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ABSTRACT

BACKGROUND AND OBJECTIVES:

Endotracheal intubation is required for giving general anaesthesia for
which adequate muscle relaxation is necessary. Suxamethonium is still used
as a relaxant for endotracheal intubation . Rocuronium ,a non depolarising

muscl e relaxant was compared here for tracheal intubating conditions.

METHODS:

100 patients of ASA | and Il were divided randomly into 2 groups

undergoing elective surgeries:

Group | - Suxamethonium

Group Il - Rocuronium.

RESULTSAND INTERPRETATIONS:

The intubating conditions were excellent in group | Suxamethonium as

against Group I Rocuronium in 60 secs.

CONCLUSION:

Rocuronium can be used as aternative when suxamethonium is
contraindicated for rapid intubation but not if anticipated difficult airway is

present.



INTRODUCTION

Endotracheal intubation is necessary for givingegahanaesthesia.

It is important for anaesthesiologist to reduce #imvay injuries
associated with tracheal intubation. Good intutgationditions are produced

by adequate depth of anaesthesia and muscle nelaxat

Suxamethonium is often used in surgeries as iviges excellent
intubating conditions and early establishment ofepta airway thereby
reducing airway injuries and aspiration. Still tide effects it may produce
may range from post operative myalgia to life theaang complications like

dysrhythmias, hyperkalemia, malignant hyperthermia.

To give good intubating conditions and early essaiphent of airway
patency in patients with risk of complications witBuxamethonium,
Rocuronium a newer steroidal non depolarising nausclaxant was

introduced which has rapid onset of action comdarebSuxamethonium.

This study compares the intubating conditions aade with

Suxamethonium and Rocuronium.
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OBJECTIVES

This study is to compare the intubating conditiankieved in patients
undergoing elective surgeries under General Anasgsth with

Suxamethonium or Rocuronium in 60 secs and contpitain both groups.
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HISTORY

The arrow poison used for hunting by the nativepbeof South
America has been known for centuries. Shortly aftex first Spaniards
arrived in the New World in the sixteenth centucg@unts of the mysterious
poison began to appear. Among the more spectapatapnalities reporting
on the poison wasir Walther Raleigh (1552-1618), he described the
poison in 1596, and it was one of his captains wlkamed the poison
"Ourari". Among others, the French scienti€harlessMarie de la
Condamine (1701-1774) and the English scienti&idward Bancroft (1744-
1821) brought back to Europe samples of the curare poisor many years

these samples were the basis for experimentsferelit parts of Europe.

Benjamin Brodie (1783-1862) and his assistarfEdward Nathaniel
Bancroft (1772-1842; son of Edward Bancroft), showed that the poison
paralysed the respiratory muscles, and that anamien curare could be
kept alive if ventilated. In 1856, Claude Bernat®18-1878) published his
classic experiments on frogs, and he found thatreuacted peripherally,
causing paralysis of the muscle by its effect atAlksetylcholine receptor site
in NMJ. In the1930s H.H.Daie, W. Felberg and M. Vogt proved that
Acetylcholine, the chemical neurotransmitter of thkelJ acted on skeletal

muscle. Since then the NMJ has been the mostestyainction in the body.



The basic concept of Acetylcholine as the chemitahsmitter, being
synthesized in the nerve endings and acting orsyaptic receptors, has not
been changed over the years. However, in recen$ y@gortant advances in
modern technology, not least in electron microscopigctrophysiology,
immunology and DNA technology, have much increased knowledge of

the transmission process.

In 1942 Griffith and Johnson reported that D-Tubocurarine is a safe
drug to use during surgery with good muscle relaratLater, Cullen
reported that D-Tubocurarine had been given to daients under general
anaesthesia to produce additional skeletal mustaation greater than that
provided by the Volatile anaesthetic agents alone.

During subsequent years, as the clinical pharmaggolof the
neuromuscular blocking drug has been refined, antha@ drugs themselves
have been improved, the use of muscle relaxant deme®me a vitally
important aspect of modern anaesthesiology praclibe development of
new synthetic relaxants had greatly increased {firecians options for
providing skeletal muscle relaxation.

Suxamethonium, introduced biyhedeff and Foldes et al in 1952,
revolutionized anaesthetic practice by providingemse neuromuscular
blockade of very rapid onset and ultra short damatthereby greatly easing

the maneuver of tracheal intubation,
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The synthetic and semisynthetic nondepolarizinggsirusuch as
Gallamine, Dimethyl tubocurarin, and Alcuroniumtraduced over the next
decade, were alternative to D-Tubocurarine. Theyewet considered as
replacements for D-Tubocurarine because they altlymed cardiovascular
side effects, showed long duration of action simileo that of
D-Tubocurarine.

Baird and Reid in 1967 reported on the clinical administration of the
aminosteroid Pancuronium.

In the early 1980s two more newer muscle relaxahistermediate
duration of action namely Atracurium and Vecuroniwas introduced into
the clinical practice. These drugs revolutionizdte tperformance of
balanced general anaesthesia by providing very goastcle relaxation of
faster onset and at the same time more rapid nedalsufaster recovery,
without depending on kidneys solely for their metadm.

Their faster onset and shorter duration of actiooperty is more
comparable with Suxamethonium which encouragedéacintubation for
the use of non depolarising relaxants.

At the same time the property of faster measurabt®very and
complete antagonism of the residual blockade bycAntinesterases made
it convenient to provide paralysis by continuoususon of these non

depolarising relaxants.



Along with introduction of Pipecuronium, Doxacuriumdivacurium
and Cisatracurium, the early 1990 witnessed thedntction of a steriodal
compound “Rocuronium” of intermediate duration,wén onset of action
that is faster than that of vecuronium.

Rocuronium is the first non-depolarizer consideieetle an acceptable
substitute for Suxamethonium in facilitating rapitlbation of the trachea.

Rocuronium is a step forward in the developmentimproved
neuromuscular blocking agents and is indeed a niéestone in the clinical

practice of anaesthesioiogy.



REVIEW OF LITERATURE

Puhringer F.K.etal., (1992)* conducted a study to assess the
intubating conditions achieved with Suxamethoniurd &ocuronium under
Iv anaesthesia with propofol, alfentanil and Nigsooxide in 100 patients.
The neuromuscular effects of both drugs were gfietitby recording the
indirectly evoked twitch response of adductor padlimuscle after ulnar
nerve stimulation. Patients were given either Ogykgp Rocuronium or 1
mg/kg Suxamethonium intravenously. Sixty secontisr dhe administration
of the muscle relaxant, the trachea was intubated #he intubating
conditions were scored by a "blinded" assessoubhting conditions were
not different between Rocuronium and Suxamethonigroups. They
concluded that in spite of the pharmacodynamic edéfices between
sucamethonium and Rocuronium, the intubating cordit after

administration of both compounds are similar aneetiged at the same rate.

Cooper R. et al., (1992)° conducted the study assessing intubating
conditions after administration of Org 9426 (Rocuuon) 600 ug/kg at 60 or
90s in groups of 20 patients anaesthetized witlo@dntone, Nitrous oxide in
Oxygen and small doses of Fentanyl, and comparedd#ia with those
obtained after Suxamethonium 1 mg/kg in similar up® of patients.

Intubating conditions after Org 9426 were foundo®clinically acceptable



(good or excellent) in 95% of patients at 60s andli patients at 90s and in

all patients at both times after Suxamethonium.

Huizinga A.C. et al., (1992)'® investigated the intubating conditions
and neuromuscular blocking profile following 600/kgy Rocuronium. They
were compared with conditions following 1.5 mg/kgix&8methonium.
Rocuronium produced good to excellent intubatingdtiions at 60 as well
as 90 seconds after administration, even thougle the@s only a partial
blockade of adductor pollicis muscle. Intubatingnditions following
Suxamethonium were comparable with those after Rodwm. Rocuronium
may have a major advantage over existing non-dapmwlg muscle relaxants

due to the early presence of excellent intubatongdions.

Porte F. et al (1993)* studied the dose response relationship on
diaphragm and adductor pollicis using Rocuroniufmeyi concluded that the
dose necessary to block the diaphragm is 1.5 tm&sthigher than that for
the adductor pollicis. A dose of at least 0.5 mgdayld be necessary to
produce good intubating condition because suchsa #onecessary to block

the diaphragm.

Wicks T.C. (1994)*° Rocuronium is a new non-depolarising
neuromuscular blocking drug. Its onset of actiorcasnparable to that of

Suxamethonium, with good to excellent intubatingqhdibons possible 1
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minute after doses two times the ED95 (600 ug/Kthe ED95 of

Rocuronium is essentially the same for childrefoagdults, Rocuronium is
readily reversed with conventional doses of chalieese inhibiting drugs.
A new agent, Rocuronium possesses a very staldewvascular profile and
a rapid onset of action. It may be useful for reggdquence intubation without

unacceptable delays in the spontaneous recovergusbmuscular function.

Feldman S.A. (1994)" studied the onset time and intubating
conditions of Rocuronium. The rapidity of onset Rbcuronium in man
appears to be due to an early presynaptic effelote@ations, which are
difficult to explain, are that increasing the d@gmve about 2 x ED90 does
not shorten the time of onset and 'priming’ alse ha beneficial effect.
Although some studies have produced evidence thatuf@nium can
produce smooth easy intubating conditions in 60s, Would appear to be

close to the time when excellent conditions cagueeranteed.

Nilesh Kumar Patel et al., (1995)** compared Rocuronium Vs
Suxamethonium for emergency surgery and rapid segu@tubation. There
study suggests that 1) Rocuronium, 0.9 mg/kg pes/icomparable tracheal
intubating conditions as Suxamethonium 1.5 mg/RgS@xamethonium, 1.5
mg/kg has a more rapid onset of complete blockebtbicularis occuli than

does Rocuronium ; and 3) visual loss of TOF mayahetiys be necessary to



ensure good- excellent tracheal intubating conaitio

The study comparing the intubating conditions adl w& onset and
clinical duration of 0.6 mg/kg (2 x ED95) with 1gfkg Suxamethonium (3 x
ED95) by Latorre F. et al,, (1996)** showed results the that intubating
conditions assessed were clinically acceptable(lexte or good) after
Rocuronium and Suxamethonium. They concluded tletuRnium has an
onset time of about 3 minutes and a clinical darabtf relaxation of nearly
half an hour. These data are supported by varimases, while others show
shorter times, probably due to different monitoriaghniques. In spite of the
pharmacodynamic differences between RocuroniumSaxémethonium, the
intubating conditions after administration of bathmpounds are comparable

and develop at the same rate.

In elective cases with Rocuronium and Suxamethon@asn RSI
inducing with Thiopenton&parr H.J. et al.,(1996)* assessed the intubating
conditions. They concluded that Rocuronium is dafle alternative to
Suxamethonium for rapid tracheal intubation evedennunsupplemented
Thiopentone anaesthesia, at least in elective wibe healthy patients. Its
use for rapid sequence induction under emergeneyitons, however,

needs further investigation.
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Tang J., Joshi G.P. and White P.F. (1996)* studied tracheal
intubating conditions and neuromuscular effects ®fixamethonium,
Rocuronium and mivacurium. They concluded that Raowm appears to be
an acceptable alternative to Suxamethonium for heak intubation.
However, longer duration of action of Rocuroniuncrgases the need for

reversal drugs.

Rocuronium pretreatment at 3 and 1.5 minutes beédoramethonium
administration on fasciculations byotamed C, Choquette R., and Donati
F (1997)% to assess the effect of Rocuronium. They concluithed the
incidence and severity of Suxamethonium fasciooetican be reduced by
giving 0.05 mg/kg Rocuronium either 1.5 minute orn@nutes before
Suxamethonium. The effects of 2 mg/kg Suxamethonanith Rocuronium
pretreatment, and 1 mg/kg Suxamethonium, withoetreatment are similar
with respect to intubating conditions, onset ofahmis and duration of

blockade.

Rapid sequence induction of anaesthesia using Bocum 0.6 or 1.0
mg/kg or Suxamethonium 1.0 mg/kg as the neuromastilibcking drugs by
McCourt K.C. et al., (1998)* for tracheal intubating conditions showed the
results that the intubating conditions to be sigaiitly superior with the 1.0

mg/kg dose of Rocuronium. It is concluded that Rooium 1.0 mg/kg can

11



be used as an alternative to Suxamethonium |.Omgé&gart of a rapid
sequence induction provided there is no anticipaiéfcculty in intubation.

The clinical duration of this dose of Rocuroniumhewever, 50-60 minutes.

Stoddart P.A. and Mather SJ. (1998)* in a blinded randomized
study, intubating conditions were compared at oneuta following
intravenous induction with propofol and either Smeghonium 1.0 mg/kg
or Rocuronium 0.6 mg/kg. There was no differencetha intubating
conditions at one minute with 25 excellent/S gondhe Suxamethonium
group and 27 excellent/3 good in the Rocuroniunugrdrhey concluded
that Rocuronium 0.6 mg/kg gives optimal intubatiognditions at one

minute in children.

De Rossi L .et al., (1999)'! compared the onset time of two different
doses of Rocuronium (0.6 and 0.9 mg/kg) and Suxaonéim (1.5 mg/kg)
preceded by 0.06 mg/kg Rocuronium at the massetdrtlae adductor
pollicis muscle. Following Rocuronium and Suxameibm, onset time is

faster at the masseter than at the adductor oihiciscle.

Using a new method of monitoring neuromuscular bla@ the
laryngeal muscles by surface laryngeal electromglgy by Hemmerling
T.M. et al., (2000)"" to compare the Suxamethonium with two doses of

Rocuronium . They found that, with comparable degref neuromuscular

12



block, the onset time of Suxamethonium at the atbdupollicis was
significantly shorter than for Rocuronium 0,6 mgégd 0.9 mg/kg. Clinical
duration at the adductor pollicis was significantlgnger for both
Rocuronium groups than for Suxamethonium. The sarfdaryngeal
electrode proved non-invasive, easy to use andhlelin measuring onset of

the neuromuscular block at the larynx.

Cheng CA, Anu CS and Gin T (2002)" conducted a study to
detrermine whether a smaller dose of Rocuronium traviously reported
could provide similar intubating conditions to Smethonium during rapid-
sequence induction of anaesthesia in children. eyTboncluded that
Rocuronium 0.9 mg/kg provides similar intubating ndibions to
Suxamethonium 1.5 mg/kg during modified rapid segee induction.

Rocuronium 0.6 mg/kg was inadequate in children.

During rapid-sequence induction intubation the atiing conditions
were studied byPerry J, Lee J and Wells G (2003)** Rocuronium and
Suxamethonium . They concluded that Suxamethoniveated superior
intubation conditions to Rocuronium when comparexgellent intubation
conditions. Using the less stringent outcome, cdilly acceptable intubation

conditions, the two agents were not statisticailtiecent.

13
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ANATOMY OF NEUROMUSCULAR JUNCTION

MOTOR UNITS:

Each motor neurons innervates many muscle fibres the neuron
together with the muscle fibre is motor unit. Tleaation of a motor unit is

all or none response.

MOTOR
END PLATE

MUSCLE | |
FIBER T
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The Motor Unit

Branches of Myofibrils
motor neurons

Muscle fiber

Fig 1. Diagram of motor unit containing focally

innervated musclefibres.
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NEUROMUSCULAR JUNCTION:

When the neuron reaches the muscle fibres it lasesheath and
divides into many branches. It ends in a small Bwgeembedded in muscle
fibre to form neuromuscular junction. The nerve iegd contains vesicles
with neurotransmitters Acetylcholine. There is @ @& 20 - 50 nm between
nerve terminal and muscle fibre called the synagitft or junctional cleft.
This cleft is filled with collagen structure namiealsement membrane. To this

membrane is attached the Acetylcholinesterase.

Secondary clefts are clefts formed due to foldifgtiee muscle
membrane at the junction. The acetyl choline respare formed at the

shoulders of these clefts. There are abofitd Q0 nicotine receptors.

Each receptors is a pentamer of 4 different proseinunits. Two o,
subunits of 40,000 daltons molecular weight andlsif, 5 andg subunits of
varying daltons. The whole mol. weight of receptsraround 2,50,000

daltons.

16



motor o
neurone
axon

synaptic
vesicles

=)

glal muscle

—E-H-E-5-}

————

Neuromuscular junction

B Pl T

S0P SHLURSTT OF O AR PG TN, Ciorprigh § 1B, The Welirme M [odaisiim, ben LN rights. ceserresd

Neuromuscular Junction

Synaplic
vesicles
{containing
AChH)

Basement
" membrang

{containing
AChE)
- Synaptic
- cleft

Region of

sarcolemma
with ACh
receptors

Nuclous

y - - Junctional
. ;A folds

of muscle -

fiber

Fig 2: NMJ enlarged from motor end plate. The axon terminal contains

mitochondria, microtubules and Acetylcholine containing vesicles.

17



POSTSYNAPTIC CHOLINERGIC RECEPTORS:
Also called as extra junctional receptors is offies:
1.Those of foetal muscle and denervated muscle:

Instead ofe subunits the receptors hasubunit, with lifetime of 17 - 24

hrs.
2.Those of innervated muscle:
More concentrated in NMJ with lifetime cdysd to weeks.

The 2 types of these receptors react diffdy to agonists and

antagonist.
THE MUSCLE:

The contractile elements of a muscle celmyofilament. The thick

myosin and the thin actin filament attached to@rap and tropomyosin.

These filaments interdigitate and slide rote contract the muscle.
Myofilament are grouped together to form myofibrilSarcoplasmic
reticulum surrounding the myofibrils acts as a resie for calcium. The
invaginations of sarcolemma, transverse tubules t(bules) comes in
proximity to sarcoplasmic reticulum . These tuut®nvey the electrical

impulses from the surface of the muscople to thelasmic reticulum,

18



thereby releasing the calcium and contraction obfitgment.

A A single subunit in the ACh receptor-channel

MH.,

L2 AT M2 M3 M4

COH

WOUOO0 ~{

)

B T e T aTaTa

Cytoplasmic side

B Hypothetical arrangement of subunits in
one channek

Cytoplasmic

sicle
Fig 3: A schematic model showimg thr nicotinic Ach
receptor localised in thelipid bilayer.
Five homologous subunits,,B,y,0 of the Ach receptor may combine
to form transmembrane aqueous pore. Bogubunits contain Ach binding

sites. Most of the receptor is localised in theaoellular space. Each subunit
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has four membrane spanning domains which are eviftem the cross

section of subunits.

a One subunit of nAChR

NH, Ligand-binding site

Extracellular

b Cross-section of five assemblad
subunits (2« o + 3x ) of NAChR

lons pass through

i the pore
Four hydrophobic
transmembrane

domains {(M1-M4) Binding site for

neurotransmitter

[} subumit
o subunit

Extracellular

toplasmic
(Gata Cytop

Change in intracellular ion concentration

Structure of a neuronal nicotinic acetylcholine receptor (nAChR)
Expert Reviews in Molecular Medicine © 1999 Cambridge University Press

Fig 4. Oneof the g subunitsis shown separately. The polypeptide chains

of each subunit are postulated to crossthelipid bilayer as a helices.
20



THE MOTOR NERVE TERMINAL

Acetycholine synthesis and storage:

CHOLINE (ECF) Diet,hydrolysed Ach, Liver

Carrier transport Nerve terminal

CHOLINE + Acetyl coA

Synthesized in nerve terminal

(Choline acetyltransferase)

Acetylcholine

}ﬁ

stored in vesicle

The two pools of Acetylcholine within the nerventénal are :

1. Releasable pool (80%) (within the vesicle)

a. Immediately available

b.Reserve pool

2.Stationary or non releasable pool

vesicles tend to concentrate near the "Active gbopposie crests of

post synaptic membranes also called as "releass' sit

21



THE SEPARATE POOLSOF ACETYLCHOLINE STORED

WITHIN A NERVE TERMINAL

Presynaptic bouton

Cisternae

*, Invagination

\ Recyding pool

Active zone

Nature Reviews | Molecular Cell Biology

ACETYLCHOLINE RELEASE:

Acetylcholine released from the terminal occurshbspontaneously

and by depolarisation of nerve terminal.

SPONTANEOUSRELEASE:

MEPPs is due to random release of quantum or p=aclkét
Acetylcholine, as the MEPPs are so small, manyrageired to generate

Action potential.
22



DEPOLARISATION OF NERVE TERMINAL :

Depolarisation of nerve terminal leads to the mdeaf hundreds of
guantum of Acetylcholine concentrated near the &%sesites depending

upon the type of the muscle.

Following the depolarisation process, extracellutaicium passes
through the voltage gated calcium channel . Inthdenerve terminal calcium
binds to the proteins (Calmodulin and Calcitonirated peptide) and

activates the enzyme necessary for Acetylcholifease.

The vesicular membrane consists of synaptophysiglycoprotein.
Synaptotagmin in the vesicle acts as Calcium sensiber attachment of
calcium to synaptotagmin phosphorylation of memébramotein synapsin
occurs so it moves to the release sites where syoi@yin vesicle associated
membrane protein (VAMP) attaches to the releass $#ading to release of

Acetylcholine into the synaptic cleft.

SYNAPTIC CLEFT:

The release of Acetylcholine into the cleft reagith the post synaptic
nicotinic receptors avoiding the Acetylcholiness&as enzyme , responsible
for its hydrolysis. However eventually followingsitelease all molecules are

hydrolysed to inactive choline and acetate.

23



Acetylcholinesterase is a protein attached to geement membrane.
For each molecule of Acetylcholine released theeel@ active enzyme sites
available. Several molecules of Acetylcholine canhydrolysed by single
molecule of enzyme . The arrangement allows foheaclecule to act once
with the receptor after which it is rapidly hydregd . Hence in normal
physiological conditions there is no accumulatidroetylcholine from one

nerve stimulation to other.

THE END PLATE:

The resting membrane potential across the postpignaembrane is
90mV with inside of cell being negative (-90mV). éffb is excess of
positively charged ions outside the cell. When 2tcholine molecules
binds to theo, subunits of Acetylcholine receptors conformatiooshbnge
occurs leading to flow of cations according to amtcation and electrical
gradients. There is net inward flow of sodium legdto fall in membrane
potential . At a certain threshold of EPP (-50mW¥ppens specific sodium

channels allowing sodium to enter leading to ger@raf Action potential.

Action potential draws current from the surroundingiscle fibre
membrane and opens the voltage gated sodium chamneluscle fibre

membrane triggering action potential in muscledibFhrough the T tubules

24



it reaches the sarcoplasmic reticulum from whiclcigen is released and

muscle contraction occurs.
MARGIN OF SAFETY:

The number of Acetylcholine receptors exceeds thehber required to
trigger a action potential under normal conditioktence around 70 - 80% of
these Acetylcholine receptors are required to loekald to prevent action
potential being generated. During recovery fromroswscular blockade
margin of safety is important as even a normal iraspry force, vital
capacity and sustained head lift for 5 secs salleh 70 - 80% of these

Acetylcholine receptors blocked by the antagorifsts.

PHYSIOLOGY OF NEUROMUSCULAR BLOCK
NON DEPOLARISING NEUROMUSCULAR BLOCK:
Competitive antagonist:

Non Depolarising Neuromuscular Blockers are cortipetantagonist
of Acetylcholine receptors. It competes with Acehdline to binds with
these receptors and prevent the action potentiakrggon. The higher the
concentration of this drug to the Acetylcholine,rmof the receptor sites are

occupied and neuromuscular block occurs. Simileatovery from the block

25



occurs by decreasing the concentration of the dougincreasing the
Acetylcholine levels by inhibiting the enzyme tigdrolyses it. However in
this compeition between drug and Acetylcholine lthees is in favour of the
drug. The blocker has to bind to one of theubunit to block the channel

whereas Acetylcholine has to bind taZsubunits to open the channel.
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Drawing Adapted from: Karlin A Moture Reviews Neuroscience 3, 102-114 (February 2002)
Pentameric data from: Millar N5: Assembly and subunit diversity of nicotinic acetyicholine
receplors. Biochem Soc Trans 31:86%5, 2003.

In the figure above numbered 1, at low conceiatnatthe non depolarising
NMB competes with Acetylcholine (ACh) for binding fpostsynaptic nicotinic
receptor sites in the skeletal muscle NMJ.

In number 2 the nondepolarizing NMB also interfevéh presynaptic
release of ACh from motor nerve endings by mecmarpsorly understood. Both
the Na channels and pre-synaptic nicotinic augptrs blockade have been
implicated. The presynaptic nicotinic receptorsehawdifferent subunits compared
to the muscle-type nicotinic receptors.

In number 3 when non depolarising NMB @reen at higher concentrations
they produce a more intense motor blockade bykbigcthe pore of the nicotinic
receptor-channel complex
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DEPOLARISING NEUROMUSCULAR BLOCK:

PHASE | BLOCK:

Suxamethonium, depolarising neuromuscular blocleets by
depolarising the neuromuscular end plate. Suxamathois hydrolysed by
the plasma cholinesterase (pseudocholinesterase) @ot by the
cholinesterase in the cleft. So it has to diffusen the cleft into the plasma

for its clearance which is slower than Acetylchelin

There is continuous depolarisation of the end plagsulting in
inactivation of voltage gated sodium channels pnémg depolarisation of
muscle membrane. This lasts untill Suxamethoniudiffased from the cleft

and the end plate is repolarised.
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Reploarization

T~

Channel Channel states Rate

Depolarizing NMBs

Open and
inactivate
very rapidly

Sodium

Closed Open Inactivated

In the above figure it is seen when there is catrs depolarisation of
the end plate, the voltage gated sodium channglains open and inactive
preventing depolarisation of muscle membrane. Thasts untill

Suxamethonium is diffused from the cleft and the plate is repolarised.
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PHASE || BLOCK:

When Suxamethonium remains at NMJ for a prolongede t-
due to infusion in a normal pseudocholinesterasigigcpatient , or because
of relative overdose in abnormal pseudocholineseeractivity patient, it
causes a phase ii block. The original depolaridstack changes to non
depolarising block as the membrane potential gldwacovers to normal

but block is persistent.

This is described as Phase | to Phase Il blocks #lso called dual
block, mixed block, desensitisation block. The tedesensitisation block

should not be used synonymously with Phase Il block

THEORIESOF PHASE Il BLOCK:

Some researchers are convinced that the block iseda by

desensitisation of receptors.

* Some blelieved it to be by conformational changa®ceptor protein.

* Some believe the reason to be abnormal electrblgtance over the

end plate by prolonged depolarisation.

 Some observed it to be channel blockade

Management of a patient with Phase Il block depemdthe activity of
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cholinesterases. In normal patients the block tagomised by cholinesterase
inhibitor within few minutes after discontinuing ehSuxamethonium. In
abnormal genotypics the reversal may become urngedde leading to

partial reversal or potentiation of the block.

This is due to changes of quality and quantity die t
pseudocholinesterases. Hence in abnormal genotyisamethonium is
very slowly or not hydrolysed at all in plasma, isting in plasma. Hence
Phase | block dominates initially followed by Phaisélock, which should
not be tried for reversal; but rather patient sobk anaesthetised and

ventilated untill full recovery from block.

FFP and blood have been used to treat prolongezhapn

DESENSITISATION BLOCK:

Thesleff studied that neuromuscular block causedAbgtylcholine,
Suxamethonium and decamethonium applied to encéladr prolonged
periods is due to decrease in receptor sensitikather than persistent
depolarisation. The initial depolarisation occuretirned to normal level and

the receptor had turned refractory to drug effects.

Evidence says that desensitisation is a physicdbgohenomenon

occuring even when no agonists or antagonistspked.
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Fig 5: Different normal stages of the Acetylcholinereceptors.
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Normally receptors exists in 3 different states
* Resting state (closed ion channel)
» Active (open ion channel)

» Desensitised (closed ion channel)

Several factors promote desensitisation of receptor

* High concentration of both agonists and antagorsgtsed up the

process of desensitisation.

» Drug like local anaesthetics ,volatile anaesthetigsanaesthetics ,

calcium channel blockers hasten the desensitisation

Mechanism by which this occurs is unknown but belte due to

phosphorylation of one or more amino acids of pemeproteins.
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CHANNEL BLOCK:

Many drugs produce block without depolarisation ewfd plate or
competing with Acetylcholine to receptors, by agtat different sites of the

receptors and preventing the passage of'fons.
3 different mechanisms proposed are
* Open channel block
» Closed channel block

» Alteration in lipid environment of receptors

In open channel block - drugs act in receptors amlgpen state and
blocks the channel. Increased potentiation of rerepwith use of
anticholinesterase drug can prolong the blockadecal anaesthetic,
barbiturates, antibiotics and both depolarising and depolarising muscle
relaxants are examples of drugs causing this bldadst believe only a small
fraction of this receptors are normally blockedpen position. when doses
of high concentration are used the possibility pé channel block can occur

hence difficulty in reversing these blocks can lpgablem.
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In closed channel block, the drug binds to theptws when channels
are in closed position. Drug like tricyclic antidepsants and quinidine

causes this type of block.

Some lipid soluble drugs like inhalational agesntsl alcohol dissolve

through membrane lipids changing the channel ptigsst

FACTORS THAT AFFECT NEUROMUSCULAR TRANSMISSION

AND BLOCK:
Temperature:

Temperature may influence events taking place iotom nerve,
synaptic cleft, end plate, muscle. Due to a markedgin of safety in NMJ it
Is of little significance. Temperature is importamimuscle contraction thus it

Is essential to maintain near normal core and perg body temperature.

If there is a drop in core temperature there sadonged effect of all

the blocking agent.

Electrolyte imbalance:

Changes in the plasma potassium levels can alkeené&uromuscular

transmission and also the action of muscle relaxant
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According to Nernst equation. Em (mV)=61 log (K-hv
Em=Potential difference across the membrane
(k+)o - potassium concentration outsite ¢ell

(K)i - potassium concentration inside tell

An acute decrease of k+ outside the cell with imange in the inside of
cells will make the cell more resistant for depisiaiion to Acetylcholine,

thus a low dose of depolarising agents are enooigbldcking the channé.
Acid base changes:

Changes in Ph may influence

Membrane conduction

Contraction of muscles

Ratio of potassium both outside and inside of #le c

Affinity of muscle relaxant to receptdfs
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DRUG INTERACTIONS OF THE NMJ

Drugs causing increased sensitivity to muscle saiéss

Antibiotics- polymyxin B, Aminoglycosides, polypeges, tetracyclines,
clindamycin, lincomycin by decreasing the evokedlease of

Acetylcholine and decreased sensitivity of nicatiréceptof.

Anticholinesterases- OPC, cyclophosphamide, ecpliaite eye drops

by inhibiting the plasma cholinesterdde.

Inhalational agents- by dissolving in lipids of maamne influencing

the channel protein and decreasing the Acetylchakfease’’
Intravenous agents- No interaction with musclexats seeft’

B blockers- potentiation of muscle relaxants seenh mechanism

unknown?’

Calcium channel blockers- by acting in both pre aodt junctional
receptors they potentiate the action of musclexagits occasionally

reversal of blockade is difficult’

Local anaesthetics - these are fast channel blsglaentiating muscle

relaxants actiorf’
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* Magnesium sulphate - It decreases the Acetylchofglease and
decreases the sensitivity of post junctional membdrand excitability

of muscle cells’

Drugs causing decreased sensitivity to muscle aalzx

Antiepileptics (phenytoin, carbamazepine)

Azathioprine (immunosuppressants)

Corticosteroids and

Methylxanthines (Aminophylline ,theophylline)

Mechanism of action unknown but methylxanthineshitlthe enzyme
phosphodiesterase thereby increasing cAMP leveld gpossibly

Acetylcholine*’
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PHARMACOLOGY OF SUXAMETHONIUM

Suxamethonium introduced by Thesleff and Foldeslein 1952,
revolutionized anaesthetic practice by providindemse neuromuscular
blockade of very rapid onset and ultra short doratthereby greatly easing
the maneuver of tracheal intubation. Suxamethonsutihe only depolarizing
neuromuscular blocking drug in clinical use., whishcharacterized by a
rapid onset and short duration of action. A doseO& to 1 mg/kg IV
Suxamethonium has a rapid onset (30-60 seconds)skod duration of
action (3 to minutes). These characteristics makea®ethonium the ideal

drug for tracheal intubation.

Chemistry:

CHs

CH3——1I‘T
CHs CHs

o o CHs»

CHy— CHy— O—C—CHy— CHy — C — O—CH—CH; —N—CH

Structure of Suxamethonium

Two molecules of Acetylcholine linked back to battkough the

acetate methyl groups forms Suxamethonium.
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Fig 6: Suxamethonium 50mg/ml (10ml vial)
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Structur e of Suxamethonium

The drug is supplied in two forms, viz., the chi@riand the bromide
salts. The chloride is a white crystalline solidhwa melting point of 160°C.
It is freely soluble in water and the solution igfiently stable to permit the
supply of drug as a 5% solution for clinical ugasinecessary to refrigerate
the drug as significant degree of spontaneous ygisooccurs in warm

surroundings.
Phar macokinetics:

Suxamethonium is rapidly hydrolyzed in the body by
pseudocholinesterase (plasma cholinesterase). Thelrolysis  of

Suxamethonium is a two stage process.

Hydrolysis of Suxamethonium

Suxamethonium

o Succinyl monocholine + choline
Pseudocholinesterase

pseudocholinesterase

Choline
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Only a small fraction of the original IV dose of Xamethonium
reaches the neuromuscular junction because of nbem®us capacity of
pseudocholinesterase to hydrolyse SuxamethoniumeShere is little or no
pseudocholinesterase at NMJ, the block of Suxamathois terminated by
its diffusing away from the NMJ into the circulatio So
pseudocholinesterase is responsible for the omskdaration of action of

Suxamethoniun’

Phar macodynamics:

Mechanism of action :

Suxamethonium produces flaccid paralysis of skkeletascle by
causing persistent depolarization of post-junctionanembrane.
Suxamethonium attaches to each of the alpha sub-ofithe nicotinic
cholinergic receptors and mimics the action of Aldioline. Compared to
acetylcholme the hydrolysis of Suxamethonium iswslaesulting in
sustained depolarization of receptor ion channelBepolarizing

neuromuscular blockade is also knowrPhase | blockade®

If Suxamethonium is administered in a large dose2(>ng/kg),
repeated doses, or as continuous infusion, it rasyltrin a type of blockade
where the post junctional membranes do not respandmally to

Acetylcholine even when the post-junctional membgrhave become
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repolarized. This type of blockade is knowrphase Il blockade.

Clinical characteristics of Phase | and Phase 2 neuromuscular Blockade

during Suxamethonium infusion

Characteristic Phase | Transition Phase 2
Tetanic stimulation No fade | Minimal fade Fade
Post-tetanic facilitation None Slight Yes
TOF No Mod. fade | Marked fade
TOF ratio >0.7 0.4-0.7 <0.4

Edrophonium bromide Augments Little effect | Antagonizes

Recovery Rapid Rapid to slow Increasingly
prolonged

Does requirements 2-3 4-5 >6

(mg/kg)

Tachyphylaxis No Yes Yes

Dibucaine number and pseudocholinesterase Activity:

A Suxamethonium blockade is prolonged in patienith \@bnormal
genetic variant of pseudocholinesterase. The Varias found by Kalow
and Genest. Dibucaine inhibits normal pseudochsierase greatly than the
abnormal variant which led to the development diugaine number. Under

standardized test conditions, dibucaine, a locaesathetic inhibits the
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normal enzyme about 80 percent and the abnormanenzabout 20

percent.

Although the dibucaine number gives genetic maksgn individual
with respect to pseudocholinesterase, it does redsare the quantity of
enzyme in the plasma, nor the quality of the enzyméydrolyzing a
substrate such as Suxamethonium . Both the faet@saccounted for in

measurements of pseudocholinesterate activity.
Cardiovascular effects:

The drug stimulates the cholinergic receptorggtmic receptors on
both sympathetic and parasympathetic ganglia anscanunic receptors in
SA node of the heart. In low doses, both negatie¢ropic and chronotropic
effect may occur. These can be decreased by mhomastration of atropine.
With large doses of Suxamethonium, these effecislmaome positive. One
prominent clinical manifestation is the developmehcardiac arrhythmias,
manifested as sinus bradycardia, junctional rhythraed ventricular
arrhythmias, ranging from unifocal premature venilar contraction to

ventricular fibrillation in certain circumstancascé as burns.
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Sinus Bradycardia:

The mechanism involved in sinus bradycardia is@tton of cardiac
muscarinic receptors in the SA node, individualthviiigh sympathetic tone,
such as children who have not received atropinausSbradycardia noted in
adults appear more commonly if second dose is giveninutes after the
first. The bradycardia is prevented by thioperd&ippine, ganglion-blocking
drugs, and nondepolarizing muscle relaxants. THecteis due to increased
muscarinic stimulation, and ganglionic stimulatidrhe high incidence of
bradycardia after a second dose of succinylchokoggests that the
hydrolysis products of Suxamethonium may sensitire heart to a

subsequent dose.

Nodal (Junctional) Rhythms:

Junctional rhythms are bradycardia slower than the sinusmai@sured
before the administration of Suxamethonium andbiation of the trachea.
The mechanism involves greater stimulation of musmareceptors in the
sinus node, suppreses the sinus mechanism andraldiae emergence of
the atrioventricular node as the pacemaker. Thelence is greater after
second dose of Suxamethonium but is preventediby gdministration of d-

tubocuraine (dTc).
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Ventricular Arrhythmias:

Drugs like tricyclic antidepressants, digitalis, oggnous
catecholamines, monoamine oxidase inhibitors,aamedthetic drugs such as
halothane and cyclopropane lowers the ventricthiaeshold for ectopic
activity or increase the arrhythmogenic effect atecholamines. Ventricular
escape beats occur as a result of severe sinustaosgentricular nodal
slowing secondary to Suxamethonium administratibhe incidence of
ventricular arrhythmias is further increased by rthlease of potassium from

skeletal muscle as a consequence of the depolguazition of the drug.
Suxamethonium and hyperkalemia:

Studies have shown that in patients with certaisease and
conditions, an exaggerated release of potassiunur®cm response to
Suxamethonium. Such conditions include bums, nedemage or
neuromuscular disease, closed head injury, int@abthl infection and

renal failure®’

Rhabdomyolysis and hyperkalemia may occur when Bakaonium
is administered to children with undiagnosed mybp#t For these reasons
some anaesthesiologists avoid the use of Suxamathom paediatric
patients and prefer nondepolarizing neuromusculdocking drugs.

Proliferation of extrajunctional cholinergic recerd providing more sites for
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potassium to leak outward from cells during depsédion is the presumed
explanation for hyperkalemia that follows the adstmation of

Suxamethonium to patients with denervation injury.

In burns patients, the hyperkalaemic response tfalows
Suamethonium administration is markedly exaggeraié@ mechanism of
this exaggerated response to Suxamethonium seebws $omilar to that in

vicitims of denervation inujuries.

Patient with chronic renal failure often have etedabaseline plasma
potassium. More studies have shown that renal r&ailpatients are not
susceptible to an increased response to Suxamathothan those with

normal renal function.
Suxamethonium and intraocular pressure:

The increase in intraocular pressure is known & daused by
contraction of tonic myofibrils or transient dilatmn of choroidal blood
vessels. The intravenous administration of Suxhomtim is typically
followed by an increase in intraocular pressure 340 mm Hg). The onset
Is within 1 minute after injection, peaks around ginutes and subsides in 6
minutes. The patients undergoing ophthalmic procesiare likely to be at

risk from increased introcular pressife.
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Suxamethonium and intragastric pressure:

Suxamethonium produces inconsistent increase imragastric
pressure. When intragastric pressure incredsesems to be related to the
intensity of skeletal muscle fasciculation induckg Suxamethonium.
Pretreatment with either a nondepolarizing muselaxant or lignocaine
decrease both the fasciculation and the increaasilig pressure effectively.
A far less increase in intragastric pressure i€onkexl in infants and children.
This may be related to the minimal or absent fadatons from

Suxamethonium in these age groups.
Suxamethonium and intracranial pressure:

Increase in intracranial pressure after adminisimat of
Suxamethonium to patients with intra cranial tunsoor head trauma have
not been a consistent observation. Patients in whoalh an increase in
intracranial pressure is not acceptable, a nondepolg muscle relaxant

should be substituted for Suxamethonium, if apasisible®’
Suxamethonium and myalgia:

Postoperative skeletal muscle myalgia can occwr atiministration
of Suxamethonium. It is said that the muscle pairdue to the damage
produced in the skeletal muscle by unsynchronizaatraction of muscle

fibres just before paralysis occurs. Pretreatmeithh &w minimal dose of a
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nondepolarizing muscle relaxant prevents Suxamaihonnduced muscle
fasciculation and reduces the incidence and sgwafrppost operative muscle

pain.%’
Masseter Spasm :

Suxamethonium causes masseter spasm, especiahjldnen. In all

likelihood, this is an increased contractile resggoat the NMJ’
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PHARMACOLOGY OF ROCURONIUM

Rocuronium is classified under non depolarising ¢cteuselaxants

CHEMISTRY:
NON-DEPOLARIZING BLOCKERS

» Non-depolarizing blocking drugs are classified
according to their chemical structure into
benzylisoquinolines and ammonio steroids.

Benzylisoquinolines | Ammonio steroids |
Tubocurarine Pancuronium
Atracurium Pipecuronium
Cisatracurium Rocuronium
Doxacurium Vecuronium
Mivacurium

NON-DEPOLARIZING BLOCKERS

DURATION OF ACTION
SR, | NTERMEDIATE- | onc-AcTinG
iFMivacurium Atracurium Tubocurarine
I '-'Cisatracurium '-“Metncurine
Rocuronium Pancuronium
'Vecuronium Doxacurium
Pipecuronium

13
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STRUCTURE

Struciure of Rocuronium™

1 RRRRERTE —

Fig 7: Rocuronium vial 100mg/10ml (10ml vial).
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Structure of Rocuronium

Rocuronium is a newer amino steroid based neuramarsblocking
agent with short onset of action and intermediatgaiibn of action.
Recuronium is a 2-morpholino, 3-desacetyl, 16-Ntallyrolidino derivative
of vecuronium. It differs from vecuronium at thipgbsition on the steroid
nucleus and the absence of the Acetylcholine Idegrhent. The methyl
group attached to the quaternary nitrogen of veturo is replaced by an
allyl group and the absence of Acetylcholine likggiment in the A-ring may
be partly responsible for the decrease in poter®n swith Rocuronium.
Rocuronium possess tertiary nitrogen at the ringnd of the molecule. It is
the replacing of acetate group by a hydroxy grotiached to the A-ring,
made it possible to present Rocuronium as a ssathlgion.
PHARMACOKINETICS

Rocuronium is taken up by a carrier mediated adti@asport system
into the liver. Rocuronium is excreted unchangethim bile. Desacetylation
of Rocuronium does not occur and the putative nudteds 17-
desacetylRocuronium have not been detected infeigni quantities. Renal
excretion of Rocuronium may be > 30% in 24 hounspéatients with renal
failure, Rocuronium may produce longer duratiomation®® In patients with
liver disease there is increase in the volume sifiBution and may result in
prolonged duration of action.
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PHARMACODYNAMICS
M echanism of Action:

Rocuronium being an aminosteroid based neuromusdltacking
agents, has a post junctional effect and high @egfselectivity for receptors
at the neuromuscular junctions. Muscle paralysigragluced by competitive
antagonism of nicotinic cholinergic receptor oflskal muscle. Its potency is
about 10 - 15% of vecuronium in mn. Rocuronium antagonizes
Acetylcholine receptor, therefore, it is likely that competes with
Acetylcholine at its binding site. The tetanic fagoleenomenon is observed
with Rocuronium indicating activity not only at pas/naptic but also at pre
synaptic nicotinic receptors. Activity is termindt®y gradual dissociation
from the receptor shifting the agonist/antagonigtiildrium in favour of
Acetylcholine.

Dosage, Onset and Duration of action :

Rocuronium has a rapid onset of neuromusculakblaesumably due

to the relatively low potency of Rocuronium. Thetuimating dose of

Rocuronium is 0.6 mg/kg.
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Dosage and Clinical duration of Rocuronium

Clinical
Dosage (mg/kg) duration

(minutes)
EDgs 0.3-0.4
Intubation at t=60-90 seconds 0.6-1.0 35-75
Relaxation (NO/ G,) 0.3-0.4 30-40
Relaxation (vapour) 0.2-0.3 30-40
Maintenance 0.1-0.15 15-25
Infusion 8-12u/kg-"/min™

Onset of action of Rocuronium is shorter when camgbavith other
nondepolarizing muscle relaxafitswhen the dose of Rocuronium is

increased, onset of action decreases further.
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Onset and Duration of action of Rocuronium

Rocuroniu Rocuroniu Rocuronium

m 0.6 m 0.9 1.2 mg/kg
mg/kg mg/kg

Onset

Mean 89 75 55

SD 33 28 14

Range 48-156 48-144 36-84

Duration(minutes)

Mean 37 53 73

SD 15 21 32

Range 23-75 25-88 38450

When the dose of Rocuronium is increased the oofeiction is
definitely decreased but the duration of actiomcseased.

Rocuronium can be used for continuous infusion. inhesion rate will
depend on the anaesthetic technique and age phtient. It can be used at

a rate of 0.3 to 0.6 mg/kg/hr (5-10 ug/kg/mih).
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Recovery:
For an intubating dose of Rocuronium 0.6 mg/kg, tihee required

for the recovery of twitch height from 25% to 75% approximately 14

minutes.
Recovery index of three doses of Rocuronium
Rocuronium Rocuronium Rocuronium
0.6 mg/kg 0.9 mg/kg 1.2 mg/kg
Recovery Index
Mean 14 22 24
SD 8 14 11
Range 6-27 8-29 11-43

Rocuronium and cardiovascular effects

Rocuronium is typically devoid of cardiovasculafeets. Circulatory
effects or the release of histamine do not occuerathe rapid IV
administration of even large doses of Rocuroniuime Etructural feature
responsible for this difference is the absence adtplcholine-like character
of A-ring substitution, which decreases the actoyn cardiac muscaranic

receptors.
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Rocuronium, however, may produce a slight vagolgtoton. This
feature of Rocuronium may be useful in patients emgding surgical

procedures that may be associated with vagal sttnoual
Rocuronium and cardio pulmonary bypass :

Under hypothermic (post-bypass conditions) the Rmgum
requirements are reducéd Factors, which may play a role in the changed
concentration response relationship and changedisposition during

hypothermia are:

* An increased sensitivity of NMJ related to a desegbacetylcholine

mobilization.

A diminished muscle contractility due to changed chanical
properties and / or electrolyte shifts (Mgnd C&") resulting from

the application of cardio pulmonary bypass.

* Increased unbound relaxant fraction due to haemnmoii, despite a

decreased total Rocuronium concentration.
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Rocuronium and age:

The potency of Rocuronium is significantly greaterinfants than in
children or adult§® Infants have 20-30% smaller ED50 and ED95 values
than children or adults, while differences betwebidren and adults were
minimal. This pattern of age dependency is sintitathat with other non-
depolarizing muscle relaxants, which show that dosguirement is smallest
in infants. If this difference in potency is traa®d into clinical practice it
means that if children or adults are given a ddsg@00 ug/kg, an equipotent
does in infants would be 450 ug/kg. If no adjustimandose is made, there

would be a much longer duration of effect in in&atitan children or adults.
Rocuronium and caesar ean section :

Rocuronium had no untoward effects on the neonateduated by 1
and 5 minutes scores, when Rocuronium 0.6 mg/kg' wgd in 40 elective

caesarean section patients full term, without feistress.
Rocuronium and hepatic cirrhosis:

The clearance of Rocuronium may be reduced in tlesepce of
hepatic cirrhosis and thus it is advisable to redine dose of drug used in

these patient®
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Rocuronium and renal failure:

There is no significant difference in the onset dacdation of action of
Rocuronium between patients with and without rdadlire. Patients with
renal failure showed a significantly lower cleararand an increased mean

residence timé.
Rocuronium Bromidein thel CU:

Muscle relaxation with Rocuronium should be mamea by
continuous infusion, whenever its use is indicatethe ICU. An average of
45mg Rocuronium per hour provide, optimal condwidar ventilation and
nursing maneuvers. Monitoring of neuromuscular fiemc is strongly
advised because of the substantial inter-individiifferences in the dose
required by ICU patients. With continuous monitgriof neuromuscular

function, no residual paralysis or muscle weakiesbserved?
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METHODOLOGY

This study was conducted in Institute of Anaesthlegy and Critical
care at Madras medical college, Chennai duringpdrend 2014 — 15. Ethical

committee clearance was obtained from the instituftdr this study purpose

INCLUSION CRITERIA:

. Age : 18 — 60 years

. Weight : BMI < 30 Kg/m2
. ASA : | & 11

. Surgery : Elective

. Mallampatti scores ; | &1l

. Who have given valid informed consent.

EXCLUSION CRITERIA:

. Not satisfying inclusion criteria.

. Patients posted for emergency surgery
. Patients with difficult airway

. Lack of written informed consent
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. Pregnant female

. Neuromuscular disorders

. Obese individual

. Allergy to Suxamethonium or Rocuronium
Materials:

. Mac Intosh laryngoscope

. Single use PVC endotracheal tubes with size 78)08nm ID

. Drugs — Suxamethonium and Rocuronium

. Monitors — ECG,NIBP,SPQO2.

M ethods:

The study involved 100 patients who were randomiiddd into main
groups of 50 patients each with the first groupmgehe Suxamethonium and
the second group being the Rocuronium assesseihtidrating conditions

after administration of corresponding drug.

60



All patients were subjected to a detailed pre-aha#is evaluation and
the presence of significant systemic diseases dficutt airways were ruled
out. Informed consent was taken and the procedae explained to them.
All patients were given 0.5mg of Alprazolam and dig0of Ranitidine orally
on the previous night of surgery. On the morningfgery an intravenous

line was secured with appropriate size.

Patient monitors:

Monitors included non - invasive blood pressure taon ECG,

pulseoximeter.

Induction:

All patients were preOxygenated with 100% Oxygem3fe- 5 minutes.
Pre induction heart rate and blood pressure wassuned Patients were
induced with Thiopentone 5 mg/kg iv. Patients weeatilated with 100%
Oxygen for 60 seconds. Intubating conditions wergseased after
administration of neuromuscular blocker in 60 selsonThe intubating
conditions were assessed according to the scogstera by Kreig et al
(1980) modified by Cooper et al (1992). Parametiken into consideration

were jaw relaxation, vocal cords movement and gresigonse to intubation.
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I ntubating conditions scoring system

Score JAW VOCAL CORDS RESPONSE TO
RELAXATION MOVEMENT INTUBATION
0 Poor(impossible) | Closed Severe coughing o©
bucking
1 Minimal(difficult) | Closing Mild coughing
2 Moderate(fair) Moving Slight diaphragmatic
movement
3 Good(easy) Open None

The scores were added up and grouped as

8 — 9 = Excellent 6 — 7 = Good

3—-5=Fair 0—-2=Poor
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After intubation the cuff of the endotracheal tuwbas inflated and the
tube was connected to the circuit and controlleatilagion was started with
Nitrous oxide, Oxygen and volatile anaesthetic. Titebating conditions
assessed in 60 seconds was noted and the restdtamadysed and tabulated.
The Fisher Exact test and t-test were used irstitati analysis of data. At the
end of surgery the block was reversed with 0.05km@f neostigmine and
0.04mg/kg of glycopyrrolate. The patients were bated after thorough oral

suctioning. Any untoward effects were recorded.
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RESULTS



RESULTS

This study was conducted during the period 20145 -and involved
100 patients undergoing elective surgery under GiAey were randomly
divided into two main groups with Group 1 receiviSgxamethonium and
Group 2 receiving Rocuronium and the intubatingditions were assessed
in 60 seconds according to the system proposeddop& et al and were

classified as excellent, good, fair and poor.

Table1: group distribution with t- test below

Group Statistics

Std. Error
Group N Mean [Std. Deviation| Mean
Age (InYears) GROUP - |
Suxamethonium ( 1.5 50 30.34 12.245 1.732
mg/kg)
GROUP - Il Rocuroniun|
(1.0mg/kg) 50 33.08 12.127 1.715

Independent Samples Test

Levene's Test for

Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference

F Sig. t df Sig. (2-tailed) | Difference | Difference | Lower Upper
Age (InYears Equal variances

assumed .283 .596 -1.124 98 .264 -2.740 2.437 -7.577 2.097
Equal i 9

dua’ vanance 1124 | 97.991 264 | -2.740 2437 | 7577 | 2.097

not assumed
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Table 2: Agedistribution in each group

Age (In Years)* Group Crosstabulation

Group
GROUP - |
Suxameth GROUP - Il
onium (1. Rocuronium
5 mg/kg) (1.0mg/kg) Total

Age (In < 30 Years Count 31 23 54
Years) % within Group 62.0% 46.0% 54.0%
31 -40 Years Count 10 13 23
% within Group 20.0% 26.0% 23.0%
41 - 50 Years Count 4 10 14
% within Group 8.0% 20.0% 14.0%
51-60 Years Count 5 4 9
% within Group 10.0% 8.0% 9.0%
Total Count 50 50 100
% within Group 100.0% 100.0% 100.0%

65




Table 3: Weight distribution in each group with t- test below

Group Statistics

Std. Error
Group N Mean Std. Deviation Mean
Body Wt Kg GROUP - |
Suxamethonium ( 1.5 50 54.14 9.493 1.343
mg/kg)
GROUP - Il Rocuronium
50 61.98 9.027 1.277
(1.0mg/kg)
Independent Samples Test
Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference Lower Upper
Body Wt Kg Equal variances
assumed .071 791 -4.232 98 .000 -7.840 1.853 -11.516 -4.164
Equal variances
not assumed -4.232 97.753 .000 -7.840 1.853 -11.517 -4.163

66



Table4

. Sex distribution in each group with t- test below

Sex * Group Crosstabulation

Group
GROUP - |
Suxameth GROUP - I
onium (1. Rocuronium
5 mg/kg) (1.0mg/kg) Total
Sex Male Count 28 28 56
% within Group 56.0% 56.0% 56.0%
Female Count 22 22 44
% within Group 44.0% 44.0% 44.0%
Total Count 50 50 100
% within Group 100.0% 100.0% 100.0%
Chi-Square Tests
Asymp. Sig. Exact Sig. Exact Sig.
Value df (2-sided) (2-sided) (1-sided)
Pearson Chi-Square .000P 1 1.000
Continuity Correction a .000 1 1.000
Likelihood Ratio .000 1 1.000
Fisher's Exact Test 1.000 .580
N of Valid Cases 100

a. Computed only for a 2x2 table

b. 0 cells (.0%) have expected count less than 5. The minimum expected count is 22.

00.
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Table5 : Intubating conditions distribution in each group

with t-test below

Group Statistics

Std. Error

Group N Mean Std. Deviation Mean
Cooper Scoring System GROUP - |

Suxamethonium ( 1.5 50 8.36 .749 .106

mg/kg)

GROUP - Il Rocuronium

(1.0mg/kg) 50 7.54 .994 141
Jaw Relaxation GROUP - |

Suxamethonium ( 1.5 50 2.70 463 .065

mg/kg)

GROUP - Il Rocuronium

(1.0mg/kg) 50 2.52 .544 077
Vocal Cords GROUP - |

Suxamethonium ( 1.5 50 2.68 AT71 .067

mg/kg)

GROUP - Il Rocuronium

(1.0mg/kg) 50 2.34 .557 .079
Response to Intubation GROUP - |

Suxamethonium ( 1.5 50 2.98 141 .020

mg/kg)

GROUP - Il Rocuronium

(1.0mg/kg) 50 2.70 463 .065

Independent Samples Test

Levene's Test for
Equality of Variances| t-test for Equality of Means
95% Confidence
Interval of the
Mean | Std. Error Difference
F Sig. t df Sig. (2-tailed)| Difference | Difference | Lower Upper

Cooper Scoring Syst Equal variance]

assumed 1.971 .163 4.658 98 .000 .820 176 471 1.169

Equal variance

not assumed 4.658 | 91.100 .000 .820 .176 470 1.170
Jaw Relaxation Equal variance

assumed 8.712 .004 1.783 98 .078 .180 101 -.020 .380

Equal variance

not assumed 1.783 | 95.574 .078 .180 101 -.020 .380
Vocal Cords Equal variance

assumed 2.667 .106 3.294 98 .001 .340 .103 135 .545

Equal variance

not assumed 3.294 | 95.363 .001 .340 .103 135 .545
Response to Intubati Equal variance 137533 000 4.090 o8 000 280 068 a4 1o

assumed

Equal variance

not assumed 4.090 | 58.068 .000 .280 .068 143 417
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In both the groups with respect to age, body tteignd sex

distribution it is statistically not significant

The intubating conditions assessed at 60 seconliswiiog the
administration of corresponding neuromuscular bdoskvere observed to be
excellent in 42 patients(84%) in group | (Suxamatam) while they were
excellent in 26 patients(52%) in group Il (Rocuron) .The intubating
conditions were good in 8 patients(16%) in groy®uxamethonium) while
they were good in 21 patients (42%) in group |l ¢R@nium). The
intubating conditions was observed to be fair ipaBients (6%) in group Il
(Rocuronium). In all the patients (100%) in Grou@uxamethonium) it was
observed that the intubating conditions was betidr dense neuromuscular
blockade whereas it was observed in 47 patient$0)94 group |l
(Rocuronium) the intubating conditions were goodetaellent and was

acceptable. The result was significant with a peaif < 0.01.

According to the cooper scoring system the scorfesocal cord
movement in group | (Suxamethonium) was 2.68(mef@r)71 and in group
[I' (Rocuronium) was 2.34+0.557 , the scores of oese to intubation in
group | (Suxamethonium) was 2.98+0.141 and in grtdufRocuronium)
was2.70+0.463 with better intubating conditions gnoup | receiving

Suxamethonium than Rocuronium.The results wasfggnt with p value of
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<0.05. whereas the scores of jaw relaxation in grod
patients(Suxamethonium) was 2.70(mean)+0.463 aralpgrll patients
(Rocuronium) was 2.52+0.544 with better jaw relao@iThe results was not
significant as p value >0.05. In overall scoring ttesults was significant

with better intubating conditions in patients resy Suxamethonium.
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Chart 2 :Sex distribution in each group

Group | Group ll
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Chart 3: Intubating conditions in each

group

Group Il
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Chart 4 : distribution of scoring
parameters in the groups

[0 Jaw relaxation
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[ Total scores
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Table7: HEART RATE VARIATION

Time of monitoring

Resting 83.4 9.9 84.2+12.9
After induction 95.4+12.6 97.6+£14.4
After intubation at 1 100+10.2 103.4+12.4
minute

At 2 minutes 98+10.1 100.2+11.6
At 5 minutes 92.6x11.4 94.6+12.2
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Table8: MEAN ARTERIAL PRESSURE

Time of monitoring I Il
Resting 91.8+7.0 93.3+6.7
After induction 92.6+8.4 93.6+5.9
After intubation at 1 98.4+7.2 106.4+8.2
minute

At 2 minutes 95.4+8.5 98.2+6.3
At 5 minutes 94.6+10.2 96.4+9.2

The above tables shows mean heart rate and meammalagressure
variation in two groups. It shows that both are@ased in two groups after
induction was maximum at 1 minute afterwards itdgedlly returns to

normal.
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DISCUSSION



DISCUSSION

In patients undergoing elective surgeries undér tGe airway of
anaesthetised patient needs to be secured atriesttor which we need a
muscle relaxant of rapid onset, which also prevémsaspiration of gastric
contents in patients who have full stomach, delayastric emptying time,
impaired function of lower oesophageal sphinctarxr@ethonium was the
often used drug till now for rapid onset of intubgtconditions. Still the side
effects it may produce may range from post opezatmyalgia to life
threatening complications like dysrhythmias, hypégknia ,malignant

hyperthermia.

Rocuronium is a non depolarising muscle relaxaat finst came into
use in 1990s . It showed acceptable faster onsattain compared to other
non depolarising muscle relaxant. There are stughewving different dosage
regimens of Rocuronium producing acceptable intngatonditions. Certain
studies shows that it can be used as an alterrnati8examethonium in rapid

sequence inductioff: **

Previous studies showed that intubating conditetn80 seconds were
generally good with a dose of 0.6 mg/kg of Rocunami®***°Use of higher
doses of Rocuronium by workers have been obseovetttease the onset of
intubating conditions during rapid sequence inductvith increased duration
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of action?-2734

In our study the intubating conditions followingnaithistration of 1
mg/kg of Rocuronium was compared with Suxamethonlusnmg/kg in 60

seconds in different patients undergoing electivgeries.

The intubating conditions assessed at 60 secontiswiiog the
administration of corresponding neuromuscular Idoskvere observed to be
excellent in 42 patients(84%) in group | (Suxamathm) while they were
excellent in 26 patients(52%) in group Il (Rocuton) .The intubating
conditions were good in 8 patients(16%) in groy®uxamethonium) while
they were good in 21 patients (42%) in group Il ¢R@nium). The
intubating conditions was observed to be fair ipadients (6%) in group Il

(Rocuronium).

In our study the hemodynamic response were atswded . the results
shown in table 7 & 8 was comparable and statidgicadt significant in both

the groups.

Our findings were comparable with to the studydrarted by Cooper
et al, (1992§. Rocuronium used at the dose of 0.6mg/kg produzedlient
intubating conditions in 60% of patients compared 9%5% in patients
received Suxamethonium. In our study it was fournénvRocuronium used

at the dose of 1mg/kg it produced excellent intigatondition in 52% of
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patients compared to 84% in patients received Saiamium.

Acceptable intubating conditions in Cooper 's gtwdere 95% in
Rocuronium group compared to 100% in Suxamethonmu60 seconds, in
our study the intubating conditions were acceptablaround 94% of the

patients compared to 100% patients received Suxemieim

Our findings were also similar to findings of Huginet al (1992
who reported the intubating conditions were acd#ptan 100% of patients
but the dosage Rocuronium used was 0.6 mg/kg asedonds after

administration

Puhringer et al (199%) reported 100% acceptable intubating
conditions with both Suxamethonium and Rocuronium100% of the

patients.

Larsen et al (2005) reported comparable acceptatiebating
conitions in both Suxamethonium(1.5mg/kg) and Roowm(1mg/kg) for

rapid sequence intubation in trauma emergency cases

It is seen that Rocuronium can be used to prowde@able intubating
conditions near equivalent to Suxamethonium makingn alternative.
Rocuronium has the disadvantage of having interatediuration of action,
with its standard intubating dosage regimens. Heintenot recommended

for patients with anticipated difficult intubatiomA failed intubation in
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patients given Rocuronium can prove dangerous Isecaliits intermediate
duration of action. Suxamethonium with its rapidimation of action is a

safer agent with anticipated difficult intubation.
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CONCLUSION



CONCLUSION

Suxamethonium provides ideal intubating conditisesy rapidly than
Rocuronium, but Rocuronium also provides intubataopditions that are
acceptable for earlier establishment of airway wiatmimal injury at 60
seconds at a dose of 1mg/kg near equivalent to rBetkenium. As
Suxamethonium has numerous side effects, Rocuroocambe chosen as an
alternative to it even in rapid sequence intubationemergency cases,
provided the airway is properly assessed and nacipated difficult

intubation is present.
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SUMMARY



SUMMARY

This prospective controlled study was conductedh Biixxamethonium

and Rocuronium in 100 patients undergoing electiwgeries under GA.

Each of the drug was given to a group of 50 patiand the intubating
conditions was assessed in 60 seconds. The reshtisned showed that
acceptable (good to excellent) intubating cond#iarere present in 94% of
the patients in 60 seconds after administrationil&\#il (100%) patients had
acceptable intubating conditions in 60 secondsr aft@ministration of

Suxamethonium.

The results showed that Rocuronium had equivalemuat of jaw
relaxation in patients compared with Suxamethoniwmm]e the vocal cords
movement and response to intubation was better Suttamethonium when

compared with Rocuronium.
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PROFORMA

DATE: ROLL NO: AIRWAY DEVICE:
NAME:
AGE: SEX: IPNO:
DIAGNOSIS:
SURGICAL PROCEDURE DONE:
Ht: CVS HB:
Wit: RS:
AIRWAY:MMC - Ino - DENTITION -
PRE OP ASSESSMENT:
HISTORY: Any Co-morbid illness
H/O Documented Difficult Airway
H/O previous surgeries
H/O any drug alergy
MEASURES OF STUDY OUTCOME:
INTRAOPERATIVE HAEMODYNAMICS:
HR SBP DBP MAP SPO2
PRE OP:
INDUCTION:
MR WITH SUXAMETHONIUM/ROCURONIUM
GRADING OF INTUBATING CONDITION
Score JAW RELAXATION VOCAL CORDS RESPONSE TO
MOVEMENT INTUBATION
0 Poor(impossible) Closed Severe coughing or bucking
1 Minimal (difficult) Closing Mild coughing
2 Moderate(fair) Moving Slight diaphragmatic movement
3 Good(easy) Open None
EXTUBATION

SIDE EFFECTS
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relaxation.

Suxamethonium is often used in surgeries as it provides
excellent intubating conditions and early establishment of patent
airway thereby reducing airway injuries and aspiration. Still the side

effects it may produce may range from post operative myalgia to life

like dysthythmias, hy ia malignant

hyperthermia.
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INFORMATION TO PARTICIPANTS

Investigator :
Name of the Participant:

Title: “ A Prospective, randomized controlled study to maa the

intubating conditions achieved with suxamethoniuna @ocuronium bromidé.

You are invited to take part in this research sty have got approval from the
IEC. Your are asked to participate because yosfgatie eligibility criteria.We want to
compare the onset time and intubating conditionieseldl with suxamethonium and

rocuronium bromide.

What is the Purpose of the Research:

This study is done to compare the intubating comust achieved with

suxamethonium and rocuronium bromide.

The Study Design:

All the patients in the study will be divided intwo groups.

Group 1-Muscle relaxant with suxamethonium(1.5myp/kg

Group 2-Muscle relaxant with rocuronium bromide{tkg)
Benefits

The use of muscle relaxants will facibtan easier intubation and minimizing the

risk of airway injury and maintaining haemodynarsiigbility.

Discomforts and Risks

The use of muscle relaxants can causg pperative myalgia, rise in serum
potassium, bradycardia, rise in intra ocular anichicranial pressure, prolonged recovery

and malignant hyperthermia.



This intervention has been shown to be well toégtahs shown by previous
studies. And if you do not want to participate ywoill have alternative of setting the

standard treatment and your safety is our prime&on

Time
Date

Place

Signature / Thumb Impression of Patient

Patient Name:

Signature of the Investigator :

Name of the Investigator




PATIENT CONSENT FORM

Study title “A Prospective, randomized controlgddy to compare the
intubating conditions achieved with suxamethoniummd a

rocuronium bromide.”

Study center:
INSTITUTE OF ANAESTHESIOLOGY AND CRITICAL CARE,
RAJIV GANDHI GOVT. GENERAL HOSPITAL,
MADRAS MEDICAL COLLEGE,
CHENNAI 3.

Participant name : Age: Sex:
I.P.No:

| confirm that | have understood the purpo§grocedure for the above study . | have the
opportunity to ask the question and all my questiand doubts have been answered to my

satisfaction.

I have been explained about the pitfall in the pthwe. | have been explained about the
safety, advantage and disadvantage of the technique

| understand that my participationhe study is voluntary and that | am free to withdra

at anytime without giving any reason.

| understand that investigator ,regulatauthorities and the ethics committee will need
my permission to look at my health records bothréspect to current study and any further
research that may be conducted in relation toviégnef | withdraw from the study . | understand
that my identity will not be revealed in any infation released to third parties or published ,

unless as required under the law . | agree nadict the use of any data or results that arza f

the study .

Time:

Date: Signature / thumipression of patient
Place: Patient name:

Signature of the investigator:
Name of the investigator:



KEY TO MASTER CHART

S.No - Seria number
IP.No. - In patient no
M - Mae

F - Female
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