become constipated on
this dose should stop alosetron until the constipation
resolves; they may then be restarted on 500 micrograms
once daily. If constipation recurs at the lower dose,
alosetron treatment should be stopped. Patients who
tolerate 500 micrograms once or twice daily may continue
this dose for 4 weeks. If symptom control is still inadequate
after this time, the dose may then be increased up to 1mg

d after

twice daily. If symp are not ad: ty ¢

4 weeks of n-eatment with the hxgher dose, “alosetron should
be stopped.

References.

1. Lembo A, et al. Alosetron in irritable bowel syndrome: strategies for is

use in a common gastrointestinal disorder. Drugs 2003; €3: 1895-1903.

1. Mayer EA, Bradesi 5. Alosetron and imritable bowel syndrome. Expert
Opin Pharmacother 2003; 4: 2089-98,

3. mem\ini F «t . Bfficacy of alosetron in irritable bowe} syndrome: &

of trials. Motil

2003 15 79-86

4. v, S, the benefits and risks of
alosetron: what is its place in the ireaiment of irritable bowel syndrome?
Drug Safety 2004: 27: 283-92.

5. Lembo A o af. Effect of alosetrun on bowel urgency and global
sympioms in women with severe, diarthea-predominani irritable bowel
syndrome: analysis ol two contsolied trials. Clin Gastroenterol Hepatol
2004: 2: 675-82.

6. Chey WD, o al. Long-term safety and efficacy of aloseiron in women
with severe diarrhea-predominant irmuable bowel syndrome. Am J
Gastroenierol 2004; 99: 2195-2203.

7. ChanglL, # al. A dose-ranging. phase I studyol the efficacy and safety of

alosetron In men with diarche 185. Am J
2005; 100: 115-23.
8. Rahimi R, ¢ a/. Ellicacy and ility of for the of

irritable bowel syndrome in womnen and men: a meta-analysis of eight
randowmized, placebo-controlicd, 12-week trials. Clin Ther 2008; 30z 884
1.

9. Lewis JH. Al lor severe diarrh
syndrome: safety and efficacy in
Hepatol 2010; 4: 13-29.

Adverse Effects

Serious gastrointestinal adverse effects have occurred with
alosetron. and as a result, it was withdrawn from the market
in the USA and subsequently reinuroduced with more
restricted indications. These adverse effects include severe
constipation leading to obstruction, ileus, perforation,
impaction, toxic megacolon, and secondary ischaemia, as
well as ischaemic colitis. Fatalities have been reported.

Other gastrointestinal effects reported include abdominal
distension and pain, nausea, reflux, and haemorrhoids.
Adverse effects reported rarely include cardiac arrhythmias,
cholecystitis, altered bilirubin levels, tremor, headache,
myalgia, malaise, fatigue, and CNS effects such as confusion,
anxiety, depression, and sedation. Urticaria, skin reactions,
nail disorders, and alopeda can occur. Hyperglycaemia,
hypoglycaemia, and disorders of caldum and phosphate
metabolism have been reported.

Incidence of adverse effects. The incidence of serious gas-
trointestinal adverse effects with alosetron has been
reviewed.!? Pooled data from clinical studies suggested
that the rate of ischaemic colitis in patients waking alose-
tron was about 0.15%., or 6.4 cases per 1000 patient-years.
Results from posunarketing surveillance (before and after
its temporary withdrawal from the US market) were esti-
mated to represent a rate of 1 case per 1000 patient-years.
Serious complications of constipation are less markedly
increased in the population of alosetron users. A meta-
analysis of 8 studies’® reported that the incidence of serious
[ ki of ¢ ipation was 0.08% in alosetron
users; the incidence of ischaemic colitis was 0.16%. Over-
all, ¢ ion and abd | discomfort were the only
adverse effects significantly associated with alosetron use,
the relative risks being 4.35 and 1.96 respectivety.
1. ChangL, «t a. Incidence of ischemic colitis and scrious complications of
constipation among patients using alosetron: systematic review d
dinical trials and pr data. Am J

2006; 101: 1069-79
2. Chang L. e ol Ischemic colitis and complications of constipaton

irritable bowel
Expert Rev

associated with the use of ak under a risk plan:
dinical and Am ] J
2010; 105: 866-75.

3. Rahimi R, ¢t o!. Efficacy and ility of for the of

Iritable bowel syndrome in women and men: a meta-analysis of eight
mndomized, placebo-controlled, 12-week trials. Clix Ther 2008; 30: 884~
901. .

Precautions

Alosetron should be stopped immediately in patients who
develop constipation or symptoms of ischaemic colitis such
as new or worsening abdominal pain or blood in the stool.
Trcatmem with alosetron should not be resumed in patients
who d p ischaemic colitis.

Pilules Carterst; Tisane D’Arst; Tonilax; Ger.: Chol-Kugels

Neut: Cholhepan N; Humg.: Bano Svedkeseru; India: Aloe-
derm-B; Aloederm-G; Aloederm: Alorex: Calkem; Clarina;
Climdan; Climdan; Clin-3; Cytozen; Danclear; Garlill; Koiz;
Livomyn; Lunarex; Marc Free; Paedritone; Isrmel: Laxative
Compound; ftal: Emoform Alifresh; Grani di Vals}; Lassativi

All cross-references refer to entries in Volume A

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

Alosetron should not be used in patients with a history of
severe or chronic constipation, intestinal obstruction or
stricture, toxic megacolon, or gastmmtesunal perforation or
adhesions. It is also contra-indicated in patients with a
history of ischaemic colitis, impai inal circulation,
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thrombophlebitis, or hypercoagulable state, and those with
current or previous infl ory bowel d or
diverticulitis. :

Alosetron should not be used in those with severe
hepatic impairment or a history thereof; it should be used
with caution in patients with mild to moderate hepatic
impairment. Elderly patients may be at increased risk of
severe complications if constipation develops.

Interactions

Plasma concentrations of alosetron are markedly increased,

and its half-life prolonged roughly threefold, when given
with fluvc ine; such a ¢ ination should be avoided.
Licensed product information recommends that use with
other more moderate inhibitors of cytochrome P450
isoenzyme CYP1A2 (such as quinolone antibacterials and
cimetidine) should be avoided unless clinically necessary,
because of the risk of similar interactions. Ketoconazole also
increases plasma alosetron concentrations; care should be
taken if alosetron is used with this or other potent inhibitors
of the CYP3A4 isoenzyme (including clarithromycin,
telithromydn, HIV-protease m.lnbltors, voriconazole, and
m-aconazole)

Pharmacokinetics

Alosetron is rapidly absorbed from the gastrointestinal tract;
peak plasma concentrations occur about 1 hour after an oral
dose. Plasma’ concentrations are 30 to 50% lower in men
than in womien given the same oral dose; clearance is lower
in women. Bioavailability is about 60%; the extent and rate
of absorption are slightly reduced by food. Plasma protein

Alummlum Glycmcte

p|o, gllcmato de; Aluminum’ Glycmate, Basic Alumin-
Al 2 D(hydroxyalummum Ammoacetate,

ATC—A02ABO7 K Ceoa
ATC Vet — QAO2AB07.

LI T DO250MGOW6 (aluminiium  glycinate. hyd/ate)
II(?I3C6!5K (anhydmus aluminium glycinate). .-.

Pharmacopoeias. In Br. and US.

BP 2014: (Aluminium Glydnate). A white or almost white,
odourless or almost odourless, powder. It contains 34.5 to

separate on standing. It has a pH of berween 5.5 and 8.0.
Store in airtight containers. Avoid freezing.

USP 36: (Dried -Aluminum Hydroxide Gel). An amorphous
form of aluminium hydroxide in which there is a partial
substitution of carbonate for hydroxide. It contains the
equivalent of not less than 76.5% of Al(OH); and may
contain varying quantities of basic aluminium carbonate
and bicarbonate. The labelling requiréments states that 1g
of dried aluminium hydroxide gel is equivalent to 765 mg of
Al(OH),. It is a white, odourless, tasteless, amorphous
powder. Insoluble in water and in alcohol; soluble in dilute
mineral acids and in solutions of fixed alkali hydroxides. A
4% aqueous dispersion has a pH of not more than 10.0.
Store in airtight containers.

Uses and Administration

Al

38.5% of Al;0, calculated on the dried sub e, and not
more than 12% loss of weight on drying. Practically
insoluble in water and in organic solvents; it dissolves in
dilute mineral acids and in aqueous solutions of alkali
hydroxides. A 4% suspension in water hasapHo{ 6.5t0 7.5.
USP 36: (Dihydroxyaluminum Aminoacetate). A white,
odourless, powder. It may contain small amounts of
aluminium oxide and aminoacetic acid. It loses not more
than 14.5% of its weight on drying. Insoluble in water and
in organic solvents; soluble in dilute mineral acids and in
solutions of fixed alkalis. A 4% suspension in water has a pH
of 6.51t0 7.5,

Profile

binding is about 82%. Alosetron is extensively bolised
via cytochrome P450 isoenzymes, particularly CYPIA2,
although CYP2C9 and CYP3A4 also play a role. Numerous
metabolites are excreted in the urine and {aeces; only 6% of
a dose is recovered unchanged from the urine. The terminal
eliminadon half-life of alosetron is reported to be about 1.5
hours.

References.

1. Koch KM, & al. Sex and age in the
alosetron. Br J Clin Pharmacol 2002: 53: 238-42.

Preparations
Proprietary Preparations (details are given in Volume B)
Single-ingrodient Preparafions. USA: Lotronex.

Basic Aluminium Carbonate

Alumimum Hydroxycarbonate; Aluminum Carbonate, Basic
fUSAN); Basic. Alurminur -Carbonate; Carbonata bésuco de
aluminic; DCHOBHBIM Ymemcnuu Amowuuu &
YN — 1GABBING29.: . - <

Profile

Basic aluminium carbonate is a combination of aluminium
hydroxide and aluminium carbonate. It is an antacid with
general properties similar to those of aluminium hydroxide
(below).

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

Preparations
Proprietary Preparations (details are given in Volume B)
Single-ingredient Preparations. Fr.: Lithiagel.

Mstti-i dient Preparations. Port.: Gastrop t.

g

Alurmnlum Formote

AI(CHOz)a,3H20= _161 .
S — 7366-534 {anf‘ydrous ah.)mzmum forrnate)

Profile

Aluminium formate has astringent properties and has been
used in topical preparations for mouth disorders.

Preparations
Proprietary Preparations (details are given in Volume B)

Single-ingredient Preporations. Ger.: Dynexan Zahnfleischtrop-
fen. ’

Preparetions. Ausm'a Cional; Dynexan; S.Afr.:
Dynexan; Switz.: Mucosant.

Al iurn glycinate is an antacid with general properties
sirnilar to those of aluminium hydroxide (below). It has
been given in oral doses of up to 1.5g.

Preparations
Proprietary Preparations (details are given in Volume B)

Multi-ingredient Preparations. Arg.: Dafne; Austria: Addrine;
Belg.: Alucid; Chile: Sinacidt; Denm.: Alminox; Fr.: Adidrine;
Gr.: Novalox; Indom.: Acidrine; Ital.: Acidrine; Pol.: Proacidt;
Spain: Meteoril; Secrepar; Thai.: New Gel; Turk.: Acidrine;
Alma; Ukr.: Secrepat Forte (Cexpenar Qopre).

Used as an adjunct in:. Austria: Indobene; Braz.: Somalgin;

Chile: Butartrol: Flexono; Ital.: Aspirina 03; Switz.: Bonidont;
USA: Buffex.

Preparations

USP 36: Dihydroxyalumi Ami etate Magma.

Aluminium Hydroxide

Alluminio hidroksidas; Alumunlhydroksldl, Aluminii Hydro-
xidtirm; - Alaminii - axidum hydricum; “Aluminium Oxidum
Hydricum;  Aluminium’ {oxyde. d). hydraté;- Aluminiurnhy-
droxid; -Aluminum’ Hydroxide;. Aliminyum Hidroksit; Glinu
wodorotlenek; Hidréxido “de’ aluminio; Hydroxid hlinity;-
Wasserhaltiges Aluminiumoxid; AniomuHmi [} wnponcug

CAS — 21645-51-2 [AKOH)y.

ATC ~ AO2AB0T. -

ATC Vet'— ’QAOZABW

UN/I—SOBGUIUND

NOTE. Algeldrate (USAN, pINN) is deﬁned as a hydrated
aluminium hydroxide with the general formula of AI{OH);,
xH,0.
Compounded preparations of aluminium hydroxide may
be represented by the following names:
¢ Co-magaldrox x/y {BAN)—where x and y are the
strengths in milligrams of magnesium hydroxide and
aluminium hydroxide respectively.

Pharmacopoeios. In Chin., Eur. (see p. vii), Int., Jpn, US. and '

Viet.

Ph. Bur. 8: (Aluminiumn Oxide, Hydrated; Dried Aluminium
Hydroxide BP 2014). It contains the equivalent of 47 to 60%
AlLOs. It is a white or almost white, amorphous powder.
Practically insoluble in water; it dissolves in dilute mineral
acids and in solutions of alkali hydroxides. Store in airtight
containers at a temperature not exceeding 30 degrees.

Ph. Bur. 8: (Aluminium Hydroxide, Hydrated, for
Adsorption; Aluminii Hydroxidum Hydricum ad Adsorptio-
nem). A white or almost white, translucent, viscous,
colloidal gel. A supernatant may be formed upon standing.
A dlear or almost dear solution is obtained with alkali
hydroxide solutions and with mineral acids. pH 5.5 to 8.5.
Store at a temperature not exceeding 30 degrees. Do not
allow to freeze.

USP 36: (Aluminum Hydroxide Gel). A suspension of
amorphous aluminium hydroxide in which there is a partial
substitution of carbonate for hydroxide. It is a white viscous

P

The symbol t denotes a preparation no longer actively marketed

ion from which small amounts of clear liquid may

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

Aluminium hydroxide binds phosphate in the gastro-
intestinal tract to form insoluble complexes and reduces
phosphate absorption. It may thus be used to treat
hyperphosphataemia in patdents with chronic renal failure
(although aluminium accumulation may be a problem—see
Renal Osteodystrophy, p. 1170.1) or associated secondary
hyperparathyroidism (p. 1170.3). With this use the dose
must be adjusted to the individual patient’s requirement but
up to about 10g daily may be given orally in divided doses
with meals.

Aluminium hydroxide is also used as an adjuvant in
adsorbed vaccines.

Polymyusitis and dermatomyosifis. Corticosteroids form

the basis of the management of polymyositis (p. 1611.1)

. but the calcinosis that may occur in dermatomyositis does

not always respond well. Aluminium hydroxide 1.68 to

"2.24 g daily produced clinical improvement with complete

dearing of most calcified nodules after 1 year in a patient
with calcinosis cutis cornplicating juvenile dermatomyosi-
tis.! The calcified masses are made up of hydroxyapatite
and amorphous calcium phosphate and reduction in phos-
phate absorption by aluminium hydroxide probably
helped to reverse their formation. Subsequent cases:?
have also reported benefit from aluminium hydroxide
treatment in the management of calcinosis.

1. Wang W-J, «a al. Calcnosis cutis in juvenile dermatomyositis
remarkable response 10 alumintum bydroxide therapy. Arch Dermatol
1988; 124: 1721-2.

2. Nakagawa 'l‘ Tihiwn T. Caldnosis cutis in juvenile dermatomyositis

Y J Dermarol 1993; 20

5! 53-60.

. Wananukul S, et al. Calcinosis cutis presenting years before other dinical
manifestations of juvenile dermatomyositis: report of two cases.
Augtralas J Dermatol 1997; 38: 202-5.

Adverse Effects and Precoutions

Aluminium hydroxide, like other aluminium compounds, is
astringent and may cause constipation; large doses can
cause intestina) obstruction.

Excessive doses, or even normal doses in patients with
low-phosphate diets, may lead to phosphate depletion
accompanied by increased bone resorption and hypercal-

w

{ ciuria with the risk of osteomalacia.

Aluminjum salts are not, in general, well absorbed from
the gastroi I tract, and sy ic effects are therefore
tare in patients with normal renal function. However, care
is necessary in patients with chronic renal impairment:
osteomalacia or adynamic bone disease, encephalopathy,
dementia. and microcytic hypochromic anaemia have been
associated with aluminium accumulation in such patients
given large doses of aluminium hydroxide as a phosphate-
binding agent. Similar adverse effects have also been
assodated with the aluminium content of dialysis fluids.

Aluminium hydroxide used as an adjuvant in adsorbed
vaccines has been associated with the formation of
granulomas.

Children, For the suggestion that aluminium-containing
antacids should not be used in infants, see Toxicity, below.

Porphyria. UK licensed product information states that
aluminium hydroxide may be unsafe in padents with por-
phyria undergoing haemodialysis. However, the Drug
Database for Acute Porphyria, compiled by the Norwegian
Porphyria Centre (NAPOS) and the Porphyria Centre Swe-
den, has not classified aluminium hydroxide.!

1. The Drug Daiabase for Acute Porphyria. Available au hip://www.
drugs-porphyria.org (accessed 06/10¢11)

Toxicity. References to aluminium toxicity in dialysis
patients and the possible association berween aluminium
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mgemon and Alzheimer’'s disease are induded undcz Alu-
minium (see p. 2440.1).

Aluminium accumulation does not generally appear o
be slp-uﬂmnt in; patiems vmh normal renal function taking
th doses of ontaining antacids, and
there is little evidence that such antacids are a risk factor for
Alzheimer's di: ! Elevated pl juminjum concen-
trations have been reported in infants with normal renal
function given aluminium-containing antacids but there
were no obvious signs of toxicty.? There have, however,
been reports of phosphate depletion and rickets in a few
infants caused by the use of antacids containing magnesium
and aluminium hydroxides. In these cases the antacid had
been started within a few months of birth and continued for
up to 8 months. In reports that described a total of 3
infants,>* the authors suggested that the use of soya-based
infant feeding formulas, the phytates of which can interfere
with mineral absorption, may have exacerbated the
phosphate-binding effect of the antadd. In another case® a
dosing error resulted in the infant receiving an excessive
dose of antacid for 6 months. The BNFC advises against the
use of any aluminium-containing antacid in neonates and
infants.

accumulation (especlally in bone and the CNS), and
aluminium toxicity (see p. 1817.3).

The aluminium compounds remaining in the gastro-
intestinal tract, which account for most of a dose, form
insoluble, poorly absorbed aluminium salts in the intestines
including hydroxides, carbonates, phosphates and fatty acid
derivatives, which are excreted in the faeces.

Preparations
Propristary Preporafions (details are given in Volume B)

Single-ingrodient P Arg.: P Austral.: Alu-
Tabt; Austria: And-l’hosphn, Braz.: Aludroxil; Aziram; Ducto-
gel: G Plus; Pepgastrint; Pep

Peptgel; Canad.: Amphojel; Ger.: Aludroxt; Antiphosphat; Gr.:
Alu-Cap: Pepsamar; Homg Kong: Alu-Tab; Gasteel, India:

Aludrox; Dizicum; Tricaine-MPS; Indom.: Actal: Irk.: Aludroxt:.

Malaysia: Alu-Tah; Mex.; Domigely; NZ: Alu-Tab; Philipp.:
Alu-Tab; Pol: Alusal; Port.. Almigastrico; Pepsamar; S.Afr.:
Acidext; Alukont; Amphojel; Séingapore: Alu-Tabt; Alutadd;
Spaim: Alugelt; Pepsamart; Switz.. Anti-phosphatet; Thai.:
Alumina-Magnesia; NewGel. UK: Alu-Cap; USA: ALternaGEL:

Aamphoiel: Dial

1. Nep

X P

are listed

Aluminium accumulation resulting in ia or
encephalopathy with seizures and dementia has been
reported in children with renal failure (but not on dialysis)
treated with aluminium-containing phosphate binders.'°
In an adult male patient with severe chronic renal failure
who was not on dialysis, self-medication with antacids for at
least 3 years resulted in aluminium toxidity assodated with
encephalopathy, bone disease, and microcytic anaemia.!*
Aluminium-containing antacids should therefore be used
with caution in patients with chronic renal failure,
espedially children.

Oral citrate salts increase the absorption of aluminium
from the gastrointestinal tract'? and patients with renal
failure taking aluminium compounds should avoid citrate-
containing preparations, which incdlude many effervescent
or dispersible tablets.}*!* Ascorbic acid has also been
reported to enhance aluminium absorption.”

L. FMaten TP, o al. among ga: | uleer

i Preparati prep
in Yolume B.
Used as an adjunct in:. Ary.: Dristan Compuesto; Braz.: Engov;
Enjoy; Posdrinkt: Resprax}; Gr.: Ascriptin; Imdon.: Naspro:
Ital.: Ascriptin; Mex.: Ascriptin; Meprosona-F; Switz.: Alcacyl:
Contre-Douleurs plus: USA: Arthrids Pain Formula; Ascriptin;
Cama Anthritis Pain Relicver; Cope; Vanquish; Verez.: Ascrip-
tn.

Homoeopathic Preparations. Chile: Lkoplex No 19; Cz.: Lamio-
furt.

BP 2014‘ A droxide Oral Chewable
i droxide Tablets; Chewable Compound Mag
jum ‘l'ns:lu:(e Tablets: C galdrox Oral pension; Co-

magaildrox Tablets;

USP 36: Alumina and Magnesia Oral Suspension; Alumina and

Mngnesu Tahlel.: Alumina and Magnesmrn Carbonate Oral
and M Tablets;

p-ncnu.JEpdava&mquaM 1991; 45: 203-6.
2. Tsou YM, o o, Eleuledphsmaahmlnumkvd:mmﬂmm
iving antacids Pediatric 1991; 87: 148-51.

3. Pivnick EK, o al. Rickets secondary 1o phosphate depletion: a sequela of
anwadd use in infancy. Clin Pediatr (Phila) 1995 )¢7H

4. Sherty AK. o al. Rickets and with
long-term antacid use i an infant. Arck Pediatr Adolesc Med 1998; 152:
1243-5.

5. Robinson RF, & al. Metabolic bone discase after chronic antacid
adminisiration in an infant. Ann Pharmacother 2004 38: 265-8.

6. Pedersen S. Nathan B. Water treatment and dialysis dementia. Lance
1982; it 1107,

7. id WR, ef al. A i in a nond: d uremic
child receiving aluminum bydmﬂd:. Pediatrics 1983; 71: 56-8.

8. Randall ME Aluminivm wxidty ip an infant not on dialysis. Lancet
1983; &£ 1327-8.

9. Sedman AB, et ol halopathy in chil
toxicity. J Pediatr 1984; 105: !36—!

10. Andreoli SP. e al. Alumi; from ak
phosphate binders in children with azotemia not undergoing dhlysis. N
Bngl J Med 1984; 310: 1075-84.

11. 2atta P, of «. A fatal case of aluminivm encephalopathy in a patient with
severe chronic renal failure not on diatysis. Nephro! Dial Transplant 2004;
19: 2929-32.

12. Wailker JA, o ol. The effect of oral bases on enteral aluminum absorpron.
Arch betern Med 1990; 1302 2037-9.

d secondary 1o

Alumma and Magnesium Trisilicate Oral Suwensnon, Alumina
and Magnesium Trisilicate Tablets; Alumina, Magnesia. and

ten; Port: Di-Gelf: Simgapore: Medosil; Veragel Switz:
Andursil; Thal.: Defomil; Diovolt; Kremil-S; Kremil; Machto;
Simecot; Todd; Veragel; UK: Simeco; Ukr.: Gastal (Pacrax);
Venez.: Ditosil Plus; Ditosil

Used o5 an adjundt in. Indon.: Rheumapilk.

Aluminivm Phosphme

Aliuminio - fosfatas; Alumnmfosfaam Alumumi phosphas,
Aluminio; fosfato de; Alaminium; phosphate d; Aluminiim::
fosfat; Aluminium-foszfat - Aluminum: Phosphate; Fosfato de-
‘aluminio; Fosfore¢han: hlmuty Gl'nu fosforan, Ghnu fosforanu,=

Anomina Gocdar.
‘CAS - 7784-30-7 (AIPOY). -~
ATC — A02AB03.

ATC Vet — QAO2AB03,
UNI — FI2V355210.

Pharmacopoeios. In Viet.

Eur. (see p. vii) includes hydrated aluminium phosphate
and also a gel. US includes as a gel.

Ph. Eur. 8: (Aluminium Phosphate, Hydrated; Aluminii
Phosphas Hydricus; Dried Aluminium Phosphate BP 2014).
A white or aimost white powder. Very slighty soluble in
waler; practically insoluble in alcohol. It dissolves in dilute
solutions of alkali hydroxides and mineral acids. A 4%
suspension in water has a pH of 5.5 to 7.2. Store in airtight
containers.

Ph. Eur. 8 (Aluminium Phosph Gel: Al
Phosph Liq n). It is alumini phosphate in gel
lorm containing 19 to 21% of AIPO,. Practically mso]uble in
water, in alcohol, and in dichloromethane. It dissolves in
dilute solutions of mineral acids. pH 6.0 to 8.0. Store in
airtight containers.

USP 36: (Aluminum Phosphate Gel). A 4 10 5% suspension
of aluminium phosphate (AlPQ,} in water and has a pH of
6.0 10 7.2. It is a white viscous suspension from which small
amounts of water separate on standing. Store in airright
coniainers.

Profile

Caldum Carbonate Qral Suspension: Alumina. ia, and
Calcium Carb Tablets; Alumi ia, and Simethi-
cone Oral Suspension; Alumina, Magnesia, and Simethicone
Tablets; Alumina, Magnesia. Calcium Carbonate, and Slmethl-

Aluminium phosphate is an antacid with general properties
similar to those of aluminijum hydroxide (p. 1817.2). but it
does not produce phosphate depletion.

cone Tablets; Alumina, Magnesium Carbonate, and Mag

Oxide Tablets; Aluminum Hydroxide Gel; Aspirin, Alumina, and
Magnesiz Tablets; Aspmn. Alumnu and Magnesium Oxide
Tablets; Dried Al ide Gel Capsul Dned

Alumini phosphate is also used as an adjuvant in
adsorbed vaccines.

Preparations

Aluminum Hydroxide Gel Tahlets. Dried Alumi Hyd:
Gel.

Aluminium Hydroxide-Magnesium
Carbonate Co-dried Gel

Aluminum Hydroxrde-Magnaﬂum Carbonate Co-dried Gel;
F-MA 11; Hidroxido de aluminio y carbonato. de magnesio
desecado, gel de.

Proprietary Preparations (details are given in Volume B)

Single-ingredient Preparations. China: Colphos (¥#k<); Gui

Dlng l(ang (B SHE); Phosgel (rii!‘ﬂ Yu Er (#/R); Fr.: Phos-
Ger.: Phc F 2} Pon Phospha-

lugel: Rus.: Phosphal '.‘ em); Ukr.:

{Gocamorem).

Molti-ingredient Preparations. Fr.: Isudrinet; Moxydar; Seroxy-

dart.

Phavmacopoeial Preparations
USP 36: Aluminum Phosphate Gel.

14. MainJ, WndMK.

13. Mees EID, Basgi A. Citric acid in calcium effervescent tablets msy favour Proﬁle
aluminium intoxication. quhnn 19’1 59 322,
2 Al hydroxid ium carbonate co-dried gel is
ablets in 4 b paent. 4411992 30¢ 1686 a co-predipitate of al hydroxide and Aluminium Sodium Silicate

13. Donﬂnp!LaaLEﬂ:dolmtbludd on gasirointestinal Aluminium
absorpdon. Lancer 1992: 338: 1467.

Interactions

As outlined on p. 1803.1, aluminium compounds used as
antacids interact with many other drugs, both by alterations
in gastric pH and emptying, and by direct adsorption and
formation of complexes that are not absorbed. Interactions
can be minimised by giving the aluminium compound and
any other medication 2 to 3 hours apart. The absorption of
aluminium from the gastrointestinal tract may be enhanced
if aluminium compounds are taken with ditrates or ascorbic
acid (see Toxicity, p. 1817.3).

Pharmacokinetics

Aluminium hydroxide, given orally, slowly reacts with the
hydrochloric acid in the stomach to form soluble aluminium
chloride, some of which is absorbed. The presence of food or
other factors that decrease gastric emptying prolongs the
availability of aluminium hydroxide to react and may
increase the amount of aluminium chloride formed. About
100 to 500micrograms of the cation is reported to be
absorbed from standard daily doses of an aluminium-
C ining antacid, leading to aboutr a doubling of usnal
aluminium concentrations in the pl of pat with

carbonate dried to contain a proportion of water for antacid
activity. It is an antadd with general properties similar to
those of aluminium hydroxide (p. 1817.2) and magnesium
carbonate (p. 1856.2). It has been given in oral doses of
abouz 450 to 900 mg. usually 3 times daily after meals and
before bedtime.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies comb and
complexes of aluminium, calcium, and magnesium com-
pounds for acid related disorders as not porphyrinogenic;
they may be used as drugs of first choice and no precau-
tions are needed.!
1. The Drug base for Acute ilable at: hetp:.
drugs-porphyria.org (sccessed 06/10/11)

Preparations
Propristary Preparalions (details are given in Volume B)
Derm.: Link; Fin.: Link; Gr.:

Single-ingredient Preporations.
Regla pH; Indom.: Stomacain; Veragel{; Mex.: Gelasim; Neth.:
Regla pH: Remegel; Norw.: Link; Swed.: Linkf

Muis dient Preporati Belg.: B L Regla pH Forte;
Syngel. Braz: Anduml, Canad.: Diovol Plus: Diovol; Gastro-

calm; Chile: Algicotet: Distrutab¢: Ditopax; Reflumox; Fr.: Gas-

normal renal function.
Absorbed aluminjum is eliminated in the urine, and
patients with renal failure are therefore at particular risk of

All cross-references refer to entries in Volume A

gite; Ger.: Colina Spezial; Duoventrinetten N; Homg
Kang Diovot Plus: Veragel; Indon.: Aludonna; Di-Gel; Farma-
aol: Gastrant; Oskamagt; Polycrol; Simecot; Irl: Smecta;
Mex.: Ditopax-Ft: Ditopaxt; Neth.: Algicon; Algicon; Rigolet-

Aluminium-Natrium-Silicat; Aluminum Sodium Silicate; E554;
Natrii aluminii silicas; Silicato de sodio y de aluminio; Sodium
Aluminium Silicaté; Sodium  Aluminosilicate; - Sodium et
aluminium, silicate de Sodlum Smcoalummate; Amomocu-
mKar Harpua.

CAS — 1344-00-9, . .+~ .i--‘—

UNIl — 0S8TS43PSM. ~ * .

Pharmacopoeios. In Eur. (see p. vii).

Ph. Bur. 8: (Aluminium Sodium Silicate). It is a silidc acid
aluminium sodium salt of synthetic origin. It contains 2.7 to
7.9% aluminium and 3.7 t0 6.3% sodiwm, both calculated
with reference to the dried substance. A white or almost
white, fine, light, amorphous powder. Practically insoluble
in water and in organic solvents. A 5% dispersion in water
hasapHof 9.5 0 11.5.

Profile

Aluminium sodium silicate is an antacdd with general
properties similar to those of aluminium hydroxide
(p. 1817.2). Aluminium silicate has been used similarly.
They are also used as food additives.

Preparations
Propristary Preparakions (details are given in Volume B}

Single-ingredient Preparations. Fr.: Sullurylt: Indom.: Cerplast
Port.: Acnoil Freet.




Aluminivm HydroxideMagnesium Carbonate Codried Gel/Aprepitant 1819

Mokt dient P Arg.: G I; Fr.: Cerat Inalter-
ablet; Sulfuryl. Ger Enelbin-Paste Nt; Enelbin-Pasiet; Homg
Kong: Epilon; India: Acni}; Thai.: Ulgastrin,

Homosopathic Preparations. Neth.: Phonix Solidago comp.

Alverlne Citrate (BANM, USAN, )

: trate; AnbBepwia LIWTpar. . -
- NeEthiyl- Sj’dlphenyldlpropylamlne cmate

ATCVer—QAosAxoa‘ - : S
UNI - QJFBSBYKIE = | : .

Pharmacopoeias. In Eur. (seep vii).

Ph. Bur. 8 (Alverine Citrate). A white or almost white
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 light.

Uses and Administration

Alwmopan [BAN, USAN, 1NN

[((25'}-2-{[(31? 4}?)-4-(3—Hydroxyphenyi)—3 4-dlmethylp|pendln-
yllmethyl}-3- phenylpropanoyl)ammo]acetlc acxd. T
CasHN0s=4245 .. 0 :
CAS — 156053-89-3-, (anhydrous aMmopan), }7w9&38 1.
(alwmopan d:hydmte)
ATC = ADBAHOZ » ‘
ATC Vet — QADBAHO2, . .
‘UNIl — "677C126AET (alwrnopan), 0153w9paz {anhydmus
alvimopan).

Uses and Administration

Alvimopan is a peripherally acting selective antagonist of
opioid p-receptors that is used in the treatment of
postoperative ileus after partial large or small bowel
resection surgery with primary anastomosis. It is given in a
12-mg oral dose between 30 minutes and up to 5 hours
before surgery followed by 12 mg twice daily beginning the
day after surgery for a maximum of 7 days or until
discharge. A maximum of 15 doses of alvimopan should be
given.

Ref,

Alverine is an antispasmodic that acts directly on imestinal
and uterine smooth muscle; It is used for the relief of
smooth muscle spasm in the treatment of gastrointestinal
disorders such as irritable bowel syndrome (p. 1810.3). It is
also used in the treatment of dysmenorrhoea (p. 8.2).

Alverine dtrate is given in‘oral doses of 60 to 120 mg one
to three times daily. Alverine has also been given by
suppository as the base.

Adminisiration in children. Alverine citrate may be given
to adolescents from the age of 12 years in the same doses
as aduits, see above.

Irritable bowel syndronn Alverine citrate is widely used
as an antisp dic in th gement of irritable bowel
syndrome. However, a lz-week study’ in 107 patients
found that alverine dtrate was no better than placebo for
the relief of symptoms and improvement in general well-
being. A marked placebo effect occurred and symptomatic
improvement was reported by at least half the placebo
group.

1. Mitchell SA, et al. Alverine ditrate fails 10 relieve the symptoms of

irritable bowel syndrome: results of a double-biind, randomized.
placebo-conwolled trial. Aliment Pharmecol Ther 2002; 16: 1187-95.

Adverse Effects and Precautions

Nausea, headache, pruritus. rash, and dizziness have been
reported. Allergic reactions, including anaphylaxis, have
also occurred. Alverine is contra-indicated in patients with
intestinal obstruction or paralytic ileus.

Effects on the liver. Acute hepatitis was attributed to
alverine citrate in 2 separate cases.? Evidence of an
immune reaction, induding antinuclear antibodies, was
found in I case.’

1. Maika D, &t al. Acute hepatitis caused by alverine associated with |
! References.

ti-lamin A and C

J Hepatol 1997: 27: 399403, -

2. Arhan M. o al. Alverine dirate induced acute hepatitis. World J |

Gastroeterol 2004: 10: 2303—4.

Pharmacokinetics
Alverine is absorbed from the gastrointestinal tract after oral

metabolites occurs; metabolites are excreted in the urine
by active renal secretion.

Preparations
Proprietary Preparations {details are given in Volume B)
Belg.: Spasmine; China:

Single-ingredient  Preparations.
Spasmonal (M!M) Hong Kong: Profenil; Spasmonalt; Irl:
i Smgaporr Spasmonal; Thai.:

P 1 UK Aud I; Sp

Molfi-ingredient Pr Arg.: pasmyl; China:

M:teospusmyl (E':Qt) Cz: Meteospasmyl; Fr.. Hep
Hung.: D i; Indon.: Spas-

mium: M ', P L Mex: pasmyl: Pol.:

M pasmyl: Rus.: 1 (M ); Singap

Mmospasmyl. Thaa. Avarin; pasmy +: Turk.: M

pasmyl; Ukr.: Meteospasmy] (M

Pharmacopoeial Preporations

BP 2014: Alverine Capsules.

e

1. Herzog T). &t aL A double-blind. randomized, placebo-controlled phase
I study of the safery of alvimopan in patients who undergo simpie total
abdominal hysterectomy. Am J Obsiet Gynecol 2006; 195: 445-53.

2. Tan EK, o al. Meta-analysis: Alvimopan vs. placebo in the treatment of
post-operarive ileus, Aliment Pharmacol Ther 2007: 25: 47-57.

3. Curran MP, er al. Alvimopan. Drugs 2008; 68: 2011-19. Carrecdon ibid.:
2324,

4. Becker G, Blum HE. Nove! opioid antagonists for opioid-induced bowel
dystunction and postoperative ileus. Lancet 2009; 373; 1198-1206.

5. Bream-Rouwenhorst HR, Cantrell MA. Alvimopan for postoperative
ileus. Am J Health-Syst Pharm 2009; 66: 1267-77.

Adverse Effects and Precautions

Gastrointestinal disorders such as constipation, dyspepsia,
and flatulence have been reported after use of alvimopan.
Anaemia, back pain, hypokalaemia, and urinary retention
have also occurred.

Alvimopan should not be used in patients who have
taken therapeutic doses of opioids for more than 7
consecutive days, as they are expected to be more sensitive
to its effects. Use in patients with severe hepatic impairment
or end-stage renal disease is not recommended due to a lack
of dawa. Alvimopan is also not recommended in patients
undergoing surgery for complete bowel obstruction.

Pharmacokinetics

Plasma-alvimopan concentrations peak about 2 hours after
an oral dose. High-fat meals decrease the extent and rate of
absorption. Alvimopan binds 1o albumin, with an average
plasma protein binding of 80%. Biliary secretion is
considered the primary pathway for elimination of
alvimopan, but renal excretion also contributes. Unab-
sorbed alvimopan is metabolised by gut microflora to an
amide hydrolysis compound which is also an antagonist of
opioid p-receptors. This metabolite is then excreted in the
faeces and urine. The mean terminal half-life of alvimopan
after multiple oral doses ranged from 10 to 17 hours.

moderately emetogenic cancer chemotherapy (for details,
see Administration, below).

For the prevention of postoperative nausea and vomiting
a single oral dose of aprepitant 40 mg may be given within
the 3 hours before induction of anaesthesia.

Where the intravenous route is preferred, it may be given
as its prodrug, fosaprepitant (for details of regimens, see
Uses and Administration, under Fosaprepitant, p. 1843.3).

Refcrcnccs.

L P.aal nausea and g: post
hoc analysis of pooled data from two randomized acuve-mntrolled ials
of aprepitant. Qurr Med Res Opin 2007; 23: 2559~65.

2. DandoT™, Perry CM. Aprepitant: a review of its use in the preventon of
chemotherapy-induced nausea and vomiting. Drugs 2004; 64: 777-94.

3. Massaro AM, Lenz KL 2 novel ant for ch h
apy-induced nauses and vnmldn;, Amn Phtmmthrr 2005; 39: 77-8S.

4. Waz D. The nc:p!ot as an

for d: herapy. Bxpert Opin

Pharmacother 2006; 7 1653-8.

5. Cuman MP, Robinson DM. Aprepitant: a review of its use in the
prevention of nausea and vomiting. Drugs 2009; 69: 1853-78.

Administration. Licensed product information for aprepi-
tant suggests the following 4-day regimen for the preven-
ton of acute and delayed nausea and vomiting associated
with highly emetogenic cancer chemotherapy:

e day 1: oral aprepitant 125mg (given 1 hour before
chemotherapy) with oral dexamethasone 12mg and

" intravenous ondansetron 32 mg (both 30 minutes before
chemotherapy)

e days 2 and 3: oral aprepitant 80mg with oral
dexamethasone 8 mg in the morning

* day 4: oral dexamethasone 8 mg in the morning.

In patients receiving moderately emetogenic chemother-

apy. a 3-day regimen has been suggested as follows:

s day 1: oral aprepitant 125mg (given 1 hour before
chemotherapy) with oral dexamethasone 12mg (30
minutes before chemotherapy); ondansetron is given in
2 oral doses of 8 mg, one taken 30 to 60 minutes before
chemotherapy, and one taken 8 hours after the first dose

¢ days 2 and 3: oral aprepitant 80 mg in the morning.

Adminisiration in renal impairment. A study in 8 patients
with severe renal impairment (24-hour creatinine clear-
ance less than 30mL/minute per 1.73m?) and 8 patients
with end-stage renal disease requiring haemodialysis
found that pharmacokinetic parameters of aprepitant were
not sufficiently different from those in 16 matched con-
trols to warrant dosage adjustment in renal impairment.!
Licensed product information concurs with this.
1. Bergmm Al, a al. Effect of impaired renal function and ha:

onthe of Clin P 2005; 44: 637~
47, .

Prurilus. An improvement in pruritus was reported after
oral aprepitant 80 mg daily was started in 3 patients with
the Sézary syndrome. Topical corticosteroid treatment had
previously been unsuccessful, but improvements were
noted within 2 days of starting aprepitant.! Beneficial
resuits were also reported? in 16 of 20 patients with refrac-
tory chronic pruritus of various causes who were given
80mg 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 dermatitis or prurigo
appeared to respond better than those in whom pruritus
was assodated with chronic kidney disease. Aprepitant is
an antagomst of the neurokinin-1 receptor, a receptor for

1. Foss JF, ef al. F ics of pan and its ite in
heaithy volunteers and patients in postoperative ileus wials. Clin
Pharmaco! Ther 2008; 83: 770-6.

i Preparations

i Proprietary Preparations (de1ails are given in Yolume B)
doses and is rapidly metabolised to an active metabolite, |
peak plastna concentrations of which occur 1 to 1.5 hours |
after an oral dose. Further metabolism to inactive :

Single-ingredient Preparafions. USA: Entereg.

Aprepitant s, iy

Aprépitant;. Aprepitantum; - L- 754030 MK-0869 MK-869;¢
ANPRNUTAHT. i
3-{((2R.35)-3- (p-FIuorophenyl) 2—{[(CIR) o—methyl-3,5-bls(tn--
ﬂuoromethyl)benzyl]oxy}rnorphohno)methyl]~A 1 24-tr|a-
zolin-5-one.
CysHnFyNO;=5344
CAS — 170729-80-3.
ATC — AQ4ADI2.

ATC Vet — QAG4ADIZ.
UNIt — INFISYRGUY. -

Uses and Administration

Aprepitant is a neurokinin-1 (NK;) receptor antagonist used
in the management of nausea and vomiting (p. 1811.3). It is
given orally in doses up to 125 mg, with a corticosteroid and
a 5-HT; antagonist, in the prevention of acute and delayed
nausea and vomiting associated with highly emetogenic or

The symbol t denotes a preparation no longer actively marketed

e P which is a mediator in the itch sensation 1
For reference to aprepitant’s efficacy in managing
erlotinib-induced pruritus, see Effects on the Skin, Hair, and
Nails, under Erlotinib. p. 789.2.
1. Duval A, Dub L
2009: 361: 1415-16.
2. Suinder S. ef al. Targeting the neurokinin receptor 1 with aprepitant: a
novel antiprurtiic strategy. PLaS One 2010; 3: e10968.

asan ic agent? N Engl J Med

. Adverse Effects and Precautions

The most common adverse effects associated with
aprepitant are headache, constipation, diarrhoea, dyspepsia,
anorexia, fatigue, hiccups, eructaton, and dizziness.
Increases in alanine aminotransferase (ALT) or aspartate
aminotransferase {AST) concentrations are common. Other
reported effects have included abdominal pain, oedema,
tinnitus, neutropenic colitis, chills, gait disturbances, and
flushing. Epigastric discomfort, dysgeusia, dry mouth, and
stomatitis have also occurred. Thirst. polyuria, dysuria,
haematuria, urinary frequency, arthralgia, myalgia, mus-
cular weakness, hyperglycaemia, disorientation, euphoria,
anxiety, photosensitivity, and skin disorders such as rash
and pruritus have been reported. Anaemia and febrile
neutropenia have occurred with aprepitant, as have
cardiovascular disorders induding hypertension or hypo-
tension, palpitations, and bradycardia. Other adverse effects
reported include hyponatraemia, hypokalaemia, insomnia,
drowsiness, miosis, reduced visual acuity, weight changes,
sensory disturbances, throat irritation, sneezing, abnormal
bowel sounds, acid reflux, perforating duodenal uicer,
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dyspnoea, cough, wheezing and hyperhidrosis. Con-
junctivitis, pharyngitis, respiratory-tract infections,
urinary-tract infections, candidiasis, and herpes simplex
can occur. Bypetscnsmvxty reactions mdud.ing anaphylaxis,
Stevens-Ji and d with urticaria
have been rcponcd.

Licensed product information recommends caution in
patients with severe hepatic impairment as clinical data are
lacking in this patient group.

Interactions

Activated attapulgite is included in Br., It., and US. Colloidal
activated attapulgite is induded in US.

BP 2014: (Attapulgite). A purified native hydrated
aluminium magnesium silicate essentially consisting of the
day mineral patygorskite. A light, cream or buff, very fine
powder, free or almost free from grirty particles. A 5%
suspension in water has a pH of 7.0 to 9.5.

BP 2014: (Activated Artapulgite). Artapulgite that has been
caretully heated to increase its adsorptive capadity.

USP 36: (Activated Attapulgite). Processed native alumin-
fum magnesium silicate which has been carefully heated. It

During its use for 3 or 4 days in the prevention of nausea
and vomiting associated with cancer chemotherapy,
aprepitant produces moderate inhibition of the cytochrome
P450 isoenzyme CYP3A4. Exposure to oral CYP3A4
substrates may increase substantially; the effect of
aprepitant on intravenous CYP3A4 substrates is expected
to be less. However, on cessation of aprepitant a ansient
mild induction of CYP3A4 may become apparent with a
maximum effect reached 3 to 5 days later; this effect is
maintained for a few days then slowly dedines and is
dlinically insignificant about 2 weeks after stopping

aprepitant. Caution is therefore required when using it

with drugs that are primarily metabolised by this
isoenzyme. Aprepitant should not be given with astemizole,
cisapride, pimozide, terfenadine, or tolvaptan as increased
plasma concentrations of these drugs could cause serious
life-threatening reactions. As aprepitant is also a substrate
for CYP3A4, other drugs that inhibit or induce this
isoenzyme may in turn increase or decrease plasma
concentrations of 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 dlinically significant.

Aprepitant also causes a delayed induction of CYP2C9
and may lower plasma concentrations of drugs metabolised
by this isoenzyme, such as warfarin, phenytoin, or
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 of methylprednisolone by about 25% when given.

intravenously, and by 50% when given orally. It should be
noted that the dose of d hasone in the regi
recommended for nausea and vomiting associated with
cancer chemotherapy already accounts for this interaction
(see Administration, p. 1819.3).

The efficacy of oral contraceptives might be reduced by
aprepitant. Licensed product information suggests that
alternative methods of conzaception should be used during
and for 1 to 2 months after stopping any dose of aprepitant.
Pharmacokinetics
Aprepitant is absorbed from the gastrointestinal tract with
peak plasma concentrations occurring after about 4 hours.
Bioavailability is about 60% at usual doses. It crosses the
blood-brain barxier: plasma protein binding is reporied to be
more than 95%. Aprepitant undergoes extensive hepatic
metabolism, mainly via oxidation by the cytochrome P450
isoenzyme CYP3A4; the isoenzymes CYP1A2 and CYF2C19
mediate minor metabolic pathways. The resultant metab-
olites have weak activity and are excreted in the urine and
in the faeces. Aprepitant is not excreted unchanged in the
urine. The terminal half-life is about 9 to 13 hours.

is a cream-coloured, micronised, nonswelling powder, free

from gritty particles. Insoluble in water.

USP 36: (Colloidal Activated Attapuigite). A native

aluminium magnesium silicate that has been purified. It is
a cream-coloured, micronised, nonswelling powder, frcc

ATCVet—QAO?ECM B
UNIE =" IXL6BII034 {bafsalaz:de sodlum
_J5ASWO3CSS (ankydrous balsalazide sodium):

Pharmacopoeias. In US.

USP 36: (Balsalazide Disodium). An orange to yellow
powder. Freely soluble in water and in isotonic saline;
sparingly soluble in alcohol and in methyl alcohol;
practically insoluble in all other organic solvents. Store in
airtight containers at a temperature of 25 degrees,
excursions permitted between 15 degrees and 30 degrees.

Uses and Administration

Balsalazide consists of mesalazine linked to 4-aminoben-
2oylalanine via an azo bond. This bond is broken by colonic
bacteria, releasing the active mesalazine (p. 1859.2).

Balsalazide sodi is given in the treatment of mild to

fmm gritty particles. Insoluble in water. A 10% susp
in water has a pH of 7.0 t0 9.5.

NOTE. Another native aluminium magnesium silicate is’
described on p. 2168.2.

Profile

Attapulgite is highly adsorbent and is used in a wide range of
products induding fertilisers, pesticides, and pharmaceu-
ticals. Activated attapulgite is an adsorbent antidiarrhoeal
used as an adjunct in the management of diarrhoea
{p. 1805.2) in a daily dose of up to 9 g orally in divided doses.

Preparations
Proprietary Preparations (details are given in Volume B}

L Preporafions. Belg.: Actapulgite; Canmad.:
Kaopectate; Fr.: Actapulgite; Hong Kong: Gaswosorbt; Indon.:
Biodiar; Enterogitt; Kaotatet; New Diatabs; Teradi; Phiipp.:
Polymagmafkm. Neoi pan (He Singapore.

rb; Switz: Actapulgitet; Thai.: Entox-P; Turk.: Dia-
sorb Diyasorbt; UAE Kaptin I: USA: Diasorb; Kaopectate
Maximum h; Venez.: Strep g

Muli-ingredient P Arg. bacticel: Austral:
Dhr:zer Braz.: DumL Dispeptring; Chile: Diaren; Entero
Midnovo; Enterolt; Liracol; Nifurat; Fr.. Gastropulgite; Mudi-
pulgite; Homg Komg: Enterocin Compoundt; Indom.: Andi-
kapt:; Arcapec Diagit. Entrogard; Fitodiar: Licopec Molagit
Neo Diastop; Neo Entrostop; Neo Koniformt; S.Afr.: Kanwexil:
Switz.: Mucipulgitet; Turk.: Sueptomagma; UK: Diocalm Dual
Action; Venez.: Micyn-2; Strepromagma.

Azasetron Hydrochloride /innm

Azasétron, Chiorhydrate d; Azasetrén, hidrocloruro de;
Azasetroni Hydrochloridum; Hidrocloruro de  azasetron;
Nazasetron. Hydrochloride; Y-25130; A3aceTpona
lunpoxiopna.

{£)}-6-Chioro-3; 4—d|hydro-4-methyl-3-oxo N-3—qumucl|d|nyl~
2H-1,4-benzoxazine-8-carboxamide hydrochloride,
Ci7HxCIN;O5HO=386.3

CAS — 12040-69-7 (aznsetron) 141922-90-9 (azaselron
hydrochioride). .

"UNIl-— 2BSS7XL60S.

Profile
Azasetron is a 5-HT; antagonist with general properties

siml]ar to those of ondansetron (p. 1872.1). It is used as an
! of nausea and vomiting

References.

L AK e al. o of afer singie and .
multiple oral doses in healthy vol S Ctin F 2006; 4k in the ma
291-300.

Preparations

induced by cytotoxic therapy. Azasetron hydrochloride is
given in. a usual dose of 10mg once daily by mouth or
inravenously.

Pmpmh'y Prepavations (details are given in Volume B) Pnepuruﬁons

Austria: Emend; 'BJ, d BmzH : ‘-Aw, : Prop y Prep {details are given in Volume B)

Chile: Emend; Cz.: d; Denm.: Emend; Fin.: d; Fr.: | Sngle-ingredient Preporafions. China: An Shi Tong (Ritl):
Em Ger.: Emend; Gr.: : Hong Kong: Emend: Hung.: [ ping yue (TH); Gan Su (%%); Ou Li Xang Ding (BLEEE):

d; Israek d: Ital:

precap; Irl: E

Jpm: B d. i E d; Neth.: d: Norw.:
Emend; NZ: Bmend; Pol.: Emend; Port.: Emend; Rus.: Emend
(Suesz); S.Afr.. Bmend; Smgapom' Emend; Spain: Emend;
Swed.: Emend; Switz.: ; Thai: Emend; Twrk.: d;
UK: Emend; Ukr.. Emend (Omenn); USA: Emend; Venez:

All cross-references refer to entries in Volurne A

Ou Ting (X %); Ri An (H %); Rui Di Su (% %); Tan Si Ke (i
M) Wan Wei (J5P%); Yi Qiong (fK3¥): Y Su Lin (M3%4#);
Jpw: Serotone.

Balsalazide Sodium svw, vy

moderate active ulcerative colitis (p. 1808.3), in an oral dose
of 2.25g three times daily until remission or for up to 12
weeks. For mainienance of remission of ulcerative colitis a
dose of 1.5g twice daily is recommended, adjusted as
necessary up to 6 g daily. For doses in children, see below.

Reviews.
1. Muijsers RBR. Goa KL Balsalazide: a review of its th ic use in
mild-to-moderate uiccmwe cuhlls Druys 2002; 62: 1689-705.
2. Patil SA. Muss AC. dium for the of
colluis. Expert Rev Ga.ﬂmmkml Hepdlol 1008 2 177-84.
3. Rahimi R, &f al. C and fazide in i

and maintenance of mmsslon in patients wilh uicerative colitis: 2 meta-
analysis. Dig Dis Sa 2009; 54 712-21.

Administrafion in children. Balsalazide sodium is not
licensed in the UK for use in children under 18 years of
age. However, the BNFC recommends that, in those aged
12 years and over. 2.25g 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 weeks. For
maintenance, 1.5g 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 Effects and Precautions

As for Mesalazine, p. 1860.1. If a blood dyscrasia is suspected
treatment should be stopped immediately and a blood count
performed. Patients or their carers should be told how to
recognise signs of haematotoxicity and should be advised to
seek immediate medical attention if symptoms such as
fever, sore throat, mouth ulcers, bruising, or bleeding
develop. Baisalazide should not be used in patdents with
severe hepatic impairment or moderate or severe renal
impairment; care is required in those with lesser degrees of
hepatic or renal impairment, and in asthma, bleeding
disorders, or active peptic ulcer disease.

Reviews.

1. Baker DE. Saiery of balsalazide therapy In the treatment of inflammatory
bowel disease. Rev Gastroenierol Disord 2005; 5: 135-41.

Effects on the cardiovascular system. Myocarditis similar
to that seen with mesalazine (see p. 1860.2) has been
described in a patient some days after his treatment was
altered from mesalazine to balsalazide; the condition
resolved once balsalazide was withdrawn.*
See also Hypersensitivity, below.
1. E, o ai. Balsal induced
130: e121-€122.

Int J Cardiol 2008:

Hypersensifivity. A case of acute pericarditis, cholestasis,
and vasculitis resulting from hypersensitivity to balsalazide
has been reported.! The authors noted similarities to
mesalazine-associated pericarditis and lupus-like syndrome
(see Effects on the Cardiovascular System, p. 1860 2).
1. V. et al. Hyp itivity reaction to b BaMJ 2000;
320: 613.

Porphyria. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Swed classifies baisalazide as
probably not porphyrinogenic; it may be used as a drug of
first choice and no precautions are needed.!

1. The Drug Dawbase for Acuie flable au: hrep::
drugs-porphyria.org {sccessed oalmll 1y

Pharmacokinetics

Balsalazida' s6dica; Balsalazide Disodium (USAN); Balsalazid

“Sodique; Balsalazine: Disodium; BX-661A; Natril Balsalazidurmy;
Hapui Sancanasmg.
5-[4-(2—Carboxyethylcarbamoyl)phenylazo]salucyhc ac1d
“disodium:salt, dihydrate. - - . i
C|7H13N3N32052H20=4373 .

CAS — B0S73-04-7 (balsalazide); 150399-21-6 (balsalazide
disodium di dhydrate) :

ATC — AOTECO4..

Very litte of an oral dose of balsalazide is absorbed via the
upper gastrointestinal tract, and almost the entire dose
reaches its site of action in the colon intact. It is broken
down by the colonic bacterial flora into S-aminosalicylic
acid (mesalazine), which is active, and 4-aminobenzoyla-
lanine, which is considered to be an inert catrier. 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
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acetylated by first-pass metabolism through the liver. The
acetylated metabolites are excreted in the urine.

Preparations

Propriefary Preparations (details are given in Volume B)
Single-ingredient Pr fions. Arg.: B ; Austral: Cola-
zide; China: Ao Ru Xin (SHFK); Bei Le Si (Mﬁ) Sal Lai De
(BRM); Denm.: Premid; India: Balacol; Colorex; Cozabal;
Intazide; Ital.: Balzide; Norw.: Colazid; UK: Colazide; USA:
Colazal.

Multi-ingredient Preparations. Swed.: Colazid.

Pharmacopoeial Preparations
USP 36: Balsalazide Disodium Capsules.

Benexate Hydrochloride /i)
Benexate, Chlortiydrate de; Bénexati Hyditchi
HIdfOCIOﬂ.II‘O de benexato; beriexcata Mmapoxnopus. -
Benzyl salicylate frans-4—(guamdinomemyl)cyclohexanecar-
boxylate hydiochloride. ) )
CoHNOHC=MST |

CAS =~ 78718-52-2 (benexate);. 76718-25-9 (benexate hydro-
“chloride); 91574-91-3 (benexarrhydroch/onde betadex).
UNIL— OVN4YWQC6 S

Profile

Benexate hydrochloride is a mucosal protectant that has
been used in the management of peptic ulcer disease. The B-
cydodextrin clathrate, benexate hydrochloride betadex, has
been given in an oral dose of 400 mg- twice daily.

Preparations
Proprietary Preparafions (details are given in Volume B)
Single-ingredient Preparations. Jpr: Ulgut."

Bisacodyl e, v

Bisacadilo; Bisacodylum; Bisakodil: Bsakodlhs; Blsakodyl
Bisakodyyli; Biszakodil; Bucakogin.
4’—(2-Pyndylmemylene)di(pheny| acetate)

CaHiNO=3614
CAS — 603-50-9.
ATC — ADGABO2: AOGAGOZ

ATC Vet — QADGABOZ: QAO&AGOZ
UNIt — 10X0709Y6t :

Pharmacopoeias. In Chin., Eur. (see p. vii), Jpn, and US.
Ph. Eur. 8: (Bisacodyl). A white or almost white crystalline
powder. Practically insoluble in water; sparingly soluble in
alcohol; soluble in acetone. It dissolves in dilute mineral
acids. Protect from light.

USP 36: (Bisacodyl). A white to off-white crysialline
powder. Practically insoluble in water; soluble in benzene;
soluble 1 in 210 of alcohol, 1 in 2.5 of chloroform, and 1 in
275 of ether; sparingly soluble in methyl alcohol.

Blsacodyl Tunnex (BANM, USAN, dNNM]

CAS — 1336294, ,
ATC — AOGABOZ; ADEAGO2
ATC Vet — QAGGABO2: QAOGAGO2.

Uses and Administration

Bisacodyl is a diphenylmethane stimulant laxative
(p. 1804.1) used for the treatment of constipation

Adminisiration in children. For constipation, the follow-

ing oral doses of bisacodyl are recommended for children,

to be taken at night:

e 410 10 years: 5mg

« over 10 years: 5 to 10mg, increased if necessary w0 a
maximum of 20mg

Alternatively, the following rectal doses are recommended,

to be inserted in the morning:

e upto 10 years: Smg

s over 10 years: 10mg

The BNFC gives similar doses, but limits the use of

suppositories in children to-those aged over 2 years. .
For bowel clearance before surgery or radiological

investigation, the following doses are recommended:

o 410 10 years: 5mg orally the night before, followed by
5mg as a suppository the next moming

s over 10 years: 10 to 20mg orally the night before,
followed by 10 mg as a suppository the next morning

The BNFC gives similar doses but allows for the use.of oral

doses for 2 nights before the procedure, followed, if

necessary, by the rectal dose 1 hour before the procedure.

Adverse Effects

Bisacodyl and other stimulant laxatives may cause
abdominal discomfort such as colic or cramps. Prolonged
use or overdosage can result in diarrthoea with excessive loss
of water and electrolytes, particularly potassium; there is
also the possibility of developing an atonic non-functioning
colon. Haematochezia (blood in the stool) may be seen but
is usually mild and self-limiting; more severe bloody
diarrhoea may be associated with colonic mucosal
ischaemia. Hypersensitivity reactions, incuding angio-
edema and anaphylactoid reactions, have been reported
rarely. When given rectally, bisacodyl sometimes causes
irritation and may cause proctitis or sloughing of the
epithelium. To avoid gastric irritation bisacodyl tablets are
enteric-coated.

Precautions

As with other laxatives, prolonged use should be avoided.
Bisacodyl should not be given to patients with intestinal
obstruction or acute abdominal conditions such as
appendicitis; care should also be taken in patients with
inflammatory bowel disease. It should not be used in
patients with severe dehydration. The suppositories should
preferably be avoided in patients with anal fissures,
proctitis, or ulcerated haemorrhoids.

Hondling. Inhalation of bisacodyl powder and contact
with eyes, skin, and mucous membranes should be
avoided.

The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, dlassifies bisacodyl as prob-
ably not porphyrinogenic when given as tablets or suppo-
sitories, and not porphyrinogenic as an enema; it may be
used as a drug of first choice and no precautions are
needed.!

I. The Drug Dstabase for Acute . jlable ac hirp:/
drugs-porphyria.org (accessed lollllll)

Pharmacokinefics

On oral or rectal use bisacodyl is converted to the active
desacetyl metabolite bis{p-hydroxyphenyl)pyridyl-2-
methane by intestinal and bacterial enzymes. Absorption
from the gastrointestinal tract is minimal with enteric-
coated tablets or suppositories; the small amount absorbed is
excreted in the urine as the glucuronide. Bisacodyl is mainly
excreted in the faeces.

Preparations

{p. 1804.3) and for bowel evacuation before in igational
procedures or surgery. Its action is mainly in the large
intestine and it is usually effective within 6 to 12 hours after
oral doses, within 15 to 60 minutes after rectal use by
suppository, and within 5 to 20 minutes when given as an
enermna. Bisacodyl tablets should be swallowed whole and
should not be taken within 1 hour of milk or antacids.

For constipation, bisacodyi is given in usual doses of 5 10
10mg daily as enteric-coated tablets given at night; up 1o
20mg may be given if necessary. Alternatively a dose of
10mg as a suppository or ¢nema may be given in the
morning. For complete bowel evacuation, an oral dose of 10
to 20mg may be given the night before the procedure,
followed by 10mg as a suppository the next moming.
Alternatively, an oral dose of 10 mg may be given on each of
the 2 nights before the procedure. For doses in children, see
below.

A complex of bisacodyl with tannic acid (bisacodyl
tannex) has been given with a barium sulfate enema before
radiographic examination of the colon.

Proprietary Prep (details are given in Volume B)

Single-ingredient Preparations. Arg.: Dulcolax; L in; Moda-
ton; Tractoduo; Austral.; Bisalax; Dulcolax; Lax-Tab; Awstria:
Duicolax; Laxbene; Belg.: Bisolax; Carters; Dulcolax; Henafur-
inet; Mudnum; Purgo-Pil; Braz: Bisalax; Cronoplext: Delta-
lax; Dulcolax; Fideine; Isilax; Plesonax; Canad.. Alophent;
Bisacolax; Carters Little Pills; Codulax; Correctol; Dulcolax; Sil-
ver Bullet; Soflax EX: The Magic Bullex Woman's Laxative;
Chile: Alsylax; China: Dulcolax (R7T£F); Jie Tai (M¥); Long-
shutong (ME4Fill); Cz: Dulcolax; Fenolax; Stadalax; Demm.:
Dulcolax; Perilax; Toilax; Fin.: Metalax; Toilax: Fr.: Contalax;
Duicolax; Ger.: Bekunis Bisacodyl; Bisco-Zitron; Drix Bisacodyl;
Dulcolax; Florisan Nt: L Laxans-ratiopharm; Laxans;
Laxysat Burgerf; Mediolax; Pyrilax; Tempolaxt; Tirgon: Gr.
Duicolax; Florisan N; Hong Kong: Bicolax+; Bisedyl; Dulaxt;
Dulcolax; Marcholaxt; Monolaxt; Hung.: Dulcolax; Stadalax:
India: Bidlax; Bisarlv; Bo-Lax; Conlax; Dulcolax; JuLlax; Juni-
free: Laxodyl; Indon.: Bicolax; Custodiol; Dulcolax; Laxacodt;
Laxamext; Laxana; Stolax; Irl: Dulcolax; Toilax; Israel: Atzirut
X; Contalax; Laxadin: Ital: Alaxa; Confetto CM: Dulcolax: Nor-
malene; Sacodil; Stixenil; Verecolene CM; Malaysia: Dulcolax;

The symbol t denotes a preparation no longer actively marketed

Mex.: Dulcolan; Dulcolax. Neth.: Dulcolax; Kruidvat Laxeerta-
bletten; L geest; L fertery L pilleny;
Nourilax; Trekpl Laxeertabl Norw.: Dulcolax: Toilax;
NZ: Dulcolax; Fleet Laxativet; Lax-Tab; Phihyp Bisalax;
Dulcolax; Vesilac Port.: Bekunis Laxante Bisacodil; Dulcolax;
Moderlax; Rus.: Dulcolax (Jymxomaxc); S.Afr.: Dulcolax; Mega-
lax; Perilaxt; Stngapore: Bicolax; Biolax; Dilax; Dulcolax; Ebo-
lin; Laxodyl: SL Laxative; Sunny Laxative; Unilax; Spain: Dul-
colaxo; laxabixal; Swed: Dulcolax: Toilax; Switz.: Bekunis
Dragees; Demolaxint; Duicolax: Muxol; Prontolax; Softala-X;
Tavolax; Thai: Bisacod: Bisacodyi d; Conlax; Dulcol
Emulax; Gencolax; Kadolax; KB Biscod: Laxadryl; Laxcodyl
Laxitabt; Monolax: Vacolaxt; Twrk.: Bisakol; Laksotek; Seko-
laks; UAE: Laxocodyl; UK: Biolax; Boots Constipation Relief;
Dulcolax; Entrolax; USA: Alophen; Bisa-Lax; Cormrectol; Doxi-
dant; Dulcolax; Evac-Q-Tabs; Ex-Lax Ultra; Feen-A-Mint; Fleet
Bisacodyl; Fleet Lax ; Gentlax; Modane; Venez: Dulcol:

Multi-ingredient Preparafions. Arg.: En-Ga-Lax; Fosfo-Dom Kir;
laxicona; Nigalax; Nigalax; Awstral: Coloxyl; Go Kit Plus; Go
Kit; Austria: Laxbene: Prepacol. Purgazen-r Belg.: Prepacol;
Softene; Braz.: Belpid +; Bi-PegLyte; Bicho-
latet: Gentax St; Royvac Kitt; Chtlr Laxogeno; CZ.: Prepacol;
Fr.. Prepacol; Ger.. Prepacol; Gr.: Florisan; Hung.: Laxbene;
NZ: Coloxylt; Port.: Bekunis; Spain: Bekunis Complex; Thai.:
Bisolax; Chinta-lax; T Man Lax; Turk.: Bekunis; USA: Dulcolax
Bowel Prep Kit; Fleet Prep Kit No. 14; Fleet Prep Kit No. 2+
Fleet Prep Kit No. 3; HalfLytely and Bisacodyl Bowel Prep Kit;
X-Prep Bowel Evacuant Kit-1¢.

Pharmacopoeial Preparations

BP 2014: Bisacodyl Suppositories; Gastro-resistant Bisacodyl

Tablets;

USP 36: Bisacodyl Delayed- rdease Tablets; Bisacodyl Rectal
pension; Bisacodyl St

Bismuth Compounds
Blsrnuto, compuestos de; Bmcw'r Coennﬂeum

Profile

Bismuth compounds have been used for their astringent
and antidiarrhoeal properties in a variety of gastrointestinal
disorders, and have been applied topically in skin disorders
and anorectal disorders such as haemorrhoids. Certain saits
are active against Helicobacter pylori and are used in the
treatment of peptic ulcer disease.

Bismuth Aluminate Usan)

Aluminato de blsmuto Alumlnum Bismuth Oxide;
AnioMuHaT BuowyTa. n o .
Biz{ALO )y 10H,0=952.0 -

CAS — 12284-76-3 (anhydmus bismuth alurmnate)

UNI — JBSY63JDHJ,

Pharmacopoeias. In Chin. and Fr.

Bismuth Citrate

Citrato de bismuto; L[mpaT BVICMyTa

BiCsH0;=398.1

CAS — 813-934.

UNIl — NO4867Y76N.

NOTE. Do not confuse with bxsmur.h subutme potassium
(p. 1822.1) or tripotassium dicitratobismuthate {colloidal
bismuth subdtrate, p. 1822.2).

Pharmacopoeias. In US.

USP 36: (Bismuth Citrate). A white, amorphous or
crystalline powder. Insoluble in water and in alcohol;
soluble in dilute ammonia solution and in solutions of alkali

citrates. Store in airtight containers. Protect from light.
Prevent exposure to temperatures above 40 degrees.

Bismuth Oxide

Bismuth Trigxide; Oxido de bnsmuto, Oncm,q Bm:wra
Bi,0;=4660 .

CAS — 1304-76-3.

UNI — AGHME79QF1.

Bismuth Salicylate

Basic Bismuth Salicylate; Bazisos blZmu[ szahcﬂét. Blsmuth
Oxysalicylate; Bismuth, - sous-salicylate- de; Bismuth Sub-’
salicylate (USAN); Bismuthi subsalicylas; Bismuto-subsalicila:
tas; Bismutsalicylat, Basisches; Salicilato de bismuto; Salicylar
bismutity zasadity; Vi Vsmutsubsallcylat Vrsmumsubsahsylaam,
Canvuunar Bucmyra:. .

GHBIO=3621 . ',

CAS — 14882-18-9. .. .

UNIl — 62TEYS1RR1.

Pharmacopoeias. In Eur. (see p. vii) and US.

Ph. Eur. 8: (Bismuth Subsalicylate). A complex of bismuth
and salicylic acid. It contains not less than 56% and not
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more than 59.4% of Bi, calculated with reference to the
dried substance. A white or almost white powder.
Practically insoluble in water and in alcohol; dissolves in
mineral acids with decomposition. Protect from light.

USP 36: (Bismuth Subsalicylate). A basic salt corresponding
to C;H,BiO, and containing not less than 56.0% and not
more than 59.4% of Bi and not less than 36.5% and not
more than 39.3% of total salicylates. 1t is a fine, odourless,
white to off-white microcrystalline powder. Practically
insoluble in water, in alcohol, and in ether. It reacts with
alkalis and mineral adds. Store in airtight containers.
Protect from light.

Btsmuih Subccrboncfe 1USAN]

Baslc Bisrfiuth Carbenate Basisches Wlsmutkarbonat Bazisos
bizmutkarbonat; Bism, - Cart;: Bismutcarbonat, . Basisches;
‘Bismuth Carbonate; Blsrnuth Oxycarbonate; Bismuth, sous-
‘carbonate de; Bismuthi- Subcarbonas; Bismuto subkarbona-
tas;” Bismutylum® Carbonicum; - Carbonato de Bismutila;
Subcarbonato de- bismuto; Uhliitan bismutity - Zésadity;
Vismutsubkarbonat; Vsmumsubkarbonaam OcHoBHBIN
Yinexachuiit BacmyT.

CBi,0s=5100 - -

CAS — 5892-10-4 (anhydrous bismuth subcarbenate); 5798-
45-8 (bismuth subcarbonate hemihydrate). . .

UNIf — M41L2INSST (bismuth subcarbonate); NJTSOMKS1G
(bismuth subcarbonate hemihydrate), |

Hnnmmpoaus. In Chin., Bur. (see p. vii), and US.

Ph. Eur. 8 (Bismuth Subcarbonate). A white or almost
white powder. Practically insoluble in water and in alcohol.
It dissolves in mineral acids with effervescence. Protect from
light.

USP 36: (Bismuth Subcarbonate). A white or almost white
powder. Practically insoluble in water, in alcohol, and in
ether; dissolves in dilute acids with effervescence. Protect
from light.

Blsmulh Subcntrato Potassium UsaN)

1001277, Biskalcn:rate pomssmm Bismuth  Biscalcitrate;
Bismuth biskalcitrate; OcHoBHbI Kanuessin: LiuTpar BuomyTa,
Bismuth: pentapotassiun. - dihydroxide bls(2-hydroxypm-
pane-1.2,3-tricarboxylate hydrate). -+ = -

C12H BiK:01,=834.7 )

CAS — 88014%-29-1.

UNIL— R3w0HéOKX.

NOTE. Do not confusc wnh blsmuth cmzle {p. 1821.3) or
lloidal bismuth subd-

didtratobi

:xate, below).

Bismuth Subgallafe [USAN)

Basic Bismuth Gallate; Bas«sches Wsmutgallat; Bzisos
bizmut-galldt, Bism. Subgall; Bismutgallat, Basisches;.. Bis-
muth ' Oxygallate; Bismuth, sous-gailate de; Bismuthi
Subgallas; Bismuto' subgalatas; Bizmut Subgalat; Bizmutu
gafusan: zasadawyr Gallan bismuttity Zdsadity; Subgalato de

e

ONIE — YWSO3MIZY. -

Pharmacopoeias. In Eur. (see p. vii), Jpn, and US.

Ph. Bur. 8: (Bismuth Subgallate). A complex of bismuth and
gallic add. It contains not less than 48% and not more than
51% of Bi, calculated with reference to the dried substance.
A yellow powder. Practically insoluble in water and in
alcohol; dissolves in mineral adids with decomposition and
in alkali hydroxides, producing a reddish-brown liquid.
Protect from light.

USP 36: (Bismuth Subgallate). A basic salt containing 52 to
57% of Bi;O; when dried at 105 degrees for 3 hours. It is an
odourless amorphous bright yellow powder. Practically
insoluble in water, in alcohol, in chloroform, and in ether;
insofuble in very dilute mineral acids; dissolves readily with
decomposition in warm, moderately dilute hydrochioric,
nitric, or sulfuric acids; readily dissolves in solutions of alkali
hydroxides to form a clear yellow liquid which rapidly
becomes deep red. Store in airtight containers. Protect from
light.

All cross-references refer to entries in Volume A

bisi
muth; Ocnosnuu Asanmxucnuﬁ
Bl,O(OH),(NO,)‘-HszO :

UNII == H I9J064345

Hnanmcopoe«us In Eur. (see p. vil), Jpn, and US.

Pr. also includes 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
reference to the dried substance. A white or almost white
powder. Practically insoluble in water and in alcohol:
dissolves in mineral acids with decomposition.

USP 36: (Bismuth Subnitrate). A basic salt containing not
less than 79% of Bi;0; calculated on the dried basis. It is a
white, slightly hygroscopic powder. Practically insoluble in
water and in alcohol; readily dissolves in nitric and
hydrochloric acids.

Tripotassium Dicitratobismuthate

Bizmut Subsitrat; Colloidal Bismuth Subcitrate; Dicitratobis-
mutato tripotasico; Tnponsyum Drsmtobxzmutat: Buscmyr
Tpukanua Juuurpar. :

CAS — 57644-54-9.

ATC — A028X05.

ATC Vet — QA02BX05.

NOTE. Do not confuse with bismuth citrate (p. 1821.3) or
bistnuth subcitrate potassium (above).

Uses and Administration

Some insoluble salts of bismuth are given orally for their
supposed antacid action and for their mildly astringent
action in various gastrointestinal disorders, including
diarthoea (p. 1805.2) and dyspepsia (p. 1806.3). Such salts
incdude the aluminate, salicylate, subcarbonate, and
subnitrate. Bismuth salicylate, which is given as an
antidiarthoeal and weak antacid in doses up to about 4g
daily in divided doses, possesses in addition the properties of
the salicylates.

Tripotassium dicitratobismuthate is active against Helico-
bacter pylori and has been used as triple therapy (with
metronidazole and either tetracycline or amoxicillin) 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
subcitrate potassium and bismuth salicylate are also active
against H. pylori and have been used similarly in eradication
regimens.

The usual oral dose of trip dicitratobi
in benign gastric and duodenal ulceration is 240 mg twice
daily, or 120 mg four times daily before food. Treatment is
for a period of 4 weeks, extended to 8 weeks if necessary.
Maintenance therapy with tripotassium dicitratobismuthate
is not recommended although treatment may be repeated
after a drug-free interval of one month. When used as part
of wiple therapy the usual dose of uipotassium didtrato-
bismuthate has been 120 mg four tmes daily for 2 weeks.
The usual dose of bismuth salicylate as part of triple therapy
is 525mg four times daily for 2 weeks. Appropriate
antisecretory treatment with a histamine H;-antagonist or a
proton pump inhibitor is usually added to these regimens.

A complex of bismuth citrate with ranitidine, ranitidine
bismuth citrate (p. 1883.3), has also been used in the
reatment of peptic ulcer disease. Colloidal bismuth pectin, a

lex salt of bi h i and d-polygalacturonic
acid, has also been used.

Some insoluble salts of bismuth have been used topically
in the treatment of skin disorders, wounds, and burns. Some
have been used as ingredients of ointments or suppositories
(sometimes containing more than one bismuth salt) in the

of h thoids and ather anorectal disorders
{p. 1808.1). Bismuth compounds that have been used
topically and/or rectally indude the oxide, subgallate, and
subnitrate; bismuth resorcinol compounds have also been
used. For the use of bismuth subnitrate and iodoform paste
asa d dressing, see lodoform, p. 1758.2.

Numerous other salts and compounds of bismuth have
been promoted for various therapeutic purposes. Glyco-
biarsol was formerly given orally as an amoebicide.
Homoeopathy

Bismuth has been used in homoeopathic medicines
under the following names: Bismuthum; Bismutum
metallicum; Bismuthum metallicum; Bismuth met.

Bismuth oxide has been used in homoeopathic
medicines under the following names: Bismuthum

"
hate

oxydatum; Bismuth oxyd; Bis. ox.

Bismuth subnitrate has been used in homoeopathn
mediones under the foll g Heavy t

i Bi hi subni d Bismuthum

subnitricum; Bismuth sub; Bismutum subnitricum; Bism

sub.

Adverse Effects, Treatment, and Precoutions

The bismuth compounds listed above are insoluble or very
poorly soluble, and bismuth toxicity does not appear to be
common if they are used for limited periods. However
excessive or prolonged dosage may produce symptoms oi
bismuth poisoning, and for this reason long-term systemic
therapy is not recommended. Reversible encephalopathy
(see below) was once a problem in some countries, notably
France and Australia; bone and joint toxicity had alsc
occurred, sometimes associated with the encephalopathy
This led to restrictions on the use of bismuth salts and 3
virtual disappearance of these toxic effects.

Nausea and vomiting have been reported. Darkening or
blackening of the faeces and tongue may occur due tc
conversion to bismuth sulfide in the gastrointestinal tract.

The effects of acute bismuth intoxication include gastro-
intestinal disturbances, skin reactions, stomatitis, and
discoloration of mucous membranes; a characteristic blue
line may appear on the gums. There may be renal failure
and liver damage.

Other adverse effects may not be related to the bismuth
content. With bismuth subnitrate given orally there is a risk
of the nitrate being reduced in the intestines to nitrite and
the development of methaemoglobinaemia. Absorption of
salicylate occurs from oral bismuth salicylate and therefore
the adverse effects, treatment of adverse effects, and
precautions of aspirin (p. 24.2) should be considered.

Gastric Javage should be considered in overdosage: ora:
activated charcoal and the use of a chelating agent such as
dimercaprol, succimer, or unithiol have been recommended
(see also Overdosage, below). Renal function should be
monitored for 10 days after acute overdosage.

Bistnuth compounds should not be given to patients with
moderate to severe renal impairment.

. Reviews'? and reports®! of reversibie
bismuth encephalopathy. Many of the original reports
implicated bismuth subgallate or subnitrate, in most but
not all cases at high doses or for prolonged periods; toxi-
city has also occurred with other salts.*® Patients receiving
the subdtrate {480 mg daily) or the subnitrate (1.8 g daily)
for 8 weeks in the weatment of Helicobacter pylori infection,
showed no evidence of neurological changes compared
with a control group.!?
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compounds. Med Taxicol Adverse Drug Exp 1989: 4: 303-23.

3. Morrow AW. Request for reports: adverse reactions with bismuth
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4. Manin-Bouyer G. Intoxications par les sels de bismuth administrés par
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5. Suahl JP, & af. Encéphalites au sef insoluble de bismuth: toujours
d'actualité. Nowv Prose Med 1982; 11: 3856,

6. Hasking GJ, Duggan JM. Encephalopathy from bismuth subsalicylate.
Med J Awst 1982: 2: 167.
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don. Posigrad Med J 1988; 64 308-10.

8. Mendelowirz PC, e af. Bismuth and
pathy during bismuth subsalicyiate therapy. Amn lnm Med 1990; 112:
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9. Playlord RJ, et al. Bismuth induced encephalopathy caused by i
poassium dicitrato bisrouthate in a patient with chronic renal failure.
Gur 1990; 31: 359-60.
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10. Von Bose MJ. Zaudig M. Creutzieldi-Jakob
disease following oral, prescribed doses of bk:mu:h nitoae. BrJ Pyychiarry
1991: 158: 278-80.

11. Teepker M, « al. Myoclonic encephalopathy caused by chronic bismuth
abuse. Epileptic Disord 2002; 4 229-33.
12. Noach 1A, o1 4l. Bismuth salts and neurotoxiciry: &
blind and controlled study. Hum Exp Taxiool 1995; J4< 349-55.
TOMCAL APPUCATION. Encephalopathy has been assodated
with the use of bismuth iodoform paraffin paste (BIPP) for
the packing of wound cavities after surgery to the head
and neck, although there is some debate as 10 whedm the
bismuth or the jodoform comp is resp -se¢
p. 1758.2.

Overdosage. Bismuth salicylate or tripotassium dicitrato-
bismuthate in recommended doses are rarely associated
with serious adverse effects but there are reports of renal
failure,? encephalopathy,®!® and neurotoxicity! in
acute!*® or chronic®!® overdose. Bismuth has been
detected in the blood, urine, stools, and kidneys of these
patients; a blood concentration of 1.6 micrograms/mL was
found? 4 hours after an oral dose of 9.6 8.

The optimal treatment of bismuth overdosdge is
unknown. Gastric lavage, purgation, and hydration should
be considered, even if the patient presents late, as bismuth
may be absorbed from the colon.'? Chelating agents may be
effective; unithiol has been reported to increase the renal
clearance of bismuth with a reduction in the blood
concentration.* Haemodialysis may be necessary' but
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whether this hastens tssue clearance is uncertain.
Haemodialysis plus unithiol treatment has been reported
to successfully eliminate bismuth.® Peritoneal dialysis has
also been effectively used in a paediatric patient.* |

Prolonged ingestion of bismuth salicylate in excessive
doses by an elderly diabetic was assodated with hearing
disturbances, vertigo, acid-base abnormalities and mild
clotting disturbances.!* The toxicity was thought to be due
to the salicylate component.

1. Hudson M, Mowat NAG. Reversible wxicity in poisoning with colloidal
bismuth subdrrate. BMJ 1989; 299: 159.

2. Taylor EG, Klenerman P. Acute renal faflure after colloidal bismuth
subcitrate overdose. Lancet 1990; 333: 670-1.

3. Huwez F, o 4l Acute renal failure after overdose of colloidal bismuth
subcitrate. Laneet 1992; 340: 1298,

4. Akpolat I, et al. Acute renal failure due o overdose of colloidal bismuth,
Nephrol Dial Transplant 1996 11: 1890-3.

5. Lget @al ity after overd
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6. Hruz P, & 4. Fanconi's syndrome, acute renal failure. and tomsil
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140-1.

11. Vernace MA, ¢ al. Chronic sall ita wxicity due to of
over-the-counter bismuth subsl.ng_ylale Am ] Med 199¢; 9T 30&-9

Toxicity from non-conventional use, The FDA has warned
against use of an injectable product called bismacine or
chromacine, which coniains large amounts of bismuth.
There are reports of death or serious adverse effects asso-
ciated with its use. Although unlicensed for any use, bis-
macdne has apparently been used in alternative medicine
to treat Lyme disease.!

1. FDA. FDA warns consumers and health care providers not o use
bismacine, also known as chromacine (issued 215t July 2006). Available
at hip:, fda.g

3. Lacey LP. &t al. Companstive pharmacokinetics of bismuth from
raniddine bismuth dtrate (GR122311X), a novel anti-ulcerant and
ipotassium diciirato bismuthate (TDB). Eur J Clin Pharmacol 1994; 47:
177-80.
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Interactions

Bismuth salts given orally reduce the absorption of
tetracyclines, possibly by chelation or by reducing tetracy-
dine solubility as a result of increasing the gastric pH. This
interaction can be minimised by separating doses of the two
drugs by a couple of hours. The dinical significance of this
interaction to the use of bismuth salts for peptic ulcer
disease is unclear; tripe i hate or
bismuth salicylaie have been given at the same time as
tetracycline as part of triple therapy for the eradication of
Helicobacter pylori.

Antisecretory drugs. Pretreatment with  omeprazole
resulted in about a threefold increase in absorption of bis-
muth from uip jum dicitratobi hate in 6 healthy
subjects.! The mean peak plasma concentration of bismuth
after a single dose of 240mg of wipotassium dicitrato-
bismuthate was increased from 36.7 to 86.7nano-
grams/mL after omeprazole suggesting an increased risk of
toxicity 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 ranitidine.2 However, the dinical significance of these
interactions to the use of antisecretory drugs with bismuth
compounds for eradication of Helicobacter pylori is unclear;
bismuth compounds have been combined with proton
pump inhibitors or H; antagonists in short-term regimens
as part of triple or quadruple therapy.

1. Treiber G, &t of. Omeprazole-induced increase in the absorption of
bismuth from dicitrato Clin Ther
1994: 55: 486-91.

2. Nwokolo CU. e al. The effea of histamine H,-recepror blockede on
bismuth absorption from three uicer-healing
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Single-ingredient Preparations. Belg.: Wylaxine; Vemez.: Regoxal,

. {bras
R6OOEP13IC frice- bran}' 6L966A IIMR {wheat bran).

Description. Bran consists of the fibrous outer layers of
cereal grains. It contains celluloses, polysaccharides or
hemicelluloses, 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 fibre (see also Dietary Role,
below). It comprises about 12% of the weight of the grain
and is a byproduct of flour milling. It is available in various
grades.

Pharmacopoeias. US includes wheat bran.

USP 36: (Wheat Bran). The outer fraction of the cereal grain
(comprising the pericarp, seed coat (testa), nucellar tissue,
and aleurone layer) derived from Triticum aestivum, T.
compactum, T. durwm, or other common einkorn and emmer
wheat cultivars. It is obtained by milling and processing the
whole wheat grain, and is available in a variety of particle
sizes depending on the degree of milling. It contains not less
than 36% of dietary fibre. It is a light tan powder having a
characteristic aroma. Practically insoluble in cold water and
in alcohol.

Uses and Administration

The main use of bran is as a bulk laxative and source of
dietary fibre in the management of disorders of the
gastrointestinal tract such as constipation (p. 1804.3),
especially in diverticular disease (p. 1806.2); it is also widely
used in irritable bowel syndrome, although its value has
been questioned (see p. 1810.3). It should always be taken
with plenty of fluid.
Bran is used as the basis for some breakfast cereals.

Dietary role. There is no precise definition for the com-
plex mixture of substances known as dietary fibre. It has
been defined as plant polysaccharides and lignin resistant
to hydrolysis by the digestive enzymes of humans but this
covers many substances other than cell-wall and related
polysaccharidcs Non-starch polysaccharides are the major

anyson); Proctosan (I, ; Simetrid (C Vicair
(B p): Vicalin ( S.Afr.. Adc‘ iskapectd; Anuge-
sict; Anusol; Arola balm+; Chl dynet; Kan-

trexil; Sentinel Ulcer Mixture+t; Singapm Rowatanalt; Spain:
Grietalgen; Nasopomadat; Synalar Rectal; Switz.: Bismorectatt;
Cicafissan; Furodermalt; Haemocomnf- Haemolant: La pom-
made du Dr Brand; Rectoseptal-Neo b Thai.: Antidiar-
thoeals for children; Anusolt; Biodan; Bismocane; Mastu St;
Ulgastrin; Turk.: D ptol; Derivit: Dermikolin; Dervanol;
He lgine; Kortos; rfoz; UK: A ic-BC: Anuge-
sic-HC; Anusol-HC, Plus HC: Anusol; Anusol; Bisma-Rex;
Hemocane: Moorland: OxBipp; Stomach Mixture; Ukr.: Procto-
san (Ip Vicair ( p); Vicalin (. USA:
Anumed HC; Anumed: BFT; Calmol; Helidac Hem-Prep; Hem-
ril; K-C; Kao-Paverin; Kaodene Non-Narcotic; Mammol; Pylera;
Rectagene Medicated Rectal Balm; Venez.: Klincosal: Polantac.

H athic Prepardations. Austria: A

P
Complexe no 98; Ger.: Gastritis Compl

Fr.: Arg
Gastro

p of the plant cell wall and are used as an index
of dietary fibre. They comprise water-soluble fibres such as
pectins, gums, and mudlages and water-insoluble fibres
such as cellulose. Wheat, maize, and rice contain mainly
insoluble non-starch polysaccharides whereas oats, barley,
and rye have a significant proportion of soluble fibres.!
Because the USA originally induded nondigestible animal
carbohydrates in the definition of fibre, the Food and
Nutrition Board in the USA proposed a new definition of
fibre, whereby dietary fibre consists of nondigestible car-
bohydrates and lignin that are intrinsic and intact in
plants, and functional fibre consists of isolated, nondigesti-
ble plant or animal carbohydrates that have beneficial
physiological effects in humans. Total fibre is the sum of
dietary and functional fibre.2

In the UK, dietary reference values (DRY) have been
published for non-starch polysaccharides.! It has been

tten; Nuxal comp.

Preparations
BPC 1954: Bismuth Subnitrate and lIodoform Paste;
USP 36: Bismuth Subsalicylate Magma: Bismuth Subsalicylate
Oral Suspension; Bismuth Subsalicylate Tablets; Compound
Resorcinol Ointment: Milk of Bismuth.

ology 1991: 101: 8689-94.

Pharmacokinetics

Poorly soluble bismuth compounds are largely converted to
insoluble bismuth oxide, hydroxide, and oxychloride in the
adldic environment of the stomach. Most of the bismuth
compounds included in this monograph are thus only
slightly absorbed. Increased gastric pH may increase
bismuth absorption—see Antisecretory Drugs, above.
Unabsorbed bismuth is excreted in the faeces. Absorbed
bismuth is distributed throughout body tissues, including
bone, and is slowly excreted in the urine and bile. It has a
plasma half-life of about 5 days and continues to be excreted
for about 12 weeks after stopping therapy.
Rcfercnces.
1. Nwokoio CU, et al. The absorption of bismuth from oral doses of
tripotassium dicitrato bismuthate. Alimemt Pharmacol Ther 1989: 3: 29~
39.
2. Froomes PRA, et al. Absorption and elimination of bismuth from oral

doses of uripotassium diditrato bismuthate. BurJ Clin Pharmacol 1989; 37:
5335,
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Bisoxatin acetate is a stimulant laxative that has been used

proposed’ that aduit diets should contain an average for the
population of 18g 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 less non-starch

i polysaccharide according to body size. No evidence exists for

benefit of intakes of non-starch polysaccharide in excess of
32 g daily, and therefore there is no advantage in exceeding
this amount.

In the USA, a total dietary fibre intake of 14 g of fibre per
1000 calories consumed has been suggested for aduits and
children aged from 1 year.?

1. DOH. Dictary reference values for food cnergy and nutrients for the
United Kingdom: repont of the panel on dietary reference values of the
committee on medical aspects of lood policy. Report on heaith and sociat
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2. Standing Committee on the Scientfic Evaluation of Dietary Reference
Intakes of the Food and Nutrition Board. Diectary Reference Intakes for
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hitp://www.nap.cdu/openbook.php?record_id=10490 {accessed
04/04/08)

3. Slavin JL. Position of the American Dietetic Assoclation: health
implications of dietary fiber. 7 Am Diet Assoc 2008; 103: 1716-31.
Correction. ibid. 2009; 109: 350. Alsoava-hbk at: hitp: Ilwww eamghz.
org/WarkA linkit.aspx?Li
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Di fion, Di such as colorectal cancer,

in a usual oral dose of 120 mg at night in the treatment of ) lschaemx: heart disease, diabetes mellitus, and obesity are

constipation (p. 1804.3).

The symbol + denotes a preparation no longer actively marketed

common in affluent developed countries but occur rarely
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in rural Africa. This difference in disease patterns has been
linked to the low fibre intake in developed countries com-
pared with rural Africans. However, there are many other
differences in diet and lifestyle, such as a lower intake of
fat, protein, and sugar in rural Africans and less exposure
to toxins and pollutants, any of which could contribute to
the difference. The excessive consumption of energy-rich
foods may be more to blame for diseases of affluence than
is deficiency of dietary fibre.!

Results from large prospective cohort studies have been
conflicting as to whether there is any reduction in risk of
colorectal cancer associated with a high intake of dietary
fibre, and have mostly failed to show a reduction in the
recurrence rate of colorectal adenomas (although most
adenomas do not develop into cancer, and so the relevance
of these results is undear?). A pooled analysis of 13
prospective cohort studies found a significant inverse
association between dietary fibre intake and colorectal
cancer. However, after adjusting for other risk-factors, this
assodation was attenuated and no longer statistically
significant. There was some suggestion that intake of dietary
fibre from cereals and from whole-grain foods were both
assodated with a weak reduction in the risk of rectal
cancer.> Some have commented* that fibre is a broad term
encompassing a wide range of organic material, which may
have a large number of actions on digestive physiology.
Furthermore, there is some concern that the use of fibre
supplements is not entirely without harmful effects: it has
been pointed out that fermentable fibre substrates can
stimulate cell proliferation in the colon.’ However, the role
of cell proliferation as a marker for the development of
colonic cancer is questioned by some authors.®

A small randomised crossover study’ in patients with
type 2 diabetes mellitus suggested that an increased
intake of dietary fibre was assodated with improved
glycaemic control, decreased hyperinsulinaemia, and lower
plasma lipid concentrations. In prospective cohort studies,
inverse associations were found between whole-grain
intake and the risk of type 2 diabetes mellitus;*!! in some
studies, this inverse association persisted for cereal fibre
intake,>!! but in one the protective effect of whole grain
could not entirely be explained by fibre content.®

Fibre may act as an obstacle to energy intake by
displacing available calories and nutrients from the diet, by
increasing satiety, and by decreasing the absorption
effidency of the small intestine. Epidemiological studies
support the hypothesis that a higher dietary fibre intake
prevents obesity; populations that report higher fibre
consumption also demonstrate lower obesity rates.'?
Weight gain was inversely assodiated with increases in the
intake of whole grains but posmvely assocmed with

increases in the intake of refi grains, the
importance of distinguishing whole-grain trom refined-
grain products.!?

A large prospective cohort study in men found an inverse
association between whole-grain intake and the incidence
of coronary heart disease; the finding was even stronger
for bran intake. These associations were attenuated, but not
eliminated, by adjustment for other risk factors for coronary
heart disease.'* There is some suggestion that diets high in
fibre may have a moderate effect on blood pressure
reduction.'®
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15. He J, etal, Bffect of dietary fiber intake on blood a andomized,

Colonic atonty. Colonic atony has been reported in patients
who had increased their intake of dietary fibre to relieve
constipation associated with systemic sclerosis.’

1. Gough A, ¢t al. Dietary advice in systemic sclerosis: the dangers of a high
fibre diet. Ann Rhewm Dis 1998; 5T: 641-2.

Diarthoea. A report of diarthoea induced by a dramatic
increase in fibre intake. Reduction of dietary fibre led to a
return to normal bowel habit in 2 to 3 days.!

1. Saibfl P. Diarrhes due to fber overiosd. N Engl J Med 1989; 330: 599.

Intestinal obstruction. Intestinal obstruction associated
with excessive bran intake has been reported.'?
1. ABen-Mersh T, De Jode LR. Is bran useful in diverticular disease? B/
1982; 284 740.
2. Cooper SG. Tracey RJ. Small-bowel obstruction caused by oat-bran
bezoar. N Engl J Med 1989; 330: 1148-9.
3. Miller DL, e al. Small-bowe! obstruction from bran cereal. JAMA 1990;

263: 813-14.
Precautions
Bran is contra-indicated in patients wnh intestinal
obstruction or with di | symp

There is a particular risk “of intestinal or oesophageal
obstruction if bulk laxatives are swallowed dry; they should
be taken with suffident fluid and should not be taken
immediately before going to bed. Wheat bran should be
avoided in gluten enteropathies and coeliac disease.

Interactions

Preparations

Propriefary Preporafions (details are given in Volume B)
Muli-ingredient Preporafions. Austral: Colon Care; Detox Pro
gram; Neo-Cleanse; Ru:. Laxands Specles No 1 {Craburensuss
C6op 1); P h ¢ Vicalin | UK
Cleansing Herbs; Lion Clennsing Herbs. USA: Detox.

Buiroplum Bromnde NN

Bromuro “de buﬂoplo, Butropll Bromldum Butrop»o
bromuro de; Butropium, Bromure de; Byrponua Bpomma. -
EHIR3Y SS)—B-(4—Butoxybenzyl)-3-[(S}tropoyloxy]tropanlum
bromide. :

CagHyBINO,=5325

CAS — 29025-14-7.

UNIl — R3K4503MV7.

Pharmacopoeias. In Jpn.
Profile

Butropium bromide is a quaternary ammonium antimusca
rinic with peripheral effects similar to those of atropine
{p- 1312.1). It has been used in the symptomatic treatmen
of visceral spasms in an oral dose of 30 mg daily in 3 divider
doses.

Bran may reduce the absorption of sorne drugs when given
together orally. Interference with iron, zinc, and calcium
absorption has been reported; caldum phosphate may be
added to bran to neutralise fytic acid, which can contribute
to such interference.

Preparations

Propriedary Preparations (details are given in Volume B)
Single-ingredient Braz.: Trifibra Mix: China: Fiber-
form (JELLIK); Fr.. Doses-O-Son; Infibrant; India: Imbran:
Neth.: Fiberform; Port.: Infibrant; Swed.: Fiberform Mixt:
Fiberformt.

Multi-ingredient Pr Arg.: Adelgadin; Gelax: Chile:
Naumre, Mex.: Psuumarf Pol.: Magnezyikit; Otrebuskit.

Bromopride /inv ‘
Bromoprida; Bromopridum; CM-8252; VAL-13081; Bpomo-
npua.
4-Amlno-S-bromN-(z-dlemylamlnoethyl)—o-amsamlde
CieHuBrN;0=3443

CAS — 4093-35-0,

ATC — AO3FAD4.

ATC Vet — QAO3FAC4.

UNIt — 75473V2YZK

Profile

Bromopride is a substituted benzamide similar to metocio-
pramide (p. 1862.2), used in a variety of gastrointestinal
disorders induding nausca and vomiting (p. 1811.3) and
motility disorders. It is given in a usual oral dose of 20 to
60mg daily in divided doses, or 10 to 20mg daily by
intramuscular or intravenous injection. The hydrochloride
is also used.

Preparations
Proprietary Preparations {details are given in Volume B)
Single-ingredient Preporclions. Braz.: Bilenzimat; Bromogex:
Bromopan; Digerext; Digesan; Digesprid; Digestl; Digestina;
Pangest; Plamet; Pridecil; Ital: Procirex; Valopride.

- Braz: Digecap-Zimatico; Lanso-
prid4; Primeral; Port: Modulanzime.

Buckthom

‘Bacca Spinae Cervinae; Espmo Cerval; Kreuzdom, Nerprun,
Kpyumna CnaburenbHan; Xocrep CrabuTeniHbi: . -
UNIl -— B4RTEZIRID (buckthom extract). -

Notg Distinguish from Alder Buchhom Bark (see Frangula

double-biind, placebo-controlled trial J Hyperigw 2004; 22: 73-80.

Adverse Effects

Large quantities of bran may temporarily increase flatulence
and abdominal distension, and intestinal obstruction may
occur rarely.

All cross-references refer to entries in Volume A

Bark, p. 1843.3) and from Sea Buckthorn (p. 2611.3).
Pharmacopoeias. In Ger.

Profile

Preparations
Proprieiary Prep {details are given in Volume B)
Single-ingredient Prep Indon.: Coliopant; Jpn: Colio

pan; Malaysia: Cohopan

Calcium Carbonate

Calcii carbonas; Caldii Carbonas Praecipitatus {precipitated
calcium carbonate); Calcium, carbonate de; Calciumcarbo-
nat; Carbonato de caicio; Creta Preparada; E170; Kalcio
karbonatas; Kaiciumkarbonat; Kalcium-karbonat; Kalsiumkar-
bonaatti; Kalsiyum Karbonat; Precipitated Calcium Carb-
onate; Precipitated Chalk Uhli¢itan vépenaty; Wapnia
weglan; Wapnia weglan stracony (precipitated caicium
carbonate); Kanouma KapBoKar.

CaC0,=100.1

CAS — 471-34-1.

ATC — AD2ACO1; A12AAC4.

ATC Ver — QAQ2ACDT; QAI2AAC4.

UNIl — HOGS379FGK.

Hnmncopoacs 1In Chin., Eur. (see p. vii), Int., Jpn, US, and
Viet.

US indludes Ground Limestone.

Ph. BEur. 8: (Caldum Carbonate). A white or almost white
powder. Practically insoluble in water.

USP 36: (Caldum Carbonate). A fine, white, odourless
microcrystalline powder. Practically insoluble in water; it
solubility in water is increased by the presence of carbor
dioxide or ammonium salts although the presence of any
alkali hydroxide reduces its solubility; insoluble in aicohol
dissolves with effervescence in acetic acid, in hydrochloric
add, and in nitric acid.

USP 36: (Ground Limestone). A white to off-white, fine
microcrystalline powder mostly consisting of calciur
carbonate.

Uses and Administration

Caldum carbonate is used as an antadd (p. 1803.1), usually
in oral doses of up to about 1.5 g. It is often given with othe:
antadds, especially magnesium-containing antadds.
Caldum carbonate is also used as a caldium supplemen
in deficiency states and as an adjunct in the management o:
osteoporosis, as desaibed under Caldum, p. 1784.3.
Calcium carbonate binds phosphate in the gastrointest:
inal tract to form insoluble complexes and reduce:
phosphate absorption. It is used to treat hyperphospha:
taemia in patients with chronic renal failure (see Rena
Osteodystrophy, p. 1170.1) or associated secondary
hyperparathyroidism (p. 1170.3). Doses are adjusted
according to serum phosphate concentations. Typical oral
doses of calcium carbonate range from about3 10 7g (1.2 t0
2.8g caldum) daily in divided doses, although the US
National Kidney Foundation suggests that the total dose of
elemental caldum provided by the caldum-based phos-
phate binder should not exceed 1.5g daily in those with
kidney failure. For doses in children, see p. 1825.1.
Calcium carbonate is also used as a food additive.

H path

Buckthom is the dried ripe fruit of Rhamnus cathartica
(Rhamnaceae); the bark is also occasionally used.
Buckthom is an anthraquinone stimulant laxative.

Y

Native forms of caldum carbonate have been used in
homocopathic medicines under the following names:
Calcarea Carbonica; Calc. Carb.; Calcium carbonicum



Bromopride,/Carbenoxolone Sodium 1825

Hahnemanni; Conchae; Calcium Carbonate of Hahnemann;
Cal. carb.

Administration in children. Caldum carbonate can be
used as a phosphate binder in children with renal failure
and hyperphosphataemia. The BNFC suggests the follow-
ing oral doses of calcium carbonate, given 3 or 4 times
daily with or before meals, and adjusted as necessary:

» 1 month to 1 year of age: 120mg

e 11to 6 years: 300mg

s 6to 12 years: 600mg

e 12t0 18 years: 1.25¢g

Adverse Effects, Treatment, and Precautions

Calcum carbonate may occasionally cause constipation.
Flatulence from released carbon dioxide may occur in some
patients. High doses or prolonged use may lead to gastric
hypersecretion and acid rebound. Like other calcium salts
(see p. 1786.1), caldum carbonate can cause hypercal-
caemia, particularly in patients with renal impairment or
after high doses. Alkalosis (p. 1775.3) may also occur as a
result of the carbonate anion. There have been rare reports
of the milk-alkali syndrome, see below, and tissue
calcification. The possibility of an increased risk of
myocardial infarction associated with the use of caldum
supplements has been raised (see Effects on the
Cardiovascular System, p. 1786]1).

For precautions to be obseryed with the use of caldum
carbonate, see Calcium, p. 1786.1.

Milk-alkali syndrome. The mifk-alkali syndrome of hyper-
calcaemia, alkalosis and renal impairment was first identi-
fied in the 1920s and may still occur in patients who take
large amounts of caldum and absorbable alkali.!> with
chronic ingestion, abnormal calcification can develop.?
Caldum carbonate is a common source of calcium and
.alkali, and milk-alkali syndrome can be seen in padents
being treated for osteoporosis and after high intake of
antacids.? Although an elemental calcium intake of upto 2 g
daily is considered safe, milk-alkali syndrome has been
reported with even lower daily doses.* Some patients may
be more susceptible; predisposing factors include the
chronic vomiting associated with bulimia or hyperemesis of
pregnancy,’ pre-exising renal failure, and concomitant use
of other medicines which alter calcium homoeostasis.!?
For reference to thiazide diuretics increasing the risk of
the milk-alkali syndrome in patients taking moderately
large doses of calcium carbonate, see p. 1406.2.
1. Picolos ML e al. Milk-aikalf syndrome is a major cause of
among ge renal disease {(non-ESRD)
inpatients. Clin Endocrinol (Oxf) 2005; 63: 566-76.
2. Felsenfeld AJ, Levine BS. Milk alkali syndrome and the dynamics of
caldum homeostasis. Clin J Am Soc Nephrol 2006: L: 641-54.
3. Medarov BL Milk-alkali syndrome. Maye Clin Proc 2009; 84: 261-7.

#a. The Drug Database for Acute Porphyria, com-
piled by the Norwegian Porphyria Centre (NAPOS) and
the Porphyria Centre Sweden, classifies caldum carbonate
as not porphyrinogenic it may be used as a drug of first
choice and no precautions are needed.!

1. The Drug Dambase for Acute Por) ilable at: hrtp:.
drugs-porphyria.org {accessed 06/10/11)

Interactions

As for other caldium salts, p. 1786.1.

As outlined on p. 1803.1, antacids, including caldum
salts, interact with many other drugs both by alterations in
gastric pH and emptying and by formation of complexes
that are not absorbed. Interactions can be minimised by
giving  caldium carbonate and any other medication 2 to 3
hours apart.

le. In a study' of 18 women over the age of 65,
the use of omeprazole for a week significantly reduced the
absorption of caldum from a calcium carbonate supple-
ment given on an empty stomach. Fractional calcdium
absorption was reduced from 9.1% with placebo 10 3.5%
with omeprazole.

1. O'Connell MB, et al. Effects of proton pump inhibitors on calcum
carbonate absorplion in women: a randomized crossover trial. Am J Med
2005%; 118: 773-81.

Pharmacokinetics

Calcium carbonate is converted to calcdum chloride by
gastric adid. Some of the caldum is absorbed from the
intestines and the unabsorbed portion is excreted in the
faeces, as described for other calcium salts, p. 1786.2.

Preparations
Pmpuwy?npuwom(demlsmgwenmwlumes)

Pre ions. Arg.: Acomplex P; Caldio Adido;
Calcional; Calcmm-Sandcm Pluscal: Remcaldo. Ultracalcium;
Uvasal Tums; Austral: Andrews Tums; Cal-Sup; Caltrate;
Sandocalf; Titralac Austria: Calcium-Sandoz; Dreisacarb;

Belg.: Cacit; Cald-Chew: Sandoz Calcium; Steocar: Braz.: Cal-
dum-Sandoz F; Calsan; Fontical: Maxicalc; Os-Cal: Osseopor;
Rhamical; Canmad.: Apo-Cal; Cal-500; Caldforted; Calcium
Oyster Shellf; Caldum-Sandoz Calsan: Caltrate; Hi Potency
Calt; Neo Calt; Nu-Cal: Os-Calt; Trial Antacidt; Tums; Chile:
Calcefor; Caldot; Caldum Factor; Caldum-Sandozt; Caldvor-
in; Caprimida; Elcal; Kaplus: Levucal; Natecal: Sanidecal;
China: Calcichew (LBI); Gu Yuan (B3%); Kaifang (JL77);
Mylanta (£3X); Na Nuo Ka (#4i§F); Xie Da Li (B&#); Cz:
Maxi-Kalzz Vitaaildn; Demm.. Caldum-Sandoz Fin.:
Calcichew; Caldum-Sandozt; Kalcidont; Kaldpos; Fr.: Cadt;
Caldidia; Calcidose: Calciprar; Caldum-Sandoz; Calperos; Cal-
primum; Caitrate; Densical; Bucalcict; Fixical; Osteocalt; Peri-
calt; Ger.: Cald-Gryt: Caldmagon; Calcimed; Caldum ALt;
Calctum beta; Caldum Stadat: Caldum Verla; Calcum-CTH:
Caldum-Sandozt: CC-Nefro; Dreisacarb; Loscalcont; Ospur Ca;
Gr.: Alcamex; Body-Caldn; Calciform: Caldforte; Calcioral;
Frubiose-N; Homg Kong: Apo-Cal; Calcium-Sandoz; Caltrate;
Doctor's Choice Calcumt; Os-Cal; Scott's Hi-Caldumi;
Titralac}: Hung.: Beres Calcium; Calcicarb; Calcichew; Cal-
dum-Sandoz; Remegel; India: Bonycal; Calcidp; Caldum-San-
doz; Calibon-Z; Oscal; Sandocal: Indon.: Calcium-Sandoz Jun-
ior Suength; Calna!. Calos; Calsant; Osteocal; Stomacain; Irl.:
Caditf; Caldchew; R 1; Rennie Ch ble Tablets; Rowar-
olan; Sandocal; Israel: Calc-Rav; Calcimore; Calcium-Sandoz;
Caltratet; Fast; Kal Zarevetf; N-Zarevet; Tums; Tzarevet X;
Ital.: Adiecal: Biocaldumt; Cacit; Cal-Car; Caldodie; Calcio-
piut; Caldum-Sandoz; Calma; Carbosint; Idracal; Lubical;
Metocal; Recal; Savecalt; Top Caldumt: Malaysia: Cal-Supt:
Caltrate; Mex.: Bexacal; Calcidef; Calcifar; Calcium-Sandoz
Calsan; Caltrate; Ciocart; Mubonet; Osteomin; Solibonet:
Tums; Mor.: Orocal; Neth.: Cadt; Cald-Chew; Caldum-Sandoz
Norw.: Caldum-Sandoz; Titralac; NZ: Caldum-Sandozt; Cal-
trate; Osteo; Titralac; Philipp.: Calbone: CalG-Aid; Caldum-
Sandozt: Calmatet; Calsan; Tums; Pol: Additiva Caldumt:
Calcium-Sandoz Forte; Calperos; FrutiCalt; Osticalt; Vicalvith:
Port.; Caldor: Caldoral Caldtab; Caldum-Sandoz; Natecal:
Sandocalt: Tums; Rus.: Caldum-Sandoz Forte (Kamsumii-Canaos
®opre); S.Afr.: B-Cal: Calcichew; Cald doz; Calsubat:
Caltrate; Fizzical; Titralact; Tumst; Singapore. Apo-Cal; Bona-
cal; Cal-Supt: Caldum-Sandoz Forte; Calperos: Caltrate;
Remegel; Spaim: Caldum-Sandoz Fortet; Caosina; Carbocal;
Cimascal; Densicalt; Mastical; Natecal: Osteocalt; Swed.: Cald-
tugg: Calcium-Sandoz Kalcidon; Kalcipos; Kalditenat; Switz.:
Cald doz; Calperos; Fixateur phospho-calcique; Natecal
D; Thai.: BayCal; Bo-Ne-Ca; Bonetec; Cal-Os; Cal-ups; Cal-
bonet; Calcanate; Calcap; Calcar; Calcarbonatef— Caldum Cen-
tral Poly; Caldium TO; Caldum-S. l; Calcium-5
doz; Calhof; Calmate; Calsum; Caltab Fortet; Caltab; Caltrate;
Calrex; Carbocal; Carbocalct: Chalkcap; Chalktab; GPO Cal
Kal-Forte; OB Cal; Patar Kal; Pharcal; Prima-Cal; T-Bon; V-Cal-
cdum; Weifa-Caldumt: Turk.: Ant-Fosfat Cc Calcimed: Cal-
dum-Sandoz; Ostram; UK: Adcal; Cacit; Caldchew; Rap-cze:
Remegel: Rennie Soft Chews; Sandocal: Sea-Cal: Setlers; Tums;
USA: Alka-Mints; Antadd; Cald-Chew:; Cald-Mix; Calcium-
600; Caitrate; Chooz; Maalox Antacid Barrier; Maalox Chil-
drens; Mallamint; Mylantat; Nephro-Calc; Os-Cal; Oysco;
Oyst-Cal; Pepto Children’s; Rolaids Extra Strength Softchews;
Surpass; Titralac Extra Strength; Trial Antacid; Tums; Vertez.:
Caicion; Caldum-Sandoz Foscalvi Frutadd; Sandocal;
Titralac; Tums.

Muhti-ingredient Preparations. Numerous preparations are listed

in Volume B.

Used as an odjunct in:. Arg.: Aspirina; Braz.: Bufferin; Canad.:
Aspirin with Stomach Guard; Bufferin: Tri-Buiffered ASA%:
Mex.: Reumophan Alka: Pol.: Caldpirynat: Polopiryna S; USA:
Adprin-B; Ascriptin; Bufferin: Extra Strength Bayer Plus.

ic Preparations. Austral.: Allexgy Rehef Elxmnona
Slim & Detox; Austria: Osanit Zah Ichen: O:

Tablets; Alumina, M Calcium Carb and Simethi-
cone Tablets; Aluminum Subacetate Topical Solution; Calcium
and Carb Oral P Caldum and
Magnesium Carbonates Tablets; Caldum Carbonate and
Magnesia Tablets; Caldum Carbonate Lozenges; Caldum
Lot Oral Calcium Carb Tablets; Caldum
Carbonate, Magnesla, and Simethicone Tablets.

Carbenoxolong Sodnum {BANM USAN dev

07=6
7 5607-56-3 {can‘;enoxolone) 7421401 (carbenoxolone
disodium).
ATC == A02BX01.
ATC Vet - QAO2BX01.
UNI — FIMPT24225,

Pharmacopoeias. In Br.

BP 2014: (Carbenoxolone Sodiumy). A white or pale cream-
coloured, hygroscopic powder. Freely soluble in water:
sparingly soluble in alcohol; practically insoluble in
chloroform and in ether. A 10% solution in water has a
pHof 8.0t09.2.

Profile

Carbenoxolone sodium is a synthetic derivative of
glycyrrhizic add (p. 2520.2) that is one of many topical
treatments for the symptomatic management of mouth
ulceration (p. 1811.2). It is usually used as a 2% gel; a 1%
mouthwash has been used. It was formerly also used as a
mucosal protectant in peptic ulcer disease and has been
given with antacids and alginic acid in gastro-oesophageal
reflux disease.

Adverse effects. Carbenoxolone has mineralocorticoid-
like effects and ingestion has been assodiated with sodium
and water retention and hypokalaemia. Muscle weak-
ness,'* muscle necrosis,* myopathy,' hypertension,? head-
ache,? cardiac failure,? mental confusion,* areflexia,’ renal
tubular dysfunction,® and acute tubular necrosis* have all
been assodated with carbenoxolone-induced hypokal-
aemia. Carbenoxolone-induced hypertension may have
precipitated the onset of fatal polyarteritis in a patient pre-
disposed to this condition.®
1. Fyle T, et al. Myopathy and in
BMJ 1969; 3: 476.
2. Davies GJ, e al. Complications of carbenozolone therapy. BMJ 1974; 3:
400-2.

therapy.

induced

3. Royston A, Prout BJ. C;
Guillain-Barré syndrome. BMJ 1976; 2: 150-1.

4. Descamps C, f al. Rhabdomyolysis and acute tubular necrosis associated
with and diuretic BMJ 1977: 3:272.

5. i) RJ. R. Towal body i and
renal mbular therapy. Postgrad
Med ] 1978; 54 836~7.

6. Sloan J, Weaver JA. A case of polyarteritis developing after
carbenoxolone therapy. Ir Med J 1968; 1: 505-7.

Handling. Carbenoxolone sodium powder is imitant to
nasal membranes.

Steiroplex; Zahnkugelichen; Canad.: Bioactiv Et: Bioactiv Rt
Earache; Formmula DE 2261; Hea Complex}; Hepar Composi-
tum; Homeo-Form Pt Hylands Formula §; Hylands Sinust;

Minerals+; Phyto-Cal; Rexorubiat; Sinus Ease; Sinus; Sinus- !
paxt; Sorinoheel; Tee Complext; Ubicoenzyme; Ursical Formu-
lat; Urticalcin; Viburcol: Chile: Bioactiv D; Bioactiv E; Bioactiv |
R: Cz.: Hormeel S; Viburcol; Fr.: Abbe Chaupitre no 44+; Abbe |

Chaupitre no 48+; Calcarea Compose: Dolitraveld; Jenoverinet;
Osteocynesine; Rexorubia: Sels Caicaires Nutritifs; Sepia Com-
plexe No 20, Smuspax Sllmumf— Yeino-! Dramolf Ger.: Agari-
cus comp Phosphoru h t: Calciurell: Chiro-
fossar; Feminon N; Hcpar comp, Hewclymphon N+; Infi-
Symphytum; Infifer N: Infihepan; Osanit: Osteoplex: Otio-cyl
Ho-Len-Complex: Oto-cyl Ho-Len-Complex; Pflugerplex
Lemna; Ranocalcin HM: Sepia comp; Steirocall; Steiroplext:

Viburcol N; Hung.: Hormeel S; Viburcol; Neth.: Auriculite; Der- :
mafleur; Jenoverinet; Kind 0-6 Caitrivat; Lergilite; Myamolite;

Osteocynesinet; Prurilite; Untizon complex; Venafleur; Viburcol
H; Port: Osteocynesine; Rus.: Berberis-Plus (Bepbepuc-Tlnsoc);
Hormeel SN (Fopuems CH): Urtica-Plus (Ypruxe-ILmoc); S.Afr.:
Aufbaukalk 114; Viburcol; Switz.: lex Nr. 51¢ Reg
plex Nr. 88b; Urticalcin; Viburcol N; UK: Conchae comp.; Fra-
gador; Ukr.: immunokind (Hasynoxunn}.

Pharmacopoeial Preparations

BP 2014: Alginate Raft-forming Oral Suspension: Caicium and
Colecalciferol Tablets; Chewable Calcium and Colecaluferol
Tablets; Chewable Caldum Carb and Heavy Magr
Carbonate Tablets; Chewable Calcium Carbonate Tablets:

USP 36: Alumina, Magnesia, and Caidum Carbonate Oral
Suspension; Alumina, Magnesia, and Caldum Carbonate

The symbol t denotes a preparation no longer actively marketed

| function. High cortisol concentrations have been
associated with poorer memory and neuronal loss in some
patients. Carbenoxolone inhibits 11-p-hy Y id
dehydrogenase type 1, and thus may selectively lower
intracellular cortisol. In a smail crossover study’ in 10
healthy elderly men. oral carbenoxolone 100mg three
times daily for 4 weeks significantly improved verbal flu-
ency compared with placebo, but did not influence visual
or verbal memory, nonverbal reasoning, or processing
speed. Twelve patients with stable type 2 diabetes were
given carbenoxolone at the same dose for 6 weeks. Verbal
memory was significantly improved compared with place-
bo, but verbal fluency and other scores were unaltered.
All subjects were given amiloride 10mg daily to prevent
mineralocorticoid adverse effects' (although this has been
reported to reduce the efficacy of carbcnoxolone)
1. SlndecpTC.ual 118 hyd,

improves function i m hullhy elderly rnen and type 2 diabetics,
Proc Natl Acad 5 U S A 2004: 101: 6734-9.

Preparations
Propriefary Preparations (details are given in Volume B)

Single-ingredient Preparations. Austral.: Bioral}; Austria: Rowa-
dermat; Hong Kong: Herpesan; Hung.: Carbosan; Irl.: Carbo-
san; Malaysia: Herpesan; Philipp.: Rowagel; Singapore: Herpe-
sant; Spain: Sanodin.

Multi-ingredient Prep

Irl.: Pyroga: t.




$.0, « #!

M

M 7Ed)3=A Yoo o]

s D 3 t 3

n2 6 613 | (11

; B

A= FU( 4
3 &

T+ + && !
EDX J
J 4

& B $ ! B
CDX ) & -6

1318 /1 &
# s && !
0~~."ED 5

- !
RIO  && &3$&
& & &9  &&

$ &

38& &6+ ++
& & ) 4 EE 5B
YFD' UD ! &, # &
yD 1& UD

0& 5
> D

; 0% 4 &+
=& H

%% % ; h D & FOW H69
H6&6;- 9 [6 D H6+ &([D &" 9
) & 9H6 +y= &=/

&6E£
<D

M

p p be? Y (W7 M6 7™M 7
M E4p p p5 7E ep! ! (7

! M G7 ! M G7
p7 p7  p! 7E3!I= 3I7SE 3

€2 3:
-2GQ
-1 b Q
-T&K 2T QOJ 13 Y
2 1Qpdl
$ B ? 4
;W E(4 5 1!, & #
cC 6 G 70y $6 8 B
B E DX -1 6- & 1),
& UDX / 1''$ 6 !

! 4C8GC. 1" ED 5
# [ &
T=; FU( 4 = 15 131" # C
6 G 4*

& -! 6- !
$ ), &
$[ & & ! 6! B ! !

JO 3188& &% G 71

>+& $ CD FD ) &
P+ + &

)y A+ @ + $

$ )/ , +

! - 10

L # &&- $&, $ #!

[ i [

111 B CDD9 D) 88UE  # !%-
PNE "hH dLf uDC +//$  vZ  6#.. 66S$E
% $ d/d  d#/&d )/ )XF$&DEdFd88U 4 !
DEd dDU5

.- %4 & + 0& 5
=& 1%&;* DA &69 $D HB& &0
SDH6 90 &69yD; & 9 /D H

%h | D &!'9 =

1 & &69 =1

! &HB6HO9T& H69 "
<9 O & *69B &9 %!

&& # # 0&

-D %! 9 1 "
%184 &9 $&69 /
+ 69 W H+&9

6 &69<+ ! < 9;+&69;
&9 A& -9 . 9 [zSD
6(;!!' H6 9 ' D 289 <& 9 <&
9 &6); & 9; HOO & 9 S

69 &H6 W6 9 &HG6A &= 9G"

*$& H6 +9 H6 + $& 9 %! $&

H6 +9%!

"%U - &6

9
<& 16 9 = W6 HO

&

SFU( #
= 1<&16 (

M 3= D
M33 7M 3 17, % %7
>0Bca=>a 33 4 $7?'k>$7?$
23 f ?0>a'! 0 3 ?B
33 $ G 1
%a
a JJ3
-2 0
- g 2 A
() b Q5W3V

Ed2 =1
> '

M 3

M 3 5 7 M 3

M 3 7 o %-%7

Ed2 = d)1

>0"a?a>ax 33 4 ?)k$
?3 ' NO>a'l'0" 3 ?i

33 R G ! 1

M}=cbi2 0 ol " #
23

N2 A

-1 D /

(0 b 11Qv

nTW

>C i?77
3 7

$ $gd& > '!

& IG*

M 3

'p6 $ 3 p
33 '

>31 $.—%10? (

U+ #! S 1+
CDD9 (F8 EM
Wwu - !

A
CDD 9 C8( FUF

M 13

»>1 313 7
-M T&D T 10J

%h.$ B

M G@ X,

& %.

> 67 !
6 $

& &6+, &

# & ) 4 EE 5

+/0& 5
SD <& &6)9 <& &60 < T69
9

) -+ 8 4 &
%) -1%; #
H6 9A 1 &9 y D

9 +<D 9 =D % H6O A 9
C D ;&6 4 59 6D ; 9 D =/+"
4¢.65

M I *G

e G 7TM G
C3 Ah
M D J 3 I"'#$%&( 8&( =+ .

1B&('=+ %BHINE ,

7Mlop 7M ! G

Joo

- D /3
-1 D /3 .
< p317 8&() =+ ,; _1p.618&()
D$§K 2 % 8
AW 6& $ 1! #3
DX ) 6& 44 815G ds 85 ,
6& / 1 &&0
& - - 6&
) 4DCM5G Cd6C. & # !
6 &
& *kk
6 & $ !
3
. ; 4 & + 0& 5
; D Q-9 ybD
&6 A FE—9 ! &6 A M8
M G & > >
M5 G M 7MG = !
M G 7 #9%$227 = !
G 7°R3G '3G3'1
a>0M G 23 G 7 Qo
M G *3 a G
G 1
\=NJS=\()4"
Ma&D 0 B8&=,.33 018 &= #%&
%A+& %,
() D -pl4
AW W& && H Q Hh !'*& +
$ ! [ 6 -1 & !
N B A6
; #xm
6 -1 & ! s &
) & , &&
& ! - 1"&&" B !
? ) ! & ! 4 EFC51
/! )UDD EDD ! &/ !+!!!
3
; - 4 & + 0& 5
=& ! A6 DA
M p
M7 3 Mp7 1
M M*j$221$
2J 30
; B
;CDM(4 &5 +# # & $ )
$ / - & [ -
J ) & && ! # +
& 3 ! & 8DX !
DD X DF & & '+ #
s
s . -+ & & I &
- &&\ & &&- &L
& Joy && &%& + & &5
&$& $1!6!'9 $8%,
1 &
&*)
&" $ ! 1$ ! &
& $ 4 1 &5 | "
&! & ! $! ECMF
/s & ", /
& Q $& $% & !'$-
s &+ " B
] && !$-A c # + )
# )" && ! &$ &
&&- Py o -
$ 6! ++ | Nl | z
'# & L+ &+&
1 && /4 $&,5
M 1 , ! #-) &
$ I" & &, V&
! M & ) &% & &
+ & $& Th# ! 7 )
&% &", & & 161\
& - H! &
, &! $ % MDA & MD WT
o1& &&- 6
5, &

4! 1 6! =
/! ! ! -, !



