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ABSTRACT

Title:

Comparison of 0.5% hyperbaric bupivacaine and 0.5¥perbaric
levobupivacaine with buprenorphine as an adjuvantspinal anaesthesia in adults
undergoing infraumbilical surgeries-a one year abkfpased randomized control

trial.

Context:

Spinal anaesthesia with hyperbaric bupivacaineosimonly used, while
hyperbaric levobupivacaine is less studied. We din® compare hemodynamic
effects and the onset of sensory and motor blotwden these formulations when

used with buprenorphine.
Aims:

To assess hemodynamic parameters and to compae¢ aihsensory and
motor block of buprenorphine with hyperbaric forations of bupivacaine and

levobupivacaine in spinal anaesthesia for infradicddisurgeries.
Settings & Design: A one year hospital based randomized control trial.
Methods:

102 patients (18-60 years) undergoing electiveauritbilical surgeries under
spinal anaesthesia were randomly assigned to 2groiu51 each - Group BB (15mg
of 0.5% Hyperbaric Bupivacaine with 60mcg Bupretmamg) and Group LB (15mg of
0.5% Hyperbaric Levobupivacaine with 60mcg Buprehare). Intraoperative

hemodynamic parameters and onset of sensory arat biotk and were assessed.
Results:

Significant differences were noted in hemodynanaitameters at certain time
intervals between both groups where group LB shobeiter hemodynamic profile.
In contrast, a faster onset of sensory and motmckbvas seen in group BB when

compared to group LB.
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Conclusion:

When compared to Hyperbaric Bupivacaine with Buprphine, Hyperbaric
Levobupivacaine with Buprenorphine demonstratedebdiemodynamic profile in
the intraoperative period. A quicker onset of sepsand motor block was
demonstrated by Hyperbaric Bupivacaine with Buprphme group thereby
concluding that both groups have an advantagesaf ¢lvn.

Keywords:

Spinal anesthesia, Hyperbaric, Bupivacaine, Levolagaine, Buprenorphine.
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INTRODUCTION

Spinal anesthesia (SA) is a highly utilized and#thgrocedure in individuals
who need to undergo a surgery below the umbilichslocal anesthetic (LA)
medication is administered in the subarachnoid sg&AS) to cause sensory-motor
and sympathetic blockade, either with or withoutdjuvant. With the added benefits
of patients being exposed to less number of dragspatients who are conscious and
breathing spontaneously, this treatment is ecoraraind relatively safer.

Spinal anesthesia with bupivacaine is commonly disedperations involving
the lower abdomen and lower limbs due to its lajthg effects and the ability to
block both sensory and motor functidHsdowever, bradycardia and hypotension are
most frequent side effects of SAB. In particulaeyere hypotension can be life-
threatening, especially in old patients with linitardiac reservé!

The pure S enantiomer of racemic bupivacaine ieddevobupivacaine. It
was just recently approved for use as a long-adiiegl anesthetic in therapeutic
settings. Reports of levobupivacaine toxicity amcammon, and when they do
happen, it is usually manageable with slightesorefand without fatal results.
Levobupivacaine hasn't entirely substituted bupize, yet!®!

Commonly used spinal anesthetic medications inclieMobupivacaine,
ropivacaine, and bupivacaine. Additives includimmtinyl, dexmedetomidine, and
buprenorphine are utilized to extend the analgeffiect. ) There was significant
heterogeneity in the efficacy results in differetibical populations, even though its
clinical effects in comparison studies did not @iffsignificantly from those of
bupivacainel®

According to the clinical investigations that arewnavailable, intrathecal

anesthesia with levobupivacaine produces acceptabtgical anesthesia but has an
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uncertain distribution of sensory blockaéfe A common approach to enhance effects
of intrathecal LA is by adding an adjuvant. Neuadapioids are frequently used to
provide pain relief during and after the operatwmle minimizing the extension of
sympathetic and motor blockad®” Nevertheless, no research has examined effects
of intrathecal buprenorphine as an adjuvant in S&B people undergoing
infraumbilical procedures in comparison to 0.5% ikapaine (H) and 0.5%
levobupivacaine (H).

This study aims to evaluate and compare the effettadding intrathecal
buprenorphine to 0.5% bupivacaine (H) versus 0.8%6Hupivacaine (H) for spinal

anesthesia in patients undergoing infraumbilicagsties.
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Objectives

AIMSAND OBJECTIVES

Primary objective — To study the effectinfrathecal buprenorphine as an adjuvant
to 0.5% hyperbaric bupivacaine and 0.5% hyperbdeeobupivacaine on
hemodynamic parameters (HR, SBP, DBP, MAP, $p@ adults undergoing
infraumbilical surgeries under spinal anesthesia.

Secondary objective- To evaluate and compare tlsetoof sensory and motor
blockade of intrathecal buprenorphine as an adjuvant to 0.5%efbaric
bupivacaine and 0.5% hyperbaric levobupivacaime adults undergoing

infraumbilical surgeries under spinal anesthesia.
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Review Of Literature

REVIEW OF LITERATURE

Neuraxial anesthesia is a process of administeaihg\ into or close to the
nervous system. The most common anesthetic appfoaphatients having surgery on
areas below the umbilicus, such as the lower abdonadl, perineal area, and lower
limbs, is spinal anesthesia, which is a type ofaeial anesthesi&!

“A more dependable block with a lower profile ofvadse symptoms, such as
hypotension, high block, pruritis, vomiting, andusaa, is expected with hyperbaric
solutions. Furthermore, as “TJ Scull et al.” noiadtheir study, they may cause
sudden cardiac arrest due to cephalad extensisyngbathetic block.?]

Low dosages of opioids, such as fentanyl, sufehtand morphine, are added
when giving LA in SAB to improve the quality of dgasia during and after the
procedure and lessen the possibility of complicetisom the local anestheti3 14

A randomized controlled trial conducted by “Bidikkt, Mudakanagoudar
MS, and Santhosh MC” in 2017 compared intrathealolbupivacaine and
levobupivacaine combined with fentanyl for cesaremttions, with the aim of
promoting early ambulation. Study found that migtwf intrathecal levobupivacaine
and fentanyl not only prolonged sensory blockade diso reduced the need for

additional pain relief, without affecting the motdockade duratiof!

When fentanyl (10 pg) and buprenorphine (60 pgewered as adjuvants to
0.75% isobaric ropivacaine in intrathecal admiaistn, they resulted in longer-
lasting and higher-quality postoperative analgeianpared to ropivacaine alone.
However, buprenorphine demonstrated a superior etanpe to increase the span of
sensory blockade and provided better postopergpam relief outcomes than

fentanyl.
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Limitations of study:

Buprenorphine was employed in this investigatiom ahaximum dose of 60
Hg, which was shown to have more negative efféxets tesired in this specific study
subjects. Additionally, they didn’t investigate haddition of buprenorphine affected
intraoperative hemodynamic variables and motor lblobaracteristics. Although
umbilical cord blood gas analysis might have bewss Isubjective, neonatal effects
were evaluated using the Apgar score.

In 2016, “Arvinder Pal Singh, Ravinder Kaur, RudBupta, and Anita
Kumari” conducted a prospective double-blind sttmlgompare effects of intrathecal
buprenorphine and fentanyl as adjuncts to 0.75%vacpine in lower extremity
operations. Their findings indicated both buprehorp and fentanyl enhanced
postoperative pain relief without extending the ondbtlockade duration. However,
buprenorphine was found to be more effective tlesutainyl in prolonging the sensory
block and providing satisfactory pain religf.

A systematic review and meta-analysis of randomizewtrolled trials with
trial sequential analysis on the effectivenesstithecal fentanyl for cesarean birth
was carried out in 2020 by “Uppal V, Retter S, Gabt Sancheti S, Matheson K,
and McKeen DM.” Conclusion was combination of feyla and intrathecal
bupivacaine alone decreased incidence of nauseaamiting during the procedure,
lengthened the time before first analgesic requestd decreased need for
intraoperative supplemental analgesia. Initiatidnhgpotension, start of sensory
blockade, and length of motor block do not seembéoimpacted by intrathecal
fentanyl. Adding fentanyl to intrathecal morphineplvacaine, benefits were
comparable and requirement for additional intraatpee analgesia was significantly

decreased!®
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A randomized prospective study comparing the effeftbuprenorphine and
dexmedetomidine as additives to bupivacaine sparasthesia in elderly male
participants undergoing transurethral resectiothefprostate was carried out in 2017
by “Navdeep Kaur, Umesh Goneppanavar, Ramkumar atestwaran, and Sadasivan
Shankar lyer.” They came to the conclusion thaingivolder male patients with
TURP intrathecal bupivacaine plus either bupreniogph (60 mcg) or
dexmedetomidine (5 mcg) produced a similar intraajpee and postoperative profile
while extending the period for the initial analgedosage !

Limitations of study:

Dexmedetomidine causes significant hypotension bratlycardia. Hence,
further studies were conducted.

A randomized controlled trial comparing intrathecllxmedetomidine and
buprenorphine as adjuvants to bupivacaine in SAB eearied out in 2014 by “Gupta
M, Shailaja S, and Hegde KS.” In contrast to ifmteatal buprenorphine, they found
that intrathecal dexmedetomidine results in longsting anesthesia and analgesia,
requiring fewer sedatives and rescue analge8ics.

Limitations of the study:
» They didn’t conduct a statistical power assessment.

» A control group was not included, limiting the alyilto compare the effects of

the drugs independently.

* The study focused on participants aged 42—-47 ypagsenting an evaluation

of intrathecal dexmedetomidine’s impact on oldelividuals.
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Study by “Tanvi A Dhawale and K R Sivashankar” (2p2ompares efficacy
of intrathecal fentanyl and buprenorphine as adjts/do 0.5% bupivacaine (H) in
SAB. Previous study has shown that opioid adjuvhkesfentanyl and buprenorphine
may increase quality of spinal anesthesia by impigppain relief plus prolonging its
duration. Fentanyl, a poteptopioid receptor agonist, is widely used, but conse
about adverse effects such as hypotension andragspi depression persist.
Buprenorphine, a partial agonist, has been explasesh alternative with a potentially
lower side-effect profile. This study adds to thngoing investigation into optimizing
spinal anesthesia for improved patient outcomesgewhinimizing complicationg*°l

The article by “McDonald SB™; Spinal anesthesia and intrathecal opioids for
ambulatory surgery,” published inCurrent Opinion in Anaesthesiology (2001),
reviews the role of spinal anesthesia combined wittathecal opioids in enhancing
analgesia for ambulatory surgeries. The use of aspanesthesia in outpatient
procedures offers rapid onset and effective pairtrog but its duration may limit its
effectiveness for longer procedures. Intrathec@idp, such as morphine or fentanyl,
when used as an additive, provide increased analgésr procedure while reducing
need for systemic opioids. The article discusse®wa studies showing improved
pain relief and earlier discharge with this comhkima Study reviews safety profile of
intrathecal opioids, noting potential risks likespegatory depression or pruritus, and
emphasizes the importance of careful patient geleeind dosing to balance benefits
and risks in ambulatory surgical settings.

The article by “Burlacu CL”,"Update on local anesthetics. focus on
levobupivacaine," published inTherapeutics and Clinical Risk Management (2008),
provides an overview of the characteristics andaathges of levobupivacaine.

Levobupivacaine, the S-enantiomer of bupivacais@sisociated with a reduced risk
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of cardiotoxicity and neurotoxicity, making it agberable choice for various regional
anesthesia techniques. The review highlights skvestudies comparing
levobupivacaine with other local anesthetics, emag its efficacy in providing
effective, long-lasting anesthesia with a more fabte safety profile. Additionally,
the article explores the potential benefits of lmwmivacaine in both inpatient and

outpatient surgical settings, particularly forriésluced side effect profil&®!

The article by “Gupta RK”,"Comparative evaluation of intrathecal
bupivacaine with fentanyl and buprenorphine for infraumbilical surgeries. A double-
blind study,” published inAnesthesia Essays and Research (2016), compares the
efficacy of intrathecal bupivacaine combined wiither fentanyl or buprenorphine
for analgesia in infraumbilical surgeries. The stegtaluates parameters such as onset
and duration of anesthesia, postoperative releifpain and side effects. Results
indicate that both fentanyl and buprenorphine eobathe analgesic effect of
bupivacaine, with buprenorphine offering a longaration of pain relief and fewer
side effects compared to fentanyl. The article Iggits the potential of
buprenorphine as a safer alternative to fentanylpioviding effective spinal

anesthesia with improved postoperative outcof@s.

The article by “Glasser SA”Levobupivacaine: Is it time to replace
bupivacaine?" published inJournal of Clinical Anesthesia (2001), discusses the
advantages of levobupivacaine over bupivacaine asloeal anesthetic.
Levobupivacaine, the S-enantiomer of bupivacaisehighlighted for its improved
safety profile, particularly its reduced cardiotw®y and neurotoxicity. The review
summarizes studies showing that levobupivacaineref§imilar efficacy in terms of
anesthesia quality and duration but with a lowaidence of adverse effects. The

article suggests that levobupivacaine could be téebalternative to bupivacaine,
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particularly in high-risk patients, though furth&inical studies are needed for broader

adoption [l

The article by “Lee YY”, "Randomized double-blind comparison of
levobupivacaine vs. bupivacaine for spinal anesthesia in foot and ankle surgery,”
published inBritish Journal of Anaesthesia (2003), compares the efficacy and safety
of levobupivacaine and bupivacaine for spinal dressa in foot and ankle surgeries.
The study found that levobupivacaine provided simdnesthesia quality and onset
time as bupivacaine, but with a significantly lowecidence of cardiovascular and
neurological side effects. The review highlightattievobupivacaine, as the S-
enantiomer of bupivacaine, offers a safer alteveaparticularly in high-risk patients.
However, the authors suggest that further resaambeded to confirm these findings

across a broader range of surgical procediifés.
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BASIC SCIENCES

Subarachnoid Block also known as Spinal Anaesthiesihe anaesthesia of
choice for surgeries of the lower abdominal wélé perineum and the lower limbs. It
causes sensory, motor and sympathetic blockade. nfdie advantage of spinal
anaesthesia is the avoidance of the usage of heutlipgs and manipulation of the
airway as it is done in general anaesthesia. it edaises reduction in the metabolic

stress response to surgery, reduction in pulmoc@mypromise as well as reduction in

blood loss.
Tiz—s
’ -
25
| ot
Ls—5
4

Ligamentum
flavum

Lumbar puncture
needle entering
subarachnoid
space

Supra-
spinous
ligament

Filum
terminale

Intervertebral —/Arachnoid

Cauda equina in
disc mater

subarachnoid space

Fig 1: Subarachnoid Block
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Spinal anaesthesia is administered only in the amnbegion, specifically the
mid to low lumbar levels in order to avoid damagitige spinal cord. This also
prevents intrathecally injected drugs from havimy activity in the upper thoracic

and cervical regionst!
CONTRAINDICATIONS OF SPINAL ANESTHESIA:

Absolute contraindications of spinal anaesthesimpmse of refusal by the
patient, infection at the injection site, uncoregthypovolemia, increased intracranial

pressure, allergies to local anaesthetics.

Relative contraindications of spinal anaesthesthude coagulopathies, indeterminate

neurological disease, fixed cardiac output staestic shock.
COMPLICATIONS OF SPINAL ANESTHESIA:

Minor: Nausea, vomiting, mild hypotension, shiveginitching, urinary

retention and transient hearing impairment.
Moderate: Failed spinal block, Post-dural puncheadache (PDPH).

Major: Direct needle trauma, spinal cord ischaemridection (abscess,
meningitis), vertebral canal hematoma, cauda equemadrome, arachnoiditis,

peripheral nerve injury, total spinal anaesthesaagdiovascular collapse, death.
ANATOMY

For a successful spinal anaesthesia, it is impbftarthe anaesthesiologist to
have a detailed knowledge of the anatomy of théebeal column, spinal cord and

spinal nerves.
VERTEBRAL COLUMN:

The main function of the vertebral column is totpad the spinal cord. There are a
total of 33 vertebral bodies that make up the wealecolumn which includes the

following: 1]
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» Cervical - 07
* Thoracic - 12
* Lumbar - 05
» Sacral - 05 (fused)
» Coccyx - 04 (fused)

CURVATURES OF SPINE:

The vertebral column has four curves in adults.

Cervical curve - Convex anterior

* Thoracic curve- Concave anterior
* Lumbar curve - Convex anterior

* Sacral curve -Concave anterior

The curves of the spine are important when theemiais in supine position.
The highest point of cervical and lumbar curvesupine position are at cervical-C5
and lumbar-L5, lowest points of thoracic and saatal5 and S2 respectively. Spread
of local anaesthetic in the subarachnoid spacetsrigiined by the vertebral column

curves, baricity of the local anaesthetic solutod positioning of the patient.

Fig 2: Vertebral Column
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VERTEBRAL LIGAMENTS:

Vertebral column is bound by the following ligametiat give it stability and

elasticity.

Supraspinous Ligament: It is a strong fibrous ligammwhich connects the
apices of the spinous processes from the C7 vertebthe Sacrum. It is also known

as LIGAMENTUM NUCHAE in the area above C7 vertebra.

Interspinous Ligament: It is a thin membranousrtigat which connects the
spinous processes and it blends anteriorly withnfigntum flavum and posteriorly
with supraspinous ligament.

Ligamentum Flavum: It comprises of yellow elastiorés and connects the
adjacent lamina. It begins laterally at the rooth# articular processes and extends
posteriorly and medially to the point where lamif@a to form spinous process.

Longitudinal ligaments: There are two longitudinigaments (anterior and

posterior) and they bind the vertebral bodies togret
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Spinous process

Posterior
— Longitudinal
| Ligament

Anterior
— Longitudinal
Ligament

Supraspinous =7 L X T __Vertebral
Ligament . y Body

__ Intervertebral
Disc

Fig 3: Ligaments of Spine

LUMBAR VERTEBRAE:

A typical lumbar vertebra consists of:

» Akidney shaped body

* Two pedicles directed backwards from the upper gfatie body

» Two slender transverse processes

« Two laminae meeting posteriorly and enclosing ttemgular vertebral foramen

» Spinous processes which are broad, thick and datatdl in shape

* Two upper and lower articular processes which prevetation but allow limited

flexion and extension between the contiguous veaiteb
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Lumbar Vertebrae
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Superior
articular ’
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Superior view
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articular
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_-Body
- Transverse
; process
Spinous —4-; . \\\"\, ' .
rocess \ amina
P . /’ Inferior

) p A articular process
Inferior articular

facet .
Lateral view

Fig 4: Lumbar Vertebrae
TUFFIER'’S LINE:
It is an imaginary line that passes between thkedsgpoints of the iliac crests
which crosses the spine of the fourth lumbar veeeb the upright position. When

the patient is in lateral decubitus position it nEass through the L4-L5 interspace.

The lumbar spaces are identified by using the sopiiac crest.
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Spinous
process
L4

Tuffier’s
line

Fig 5: Topographical line of Tuffier
VERTEBRAL BODY:

Vertebral canal is bound posteriorly by the spinquecesses and interspinous
ligaments, laterally by the pedicles, postero-kEter by the laminae and the
ligamentum flavum. Superiorly it extends from fommmagnum and terminates

inferiorly in the sacral hiatus.

Its contents are:

e spinal cord

» dorsal root ganglia

» ventral rootlets

» roots of the spinal nerves
* sympathetic trunk

* rami communicantes

» adipose tissue
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 CSF
* blood vessels and

* spinal membranes

SPINAL CORD:
The spinal cord is the continuation of medulla olgiata below the level of

foramen magnum and it tapers off into a conicalresmity known as conus
medullaris. A delicate fibrous filament descendhi back of the first segment of the
coccyx from the apex of conus medullaris whichabed filum terminale which is a
continuation of the pia mater. The average lenftihe spinal cord in males is 45 cm
and 42 cm. The length of the spinal cord differeoading to age. In the first
trimester, the foetal spinal cord extends up ki# £nd of the spina; column. As the
foetus grows the vertebral column lengthens moaa the length of the spinal cord.
At birth, the spinal cord ends approximately at ti8 space and in adults it ends

approximately at the upper border of the L1 vedebr

Spinal cord
Conus Medullaris
Spinous Process

Cauda Equina

Ligament Flavum

L5

Termination of Dural Sac
Sacral Canal

Filum Terminale

Fig 6: Spinal cord at Lumbo-sacral region
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BLOOD SUPPLY OF SPINAL CORD:

The spinal cord is supplied by three arteries: @nterior spinal artery and

two posterior spinal arteries.

Anterior Spinal Artery is a single vessel lying in the substance of tlaenpater
overlying the anterior median fissure. It suppliee lateral and anterior columns
which comprises the three quarters of the substahtiee cord. Thrombosis of this

artery leads to Anterior spinal artery syndrofffe.

There are two pairs dPosterior Spinal Arteries one pair on each side of the
spinal cord arising from the posterior cerebellaerges at the level of foramen

magnum. They supply the posterior column of thealptord 2%

There is no anastomosis between the anterior asteqpar spinal arteries.

Anterior and posterior plexus of veins in the nexkygos veins in the thorax,
lumbar veins in the abdomen, lateral sacral veinthé pelvis are responsible for the

venous drainage of the spinal cord.

Ant spinal artery

Artery of
adamkiewicz

Posterior
segmental a

Spinal
arter

Fig 7: Blood supply of the Spinal cord (transversv)
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Aorta
PSA
Central a.
Adamkiewicz a. r——
ASA -~

Pial arterial
plexus

Fig 8: Blood supply of the spinal cord (lateralw)e
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SPINAL MENINGES:

Spinal cord is also protected by three connectissué coverings called
Meninges- Dura mater, Pia Mater and Arachnoid mater.

DURA MATER: It is a tough outermost fibro-elastiowering which consists
of an outer endosteal layer and an inner meniriggal. The fibres of the dura mater
are aligned longitudinally. The dural sac endshat lower border of S2 where it is
pierced by the filum terminale.

ARACHNOID MATER: It is a delicate, non-vascular, ddie layer and is
closely attached to the dura mater. There is anpatespace between the dura mater
and arachnoid mater called the subdural space tagdntains serous fluid. PIA
MATER: It is the innermost membrane and is a vaacsiheath which closely invests
the brain and spinal cord. It continues till theogx as filum terminale.

SUBARACHNOID SPACE: It is the space between theclamaid mater and
the pia mater and is filled with cerebrospinal dICSF) along with numerous
arachnoid trabeculae which form a delicate spoiigerhass. This space has three
divisions that are in continuation with each oth@ranial (surrounding the brain),
Spinal (surrounding the spinal cord) and Root umding the ventral and dorsal
nerve roots). In the spinal cord, these nervesavered only by pia mater and bathed
in CSF. As these spinal nerve roots pass beyondspireal dura and traverse the
epidural space, they carry with them all the tHegers of the meninges and have a
distinct epidural, subdural, subarachnoid and sallgpaces. The subarachnoid space
extends separately along both the dorsal and Vewiés to the level of dorsal root
ganglion where the arachnoid and pia continue asgeal epithelium of peripheral

nerves.
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Spinal cord

Pia mater

Arachnoid
mater

Dura mater

Conus
medullaris

Cauda equina

Ligamentum
flavum

Epidural space

Internal filum
terminale

Distal
dural sac

External
filum
terminale

Fig 9: Spinal cord with its meningeal layers at lha¥sacral level
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CEREBROSPINAL FLUID:

It is a clear, colourless fluid found in the crdngad spinal subarachnoid
spaces and in the ventricles. It is mainly formgdelither secretion or ultrafiltration
from the choroidal plexus of the lateral ventricleflows from the lateral ventricles
into the third ventricle through the Foramen of Mmm and then into the fourth
ventricle through the Aqueduct of Sylvius. CSF tlilews into the Cisterna Magna
(cerebro-medullary cisterna) through the ForamenMeafgendie and Foramen of
Lushka. From the Cisterna Magna, CSF enters thar&aobnoid Space where it flows
over the surface of cerebral cortex and spinal dmtbre it is absorbed into the
arachnoid granulations which are present over #rehral hemispheres and the

finally into the cerebral venous syste#!.

COMPOSITION OF CSF:

» Specific Gravity : 1.003 to 1.00 g/cm at 37°C

* Volume : 120 ml to 150 ml (25 ml to 35 ml in tharsgd space)
* CSF pressure : 60-80 mmHg in the Lumbar space
e pH:7.27t07.37

« PCO2:48 mmHg

+ HCOS3: 23 mEg/L

e Sodium : 135-145 mEq/L

e Calcium : 2-3 mEq/L

* Phosphorus : 1.6 mg/dl

e Magnesium : 2-2.5 mEq/L

* Chloride : 15-20 mEq/L

* Proteins : 23-38 mg/dl
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PHYSIOLOGY OF SUBARACHNOID BLOCK:

The various factors that control the different eféeof a spinal anaesthetic

technique are as follows:

The amount and the type of drug

Volume of the drug solution

The site of injection

The rate of injection

Specific gravity of the solution- baricity and déps

Barbottage.

The factors that affect the spread of local anatisthare:

1. Patient factors:

Age

Height

Position

Cerebrospinal fluid volume

Spinal column configuration

2. Technical Factors:

Site of injection

Direction of the needle

Dose of the local anaesthetic
Baricity of the local anaesthetic

Volume of the local anaesthetic
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The nerve roots as well as spinal cord take upldbal anaesthetics after
injection into the subarachnoid space. More théaserarea of exposure of the nerve
root, more is the uptake of the drug. There are twazhanisms by which the local
anaesthetic gets taken up:

* The first mechanism is by diffusion from the CSkoithe pia mater and into the
spinal cord. This is a slow process and only thestnsoperficial portion of the
spinal cord is affected.

* The second mechanism of local anaesthetic uptalxg éxtension into the spaces
of Virchow-Robin which is the area of pia materttearround the blood vessels
which penetrate the Central Nervous System. Thgses connect with
perineural clefts that surround the nerve cell bsdn the spinal cord.

The site of action is on both the anterior and @ast nerve roots, affecting
the smaller nerve fibres first and the thick langetor nerve fibres last.

The sympathetic fibres are affected first and aaet Ito recover. The
sympathetic blockade is more diffuse and extends twfour segments above the
motor block. Sympathetic blockade is the major uheieant of physiologic response
to spinal anaesthesia. The motor blockade is ystladl last to be affected and first to
recover.

SEQUENCE OF SPINAL ANESTHESIA:

Vasomotor Block: Dilatation of skin vessels andr@ase cutaneous blood
flow.

» Temperature Fibres: Cold sensation lost first feédd by warm sensation.

* Loss of temperature discrimination

» Pain- Pin prick sensation lost first

» Loss of tactile sensation
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* Motor paralysis
» Loss of pressure sensation

* Loss of proprioception and vibratory sensation

SYMPATHETIC BLOCKADE:

Sympathetic fibres are usually blocked two to trsegments above the sensory
blockade and sensory blockade is two segments hiae motor blockade. Since
the level of sympathetic denervation determines rtagnitude of cardiovascular
response to subarachnoid block, it could be amtieih that higher the level of neural
blockade, greater would be the changes in the @aadcular and hemodynamic

parameters.
CARDIOVASCULAR EFFECTS OF SPINAL ANESTHESIA:

The autonomic denervation that accompanies spinaesthesia affects the

cardiovascular system in the following ways:

* Vasodilation of resistance and capacitance vessels

» Blockade of cardiac efferent sympathetic fibresrfro1-T4 resulting in loss
of chronotropic and inotropic drive and fall in dec output.

» Bainbridge reflex causing bradycardia

» Depression of vascular smooth muscles and betaradyie blockade of the
myocardium with fall in cardiac output following $gmic absorption of local

anaesthetic drug.

extending above T4 level is associated with falBlood Pressure. Bradycardia
occurs if any of the anterior roots carrying thenpgathetic cardiac accelerator fibres

are blocked, which may happen in high spinal blabkve T4-T5. Bradycardia may
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also be due to lowering in blood pressure in thhtratrium consequent to diminished

venous return.

THEORIES OF CAUSATION OF HYPOTENSION:

* Reduced venous return leading to diminished caaligout
» Dilation of post-arteriolar capillaries and smathules
» Paralysis of sympathetic nerve supply to the heart

» Paralysis of the sympathetic nerve supply to theerzad glands leading to

catecholamine depletion.

CEREBRAL BLOOD FLOW:
Due to the presence of cerebral autoregulatory am@sim in humans, cerebral blood

flow is maintained at constant levels.
RESPIRATORY SYSTEM:

Breathing becomes quiet and tranquil during spamaesthesia. This is due to
differentiation with reduction of sensory inputrspiratory centre along with motor
blockade. Intercostal muscle paralysis is compedsdiy increased descent of
diaphragm which is enabled by the lax abdomen. Hewethe pulmonary gas-

exchange is preserved.
GASTROINTESTINAL SYSTEM:

Pre-ganglionic sympathetic fibres extending fromt@®.1 are inhibitory to the
gut with no effect on oesophagus which has vagalenenervation. Neuraxial block-
induced sympathectomy causes Vagal dominance whanis to small, contracted
bowel with active peristalsis. The pressure in liogvel lumen increases. There is

relaxation of sphincters.
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NAUSEA & VOMITING:
Following are the causes:

» Hypotension

* Hypoxia

» Traction on nerve endings (especially the Vaguse)er

* Increased peristalsis

» Relaxation of pyloric sphincter leading to preseotkile in stomach which
causes nausea and vomiting

» Psychological effects

» Opioid analgesics that are used as a part of poBeateon.

GENITOURINARY SYSTEM:

Renal blood flow is maintained through autoregolativith little effect on
kidney function with normal systemic blood pressudeuraxial anaesthesia at the
lumbar and sacral levels blocks both sympathetid parasympathetic control of

bladder function.

Urinary retention post spinal anaesthesia may beéenately prolonged due to
involvement of autonomic fibers of S2 to S3. Thmaralysis lasts longer than that of
larger sensory and motor fibers. Due to the paialgs nervi arigentes (S2 to S3),

the penis becomes engorged and flaccid.
UTERUS:

Uterus muscle tone is not greatly altered aftemapnesthesia in pregnancy.
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NEUROENDOCRINE SYSTEM:

Neuroendocrine stress response by activation ohsorand visceral afferent
nerve fibers along with localized inflammatory respe occurs with surgical trauma.
Neuraxial blockade can partially suppress or cotepieblock the neuroendocrine

stress response.
BODY TEMPERATURE:

Hypothermia is a common occurrence. Neuraxial dhas® reduces the
threshold for shivering by inhibiting the centrbetmoregulatory control. Block of
peripheral sympathetic and motor nerves prevensooanstriction and shivering.
Heat loss continues through convection, evaporasiod radiation. Catecholamine

secretion is depressed, hence less heat is protiyamdtabolism.

PHARMACOLOGY:

LOCAL ANESTHETICS:

Local anaesthetic drugs are the drugs that cassible blockade of conduction

of nerve impulses. The properties of an ideal laceaesthetic agent are:

* Short latency

* High potency

» High diffusion

* Low toxicity

» Complete reversibility of its actions
» Prolonged duration of action

* No tachyphylaxis

» Stability and ability withstand heat sterilization

Page 28



Basic Sciences

CLASSIFICATION:
They are divided into two groups depending on ihle between the aromatic

portion and the intermediate chain- the amino-agteup and the amino-amide group.

The amino-ester group has an ester link and theyPaocaine, Chlorprocaine and

Amethocaine.

The amino-amide group has an amide link betweeratbenatic head and the
intermediate chain and they are Lignocaine, Buiree Levobupivacaine,

Mepivacaine, Prilocaine, Ropivacaine and Etidocaine

PHARMACOLOGY OF LOCAL ANESTHETICS:

These drugs produce reversible blockade of nermdwaiion along the central
and peripheral nerve pathways. When their concémrtrés increased gradually, the
transmission of autonomic, somatic sensory and someator impulses is interrupted
in the same sequence. This leads to autonomic &flecksensory anaesthesia and
muscle paralysis in the area supplied. These dmgggs gradually removed by

absorption into the systemic circulation which le&althe reversal of the blockade.
MOLECULAR STRUCTURE:

Local anaesthetics have a lipophilic group (usuaflyaromatic benzene ring)
separated from a hydrophilic group (usually a aeytamine) by an intermediate chain
that includes an ester or amide linkage, which ®the basis of its classification as

either esters or amides.
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BUPIVACAINE (C18H28N20)

CHEMICAL STRUCTURE:

N 0
=, /,/(
\Jl

Fig 10: Chemical structure of Bupivacaine
Bupivacaine is a long acting, amide local anaesthittwas first prepared by
A.F. Ekenstam in 1957 and introduced by Telivud@63. It is chemically related to
lignocaine and its structure is similar to thathMépivacaine except for the amide
containing group is a butyl piperidine. Its potemngyapproximately four times that of

Lignocaine.

It is a popular drug for its long duration of actialong with its tendency to
provide both sensory and motor block and prolongedigesia during the post-

operative period.

Bupivacaine can be used to provide effective assgdor several days

through the use of indwelling catheters and comtirsunfusions.
PHYSIOCHEMICAL PROPERTIES:

» Chemical Name: 1-butyl-N-(2,6-dimethylphenyl)pifkne-2-carboxamide
* Molecular weight: 288.4 g/mol

+ pKa:8.1
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» Half-life: 1.5 to 5.5 hours in adults and 8.1 howrsieonates

» Specific gravity: 1.026 at 37°C
PHARMACOLOGY:
The addition of a butyl group to the piperidine rigen of Mepivacaine makes
Bupivacaine 35 times more lipid soluble.

POTENCY:
It is approximately 3-4 times more potent than Mepaine or Lignocaine.
ONSET & DURATION OF ACTION:

The onset of action of Bupivacaine is between 54hutes and the maximum

anaesthesia is achieved in 15-20 minutes.

The duration of action depends on the type of blaokerage duration of epidural

block is 2.5-4 hours and average duration of sgitadk is 2-3 hours.

MECHANISM OF ACTION:

The mechanism of action of Bupivacaine is simiathtat of Lignocaine.

Local anaesthetics bind to a specific site in tbikage gated sodium channels
and block it thereby preventing sodium ion inflixdugh the individual channels and
preventing impulse propagation. Local anaesthdtidibg to sodium channels does
not alter the resting membrane potential. As aegusnce of more channels binding a
local anaesthetic, the threshold for excitation angulse conduction in the nerves
increase and the rate of rise and magnitude ofatfimn potential decrease and
impulse conduction velocity slows. When a large amtoof local anaesthetic
concentrations, action potentials can no longegdreerated and impulse propagation

is abolished.

Page 31



Basic Sciences

The mechanism of sodium conductance blockade:

» The cationic form of local anaesthetic drug actsthem receptors within the Na
channels on the cell membrane and block it. Thallaoaesthetic can reach the
Na“ channel either via the lipophilic pathway directlgross the lipid membrane
or via the axoplasmic opening.

» The second mechanism is a non-specific actionhy.@eaembrane expansion.

AVAILABLE CONCENTRATIONS OF BUPIVACAINE:

0.25% and 0.5%
DOSAGE OF BUPIVACAINE:

Maximum dosage: 3 mg/Kg body weight.

Adrenaline prolongs its action only marginally,aif all. Tachyphylaxis is much less

likely than with Lignocaine.

METABOLISM & ELIMINATION:

Bupivacaine gets metabolised by the following mewras:

» Aromatic hydroxylation

N-dealkylation

Amide hydrolysis
* Glucuronide- conjugation
The chief mechanism is N-dealkylation and the mateb is N-desbutyl
Bupivacaine. The mean total of urinary excretiorBapivacaine and its dealkylation

and hydroxylation metabolites account for >40%hef total anaesthetic dose.
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ACTIONS:
ON CENTRAL NERVOUS SYSTEM

Over-dosage concentrations of Bupivacaine produeeingss and light-
headedness followed by visual and auditory distueba such as difficulty to focus

and tinnitus. Shivering and muscular tremors aaohtirs of facial muscles can occur.

The plasma concentration of Bupivacaine that i®@ated with seizures is 4.5 to

5.5mcg/ml.
ON CARDIOVASCULAR SYSTEM

Usually, the cardiovascular system is more redilierthe toxic effects of high
plasma concentrations of local anaesthetics. Ligmgcconcentrations <5mcg/ml is
devoid of adverse effects but causes decrease toematicity. Lignocaine
concentrations of 5-10 mcg/ml can produce profobgpotension due to arteriolar

vascular smooth muscle relaxation direct myocamgression.

Blockade of cardiac Nachannels by local anaesthetics contributes to anti
dysrhythmic properties. With increase in concemdrat more N& channels get
blocked and conduction and automaticity becomectdte adversely. This is evident

by prolongation of PR interval and QRS complexes.

Accidental injection of Bupivacaine may result inegpitous hypotension,
cardiac dysrhythmias and AV heart block. Most commaysrhythmias include
widening of QRS complexes, premature ventriculantiactions and Ventricular

tachycardia.

Cardiotoxicity with Bupivacaine is seen when itagsha concentration is 8-10

mcg/ml. Pregnancy may increase sensitivity to #reliotoxic effects of Bupivacaine.

Page 33



Basic Sciences

Cardiotoxic threshold of Bupivacaine may be deadas patients being treated with
drugs like Digitalis, Calcium Channel Blockers aBeta Blockers. Epinephrine and
Phenylephrine can increase cardiotoxicity of Buparae-induced inhibition of

catecholamine-induced production of cyclic AMP.

Bupivacaine blocks cardiac Na+ channels duringosgdbut due to its high
lipid solubility it gets dissociated during diastol This explains its persistent
depressant effect on Vmax and hence greater cexitidgy. The R-enantiomer of
Bupivacaine is more cardiotoxic. Tachycardia camaece frequency dependent

blockade of cardiac Na+ channels by Bupivacaine.

TREATMENT OF BUPIVACAINE TOXICITY:

Bretyllium 20 mg/Kg IV reverses Bupivacaine-induced cardiac depression and

increases the threshold for ventricular tachycardia

Lipid Emulsion is also used for the treatment of cardiotoxicityhmits usage
recommended at the earliest sign of toxicity. &tibolus of 1.5 ml/Kg of 20% Lipid
Emulsion followed by 0.25 ml/Kg/min infusion shoule continued for at least 10

minutes after the circulatory stability is estdidid.

RESPIRATORY SYSTEM:

Local anaesthetics in very high plasma levels despraedullary respiratory centre

which can precipitate decreased oxygenation.
TOXICITY OF BUPIVACAINE:

The toxic plasma concentration of Bupivacaine is®)/ml. The cardiotoxic
effects of Bupivacaine become evident when thenpdasoncentration becomes 8-10

mcg/ml.
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PHARMACOKINETICS:

Bupivacaine levels are detectable in the blood Buteis after infiltration. Peak
blood concentrations depend on the total dosagengand ranges between 0.14 to
0.18 mcg/ml. These levels are from 5 minutes to@ & of infiltration and reduces to
0.1 to 0.34 mcg/ml in approximately 4 hours. Lii@the primary site of metabolism
of Bupivacaine. Bupivacaine crosses placenta iy iittle concentrations with feto-
maternal circulation ratios ranging from 0.2 to.0Otis also secreted in the breast

milk.
HYPERBARIC BUPIVACAINE:

Isobaric Bupivacaine (Plain) has density equalhat tof CSF. Hyperbaric
Bupivacaine is prepared by the addition of Gluc¢8@ mg/ml) to the Isobaric
Bupivacaine, with a density heavier than CSF. Tiferénce in densities between the
two is believed to effect their diffusion patterasd thus determine the spread,

effectiveness and side-effect of the drugs.

Baricity is defined as the ratio of density (mas#iime) of the local
anaesthetic’s solution to that of the CSF at 3T°@fluences the distribution of local
anaesthetic solution in the CSF, the spread arghhef the block since gravity causes
hyperbaric solutions to settle downward in the GBB hypobaric solutions tend to

rise. In contrast, gravity has no effect on thériigtion of a truly isobaric solution.
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LEVOBUPIVACAINE (C18H28N20)

INTRODUCTION:

Levobupivacaine is the S(-)-enantiomer of the l@@esthetic bupivacaine.
Racemic bupivacaine has traditionally been the dshgacting local anaesthetic
commercially available and widely used. Levobupaiae’s clinical profile closely
resembles that of bupivacaine. However, currentlimieal safety and toxicity data

show an advantage for levobupivacaine over bupiaaca

CHEMICAL STRUCTURE:

Fig 11: Chemical structure of Levobupivacaine
PHYSIOCHEMICAL PROPERTIES:

» Chemical Name: (2S)-1-butyl-N-(2,6 _dimethylpheniphgridine-2-
carboxamide

* Molecular weight: 288.4 g/mol

* pKa:8.1
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MECHANISM OF ACTION & CO-RELATION WITH ITS STRUCTUIR:

Levobupivacaine block the generation and the caimmluof nerve impulses,
presumably by increasing the threshold for eleakriexcitation in the nerve, by
slowing the propagation of the nerve impulse, apdduaucing the rate of rise of the
action potential. In general, the progression astimesia is related to the diameter,
myelination and conduction velocity of affected weefibers. Specifically, the drug
binds to the intracellular portion of sodium chasnand blocks sodium influx into

nerve cells, which prevents depolarization.

PHARMACOKINETICS:

ABSORPTION:

The plasma concentration of levobupivacaine follayi therapeutic
administration depends on dose and also on routeadmhinistration, because
absorption from the site of administration is aféecby the vascularity of the tissue.
Peak levels in blood were reached approximately n3ibutes after epidural
administration, and doses up to 150 mg resulteghéan Gnax levels of up to 1.2

mcg/mL.
DISTRIBUTION:

After intravenous administration of 40 mg in heglthvolunteers,
levobupivacaine has a steady state of distributio6.91 £18.23 L. It is 97% protein

bound. It's classified aGategory B drug in pregnancy.
METABOLISM & EXCRETION:

Levobupivacaine is extensively metabolized with nanchanged

Levobupivacaine detected in urine or feces. Inovitudies using Levobupivacaine
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showed that CYP3A4 isoform and CYP1A2 isoform medithe metabolism of
Levobupivacaine to Desbutyl Levobupivacaine andy@bxy Levobupivacaine,

respectively.

In vivo, the 3-hydroxy Levobupivacaine appears tadergo further
transformation to glucuronide and sulfate conjugat®letabolic inversion of

levobupivacaine to R(+)- Bupivacaine was not evidegih in vitro and in vivo.

Following intravenous administration, recovery bé tradio-labelled dose of
Levobupivacaine was essentially quantitative witmean total of about 95% being
recovered in urine and feces in 48 hours. Of tbi% 9about 71% was in urine while

24% was in feces. The mean half-life is 3.3 hours.

PHARMACODYNAMICS:

CENTRAL NERVOUS SYSTEM & CARDIOVASCULAR SYSTEM:

The risk of CNS toxicity was less with Levobupivamathan with Bupivacaine
in human volunteers. Central or peripheral nenaystem disorders were experienced
by 36% of Levobupivacaine recipients in the studizere volunteers received

intravenous doses of Levobupivacaine (mean 67.7mg).

Similarly, intravenous Levobupivacaine producesitius and CNS depression
on EEG. The magnitude of the effect and the ardectaid was less with
Levobupivacaine. For instance, Levobupivacainesgoeaiated with a lesser decrease
in high alpha power and does not cause the increatieeta power in the parietal,

temporal and central regions that occurred withiBagaine.

Levobupivacaine also showed less depressant affedhe atrioventricular

conduction and QRS complex duration, and provokess limpairment of the
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contractile function of the isolated animal heasyvobupivacaine is also less potent

in blocking cloned human heart sodium and potassibamnels.

POTENCY:

The nerve blocking potency of Levobupivacaine isnikir to that of
Bupivacaine and the R(+)enantiomer of BupivacaiDexpupivacaine) in vitro. In
vivo, the comparative effects of Levobupivacaind 8exbupivacaine or Bupivacaine

were affected by the route of administration anadlcemtration.
ADVERSE EFFECTS:

» Cardiovascular system toxicity: bradycardia, hypsien, sudden
cardiovascular collapse

» Gastrointestinal system toxicity: nausea (12%), iioign (14%), constipation
(7%),

» Central nervous system toxicity: Headache (7%)reéstation, drowsiness,
slurred speech, which may culminate with tonic-tdeizures

* Hematological: Anemia (12%), increased serum albulavel, leukocytosis

and purpura

ADVANTAGES OVER OTHER LOCAL ANESTHETICS:

Levobupivacaine has a lower systemic toxicity tBapivacaine and also has
a better cardio-stable profile. It has been dewadofo offer a safer alternative to

Bupivacaine while retaining the desirable blockpmgperties of racemic Bupivacaine.
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OPIOD RECEPTORS:

Opioid receptors were classified into three grougs;ording to the radio-
ligand binding assays in 1973 and were termed Mdjuthe morphine group, Kappa
(x) for the ketocyclazocine group, and Epsilos) (for the SKF10047 (N-
allylnormetazocine) group. Delta)(receptor- the group of high affinity receptors fo
enkephalins was discovered in vas deferens of md\rsgther Zetad) receptor was
thought to be the binding site frendorphin which was also found to be present in

the vas deferens of the mouse.
MECHANISM OF ACTION OF OPIODS:

Opioids exert its action at both spinal and supiaa levels. The majority of
the receptors are present at the substantia gedatin the dorsal horn of the spinal cord.
The supra- spinal actions are mediated througldéiseending inhibitory pathways. In
substantia gelatinosa, the receptors are presantynua the presynaptic terminals of
the primary afferent sensory neurons. Some of ¢éteptors are also present on the
post synaptic dendrites of the inter neurons. Tinesegons regulate the spinothalamic
transmissions. The presynaptic neurons hinderelease of various neurotransmitters
including substance P, glutamate etc, whereas dbe gynaptic receptors inhibit the
evoked excitatory post synaptic potential also kmas EPSP. The yu andreceptors
act on the potassium channels and facilitatesplbaiag of the receptors, which further

leads to the hyperpolarisation.

It also leads to the reduced neuronal firing. Huees the action potential
plateau and thereby reducing the calcium influx émel neurotransmitter release.

Contrary to the above- mentioned receptengceptors, shut the calcium channels.
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BUPRENORPHINE:
INTRODUCTION:

Buprenorphine is a semi-synthetic opioid deriveahfrthebaine, a naturally
occurring alkaloid of the opium poppy, Papaver sibenam. The pharmacology of
buprenorphine is unique in that it is a partialr@igbat the opioid mu receptor, highly
lipid-soluble p analgesic that is 25 times moreepbthan morphine but with lower

intrinsic activity and ceiling effect.

CHEMICAL STRUCTURE:

Figure 12: Chemical structure of Buprenorphine

Molecular weight of Buprenorphine is 467.6 g/mol )
Buprenorphine is a derivative of thebaine, an alkklfound in opium poppies
(Papaver somniferum).

Buprenorphine also has the following charactesstic
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« Classified as a partial mu agonist, kappa antagjomociceptin agonist. As a partial

agonist, its effects increase only to a certaimpwith increased dose, and level off at
moderate doses, thus contributing to its beingedbiess than full agonists.

» A potent analgesic, used in low doses to availe €ffects. Formulations include

intravenous or intramuscular (Buprenex) and tramsde(Butrans®).

» Mildly reinforcing, which improves treatment atknce and, therefore, clinical

effectiveness compared with antagonist treatment

« Limit on the maximum effect that can be achiewddwever, the ceiling effect may

not apply to the analgesic effect.

PHYSICAL PROPERTIES:
MECHANISM OF ACTION & CO-RELATION WITH STRUCTURE:
Buprenorphine is a partial agonist at the mu rewepheaning that it only
partially receptor agonist. It is a potent analgdsiat acts on the central nervous
system (CNS). The partial agonism at the mu recepoa unique quality to
buprenorphine. The feature gives its many uniquepgnties specifically that its
analgesic effects plateau at higher doses, anditheffects become antagonisti
Buprenorphine exhibits ceiling effects on respiratdepression, which means that it
is safer than methadone for agonist substitutieattnent in addictiof?® 24
Buprenorphine has high-affinity binding to the mpiadd receptors and slow-
dissociation kinetics. In this way, it differs fromther full-opioid agonists like
morphine and fentanyl, allowing withdrawal symptortes be milder and less

uncomfortable for the patient.
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PHARMACOKINETICS:

ABSORPTION:

Bioavailablity of buprenorphine is very high follavg intravenous or
subcutaneous administration, lower by the sublihguabuccal route, and very low
when administered by the oral route. It is thereforovided as a sublingual tablet that
is absorbed from the oral mucosa directly intoeyst circulation.

Clinical pharmacokinetic studies found that theraswwide inter-patient
variability in the sublingual absorption of buprepieine, but within subjects the
variability was low. Both Cmax and AUC of buprenime increased in a linear
fashion with the increase in dose (in the rangd o5 16 mg), although the increase
was not directly dose-proportional. Buprenorphinembination with naloxone
(2mg/0.5mg) provided in sublingual tablets demaitstt a Cmax of 0.780 ng/mL
with a Tmax of 1.50 hr and AUC of 7.651 ng.hr/mL.

Coadministration with naloxone does not affect fhtearmacokinetics of
buprenorphine.

DISTRIBUTION:

Buprenorphine is highly lipophilic, and thereforgensively distributed, with
rapid penetration through the blood-brain barridihe estimated volume of
distribution is 188 - 335 L when given intravenguslt is able to cross into the
placenta and breast milk. Buprenorphine is appreaiéy 96% protein-bound,
primarily to alpha- and beta-globulin.

MECHANISM & EXCRETION:
Buprenorphine is metabolized to norbuprenorphine @ytochrome P450

3A4/3A5-mediated N-dealkylation. Buprenorphine amtbuprenorphine both also

Page 43



Basic Sciences

undergo glucuronidation to the inactive metaboliiaprenorphine-3-glucuronide and

norbuprenorphine-3-glucuronide, respectively.

While norbuprenorphine has been found to bind twidpreceptors in-vitro,
brain concentrations are very low which suggesés thdoes not contribute to the

clinical effects of buprenorphine.

0 Norbugrenorghide

. IHydroxynorbuprenorphine

o} deroxxbugrenorghide

. Hydroxynorbuprenorphine

o |Buprenorphine glucuroniﬁe

Buprenorphine, like morphine and other phenolic ompianalgesics, is

metabolized by the liver and its clearance is eelato hepatic blood flow. It is
primarily eliminated via feces (as free forms oplenorphine and norbuprenorphine)
while 10 - 30% of the dose is excreted in urined@gugated forms of buprenorphine

and norbuprenorphine).

The overall mean elimination half-life of buprenbie in plasma ranges from
31 to 42 hours, although the levels are very lowhtQrs after dosing (majority of
AUC of buprenorphine is captured within 10 hounsdlicating that the effective half-
life may be shorter

Buprenorphine demonstrates slow dissociation kise{~166 min), which

contributes to its long duration of action and akofor once-daily or even every-
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second-day dosing.In clinical trial studies, théf-lie of sublingually administered
buprenorphine/naloxone  2mg/0.5mg was found to be.7530 hours.
Clearance may be higher in children than in adufttasma clearance rate, IV
administration, anaesthetized patients = 901.2.% 88./min; Plasma clearance rate,
IV administration, healthy subjects = 1042 - 1280/mmin.

PHARMACODYNAMICS:

Buprenorphine interacts predominately with the @pimu-receptor. These
mu-binding sites are discretely distributed in thenan brain, spinal cord, and other
tissues. In clinical settings, buprenorphine exasgtgrincipal pharmacologic effects
on the central nervous system. Its primary actmntherapeutic value are analgesia
and sedation. In addition to analgesia, alterationsiood, euphoria and dysphoria,
and drowsiness commonly occur. Buprenorphine depgseghe respiratory centers,

depresses the cough reflex, and constricts thdspupi

DEPENDENCE:

Buprenorphine is a partial agonist at the mu-opimdeptor and chronic
administration produces physical dependence ofaihieid type, characterized by
withdrawal signs and symptoms upon abrupt discaation or rapid taper. The
withdrawal syndrome is typically milder than seerthwiull agonists and may be
delayed in onset. Buprenorphine can be abusednmaraer similar to other opioids.
This should be considered when prescribing or dising buprenorphine in situations

when the clinician is concerned about an increais&df misuse, abuse, or diversion.
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WITHDRAWAL.:

Abrupt discontinuation of treatment is not recomdeghas it may result in an
opioid withdrawal syndrome that may be delayednsed. Signs and symptoms may
include body aches, diarrhea, gooseflesh, losspptti#te, nausea, nervousness or
restlessness, anxiety, runny nose, sneezing, teemoshivering, stomach cramps,
tachycardia, trouble with sleeping, unusual inceeas sweating, palpitations,

unexplained fever, weakness and yawning.

Precipitation of Opiod Withdrawal Signs & Symptoms:

If buprenorphine is started in opioid-dependentviadials, it will displace the
other opioids and cause a phenomenon known asigfieded withdrawal" which is
characterized by a rapid and intense onset of wathdl symptoms. Individuals must
therefore be in a state of mild to moderate witivddabefore starting therapy with
buprenorphine. Because it contains naloxone, bgppéime and naloxone sublingual
tablets are also highly likely to produce marked amense withdrawal signs and
symptoms if misused parenterally by individuals efegent on full opioid agonists

such as heroin, morphine, or methadone.

GASTROINTESTINAL EFFECTS:
Buprenorphine and other morphine-like opioids hbgen shown to decrease

bowel motility and cause constipation.

EFFECTS ON ENDOCRINE SYSTEM:

Opioids inhibit the secretion of adrenocorticotmphormone (ACTH),
cortisol, and luteinizing hormone (LH) in humanshey also stimulate prolactin,

growth hormone (GH) secretion, and pancreatic searef insulin and glucagon.
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Chronic use of opioids may influence the hypothatapituitary-gonadal axis,
leading to androgen deficiency that may manifeskomslibido, impotence, erectile
dysfunction, amenorrhea, or infertility. The causale of opioids in the clinical
syndrome of hypogonadism is unknown because theusrmedical, physical,
lifestyle, and psychological stressors that majuerice gonadal hormone levels have
not been adequately controlled for in studies cotetiito date. Patients presenting

with symptoms of androgen deficiency should undéatporatory evaluation.

Adrenal Insufficiency:

Cases of adrenal insufficiency have been reporiéd apioid use, more often
following greater than one month of use. Presesatif adrenal insufficiency may
include non-specific symptoms and signs includirusea, vomiting, anorexia,
fatigue, weakness, dizziness, and low blood pressliradrenal insufficiency is
suspected, confirm the diagnosis with diagnosstirig as soon as possible. If adrenal
insufficiency is diagnosed, treat with physiologiceplacement doses of
corticosteroids. Wean the patient off of the opimichllow adrenal function to recover
and continue corticosteroid treatment until adrefoaction recovers. Other opioids
may be tried as some cases reported use of adfitfepioid without recurrence of
adrenal insufficiency. The information availableedonot identify any particular

opioids as being more likely to be associated watttenal insufficiency.

Orthostatic Hypotension:

Like other opioids, buprenorphine sublingual tabletay produce orthostatic

hypotension in ambulatory patients.
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Elevation of Cerebrospinal Fluid Pressure:

Buprenorphine, like other opioids, may elevate loayspinal fluid pressure
and should be used with caution in patients withdhi@jury, intracranial lesions, and
other circumstances when cerebrospinal pressure bmayncreased. Buprenorphine
can produce miosis and changes in the level ofaonsness that may interfere with
patient evaluation.

Elevation of Intracholedochal Pressure:

Buprenorphine has been shown to increase intragbohal pressure, as do

other opioids, and thus should be administered widution to patients with

dysfunction of the biliary tract.

ADVERSE EFFECTS:

Cardiovascular system toxicity: hypertension antgpperal edema

Gastrointestinal system toxicity: nausea, constpadiarrhea

Central nervous system toxicity: fatigue, headadheziness, drowsiness, anxiety,
opioid withdrawal syndrome

Hematologic: Anemia and bruise

Metabolic disorders: Hot flushes
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MATERIALS AND METHODS

Title: “Comparison of 0.5% hyperbaric bupivacaine and 0.5% hyperbaric
levobupivacaine with buprenorphine as an adjuvant dr spinal anesthesia in
adults undergoing infraumbilical surgeries — a oneyear hospital based

randomized control trial.”

Source of Data:

“Patients recruited were between the age group &6Q years, of either
gender, belonging to American Society of AnestHegists (ASA) grade I-lI,
undergoing infraumbilical surgeries under spinasihesia at KLE's Prabhakar Kore
Charitable Hospital and Medical Research CentrehrileNagar, Belagavi from

February 2024 to February 2025.”

Study Design:One year hospital based randomized controlled (lREIT)

Study Period: February 2024 to February 2025

Sample Size102. Group BB = 51 patients and Group LB = 51 pasie

At 95% confidence interval and 90% power

N = (Ziw2 + Z15)*> (SDi?+ SD?) X 1.10

(X—X2)?

N =102

X1=82.8 (baseline DBP)
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X2= 75 (At 15 min DBP)
SDi=13.5
SDy=10.6
Z142=1.96

Zip =1.29

SD= Standard deviation

Sample size was determined according to prior studyanvi A Dhawale K R

SivashankarComparison of Intrathecal Fentanyl and Buprenomplaas an Adjuvant
to 0.5% Hyperbaric Bupivacaine for Spinal Anestaes?021; Anesth Essays
Res.2021 Jan-Mar; 15(1):126-132. The minimum sarsg@e needed to conduct the
study was 102 cases. 102 cases will be selectedluhted them into two groups
(51 in each group) based on computer generatedmsimdd method.”
Sampling technique:
Patients who conformed to eligibility criteria arghve consent were allocated
between BB and LB through a computer generatedorargtion process.
Group BB: who received 15mg of 0.5% bupivacaine (H) + 60imggrenorphine
Group LB: who received 15mg of 0.5% levobupivacaine (H) 6@ buprenorphine
For this purpose, each patient was assigned togomg using computer generated
randomization table. This action was repeated timilsample size was reached. The
allocations were concealed to the patients.
Inclusion Criteria:

* Age 18-60 years

» Either gender

* American Society of Anesthesiologists (ASA) gradedl Il patients
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» Patients who underwent infraumbilical surgeriesarrgpinal anesthesia
Exclusion Criteria:

» Patients with American Society of Anesthesiolog{8tSA) grade Il or more

» Patients with allergy to study drug
Study protocol:
“18-60-year old adults, either male or female, whoderwent infraumbilical
surgeries under spinal anesthesia at KLE's Pralshiégee Charitable Hospital and

Medical Research Centre, Nehru Nagar, Belagavi.”

Data collection procedure:

After ethical committee approval and obtaining tentinformed consent, 102
participants scheduled for non-emergency surgergieturspinal anesthesia were
enrolled. A comprehensive pre-anesthetic evaluatias conducted a day before
surgery. On the surgery day, an 18G or 20G IV cknmas inserted to establish
intravenous access, and intravenous fluids wererashered. Patient was preloaded
with 8 ml/kg of fluids for 20 minutes. Standard nitoring equipment, including
NIBP, HR, ECG, and SpO2, was applied before inducof anesthesia. Baseline
measurements of NIBP and HR were recorded. Unddtesand aseptic conditions, a
25G spinal needle was advanced in SAS at apprepieakel. SAB was given with
participant in a sitting position using a midlingpaoach at L3-4 intervertebral space.
Once clear CSF was observed, study drug was sloydgted at 0.2 mL per second.
Spinal needle bevel was oriented upwards, and Létiso was administered without
aspiration or barbotage.

After informed consent was taken and inclusion erdusion criteria were

satisfied, study subjects were assigned to one@@froups:
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* Group BB: Patients were administered 15mg of 0.5% bupivacéit) +

60mcg buprenorphine.

* Group LB: Patients were administered 15mg of 0.5% levobwaivee

(H) + 60mcg buprenorphine.

After injection of LA, subjects were repositioneacé-up. HR and NIBP
were measured. Onset, duration, peak level of sgrdock, time taken to reach
the highest dermatomal level of sensory blockale,anset of motor block, the
time required for complete recovery of motor blodgd the total span of
subarachnoid block were all documented. Sensorgkblwas assessed in the
midclavicular line bilaterally using 24G hypodermrmeedle pin prick. Sensory
block onset was determined as time from intrathecpdction to the loss of
sensation at T8 dermatome. Highest level of senBlagk was assessed every 2
minutes for first 20 minutes post-injection and rthat 15-minute intervals
thereafter.

Sensory block duration was defined as time of i=gjom of two segments
in the maximum block height, which was evaluategioyprick.

Motor blockade was assessed using the modified Bgenscore, where 0
indicated full movement in the hip, knee, and ankléndicated no movement in
the hip but movement in knee and ankle; 2 indica@dnovement in hip and knee
but movement in ankle; and 3 indicated no movenmertip, knee, and ankle.
Onset of motor block was defined as time at whiocbdified Bromage score
reached 3, while complete recovery was considefeehvgcore returned to 0.

The duration of the subarachnoid block was defiagdhe time interval
from the intrathecal injection to the first instanwhen the patient reported pain

during the postoperative period. All time duratiowere calculated with the
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intrathecal injection time set as time zero.

Surgery was allowed to begin on achieving adegsatsory block height
(T8). Hemodynamic variables (SBP, DBP, MAP, HR &pmD2) measured prior
intrathecal injection and at every 5 minutes inadsvtill 30 minutes after

intrathecal injection.

Data processing and analysis/statistical analysis:

The study is focused on comparing 2 groups.

Qualitative variable was represented in the forrfrejuency and percentage.
Association between variables was assessed witls@lare Test.

Numerical variable was represented as Mean & Sdhgaoison of groups was done
with unpaired t test.

A P value of <0.05 was considered statisticallygigant.

Statistical analysis was evaluated with IBM SPS&Wa 22 for windows.
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RESULTS

Table4.1: Age Group Distribution (BB versus LB Comparison)

GROUP
Total
AGE BB LB

21-30 9 4 13

31-40 13 13 26
41 - 50 15 15 30
51 - 60 14 19 33
Total 51 51 102

Pear son chi-square = 2.681, p-value = 0.444
INTERPRETATION:

The age distribution between BB and LB groups shibwe statistically significant

difference (p=0.444), with the highest frequencyeried in the age group of 51-60
years (LB=19, BB=14).

Age Group Distribution (BB vs LB)
BB
I LB
17.5}¢
15.0}
12,5}
€
3 10.0¢
()
7.5¢
5.0f
2.5¢
0.0
21-30 31-40 41-50 51-60
Age Group
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Table4.2: Sex Distribution (BB vs LB Comparison)

GROUP
Total
SEX BB LB
Female 18 12 30
Male 33 39 72
Total 51 51 102
Pear son chi-square = 1.700, p-value = 0.192

INTERPRETATION:

Sex distribution was comparable between the gravifisout statistical significance

(p=0.192), although males were predominant (BB=%3539).

Sex Distribution (BB vs LB)
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Table4.3: ASA Classification (BB vs LB Comparison)

GROUP
Total
ASA BB LB
| 33 27 60
I 18 24 42
Total 51 51 102
Pear son chi-squar e = 1.457, p-value = 0.227

INTERPRETATION:

No significant difference was found in ASA classdfiion between groups (p=0.227);

however, most participants belonged to ASA Cla&B=33, LB=27).

ASA Classification (BB vs LB)

Count

ASA Class
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Table 4.4: Basdine Vitals- (BB vs LB Comparison)

Std.
GROUP N Mean P value
Deviation
BASELINE VITALS
HR BB 51 81.63 8.256
0.214
(bpm) LB 51 78.06 9.764
BB 51 134.00 10.475
SBP 0.329
LB 51 133.04 11.581
BB 51 84.00 9.722
DBP 0.327
LB 51 83.14 8.584
BB 51 100.76 9.11
MAP 0.992
LB 51 99.78 8.89
BB 51 100.00 0.000
Sp0O2 1.0000
LB 51 100.00 0.000

INTERPRETATION:

Baseline vital parameters were statistically corapler between BB and LB
groups, with no significant differences noted foedrt Rate (BB=81.63 bpm,
LB=78.06 bpm; p=0.214), Systolic Blood Pressure £{884.00 mmHg, LB=133.04
mmHg; p=0.329), Diastolic Blood Pressure (BB=84rthHg, LB=83.14 mmHg;
p=0.327), Mean Arterial Pressure (BB=100.76 mmHB=29.78 mmHg; p=0.992),
and SpO2 levels (both groups=100%; p=1.000). Olebakeline vital signs were

well-matched, indicating comparable clinical statigitiation between the groups.
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Table4.5: Vitalsat 0 Minutes (BB vs LB Comparison)

Std. Std. Error
GROUP N Mean
Deviation Mean
VITALS AT O MINUTES
HR BB 51 79.33 8.402
0.521
(bpm) LB 51 77.51 9.144
BB 51 128.00 12.598
SBP 0.825
LB 51 130.73 14.168
BB 51 80.31 11.196
DBP 0.939
LB 51 82.35 11.185
BB 51 95.92 11.142
MAP 0.911
LB 51 98.47 11.38
BB 51 100.00 0.000
Spo2 1.000
LB 51 100.00 0.000

INTERPRETATION:

At 0 minutes, vital parameters were comparable éetwBB and LB groups.
The mean Heart Rate (BB=79.33 bpm, LB=77.51 bpmystdiic Blood Pressure
(BB=128.00 mmHg, LB=130.73 mmHg), Diastolic BloodeBsure (BB=80.31
mmHg, LB=82.35 mmHg), Mean Arterial Pressure (BB225mmHg, LB=98.47
mmHg), and SpO2 (both groups=100%) did not difignigicantly. This indicates

equivalent vital stability in both groups at thesehof assessment.
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Vitals at 0 Minutes (BB vs LB Comparison)
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Table4.6: Vitalsat 5 Minutes (BB vs LB Comparison)

Std.
GROUP N Mean P value
Deviation
VITALS AT 5 MINUTES
BB 51 67.65 7.691
HR (bpm) 0.031
LB 51 71.53 9.124
BB 51 104.51 8.744
SBP 0.046
LB 51 116.25 12.558
BB 51 64.08 8.733
DBP 0.812
LB 51 73.73 8.352
BB 51 77.78 8.19
MAP 0.521
LB 51 87.67 9.33
BB 51 100.00 0.000
Sp02 1.000
LB 51 100.00 0.00D

INTERPRETATION:

At 5 minutes, statistically significant differencemerged in Heart Rate (LB=71.53
bpm vs. BB=67.65 bpm; p=0.031) and Systolic BlogdsBure (LB=116.25 mmHg
vs. BB=104.51 mmHg; p=0.046), with higher valueseaved in the LB group.
Although differences in Diastolic Blood PressureB€73.73 mmHg, BB=64.08
mmHg) and Mean Arterial Pressure (LB=87.67 mmHg,=BB78 mmHg) were
clinically notable, they did not reach statistisajnificance. Both groups maintained

optimal SpO2 at 100%.
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Table4.7: Vitalsat 10 Minutes (BB vs LB Comparison)

GROUP N Mean Std. Deviation P value
VITALS AT 10 MINUTES
BB 51 60.14 7.324
HR (bpm) 0.136
LB 51 67.20 8.861
BB 51 89.49 11.030
SBP 0.349
LB 51 105.98 9.665
BB 51 54.63 9.113
DBP 0.378
LB 51 66.33 7.919
BB 51 66.17 9.12
MAP 0.178
LB 51 79.52 7.29
BB 51 100.00 0.000
Sp02 1.000
LB 51 100.00 0.000

INTERPRETATION:

At 10 minutes, although no statistically significatifferences were found, clinically
notable variations existed between BB and LB groidjpe LB group showed higher
mean values for Heart Rate (LB=67.20 bpm vs. BBMpm), Systolic Blood
Pressure (LB=105.98 mmHg vs. BB=89.49 mmHg), Diast®lood Pressure
(LB=66.33 mmHg vs. BB=54.63 mmHg), and Mean ArteRaessure (LB=79.52
mmHg vs. BB=66.17 mmHg). Both groups maintainednogk SpO2 levels at 100%.
The observed differences suggest clinically relewsends, though statistically non-

significant.
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Vitals at 10 Minutes (BB vs LB Comparison)
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Table4.8: Vitalsat 15 Minutes (BB vs LB Comparison)

GROUP N Mean Std. Deviation P value
VITALS AT 15 MINUTES
BB 51 57.51 6.354
HR (bpm) 0.348
LB 51 65.02 7.146
BB 51 91.96 11.139
SBP 0.040
LB 51 103.69 8.157
BB 51 60.18 10.332
DBP 0.045
LB 51 66.76 7.876
BB 51 70.80 10.018
MAP 0.016
LB 51 79.05 6.88
BB 51 100.00 0.000
Sp02 1.000
LB 51 100.00 0.000

INTERPRETATION:

At 15 minutes, statistically significant differerscevere evident between BB and LB

groups for Systolic Blood Pressure (LB=103.69 mmifg BB=91.96 mmHg;

p=0.040), Diastolic Blood Pressure (LB=66.76 mmHg. \BB=60.18 mmHg;

p=0.045), and Mean Arterial Pressure (LB=79.05 mm¥$g BB=70.80 mmHg;

p=0.016), with higher mean values consistently pleskin the LB group. Although

the Heart Rate was also higher in the LB group (8882 bpm vs. BB=57.51 bpm),

this difference was not statistically significamt=0.348). Both groups maintained

optimal SpO2 levels at 100%. These findings sug@gésically and statistically

significant hemodynamic differences between gratghis interval.
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Vitals at 15 Minutes (BB vs LB Comparison)
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Table4.9: Vitalsat 20 Minutes (BB vs LB Comparison)

GROUP N Mean Std. Deviation P value
VITALS AT 20 MINUTES

BB 51 60.41 5.675

HR (bpm) 0.201
LB 51 64.55 6.379
BB 51 100.76 8.327

SBP 0.317
LB 51 107.31 6.950
BB 51 68.61 7.676

DBP 0.589
LB 51 70.25 7.686
BB 51 79.235 7.095

MAP 0.504
LB 51 82.568 6.420
BB 51 100.00 0.000

Sp02 1.000
LB 51 100.00 0.000

INTERPRETATION:

At 20 minutes, vital parameters remained statiyiceomparable between BB and

LB groups. Although the LB group had slightly highmean values for Heart Rate

(LB=64.55 bpm vs. BB=60.41 bpm), Systolic Blood $&@e (LB=107.31 mmHg vs.

BB=100.76 mmHg), Diastolic Blood Pressure (LB=70.2BnHg vs. BB=68.61

mmHg), and Mean Arterial Pressure (LB=82.57 mmHgBB=79.24 mmHg), these

differences were not statistically significant (p0%). Both groups consistently

maintained optimal SpO2 levels at 100%.
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Table 4.10: Vitalsat 25 Minutes (BB vs LB Comparison)

GROUP N Mean Std. Deviation P value
VITALS AT 25 MINUTES
BB 51 63.10 5.561
HR (bpm) 0.457
LB 51 65.78 5.576
BB 51 107.39 7.518
SBP 0.709
LB 51 108.35 7.688
BB 51 70.76 6.787
DBP 0.049
LB 51 68.29 7.852
BB 51 82.90 5.58
MAP 0.033
LB 51 81.5 6.72
BB 51 100.00 0.000
Sp0O2 1.000
LB 51 100.00 0.000

INTERPRETATION:

At 25 minutes, statistically significant differerscevere observed between groups in
Diastolic Blood Pressure (BB=70.76 mmHg vs. LB=68@amHg; p=0.049) and
Mean Arterial Pressure (BB=82.90 mmHg vs. LB=81rhénHg; p=0.033), with
slightly higher values noted in the BB group. HeRate (BB=63.10 bpm, LB=65.78
bpm) and Systolic Blood Pressure (BB=107.39 mmHB=108.35 mmHg) were
comparable and did not significantly differ. Bothogps maintained optimal SpO2
levels at 100%. These findings highlight subtle bathtistically significant

hemodynamic variations at this time point.
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Vitals at 25 Minutes (BB vs LB Comparison)
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Table4.11: Vitalsat 30 Minutes (BB vs LB Comparison)

GROUP N Mean Std. Deviation P value
VITALS AT 30 MINUTES

BB 51 64.80 5.940

HR (bpm) 0.764
LB 51 67.86 6.248
BB 51 111.63 7.419

SBP 0.112
LB 51 112.27 8.658
BB 51 73.71 6.100

DBP 0.392
LB 51 73.65 7.618
BB 51 86.15 5.47

MAP 0.129
LB 51 86.52 7.095
BB 51 100.00 0.000

Sp02 1.000
LB 51 100.00 0.000

INTERPRETATION:

At 30 minutes, vital parameters showed no stasiBlyicsignificant differences
between the BB and LB groups. Mean values for H&ate (BB=64.80 bpm,
LB=67.86 bpm), Systolic Blood Pressure (BB=111.68\Hy, LB=112.27 mmHg),
Diastolic Blood Pressure (BB=73.71 mmHg, LB=73.6BHy), and Mean Arterial
Pressure (BB=86.15 mmHg, LB=86.52 mmHg) were comdgaracross both groups.
Both groups consistently maintained optimal SpQ2Ilk at 100%, indicating stable

and balanced hemodynamic parameters at this assefspoint.
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Table 4.12: Sensory Blockade Onset at T8 Level (Minutes) and Onset of

Complete Motor Blockade (Minutes) - BB vs LB Comparison

Std.
GROUP N Mean P value
Deviation
SENSORY BB 51 0.853 0.2880
BLOCKADE: Onset at 0.006
LB 51 2.059 0.5352
T8 Level (minutes)
MOTOR BLOCKADE: BB 51 1.627 0.3853
Onset of Complete <0.001
LB 51 6.559 1.2714

Motor Blockade

INTERPRETATION:

The onset times for sensory and motor blockade weastically lesser in the BB

group compared to the LB group. Sensory blockadsetorat T8 level was

significantly faster in the BB group (0.853 minytékan in the LB group (2.059

minutes; p=0.006). Similarly, the onset of completetor blockade was markedly

quicker in the BB group (1.627 minutes) compareth® LB group (6.559 minutes;

p<0.001), highlighting superior blockade efficierinythe BB group.
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DISCUSSION

Spinal anesthesia remains a cornerstone in modemical practice for
infraumbilical procedures, offering profound serysand motor blockade with
relative simplicity and a favorable safety profileocal anesthetics, particularly
bupivacaine, have been widely used for this purphse to their potent anesthetic
properties and acceptable side-effect profil€s However, interest in potentially
safer alternatives has fueled the emergence obigivacaine—the S (-) enantiomer
of bupivacaine—which promises reduced cardiotoxi@hd neurotoxicity without
compromising anesthetic efficaci®. Simultaneously, the addition of opioid
adjuvants such as buprenorphine to intrathecal kmesthetic solutions has garnered
attention for their ability to enhance both intracgtive and postoperative analgesia
251 This synergy between local anesthetics and opididlds the potential for
superior patient comfort with less reliance on eyst analgesicg®l.

Despite bupivacaine’s established profile, questioremain about its
comparative performance against levobupivacairterims of hemodynamic stability,
onset characteristics, and overall duration ofgesh. Indeed, while levobupivacaine
is often described as having fewer cardiovascutig sffects, some clinicians have
observed slight differences in block onset and itlenelative to bupivacainé®l.
Moreover, although intrathecal opioids, includingpkenorphine, can substantially
improve perioperative pain control, the extent toick they alter the hemodynamic
effects and clinical onset characteristics of dédfé local anesthetics remains a
subject of ongoing investigatidty..

Several recent randomized trials and observatighalies have examined
hyperbaric levobupivacaine versus hyperbaric bugaivee for lower limb or

infraumbilical surgeried?®. Generally, they suggest that levobupivacaine igesy
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block quality comparable to bupivacaine, albeit stmes with a slightly slower
onset, along with a potentially safer pharmacologiofile. The addition of
buprenorphine intrathecally has further been shtwprolong analgesia and reduce
the requirement for rescue analgesics, leadingnioraved patient satisfactidh’l.
However, consensus on optimal dosing and comparatifcomes remains elusive,
particularly regarding the magnitude of any hemaayit advantages or differences
in speed of onset between these two agents.

In this one-year, hospital-based randomized cortral, we compared 0.5%
hyperbaric bupivacaine (BB) and 0.5% hyperbarioleipivacaine (LB) when used
alongside intrathecal buprenorphine for infraundbilisurgeries. The discussion that
follows integrates our study’s findings with thosé existing literature—both
supportive and contradictory—to contextualize theemdgraphic profiles,
hemodynamic responses, and block characteristissrofd. Each key variable from
our results section is examined in turn. We alsmroent on the study’s limitations
and suggest directions for future investigationftimately, understanding whether
levobupivacaine genuinely offers a safer or equelficacious, clinical alternative to
bupivacaine— particularly when combined with intetal buprenorphine—uwill
guide clinicians seeking to optimize the anestheti@anagement of patients
undergoing infraumbilical surgeri€$!.

Our data address whether levobupivacaine’s repadeentages in cardiotoxic
safety, combined with opioid-based analgesic endraeat, translate into meaningful
clinical benefit or whether the longstanding faaniliy and rapid onset of bupivacaine
is preferable. By exploring these questions, theskwaims to illuminate best practices
for intrathecal anesthesia and encourage furttssrareh focused on long-term safety,

postoperative analgesia, and cost-effectivenessmiitis domairi?®.
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In our study, no statistically significant differ@ was observed in the age
distribution between the BB (0.5% hyperbaric bupaiae plus buprenorphine) and
LB (0.5% hyperbaric levobupivacaine plus buprenor@hgroups (p = 0.444). This
similarity implies successful randomization, rechgcihe likelihood that age skewed
the comparison of anesthetic outcomes.

Previous randomized controlled trials have likewisported minimal age-
related differences when comparing bupivacaine dedobupivacaine .
Furthermore, although advanced age might predispimsemore pronounced
hemodynamic changes under subarachnoid bfdtkthe presence of an intrathecal
opioid adjuvant such as buprenorphine tends tor cff@ble intraoperative analgesia
across different age bracket¥!. Consequently, with both arms displaying a
comparable mean age profile, any variations obsemeour key outcomes can be
more confidently attributed to the anesthetic agé&memselves rather than patient age.

The overall sample demonstrated a male preponderériz males vs. 30
females), yet this difference between BB and LBugs was not statistically
significant (p = 0.192). Male predominance for afmbilical surgeries, especially
orthopedic and urological, is a commonly reporteindgraphic phenomend??..
Importantly, no substantive evidence suggests thex differences alter the
comparative efficacy of bupivacaine and levobupiwae in spinal anesthesia, aside
from isolated reports indicating minor variatiomslécal anesthetic requirements.

In our trial, the random distribution of males dathales further validates the internal
consistency of the comparison.

Patients in both groups were predominantly ASA | 1br(60 and 42,
respectively), and no statistically significantargroup difference existed (p = 0.227).

This typical profile for elective infraumbilical sgery patients indicates a relatively
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healthy study cohort. Within the ASA I-Il range, joradifferences in block
characteristics generally arise from technique dmgy pharmacodynamics rather than
from comorbid condition$®!. Hence, similarity in ASA classification betwedmet
groups helps ensure fair comparisons.

At baseline, no statistically significant differenemerged in heart rate (HR),
systolic blood pressure (SBP), diastolic blood gues (DBP), mean arterial pressure
(MAP), or oxygen saturation (SpO2) between the gso(p > 0.05). This parallels
previous comparative trials, which also reportednparable starting vitals across
bupivacaine and levobupivacaine arfif& Consequently, subsequent hemodynamic
differences can be reliably attributed to the didtipharmacologic attributes of the
two agents rather than an imbalance at baseline.

Hemodynamic fluctuations following intrathecal atiesia often occur within the

first 15-20 minutes, owing to sympathectomy.

1. Heart Rate

o At 5 minutes, BB showed a significantly lower mé#R (67.65 bpm) relative to

LB (71.53 bpm, p = 0.031).

o Although p-values at 10 and 15 minutes varied (with 0.136 and p = 0.348),

the mean HR generally remained lower in the BB grou

This tendency toward bradycardia aligns with eanteports indicating that
bupivacaine may induce deeper sympathetic blockiaale levobupivacaine, at least
in the initial phase of the block®l. Buprenorphine’s influence on heart rate is
typically minimal, and it is more recognized fos &nalgesic potentiation rather than

direct chronotropic effectd”.
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2. Blood Pressure (SBP, DBP and MAP)

o At 5 minutes, BB exhibited a significantly lower ame SBP (104.51 mmHg)

compared to LB (116.25 mmHg, p = 0.046).

o This more pronounced early drop in SBP for BB reradievident at 15 minutes (p
= 0.040 for SBP and p = 0.045 for DBP). MAP at lihutes was also significantly

lower in the BB group (p = 0.016).

Several investigators have observed that hypertbarmvacaine, due to its
potency and profile, may cause a more abrupt symeptamy, thus magnifying the
initial hypotensive respond®!l. Levobupivacaine, conversely, appears to cause les
hemodynamic perturbation in the early phdé8. Clinically, however, these
differences are often well-managed with standarga@perative monitoring and
interventions, such as fluid boluses and vasoacthetlications, mitigating any
tangible harm.

Overall, our findings indicate that while both Ib@nesthetics are safe and
effective for infraumbilical surgery, bupivacaineyntrigger a more pronounced early
bradycardia and hypotension, consistent with previ@omparative report§3l.
Levobupivacaine’s potentially milder initial sympattomy could be beneficial in
patients where hemodynamic stability is paramotidugh in typical practice these
effects are usually controllable.

Two key parameters—time to T8 sensory block ane timmcomplete motor

blockade—demonstrated statistically significanfediénces:
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« Sensory Block Onset: BB reached T8 in 0.85 minutes on average, whereas

LB took 2.06 minutes (p = 0.006).

« Motor Block Onset: BB achieved complete motor blockade in 1.63 neaut

considerably faster than LB at 6.56 minutes (pGOD).

These results confirm existing evidence that bugauze generally offers a
faster onset of block than levobupivacaifi. The stereoselective properties of
levobupivacaine are believed to contribute to amparatively slower onset, though
clinically the difference of a few minutes may beceptable, particularly if patient
safety is improved®l. Additionally, hyperbaricity in both solutions iseated to
facilitate predictable spread, yet the inherentrpiaeological differences between
racemic bupivacaine and levobupivacaine remairvagie

The addition of buprenorphine does not significandlter onset times,
functioning primarily to extend analgesic duratiamd quality *61. Hence, the
differences observed in our study are consistenth wknown pharmacologic
distinctions rather than any opioid-induced modatat

In sum, hyperbaric levobupivacaine combined witpreaorphine appears to
offer a comparable anesthetic depth to hyperbaunjgiviacaine, but with a slower
onset and milder early cardiovascular effects. Bagaine, on the other hand, delivers
a quicker onset but may induce steeper early henmaodic fluctuations. Both agents
remain viable, safe, and effective choices whendepliby appropriate clinical

judgement.
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Limitations;

1. Single-Center Design and Sample Size

Although powered for detecting onset and hemodyoadiiferences, our
single-center design limits generalizability. Largenulticenter trials could
validate or refine these findings among differempylations and surgical

contexts.
2. Infraumbilical Surgeries Only

Our findings may not extrapolate to upper abdomarathoracic procedures,
where the required level and spread of anesthé$ga. dAdditional research is
needed to compare bupivacaine and levobupivacaiother surgical domains

and in patients with higher ASA classes.

Future Scope:

1. Dosing Strategies

Future studies could explore varying concentratiaris bupivacaine or
levobupivacaine and incremental doses of bupremoepho identify the
optimal combination balancing rapid onset, hemodyinastability, and

prolonged pain relief.
2. Enhanced Recovery Pathways

As healthcare systems increasingly adopt enhaneedvery after surgery
(ERAS) pathways, there is potential for levobupaiae plus buprenorphine
to serve as a key component of multimodal analgesducing length of stay
and improving patient satisfaction. Evaluating thesgimens within ERAS

frameworks would further guide best-practice protsc
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In conclusion, our randomized control trial indestthat both hyperbaric
bupivacaine and hyperbaric levobupivacaine, adn@res intrathecally with
buprenorphine, offer safe and effective anesthisianfraumbilical surgeries. Key
differences include a more rapid onset and morexquoced early hemodynamic
changes with bupivacaine versus a slower onsetaltgér hemodynamic shifts with
levobupivacaine. Tailoring the choice of local @hesic to patient comorbidities,
surgical urgency, and institutional expertise remaintegral. Future large-scale,
multicenter, and longer-term studies can furthelindate the optimal role of
levobupivacaine in modern regional anesthesia iggctespecially as part of

comprehensive perioperative pain management steateg
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CONCLUSION

In conclusion, our one-year, hospital-based randechcontrol trial confirms
that both 0.5% bupivacaine (H) and 0.5% levobup@uae (H), each administered
with buprenorphine intrathecally, offer effectiveesthesia for infraumbilical surgical
procedures with manageable side effects, albelt mieéaningful differences in onset
speed and initial hemodynamic impact; thus, whilpitbacaine may be favored in
instances where a rapid and profound block is pZed, levobupivacaine’s
comparative cardiovascular stability could be adwgeous in patients with
compromised hemodynamic reserve, ultimately undeirsg the importance of

individualizing anesthetic selection to optimizdigat safety and outcomes.
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SUMMARY

Spinal anesthesia has been a reliable mainstaynfaaumbilical surgeries
owing to its simplicity, rapid onset, and high lewé patient satisfaction. However,
the choice of local anesthetic and the incorponatad adjuvants significantly
influence clinical outcomes. Against this backdropr thesis sought to compare the
efficacy of 0.5% hyperbaric bupivacaine (BB) anf%.hyperbaric levobupivacaine
(LB) when combined with buprenorphine for subaragtinblock in adult patients
undergoing diverse infraumbilical procedures. Thmpetus behind examining
levobupivacaine specifically relates to its repiotatfor reduced cardiotoxicity while
maintaining a comparably effective sensory and molbdockade profile to
bupivacaine. Meanwhile, intrathecal buprenorphias parnered favor for prolonging
perioperative analgesia, potentially decreasingrtbed for additional postoperative
pain medications.

In our trial, neither age nor sex distribution dabsially differed between
patients receiving hyperbaric bupivacaine or leybacaine, nor did the vast
majority of participants fall into the ASA I-Il aagories. These demographics
enhanced the internal validity of our findings bynimizing confounders such as
comorbidities or skewed age brackets. Additionalig variety of surgical diagnoses
and procedures—ranging from orthopedic to uroldgiead general surgical
interventions—ensured broad applicability of oumsules in real-world clinical
practice.

Hemodynamic profiles, a central safety concernpima anesthesia, revealed
that bupivacaine occasionally elicited more prorm@ahhypotension and bradycardia
during the early phase of the subarachnoid blockvobupivacaine displayed

somewhat gentler hemodynamic shifts, which maydwaatageous for patients prone
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to cardiovascular compromise. Still, these diffes were typically transient and
well-managed with standard intraoperative measgess., fluid resuscitation and

vasoactive support). Therefore, while the distorciin hemodynamic parameters was
statistically significant at specific intervals, did not escalate into severe clinical
events.

Of note, the onset of sensory and motor blocks dstnated noteworthy
variation. Patients in the bupivacaine group exgex@d a more rapid onset of both
sensory anesthesia to T8 and complete motor bRgkontrast, the levobupivacaine
group, although comparable in final block qualitd a slower onset. Clinically, a
slightly delayed onset may be tolerable in manyades, particularly when balanced
against potentially increased cardiovascular stgbiMeanwhile, the inclusion of
buprenorphine was crucial for enhancing analgesiatibn, which is especially

important for postoperative comfort.
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Annexures

INFORMED CONSENT FORM

‘COMPARISON OF 0.5% HYPERBARIC BUPIVACAINE AND 0.5%
HYPERBARIC LEVOBUPIVACAINE WITH BUPRENORPHINE AS AN
ADJUVANT FOR SPINAL ANAESTHESIA IN ADULTS UNDERGOING
INFRAUMBILICAL SURGERIES - A ONE YEAR HOSPITAL BASE D

RANDOMIZED CONTROL TRIAL”

We request you, Mr./Mrs./Miss to kindly participan our study as you are
eligible for it. During the study, you will be asksome questions regarding your medical

history and we would like to request you to ansteghe best of your knowledge.

We would like to state that your participation hist research is completely voluntary.
Your reason whether to participate or not will affect your relationship with J.N.Medical
College. If you agree to participate, we would likealso let you know that you are free to

withdraw at any point in time.
Purpose of the study:

The purpose of this research is to compare 0.§peHbaric Bupivacaine 15mg with
Buprenorphine 60mcg and 0.5% Hyperbaric Levobugivee 15mg with
Buprenorphine 60mcg for spinal anaesthesia in mpatieundergoing elective
infraumbilical surgeries to evaluate the hemodymraghianges and to study the onset of

sensory and motor blockade.
Explanation of the procedure:

If you agree to enroll in my study, | will ask yqour present, past and family
history. Then you will be clinically examined intd#. Under sterile aseptic precautions, a
needle will be introduced in your back (spine)e&léevant level. Spinal anesthesia will be

performed in the sitting position by using a midliapproach and the study drug will be
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injected. You will randomly be allotted in one bfttwo groups: one group will be given
hyperbaric bupivacaine + buprenorphine and therogineup will be given hyperbaric
levobupivacaine + buprenorphine. We will look fdreteffects on heart rate, blood
pressure, oxygen saturation and time of onset ®fblbck in the patient. We will note

down the effects which will be seen in the patient.

Withdrawal from participation in the study: Participation in this study is voluntary.
You will be free to decide whether to participatetiis study or continue participation
once enrolled. In case you decide to withdraw ymanticipation, you are free to do so.

However, please convey the decision to the prihaipestigator.

Possible benefits from participating in the study:You will not get any benefits by

participating in this study. The data gathered h&lp population at large.

Possible risks from participating in the study: There are no risks involved in

participating in this study.

Privacy and confidentiality: The information collected from you will be coded t
prevent any person to identify you. Your ident§ll never be revealed. The data
collected from you will be kept confidential andlypprocessed or aggregated data will be
used for publication.

Financial incentives: You will not receive any payment for participatim this study.
Authorization for publication of aggregated data: Results obtained after processing of
the aggregated data will be published for scienpiirpose and or presented to scientific

groups. However, your identity will never be rewezhl
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Questions:

If you have any question or complaints with regargour right as study participant you

may contacDr Harsha Hegde Chairperson, Ethical committee of INMC, 0831-2473
Extension 4052.

Legal rights: By signing this consent form, you are not waivimg af your legal rights.
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CONSENT STATEMENT

“COMPARISON OF 0.5% HYPERBARIC BUPIVACAINE AND 0.5%
HYPERBARIC LEVOBUPIVACAINE WITH BUPRENORPHINE AS AN
ADJUVANT FOR SPINAL ANAESTHESIA IN ADULTS UNDERGOIN G

INFRAUMBILICAL SURGERIES — A ONE YEAR HOSPITAL BASE D

RANDOMIZED CONTROL TRIAL”

I, voluntarily exgier the participation as a

subject of study. By signing this consent formi aot giving up any of my legal rights, |
may withdraw myself from the study anytime. | amnsing the consent form after having
read or been read for me in vernacular languagiyding the risks and the benefits and

having all my questions answered.

Subject Name:

Signature or the Left Thumb Print of Subject:

Date:

Investigator's Name: Signature:

Date:

Place:
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PROFORMA

“COMPARISON OF 0.5% HYPERBARIC BUPIVACAINE AND 0.5%
HYPERBARIC LEVOBUPIVACAINE WITH BUPRENORPHINE AS AN
ADJUVANT FOR SPINAL ANAESTHESIA IN ADULTS UNDERGOING

INFRAUMBILICAL SURGERIES — A ONE YEAR HOSPITAL BASE D

RANDOMIZED CONTROL TRIAL "~

Patient’'s Name ; [.P No.

Age ; Date of Exantioa :
Gender ; Anesthesiologist :
Address

Pre-anesthetic evaluation:
Chief complaints:
Past History:
* H/o co-morbidities and drug intake :
» H/o previous surgery/(s) where difficult airway warscountered :

* Previous anesthetic experience:

General physical examination:

Height (cm): Weight (Kg): BMI:

Pallor ; Icterus

Cyanosis ; Clubbing : BP

PR : RR : SpO2:

Systemic examination:
RS: CVS:
CNS: GIT:
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Airway Assessment:

Teeth: Jaw movements:
Investigations:

Hb (gm/dl): TLC: Platelet count:

Serum Creatinine FBS: Chest x-ray: ECG:
Preoperative physical status: ASA Grade I I

Diagnosis:

Proposed surgery:

HR SBP DBP MAP Sp0O2

Baseline

0 minutes

5 minutes

10 minutes

15 minutes

20 minutes

25 minutes

30 minutes

Onset of sensory blockade:

Onset of motor blockade:
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PHOTOGRAPHS

Photograph 1: 0.5% Hyperbaric Bupivacaine

"CEVOBUPNACANE N DEYTROKE INECTON
LEVO-ANAWIN ®Heavy 4/2

FOR SPINAL ANAESTHESIA

Preservative not added Sterile Ampoule

Photograph 2: 0.5% Hyperbaric Levobupivacaine
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Photograph 3: Buprenorphine

Photograph 4: 25 gauge Quincke’s Spinal Needle
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&2 BD Quincke Needle 1 Unit ™ 256G x 3.501N
Spinal Needle Qi ke Ty Point
e naD e s Gl N @A 0.50 mm x 90 mm

t Lt

STERILE[EO]  wl Becton Dickinson SA. Camino de

12 e Quincke Valdeoiiva, s/n, 28750 San Agustin del
i) C € Guadalix, Madrid, Spain
[REF] 405122 0318 _ DGW114306

Import Ligense No.:

Rp Rs. 235.50
ok of o tazes par sk

Photograph 5: Spinal Needle

Photograph 6: Painted and Draped Spine
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Photograph 7: Monitoring
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GROUP

S No. | AGE SEX | ASA DIAGNOSIS SURGERY BBILB BASELINE VITALS VITALSAT O MINUTES VITALSAT 5 MINUTES VITAL
HR (bpm) | SBP DBP MAP | $p02 | HR (bpm) | SBP DBP MAP Spo2  |HR(bpm) | sBP DBP MAP 02 | HR (bpm)| SBP
33 F Right Ureteric Calcu Right URSL BB 90 € 10€ 11¢ 92 4 10C 113 0C 83 C 74 89 71 1C
29 M Urinary Bladder Calcu C it il BB 86 3 8C 10% 89 4 84 103 0C 7c C 7 84 65 04
28 M Left Inguinal Herni Hernia Repa BB 83 C 8C 7 81 4 80 98 0C 67 € 7 87 63 0C
30 M Urinary Bladder Calcu C it il BB 90 10C 1% 93 44 98 113 0C 72 C 7 91 62 0€
42 F Left Ankle Bursitic Excisior BB 94 98 11 96 10C 11C 0C 71 z 8. 92 65 9C
45 F Right Knee Baker's Cy Excisior BB 70 4 0C 74 80 9¢ 0C 62 C 6 82 57 104
55 M ] F b i BB 70 C 96 72 86 103 0C 58 A 58 73 54 84
8 38 F ACL Teal BB 90 C 97 88 4 80 98 0C 7€ 14 68 83 62 92
9 34 M Left IT Femur Fractut ORIF BB 7 3 C 93 80 4 84 97 0C 7 0€ 68 81 62 88
52 F ] Left Diabetic Foot Ulce Debridemer BB 7 € 10€ 11¢ 75 14 98 113 0C 1 24 68 87 56 8€
59 ] Right Inguinal Herni Hernia Repa BB 6! 52 104 12¢ 66 4 10C 11€ 0C C 1z 78 89 51 92
25 Pilonidal Sinu Excisior BB 94 8 93 90 4 78 93 0C :) 0C 64 76 71 9€
39 Renal Calcu RIRE BB 82 7 93 85 80 9C 0C 72 1C 68 92 63 10€
46 ] i Cys Excisior BB 75 8. 99 70 76 93 0C 6€ 0€ 7c 83 65 114
39 Ureteric Calcu URSL BB 89 8! 96 85 79 92 0C 7c 1 45 60 66 88
60 ] TURF BB 69 93 11 67 87 10¢ 0C 5¢ 0z 5¢ 73 53 81
52 Ca Color Colostom' BB 71 3 0C 70 1€ 70 85 0C 6€ 0C 53 69 54 93
8 59 ] BPH TURF BB 70 7 07 68 41 80 10C 0C 57 0z 53 69 49 87
9 32 Ureteric Calcu URSL BB 88 3 0C 86 80 9C 0C 72 90 7c 77 60 8
20 56 ] Right Gluteal Absce: Incision & Drainag BB 89 ) 99 86 8. 98 0C 7c 01 5€ 71 64 7
21 43 Left Foot Ulce Debridemer BB 79 71 90 73 7 8€ 0C 68 0C 54 69 57
22 50 ] Left Leg Lipom: Excisior BB 79 8€ 10€ 7 4 7 92 0C 63 0C 58 72 52
23 37 F Left Inguinal Herni Repai BB 86 8€ 10% 8. 7 98 0C 6C 04 6C 75 56
24 50 M ] Ureteric Calcu URSL + DJ Stentin BB 68 C 10¢ 7 € 96 113 0C 6C 0z 7c 81 54 C
25 4 F Renal Calcu Left RGF BB 78 7 C 97 7 € 76 9€ 0C 7c 2C 68 85 72 10¢€
26 F Ureteric Calcu C + DJ Stenti BB 88 € C 95 89 C 80 9C 0C 8C 0z 74 72 88
27 44 M ] Left Baker's Cy: Excisior BB 90 C C 10C 84 € 74 88 0C 48 92 73 50 77
28 32 M Left ACL Teal r ic Repa BB 90 C C 107 91 € 72 94 0C 88 10C 65 74 98
29 58 F Right Renal Calcu Right URSL BB 77 i3 4 10€ 64 ] 72 84 0C 6C 92 73 58 87
30 50 M ] Right Meniscal Te: Repai BB 84 C C 87 80 C 62 78 0C 62 96 64 58 8¢
31 47 F Right Inguinal Herni Repai BB 90 € 9C 10¢ 88 C 90 102 0C 7c 11€ 85 64 88
32 35 F Right Calceneal Implant Removi BB 88 C 7c 87 87 € 60 7€ 0C 71 96 6C 72 64 78
3 60 M ] TURF BB 84 C 7c 93 80 C 52 71 0C 71 95 62 73 64 78
4 50 F UV Prolaps Vaginal + BB 74 C 72 88 70 € 68 84 0C 61 92 54 67 55 8¢
30 M VUJ Caleulu Left URSL BB 74 7 88 101 70 C 72 85 0C 65 98 44 62 60 4
43 F ] uTil Cystoscopy & Procet BB 74 7 74 92 64 C 64 7€ 0C 6C 99 62 74 54 2
48 F ] Right Calceneal ORIF BB 10C C 7c 80 82 94 62 73 0C 8C 88 5¢ 69 74 4
38 56 ] Hydrocele Excisior BB 90 C 98 11¢ 89 A€ 98 11¢ 0C 71 2C 7c 87 64 C
3 31 Gluteal Absces Incision & Drainag BB 81 C 7€ 94 80 2€ 80 98 0C 7c 1C 68 82 56 C
4 35 Anal Fissur Fi BB 84 i3 7€ 97 81 3 80 97 0C 7 1C 6€ 81 59 €
4 26 Left Inguinal Herni Repai BB 86 3 C 96 80 2 76 91 0C 7 0z 6C 74 67 9C
4 35 F Wound Gapin Secondary Suturit BB 82 C C 97 78 1 78 91 0C 6 4 67 7 52 8C
4 45 M Hydrocele Excisior BB 83 € C 99 80 A 80 10C 0C 7 0: 7c 8. 7 82
4 22 M Left Inguinal Herni. Repai BB 84 3 C 96 80 2 76 91 0C 6 0: 6C 7 4 98
4 56 F lical Hernii Repai BB 79 C 0C 76 3 80 9¢ 0C 58 0: 6C 7 4 78
4 52 M Anal Fissur Fi BB 86 & 14 80 3 90 10€ 0C 63 0 7c 82 4 7c
4 58 M ] Left Inguinal Herni Repai BB 77 9€ 1% 69 4 96 111 0C 6C 0 8C 89 4 9C
48 59 M ] Right ACL Tea r Repa BB 69 9€ [ 11% 70 10C 113 0C 64 0 78 88 56 11C
49 28 F ilical Hernii Repai BB 76 7c 89 71 80 9C 0C 6€ 5€ 71 57 7c
50 28 M DJ Stent in sit Check UR! BB 90 9C 107 92 € 86 103 0C 8C 68 82 72 114
51 44 F ilical Hernii Repai BB 84 C 8C 7 82 C 76 94 0C 7C 7C 84 56 78
52 52 M Ca Prostal BIL Orchidectom Ll 68 5C 10C 17 67 4 98 2 0C 64 C 97 61 4
53 59 M Ca Bladde Cystoscopy + TURB Ll 68 5€ 10C 1< 67 C 10C 7 0C 6C 2 101 60
54 50 M Oplcfo Ulcer over Right Fo STSC Ll 72 3 10z 17 70 4C 10C 2 0C 62 C 92 64
55 60 F Right Lower Limb PVL Right Femoral Artery Ll 68 C 9C 07 69 4C 90 7 0C 62 ) 95 57
56 37 Pilonidal Sinu Excisior Ll 87 € 8C 95 90 € 80 98 0C 78 c 85 75
57 60 ] BPH TURF Ll 64 C 98 11¢ 69 5€ 10C 11¢ 0C 6C 88 10¢ 59
58 4 VUJ Calculu URS + DJ Stentir Ll 70 C 7€ 94 70 4 70 91 0C 64 72 86 60 2
59 4 Right IT # ORIF + Plating Ll 87 € 81 96 89 C 79 93 0C 78 72 72 75 0z
60 4 F ] Left Proximal Tibia i ORIF + Plating Ll 79 C 8¢ 10% 74 7 7 10C 0C 71 0 68 82 66 0C
61 M ] Ulcer over left foc STSC Ll 67 € 7€ 101 70 3 103 0C 65 1 67 84 61 04
62 9 F 1 ORIF + Plating Ll 89 € 81 96 86 4 9€ 0C 78 0 7c 83 71 9€
63 56 M | Right IT # ORIF + Plating Ll 60 2 75 94 58 1 94 0C 58 0: 7c 81 51 91
64 37 M Op/CIO Tibia i Implant Removi Ll 83 C 8C 9. 81 7 9C 0C 75 0: 68 80 69 10¢
65 40 F Left ACL Teal r ic Repa Ll 69 4 7c 65 80 93 0C 61 96 61 73 58 9¢
66 58 M ] Right Lower Limb Celluliti: Right Below Knee Amputatic Ll 77 € 88 7 79 93 10¢ 0C 71 0¢ 7c 83 59 93
67 49 M ] Hydrocele Jabulay's Procedt Ll 71 52 82 £ 68 70 94 0C 63 1€ 75 89 57 10z
68 7 M ] Right Lower Limb Celluliti: Right Below Knee Amputatic Ll 60 € 9€ 1% 58 87 10z 0C 53 1z 78 89 49 8¢
69 4 F UV Prolaps Vaginal + Ll 89 i3 77 94 84 8. 92 0C 77 0C 58 72 68 9C
7 M Left Inguinal Herni Repai Ll 77 C 8 97 75 7 9C 0C 68 96 6€ 7 66 91
7 F Right Knee Baker's Cy Excisior Ll 84 3 7 90 88 8. 91 0C 71 10C 58 7 59 10€
7 4 F Left Inguinal Herni Repai Ll 79 C 8. 98 76 7 92 0C 65 92 5¢ 7 63 9¢
7 M Ureteric Calcu URSL Ll 83 i3 7 90 87 7 8€ 0C 7€ A 68 80 7 04
7 M Left Renal Calcu Left PCNL Ll 85 € 8€ 0 89 2 80 9€ 0C 8C z 73 86 7 0C
7 F Renal Calcu PCNL Ll 96 83 0: 10C 32 80 98 0C 88 75 90 7 0¢
7 60 Ca Bladde TURBT Ll 72 88 0 76 43 81 10z 0C 68 71 87 6: 0€
7 58 BPH TURF Ll 78 93 0 82 3C 85 10C 0C 7€ 68 81 7 92
78 59 TURF Ll 68 10C 1: 70 2¢ 93 10¢ 0C 6C 8C 92 56 98
79 48 Renal Calcu URSL Ll 74 91 0 71 2¢ 78 98 0C 63 7c 84 59 10€
80 55 Vesical Calculu C i il LI 64 7 8€ 0€ 63 4C 90 107 0C 58 61 78 48 8¢
81 60 Right Inguinal Herni Hernia repa Ll 71 8€ 07 68 4z 78 9¢ 0C 6C 6C 77 53 0C
82 42 Hemorrhoid Hemorrhoidectom Ll 82 4 8C 0C 7c 8¢ 104 0C 67 8C 93 61 0€
83 54 F | Absce Debric LI 90 74 89 8C 12t 14z 0C 72 3 98 10€ 66 13
84 25 F Fissure in ar Fi Ll 88 2z 7c 87 78 2 8¢ 101 0C 7c 4 8C 91 74 02
85 40 M Bladder Ston C LI 8C 2C 8C 93 9C 2 77 93 0C 8€ C 7€ 93 81 0¢
86 60 M Il Prostatomegaly TURP LB 68 130 82 98 10f 84 123 61] 82 10/ 79 109 69 82 100 82 116
87 54 M ] Op/C/O Right great toe amputation Debridensmd Grafting LB 84 126 80 95 10 82 140 92 108 10 77 13 8 9 0 1 71 115
88 F | Pilonidal Sinu Excision and repe Ll 8C 8C 93 84 3 8C 9€ 0C 75 17 65 82 76 0€
89 4 Left LL fasciiti Fasci Ll 8C 8C 93 82 € 7c 85 0C c 74 83 77 1C
90 4 Perianal absce D Ll 98 7c 87 88 C 68 85 0C 83 7€ 95 68 0€
91 4 | Raw area over left fo STSC Ll 88 7c 88 78 i3 7€ 9€ 0C 78 6C 80 71 Vil
92 | Op/CIO Right LL ulce STSC Ll 8C 92 10€ 68 € 7c 82 0C 685 8C 90 69 21
93 2 F cy. Excisior Ll 78 4 8C 95 8C 3C 8C 97 0C 82 2 8€ 98 77 07
94 28 M I Op/CIO Left leg Traumatic amputation Debridemnand grafting LB 84 118 68 85 10qQ 90 124 77 93 100| 85 11 71 8! 00 1 81 128
95 48 M | Ulcer Left Lower limt Debric and Gratftil LI 10C 12¢ 82 97 10C 7€ 14 9C 107 10C 7€ 13% 8€ 10z 10C 68 11C
96 50 M ] Right great toe papillon Excisior LI 88 12¢ 8C 93 10C 84 11 7€ 9C 10C 81 12¢ 82 95 10C 78 10C
97 4 M | Right ACL & Medial Meniscus Tear Arthroscopiepair LB 64 124 86 99 100 78 56 86 109 100 86 14 79| 10 10p 1
98 | Left ACL + Medial Meniscus Tear Arthroscopiejpair LI 70 132 88 103 100 84 60 90 113 100 82 149 E 10 104 1
99 4 | Right ACL Tea r ic Repa LI 68 11: 72 85 10 78 12¢ 68 87 10C 8€ 12¢ 7€ 91 10C 69 98
10C 4 | Left ACL Teal r ic Repa LI 8€ 124 8€ 99 10 72 14C 9C 107 10C 68 13€ 82 10C 10C 73 104
101 | Op/CIO BIL Tibia Fractur D I of B/L Na LI 84 13: 84 10C 10 88 99 61 74 10C 71 10€ 77 87 10C 75 11¢
102 38 M 1 Op/C/O Right Tibia Distal End Fracture ImpteRemoval LB 82 150 90 110 100 80 130 70 90 100| 76 11 79 9. 100 109




SAT 10 MINUTES VITALSAT 15 MINUTES VITALSAT 20 MINUTES VITALSAT 25 MINUTES VITALSAT 30 MINUTES BSLEC')“CS}?EI;E MOTOR BLOCKADE
Onsetat T8Level |  Onset of Complete
DBP MAP $p02 | HR(bpm)| SBP DBP MAP 02 | HR (bpm)| SBP DBP MAP $p02 | HR(bpm)| SBP DBP MAP 02 | HR(bpm)| SBP DBP MAP spo2 (minutes Motor Blockade
70 8: 0oC 67 10€ 7C 8 59 102 66 7€ 0C 5€ 0: 6C 74 60 1c 62 7 0C 15 2
70 8 0oC 62 6C 7 62 98 60 73 0oC 64 0 72 84 57 0€ 68 8 0oC 15
60 7 0oC 64 74 8 60 98 80 8€ 0oC 61 0: 7€ 86 60 C 60 7 0oC 2
70 8: 0oC 62 6€ 7 65 98 70 7¢ 0oC 62 0 68 81 66 C 70 8: 0oC 3
60 7 0oC 62 6C 6! 69 10¢ 78 8% 0oC 7C 94 7 83 71 4 66 7 0oC 15
70 81 0oC 58 6€ 80 56 oC 58 6¢ 0oC 5¢ 98 7 85 60 C 60 7 0oC 2
50 61 0oC 5€ 5C 63 51 9€ 76 83 0oC 53 4 7 83 56 C 70 8 0oC 15
56 68 0oC 6€ 58 7 65 oC 60 72 0oC 6¢ 14 7 87 63 € 80 o3 0oC 2
56 67 0oC 6C 7C 7 62 1C 72 8% 0oC [ € [ 81 67 4 78 87 0oC 15
56 6€ 0oC 58 68 7 55 0€ 80 8¢ 0oC 5¢ € 7C 85 57 C 80 9C 0oC 15
56 68 0oC 48 5C 6 58 0z 68 7¢ 0oC 57 C 6C 77 60 4 74 87 0oC 2
68 7€ 0oC 68 74 81 69 72 87 0oC 7C C 8 90 72 € 76 o3 0oC 15 2
78 87 0oC 67 7€ 89 74 4 84 o3 0oC 7C € 7 86 71 C 82 o1 0oC 1 2
72 8€ 0oC 68 7C 83 65 7 8¢ 0oC 68 7 83 69 4 70 88 0oC 1 15
56 67 0oC 68 7C 7 61 8 o3 0oC 69 7 83 68 Z 69 8C 0oC 0.5 1
4 6C 0oC 58 6€ 7 61 98 7 7¢ 0oC 5¢ 0. C 88 66 1c 83 oF 0oC 0.5 15
4 64 0oC 5C 61 7 59 10€ 7 87 0oC 62 1 C 93 60 1C 73 8% 0oC 1 2
4 5€ 0oC 51 5€ 6. 55 92 6. 73 0oC 5€ 0: C 74 59 0€ 69 82 0oC 1 15
6¢ 0oC 48 45 56 56 88 6! 6¢ 0oC 57 0: 4 77 66 1c 79 8¢ 0oC 0.5 15
1 6C 0oC 53 6C 68 59 98 63 7€ 0oC C 0 c 80 60 9 66 7 oc 1 15
52 62 0oC 5€ 5€ 67 60 10¢ 60 73 0oC 1 98 58 7 59 0€ 70 0oC 0.5 2
47 5¢ 0oC 5 57 67 56 9€ 70 7¢ 0oC C 04 6€ 7 59 1C 70 0oC 1 2
] 5€ 0oC 5C 63 59 9€ 68 77 0oC 62 A 7C 8 60 0€ 70 0oC 0.5 1
50 C 0oC 6€ 75 58 0z 70 81 0oC 57 C 7€ 8 60 4 80 0oC 0.5 15
70 3 0oC 6€ 82 65 04 70 81 0oC 71 C 8C 90 69 € 74 0oC 1 2
48 C 0oC 7C 79 70 0€ 76 8€ 0oC 68 C 7C 83 71 74 8€ 0oC 1 15
42 7] 0oC 5¢ 5€ 68 69 0z 68 7¢ 0oC 72 € 7 86 74 82 o7 0oC 0.5 1
52 7 0oC 5€ 68 80 58 14 72 8€ 0oC 74 1 7. 90 60 80 92 0oC 0.5
47 C 0oC 5C 42 54 59 92 74 8 0oC 62 7 9 96 71 84 94 0oC 1
42 5¢ 0oC 54 48 61 64 9¢ 62 7 0oC 68 3 7 85 72 80 oC 0oC 0.5
56 67 0oC 5¢ 6C 72 50 104 66 7 0oC 57 1c 7 83 59 4 76 8¢ 0oC 1
48 5¢ 0oC 5€ 7c 75 59 102 66 7 0oC 61 0oC 7 84 68 70 3 0oC 0.5
48 58 0oC 6C 69 62 10€ 66 7 0oC 7C 1c 7 83 78 68 1 0oC 1
42 57 0oC 62 7 68 94 63 7 0oC 7C 0oC 7 80 72 80 C 0oC 15
52 62 0oC 5€ 7 61 92 77 8: 0oC 7C 07 74 85 72 82 4 0oC 1 5
45 57 0oC 6C 7. 71 10€ 70 8: 0oC 74 0¢ 64 7 82 68 8% 0oC 0.5 5
56 [ 0oC 5¢ 5. 64 94 62 7 0oC 68 0oC 68 7 69 80 oC 0oC 1 2
58 6¢ 0oC 52 55 55 oC 50 62 0oC 5¢ 04 6€ 7 62 76 87 0oC 1 15
48 5¢ 0oC 58 5€ 67 60 9€ 60 72 0oC 62 oC 6C 7 59 0€ 68 81 0oC 1 2
56 6¢ 0oC 4€ 4C 52 50 98 58 71 0oC 6C 0€ 6C 7 59 72 8% 0oC 0.5 15
58 6¢ 0oC 54 48 58 58 88 60 6¢ 0oC 61 A 6€ 7 66 70 82 0oC 1 15
50 6C 0oC 52 5¢ 68 60 102 70 81 0oC 61 C 6C 7 67 78 o1 0oC 0.5 1
40 54 oC 67 7C 77 60 10€ 80 8¢ 0oC 5¢ € 7€ 90 6 80 9C 0oC 0.5 15
58 71 0oC 6¢ 7C 3 71 10€ 70 82 0oC 68 € 8C 95 7 70 8€ 0oC 0.5 1
50 5¢ 0oC 52 € 4 50 94 60 71 0oC 5¢ A 6€ 78 6 70 83 0oC 1 2
a4 53 0oC 52 C 7 57 88 68 7€ 0oC 68 98 6€ 77 6! € 70 82 0oC 1 2
58 6¢ oC 48 H 1 56 88 60 6¢ 0oC 5¢ 0. 7C 61 0z 80 87 0oC 0.5
60 77 0oC 51 C 2 54 104 80 88 0oC 5€ 2. 74 59 4 76 8¢ 0oC 1
48 5¢ 0oC 58 C 68 60 9€ 70 7¢ 0oC 57 0: 7C 4 € 76 8¢ 0oC 1
60 7€ 0oC 6C € 87 62 € 80 EE 0oC 5¢ 0 7€ 3 € 70 8¢ 0oC 0.5
58 [ oC 58 6C 69 54 C 60 73 0oC 6C 1 7C 85 1 C 80 9C 0oC 0.5
74 87 0oC 62 68 82 64 € 76 8¢ 0oC 68 2, 8C 90 3 4 80 o1 0oC 2
7 8¢ 0oC 62 7€ 89 58 C 70 8: 0oC 61 0z 7€ 85 59 C 70 8C 0oC 2
7 82 oC 6C 74 84 59 € 68 8 0oC 64 oC C 73 69 € 80 92 0oC 2
7 87 0oC 58 7C 77 61 0z 68 7 0oC [ 98 C 73 64 9€ 68 77 0oC 15
7 8¢ oC 7€ 84 76 0€ 68 8 0oC 71 14 C o1 73 2€ 76 o3 0oC 2
8. 9€ oC 5¢ 68 56 0€ 78 8; 0oC 5¢ 0z 74 63 24 82 9€ 0oC 2
6! 7. oC 62 68 61 1€ 7 8¢ 0oC 58 14 87 60 24 68 87 0oC 1 2
70 8 oC 7C 7¢ 86 71 0€ 8 oC 0oC 68 0 7 83 70 0€ 73 84 0oC 15 5
60 7 0oC 67 68 79 62 98 7 8 0oC [ 0: 8 88 69 0 7 8% 0oC 2 5.5
60 7 oC 5¢ 5¢ 72 101 6. 7 0oC 64 0 7 84 60 04 8 8¢ 0oC 15 6
65 7 oC 6¢ 72 82 9¢ 6! 7 0oC 6C 0: 7 81 66 0 7 8% 0oC 2 5.5
67 7 oC 5€ 6¢ 1 4 1C 70 0oC 58 1 7 89 63 1C 66 81 0oC 15 6
75 8€ oC 67 74 7 1c 81 0oC 7€ 2 7 94 71 1€ 80 92 0oC 2.5 6.5
70 8C oC 5¢ 82 1 64 1C 68 0oC 62 0. 7 83 66 1€ 75 88 0oC 15 5
67 7€ oC 64 7C 7 6 0€ 69 0oC 68 1 7 88 65 0€ 79 88 0oC 2 6.5
57 72 0oC 5¢ 62 75 55 01 70 0oC 62 0 7€ 87 62 13 73 8€ oC 2 6
59 6¢ oC 54 71 80 57 0€ 70 2 0oC 61 0: 68 79 69 1€ 85 9€ 0oC 15 6
63 72 oC 7C 7C 80 66 1z 80 1 0oC 64 0: 6C 74 63 oC 79 8€ 0oC 3 7
70 77 0oC 62 6C 7 67 0€ 80 < 0oC 71 1 72 86 7 0¢ 76 87 oC 1 5.5
66 7¢ 0oC 57 6C 7 62 14 78 oC 0oC 6¢ 28 71 88 74 80 o3 oC 2
71 8C 0oC 6C [ 7 59 oC 70 8C 0oC 64 9 6€ 7 7 78 8¢ oC 15
60 7€ 0oC 6€ 61 7. 60 o1 56 68 0oC 62 0% 6C 74 68 7 88 oC 3
70 8C 0oC 5¢ 58 7 58 9€ 70 7 0oC 6C 0¢ 5¢ 7 66 64 81 oC 2
68 82 0oC 74 5C 66 71 1 60 7 0oC 6€ 0F [ 7 62 98 6. 7€ oC 2
59 75 0oC 5€ 52 65 54 H 66 7 0oC 5¢ C 6C 7 65 0¢ 7 88 oC 15
58 6¢ 0oC 7C 71 83 66 C 62 7 0oC 68 € 7€ 9 70 24 83 o7 oC 2
52 67 0oC 5¢ 6C 74 55 C 58 7 0oC 61 C 71 84 65 1€ 83 oF oC 2
60 7€ 0oC 5€ 67 7 62 € 71 8: 0oC [ € 7C 85 69 2z 80 94 oC 2
58 68 0oC 52 6C 7. 57 0€ 66 7 0oC 64 C 6C 77 66 0€ 73 8% oC 2.5 .
52 68 0oC 5¢ 58 7 60 oC 73 8: 0oC 61 C 7C 80 65 14 7. 8€ oC 2 7
69 0oC 58 7€ 85 65 13 81 92 0oC 62 0€ 62 77 7 04 7 82 oC 15 8
69 0oC 6C [ 79 71 1€ 68 84 0oC 74 1€ 6C 79 7 02 7 81 oC 3 6.5
71 0oC 7C 6C 77 63 98 65 7€ 0oC 67 1z 71 85 7 2€ 80 9€ oC 2.5 7.5
64 oC 77 77 90 72 10¢ 85 9C oC 7¢ 95 62 74 7 0€ 78 88 oC 2 6
74 88 100 69 59 74 100 70 104 80 88 100 65 11 74 1 124 3 7 100 3 8.5
70 85 100 73 69 85 100 67 102 72 82 100) 74 11 74 1 1$2 3 6 100 25 8
86 o3 0C 7C 6¢ 85 73 1z 80 o1 0oC 7€ 10¢ 77 88 79 7 73 1 0oC 2 5
69 82 0oC 68 7€ 84 74 0¢ 83 92 0oC 7C 98 68 78 68 < 79 C 0oC 2 6
72 84 0oC 62 62 76 69 1 7 8% 0oC 6€ 0: 62 76 81 7 80 4 0oC 15 6.5
72 oC 0oC 6€ 73 90 64 2 7 o1 0oC [ 24 75 o1 70 7 7€ 1 0oC 3
71 88 0oC 73 54 72 77 0: 4 67 oC 71 0: 49 67 66 99 47 7] 0oC 2.5
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