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Infographics are a new way of visually communicating information in a colorful and
concise manner. They are becoming very popular in medical field since the last decade.
Through infographics, one can understand the subjects through text, graphics, and
images. Total intravenous anesthesia (TIVA) is a technique of general anesthesia (GA)
given via intravenous (IV) route exclusively. In perspective of infographics, TIVA is far
more understandable through its simple format. TIVA is also more advantageous than
inhalational anesthesia. It avoids the deleterious effects of immunosuppressant and
lacks any respiratory irritation, thus providing a good alternative anesthesia technique.
Many peripheral surgeries can be done with the patient breathing spontaneously with-
out any airway device, thus avoiding airway instrumentation, leading to droplet and
aerosol generation. IV agents can be utilized to provide sedation during regional anes-
thesia (RA), which can easily be escalated to contain pain due to sparing of blocks or
receding neuraxial anesthesia. The present narrative review focuses on the infograph-

anesthesia (TIVA)

Introduction

Infographics are an innovative and engaging method of visu-
ally communicating information in a colorful and concise
manner. In infographics, the representation of information is
in the graphic format, and it is a combination of text, images,
and narration.! These are the main features of infographics.
Sometimes, they are used to overcome language barriers
which enhance our understanding and ability to make deci-
sions. To make infographics, first identify the audience for
your infographics and accordingly collect your content and
relevant data. After choosing your desired infographics tem-
plate, prepare your template in accordance with PowerPoint
and customize. Finally, add your logo and publish it. Good info-
graphics should be concise and visually appealing, providing
value and interest to your readers. Your infographics should
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ics in TIVA technique, providing highlights pertaining to its importance.

be accurate, creative and transparent, citing data sources. Be
mindful of the copyright of your infographics. So, successful
infographics are well-designed, easy to understand, and tell
a good story; their visual aspects are snackable too (=Fig. 1).2

Search Strategies

Keeping these words (Anesthesia; Infographics Ketamine;
Etomidate; Propofol;; total intravenous anesthesia [TIVA])
as the main keys, either single or in various combinations,
a systematic search was made on the Internet, exploring
various databases including Pub Med, Cochrane Databases
of Systematic Reviews, Scopus, EMBASE, Google, and Google
Scholar from the year 1990 to 2020. The references of rele-
vant articles were cross-checked and the review was imbibed
from the articles which elaborated on these keywords
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What is Infographics

Innovative and
engaging method of
visually
communicating
information

In a colourful and
concise manner

.

Why Infographics in Medical Field?

Had there been no infographics, interpreting and conveying
complex data and information would not have been so easy.
Infographics are such a powerful communication medium,
that not only IT sector, but unusual sectors like medical sec-
tor have also adopted infographics. And why is that? Because
it can magically transform intricate information for doctors
or patients into interesting graphics that are engaging and
easy to comprehend. As we all know, medical information
can often be difficult for a layperson to understand, and doc-
tors can easily interpret this complex information to them
through engaging infographics.?

The representation
of information is in
graphic format

Fig. 1 What is infographics?

Benefits of Infographics in Medical Field

Doctors and patients get to see the bigger picture and a picture
is worth a thousand words. One focuses more on information
that is visually stimulating and offers a visual guide through
infographics. They are highly customizable and exceptionally
shareable. And finally, it improves health literacy.?

Why Infographics in TIVA?

Easy to understand, readily available charts through info-
graphics of TIVA is better understandable.
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iINFO

It is combination of

text, images, and
narration. These are
main feature of
infographics

They are used to
overcome language
barriers

It enhances our
understanding and
ability to make
decisions

Definition of TIVA

It is a technique of general anesthesia which uses a combi-
nation of agents given exclusively through the IV route with-
out the use of inhalation agents (gas anesthesia) including
nitrous oxide, but oxygen, compressed air or helium are
exceptions.*

Why TIVA is Becoming Popular?

TIVA is becoming popular because gas leads to side effects in
the form of aerosol and droplets. We are conducting surger-
ies daily, and being frontline captain in OT, we have to pro-
vide anesthesia to patients. TIVA is preferred in all planned or
emergency surgeries with innovative techniques, drugs, and
equipment in any setup. There are certain challenges with
the use of inhalational anesthesia and numerous risks and
difficulties. Smooth and rapid induction with IV anesthetic
agents is always a better alternative.

Types of TIVA

TIVA is with endotracheal tubes (ETT) or without ETT. If
without ETT, then with supraglottic devices (SGD) or with-
out SGD. IF without ETT or SGD, then with nasal or oral air-
ways. TIVA may also be without any airway instrumentation
(=~Fig.2).°
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Fig. 2 Types of TIVA.

TIVA Indications

TIVA is indicated almost in all surgical procedures like
airway procedures, daycare surgery, neurosurgery & neu-
romonitoring, nonoperating room anesthesia, and short
procedures, for example, CT, MRI, and cardiac catheteriza-
tion. It is also best choice in postoperative nausea and vom-
iting (PONV)-risk patients, malignant hyperthermia (MH)
susceptible patients, trainee teaching and patient’s choice.®

Advantages of TIVA

Except for a slight prick in the arm, the patient is unaware
of having an anesthetic. There is no mask over the face and
sudden concentration of gas or vapor. No risk of MH and
very low incidence of postoperative delirium. There are less
chances of emergence phenomena, and it avoids distension
air-filled spaces in the patient’s body, so better operating
conditions for surgeons. TIVA gives less operating room pol-
lution. Better preservation of cerebral autoregulation is best
in TIVA. Reduced stress response and patients wake up, as if
from natural sleep, with less PONV. Finally, there is no smell

of T

N

4

Without ETT/SGD/Nasal/Oral Airways
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IVA

Without Endo Tracheal Tubes

Without Supra Glottic Airways

With Oral Airways
N

of volatile agents at all in the room, and the patient is usually
most grateful for not having his system saturated with such
adrug.’

Disadvantages of TIVA

Possibility of not finding the vein is its first disadvantage.
Sometimes, there is pain on injection and injection is irre-
versible. Disposables may be costly, and incidence of aware-
ness if not given properly, because of not having another
apparatus to carry on the TIVA. Environmental effect of plas-
tic waste and risk of bacterial contamination. One should
careful with TIVA for shallow respirations. Caution should be
exercised in prolonged procedures and in obese patients

TIVA Drugs

Includes all benzodiazepines, all narcotics, propofol, ket-
amine, etomidate, dexmedetomidine, all muscle relaxants,
dexamethasone, magnesium sulfate, lidocaine, nonsteroi-
dal anti-inflammatory drugs (NSAIDs), and beta blockers
(=Fig. 3).
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Anesthesia Adjuvant

1962-2009 Tranexamic acid
1957-1961 Dexamethasone
1886-1990 Magnesium Sulphate

1956 Paracetamol
1973-1988 Diclofenac Sodium
1961-1966 Clonidine
1980-1987 Esmolol
1920-1928 Ephedrine
1971-1985 hentermine %

Anti MH Agent

Total 66 Drugs
— Muscle Relaxant
Premedication 1900 Tubocurarine Chloride
1901 Atropine 1906-1951 Suxamethonium
1975 Glycopyrrolate 1947 Gallamine Triethiodide
1964-1979 Metoclopramide 1964 Pancuronium
1981 Ranitidine 1974-1983 Atracurium
1980-1991 Ondansetron 1984 Vecuronium
1984 Mivacurium
1989-1995 Cisatracurium
Opioid with Benzodiazepine \ 1994 Rocuronium
-

v 2014-2020

Remimazolam

Relaxant Reversal Agent

>

| A L
1967 Dentrolene / .. . \ v 1931 Neostigmine
': Opioid/Narcotics . 2007-2015 Sugammdex
£ D
IV Anesthetic o 1804 Morphine S R Benzodiazepine
1930-1934 Sodium Thiopental G o 1937-1943 Pethidine T
1962-1964-1970 Ketamine R E 1959-1968 ;i Fentanil H U 1959-1963 Diazepam
1964-1972 Etomidate A 1974 Sufentanil E G 1963-1977 Lorazepam
1977-1989 Propofol P 1996 Remifentanil s S 1975-1990 Midazolam
1999 Dexmedetomidine H 1974 Carfentanyl
I \ 2020 0Iiceridine/ !
c A
S Benzodiazepine Reversal Agent

IV_Reversal Agent
1996 Atipamazole

Opioid Reversal Agent

1987 Flumezenil

)f 1961-1971 Naloxone
Local Anesthetic N\ 1982 Doxapram Inhaltion Anesthetic

1860 Cocaine -

1905 Procaine 1830 Chlorofom
193--1941 Tetracaine Gas 1846 Ether
1943-1949 Lidocaine 1772 Nitrous Oxide 1920 Trichloroethylene

1950 Chloroprocaine 1774 Oxygen 1956 Halothane

1960 Mepivacine 1881 Cyclopropaine 1963-1966 Enflurane

1957 Bupivacine 1898 Xenon 1979 Isoflurane

1980 Ropivacaine 1970-1987 Desflurane

1980 Levobupivacaine 1971-1990 Savoflurane

Fig. 3 Infographic of TIVA drugs.

Ideal TIVA Drug

It will be having rapid onset of action, rapid and predict-
able recovery, and also be stable in any solution. It should be
water-soluble to minimize toxicity associated with the sol-
vent and chemically compatible with other drugs. There will
not be any perivascular sloughing if extravasated or absorbed
by plastics. It will be devoid of adverse side effects and also
be low cost. Most importantly, it can be mixed with other
anesthetic agents without any complication.

IV Anesthetic Drugs

Ketamine

It is the only IV anesthetic with hypnotic, analgesic, and
amnesic properties. It produces rapid hypnosis with pro-
found analgesia and amnesia after IV administration of 0.5 to
2.0 mg/kg. It can be mixed with all types of anesthetic and
narcotic agents in single syringe. Ketamine with midazolam
(Ketomed), ketamine with propofol (Ketofol), and ketamine
with dexmedetomidine (Ketodex/Dexket) are established
TIVA mixtures. So, ketamine is very commonly used drug in
the TIVA technique (~Fig. 4).
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Propofol

Prime drug in all TIVA combinations. Initially, TIVA dose
is 2 to 2.5 mg/kg IV (if used alone), and in TIVA mixture,
1 mg/kg IV. Coadministration of propofol and remifentanil by
target-controlled infusion (TCI) is highly effective and consti-
tutes ideal total IV anesthesia (~Fig. 5).8

Dexmedetomidine (Dex)

A highly selective a2 agonist, having anxiolytic, sedative,
analgesic, and sympatholytic properties with less respira-
tory depression, make dexmedetomidine a much-preferred
drug in TIVA anesthesia. For TIVA, it is advisable to combine
other drugs with Dexmedetomidine (Dex) in dose ranges
of 0.5 to 1 mcg per kg, according to patient status and sur-
gery needs. Maintenance infusion is generally initiated at 0.6
u/kg/hour and titrated to achieve desired anesthesia effects.
In pediatric TIVA, Dex with ketamine (Ketodex) combination
is mostly preferred for endoscopic and radiological proce-
dures (~Fig. 6).

Fentanyl
It is commonly used opioid in TIVA in bolus 3 pg/kg over
30 seconds, followed by 2 pg/kg/hr for 30 minutes, 1.5 ug/kg/

© 2021. Official Publication of The Simulation Society (TSS).



Invented in 1962
Main Features
» Rapid-acting general anesthetic
» Produce profound analgesia
» Normal pharyngeal-laryngeal reflexes
» Slightly enhanced skeletal muscle tone
» Cardiovascular and respiratory stimulation
» Transient and minimal respiratory depression
Contraindications
> Angina, Stroke and very high blood pressure
» Psychiatric disorders, Uncontrolled Epilepsy
»In raised intraocular pressure & Eye injury
» Acute Porphyria
> Age less than 3 months
» Traceal and Laryngeal Surgery

WHO List of

Main Actions
» Increase BP

» Increase Salivation
» Bronchodilation

» Hallucination
» Agitation
» Catatonia

o |V Effect

NMDA receptor antagonist with Dissociative Anesthesia

Infographics in TIVA  Chokshi

Approved in 1970
» Interacts with N-methyl-D-aspartate (NMDA) receptors,
opioid receptors, monoaminergic receptors, muscarinic
receptors and voltage sensitive Ca ion channels
» Does not interact with GABA receptors
» Selectively depress the thalamoneocortical system before
significantly obtunding the more ancient cerebral centers and
pathways (reticular-activating and limbic systems)
Pharmacokinetics

eRapid onset and short duration of action

* o Initially distributed to highly perfused brain tissues

® Crosses Blood Brain barrier

e Undergoes extensive redistribution

® Major metabolite are norketamine

and dehydronorketamine

Essential Medicine

mrrCcCOmIOWn

® C ™0

L

eIncrease HR, high BP;20%)"
eIncreased intracranial pressure
® Transient reddening of the skin
® Reduced appetite, nausea

® Increased salivation, vomiting

Starts -2 min
Last — 25 min

e IM Effect
Starts — 5 min
Last—4-6 hrs

e Oral — 30 min

- Bioavailability — 93 -100 %

- Protein binding - 53.5%

-Distribution half-life 1.95 min

- Half Life - 186 minutes

- Elimination - urine 91 %, 3 %

in feces and 6 % unchanged

| - Clearance rate - 95 L/h/70kg
Combination

o Ket+Propofol(Ketofol)

o Ketamine+Dex(Dexket)

o Ketamine+Fentanyl

o Ketamine+Midazolam

o Ketamine+Diazepam

o Ket+Prof+Dex (KPD)

Dose Schedules

0.1-0.3 mg/kg — Analgesia
0.2-05 mg/kg — Recreational
0.4-0.8 mg/kg -- Partially dissociated
1-2 mg/kg — Fully Dissociated
1-2 mg/kg /IV — Procedural Sedation
4-8 mg/kg/IM — Procedural Sedation
0.1-0.2 mg/kg/hr— Postop Pain Relief
(Infusion maximum 3 days only)
IV Bioavailability -100 %
IM Bioavailability — 93 %

KETAMINE

MEDICAL CLINIC

Fig. 4 Infographic of Ketamine.

TIVA-dosage TCl-dosage
Anestesia depth
mg/kg/h pg/ml
4 e Sedation 15
¢ Light pain

¢ Laryngeal mask

¢ Moderate pain

e Surgical anesthesia
¢ Intubation

e Strong pain

¢ Deep anesthesia

Target Concentration

Infusion Dose

Fig. 5 TIVA Doses of Propofol.

hr from 31 to 150 minutes, and 1 pg/kg/hr until 30 minutes
before skin closure.

Remifentanil

Most widely used opioid in world in TCI with propofol.
Available as 1 mg/vial, 2 mg/vial, and 5 mg/vial. Its initial
dose is 1 mcg/kg. For TIVA maintenance, it is given in dose

Journal of Cardiac Critical Care TSS Vol.5 No. 1/2021

¢ Double vision , involuntary eye movements,

ePain, eruptions or rashes at the injection site

I e Tonic-Clonic movements » Prevent opioid
induced
Hyperalgesia
» Best agent
in Post anesthetic

shivering

e Increased bronchial secretions
e Anaphylaxis and Dependence
e Cognitive Deficits

* Emergence reaction

- Water and Lipid Soluble

- Oral ketamine broken down by
bile acids

- Undergoes hepatic Metabolism
- It can be mixed with any TIVA
drugs

- Compatible with all IV fluids

Dose Schedules

10 mg/kg /Oral — As Sedative
Premedication(Bioavailability — 20 %)
0.7-0.9 mg/kg — Intrathecal (S/A)
0.2 mg/ml — Epidural for Postop pain

Other uses Intra nasal 0.5-1 mg/kg (Bio-50%)
> Emergency Dept. Intrarectal 0.5-1 mg/kg (Bio-30%)
> Asthma Sublingually 0.5 -1 mg/kg (Bio-30%)
> Seizures Inhalation 0.5-1 mg/kg

Topical Gel — 1% ketamine with
other drugs

KETAMINE

>Pain management
> Depression
> Vet Anesthesia

Most Popular Anesthetic Drug of Anesthesiologists

INFUSION SERVICES

of 0.25 to 0.5 mcg/kg/min IV, and for postoperative period,
0.025 to 0.2 mcg/kg/min IV.

Midazolam

Coadministration of midazolam in TIVA reduces the induc-
tion dose and the total dose of any other anesthetic drug. It
is given in dose of 0.05 mg/kg, keeping in mind not to cross
total dose more than10 m.

Lidocaine

Bolus dose is 1 to 1.5 mg/kg, infusion as 1.5 mg/kg/hr and as
adjuvant in TIVA, reducing the TIVA dose of other anesthetic
agents by 10 to 20%

Magnesium Sulfate

As an analgesic adjunct, MgSo4 useful in patients receiv-
ing TIVA. It reduces Propofol, Dex, atracurium and postop-
erative narcotic consumption. Also, it improves the quality
of postoperative analgesia during TIVA. Commonly, it is
given in bolus dose of 30 to 50 mg/kg with other anesthetic
agents, and maintenance dose is 6-10 mg/kg/hr as continu-
ous infusion. It is the most cost-effective drug in TIVA prac-
tice (~Fig. 7).

© 2021. Official Publication of The Simulation Society (TSS).
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Sedation
Anxiolysis

FDA
December 1999

m/A
Induces sedation by decreasing
activity of noradrenergic neurons
in the locus ceruleus in the brain
stem, thereby increasing the
activity of inhibitory gamma-
aminobutyric acid (GABA) neurons
in the ventrolateral preoptic
nucleus

(BIPHASIC BLOOD PRESSURE RESPONSE)

Relative Contraindication
M Infusion over 24 hours
M In pre existing severe bradycardia
W Brady dysrhythemia
MW Patient with < 30% EF
W Partial or Complete AV block
M In patients more than 65 y of age,
a higher incidence of bradycardia and
hypotension

H Decongestant

DEXMEDETOMIDINE

4 Agonist of a,-adrenergic receptors k
4 Most ideal anesthetic agent available b
4 Popular in pediatric TIVA with ketamine

4 Patients sedated, but arousable, alert and respond without

uncomfortable like conscious sedation k
4 Transient Hypertension followed by Hypotension

4 Overdose may cause 1%t or 2"¢ degree AV Block k

and anxiolysis

(DECREASE OPIOID REQUIREMENT BY 50 %)

(BRADYCARDIA 1S BECAUSE OF DOUBLE EFFECT)

Analgesic Market
Anaesthetic August 2000
Indications

® Pre Anaesthetic sedation (IM/IV)
@ As Induction Agent

@ In maintenance of Anaesthesia
@ As adjuvant in TIVA

@ Intra thecal with Regional Ane.
@ In Post Operative Analgesia

@ As ICU sedation(only for 24 hrs)

Antisialagogue
:" effect on PHARMACOKINETICS
Analgesia Epiieeny
System o
~ Distribution t,, = 6 minutes
No Direct Hypotension/ — Elimination t,,,=2 hrs
effect on hypertension. — Vs~ 118 liters - 94% protein bound
Myocardium Bradycardia * Intramuscular (2ug/kg):
— Peak plasma conc 13 18 min (variable)
— ~70% bioavailability
* Enteral:
Diuretic effect :f;‘l‘,;:,d powel — Buccal - ~ 80% bioavailability
— Gastric - ~ 16-20% bioavailability
- Nasal - ~ 84 % bioavailability
0% v IOoP
s\\“‘e‘ ~ Insulin Release (BETTER THAN CLONIDINE IN ALL ASPECTS)
Route Dose Bradycardia and

- 0.9% sodium chloride in water

Intravenous

loading dose of 1 mcg/kg over 10-20 minutes followed by a maintenance infusior

Hypotension Drugs

a 0.7mcg/kg/hr. The rate of infusion can be increased in increments of 0.1mcg/kg/ 9 °9 .
- 5% dextrose in water — ~ — — I-D-E-A ~<
- 20% mannitol Intramuscular | IM injection (2.5 meg/kg) of dexmedetomidine has been used for premedication. = . N\
- Lactated Ringer's solution Spinal | 0-1-0.2 meg/kg Available as Ampoules or Bulb I N -
- 100 mg/ml MgSo4 solution Epidwal | 1-2meg/kg 50 meg/ 0.5ml N S—
- 0.3% potassium chloride solution | |Peripheral | Imcg/kg | 12313 :igg ? i::ll D Isoprot_erenol ’
- With other Anesthetic agents e.g. | |"™¢"°% | A E Do.pamrl]n.e

. o / SMIE0 Gel Tor VogS
ProPOfOIr Ketamine, Etomidate Buccs] ! 1-2meghkg [ (Dexmedetomidine Oromucosal Gel) Eplne[') rine
Intranasal | 1-2mcgkg ., 0.09 mg/ml, 3 ml syringe n Atropine ~

Fig. 6 Infographic of dexmedetomidine.

Old Wine in New Bottle Best Adjuvant in TIVA

IS

(Versatile Drug)
Friend
Philosopher
Guide
For

Anesthesiologist

»~ ) Direct depressant on myocardial
i "= "and vascular smooth muscles
é' o l(? » Anti-arrhythmic
/‘vy'; 4 P Reduces systolic blood pressure
; dﬂ& » Decrease pulmonary vascular
resistance
» Bronchodilator

» Reduce excitability of nerves
» As an Anticonvulsant

» Reverse the cerebral vasospasm =~
» Reduces the release of
acetylcholine at NIV
» Terminates muscular contraction
Causing skeletal muscles relaxation
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As Anesthesia Adjuvant
Dose : 30-50 mg/kg

&

Analgesic effect of
MgSO04 is due to
inhibition of calcium
channels and
NMDA receptors

Bronchodilator
Antiarrhythmic
Analgesic

&

» Potassium levels must be normal
» Extreme caution in patients
with myasthenia gravis or other
neuromuscular disease

» In renal impairment

» In digitalized patients

» Monitor renal function,

blood pressure, respiratory rate,
and deep tendon reflex

In Local Anesthetic Block
Dose : 50 — 250 mg

Antihypertensive

)

(500 mg /ml)

Antiseizures
Antacid

Antishivering
Anesthetic Adjuvant opioids, anaesthetics

In spinal Anesthesia
Dose : 50-100 mg

Reduce the dose
requirement for

and muscle relaxants
and part of MMA

Mild Sedative

&

» Both in hypo and hyper
Magnesemia

» Hyperventilated patients

» Avoid in Geriatric and
Pediatric patients as far as
possible

» In electrolyte disturbance
» Avoid excessive use of
volatile agents with MgSO4

Intravenous Oxygen for Anaesthesiologist

Fig. 7 Infographic of magnesium sulphate.
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Pre-Emptive
Analgesic

MAGNESIUM SULFATE TOXICITY

Blood pressure decreased
Urine output decreased
Respirations <
P atella reflex absent

BURP
Antidote for Magnesium is
Calcium




Dexamethasone

Dexamethasone is used widely in TIVA as an adjuvant. It is
an anti-inflammatory agent, prevents and treats PONV, sup-
presses inflammation, and is a good analgesic agent. It also
provides a sense of well-being. In TIVA, it gives good qual-
ity of recovery and early discharge of patients; commonly,
single prophylactic dose of Dex 8 mg can be given irrespec-
tive of sex, disease, or American Society of Anesthesiologists
(ASA) risk

TIVA Drug Combinations

Propofol, dexmedetomidine and fentanyl (PDF TIVA), mid-
azolam, dexmedetomidine and fentanyl (MDF TIVA), ket-
amine, propofol and Dex (KPD TIVA), ketamine and propofol
(KETOFOL TIVA), ketamine and Dex (KETODEX/DEXKET TIVA),
ketamine and midazolam (KETOMED TIVA), and remifentanil
and propofol (RP TIVA), but thumb rule in TIVA with drug
mixture is shake well and use within 4 to 6 hours.

Ketofol

First established TIVA combination, physically compatible,
chemically stable 1:1 mixture in capped syringe for 3 hours
at room temperature with exposure to light. No significant
change in pH up to 3 hours with no separation, cracking,
color change, or gas formation. This combination is widely
used by anesthesiologists across globe.

Ketodex
Combination of ketamine 1mg/kg and Dex 1 mcg /kg and
useful in pediatric patients

Ketomed
Combination of ketamine 1mg/kg and midazolam 0.1 mcg /
kg. It is useful in outside OT procedures.

KPD TIVA

It is a combination of ketamine, propofol and Dex 1:1:1 dose
for TIVA. It will permit lower dose of each individual agent for
TIVA and reducing their adverse hemodynamic and respira-
tory effects, which is very safe and important for patient and
anesthesiologist. The advantage is low dose of each agent as
compared with full dose, providing excellent analgesia and
anesthesia with reduced dose of individual. Also, there is
stable hemodynamics, decrease airway complications, and
rapid recovery

RP TIVA

Combination of remifentanil and propofol which can be
mixed in polypropylene syringes and used for up to 36
hours-remifentanil concentration is 50 mcg/mL (1 mg in
20 mL propofol). Color and clarity good with pH stable
at 3.9 to 4. This combination is a very short-acting with
adequate analgesia, satisfactory hemodynamic, rapid
recovery, shorter postanesthesia care unit (PACU) stay, and
excellent patient acceptance. It is an ideal agent for TCI
model and most widely used TIVA combination with TCI
in the world

Infographics in TIVA  Chokshi

Propofol and Fentanyl

Combination of propofol (1% & 2%) with fentanyl
(10 & 50 mcg/mL) showed no significant degradation of
emulsion within 20 hours. In this, propofol dose reduction
happened by 50%

Methods of Giving TIVA

Either with a single drug or with a combination of drugs, by
single syringe technique with mixture of drugs or with only
one drug, continuous IV infusion through drips, with Syringe
infusion pumps, with TCI machines, and automated drug
delivery through closed loop systems.5

Single Syringe TIVA (SS TIVA)

It explores the feasibility and conduct of combining IV agents
in a single syringe technique to provide balanced anesthesia.
No additional investment for TCI or closed loop systems and
no need for expertise in it. Simple syringe or pump can be
made use of. Only one syringe is used, with the advantage of
dose titration at a single level and fixed dose mixtures. Short
procedures can be managed with intermittent boluses, with-
out a syringe pump. It can be practiced in low-dependent
setups and outside the operating rooms.

Manually Controlled Infusion (MCI)

In this method, there is manual dosing of anesthetic agents
during TIVA with fixed infusion rate, which is done by
syringes or with IV drips

Target-controlled Infusion (TCI)

A TCI is an infusion controlled to achieve a preset drug con-
centration in the plasma or the effect site. Key components of
TClinfusions are user interface to enter details and target blood
concentration and software with pharmacokinetic model,
validated for specific drug to control infusion rate. There is
communication between control unit and pump hardware.
Clinical benefits of TCI are more predictable onset and offset
of anesthetic effect with higher stability during maintenance.
Advantages are short time to recovery, low incidence of PONV,
short time to discharge, economic benefits, and saving nursing
time in the recovery room. It also limits the need for antiemetic
therapy and allows patients an early return to work

Closed Loop Anesthesia Delivery Systems or
Automated TIVA (ATIVA|CLADS)

A closed loop system is the ideal means of automated drug
delivery where the input involves drug delivery (propofol,
opioids, etc.), output evoked potential, bispectral index (BIS),
blood pressure, and pulse rate.

Clinical Benefits of Closed Loop Anesthesia

Automatic delivery of anesthetic drugs to the patient at the
time of induction of anesthesia using IV anesthetic agents
depend upon the patient’s condition or choice of anesthetist.
It frees the anesthetist from the repetitive task of looking at
the anesthetic depth and altering the drug delivery manu-
ally. Also, it frees the anesthetist’s hands to allow him/her for
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other activities while keeping a watch on the monitor. The
anesthetist is warned of the abnormal rates of drug delivery
as well as abnormal response of the patient through visual
and audio warning. Fine-tuning of the drug delivery is done
according to the requirement of the patient as well as the sur-
gical stimulus requirement. Safety of patient is kept in mind
by cutting off anesthetic drug delivery in case of severe drop
in blood pressure or heart rate. The anesthetist defines the
safety limits of blood pressure as well as heart rate and blood
gas levels for not only warning the anesthetist but also stop-
ping delivery of the anesthetic agents. The anesthetist defines
the inspired and expired concentrations of anesthetic agent,
beyond which the system stops delivery of anesthetic agent.

iControl-RP

It is autorobotic TIVA with remifentanil-propofol, US FDA
approved. It was developed in Vancouver at the University of
British Columbia in 2015 by a team including Dr. Ansermino
(pediatric anesthesiologist) and Dr. Dumont (professor of
electrical and computer engineering).

TIVA in Different Groups of Patient

TIVA in Pediatric Patients

Pediatric TIVA can facilitate surgery, reduce airway respon-
siveness, and minimize complications such as PONV and
emergence agitation. Manual infusions remain an important
option in clinical practice due to variability of dose regime.
Kataria and Paedfusor TCI models are used. The Kataria
model is used in children aged 3 to 16 years and weighing
15 to 61 kg, and the Paedfusor model is used in children aged
1 to 16 years and weighing 5 to 61 kg. Propofol, ketamine,
remifentanil and Dex play important role in TIVA. For obese
children, use the total body weight (TBW) to calculate the
dose needed for infusion. Avoid TIVA in neonates as far as
possible.®

TIVA in Geriatric Patients

Compared with inhalation anesthesia, TIVA is more suit-
able, as it has less observable effects on cognitive function
in elderly patients after surgery. Comparing with TIVA, inha-
lational anesthetics may augment complications related
with reduced lung blood flow and circulatory depression.
Inhalational anesthetic agents may further reduce cardiac
output and cause potentially lethal increase in alveolar con-
centration. Always start with a low concentration/infusion
rate and slowly work upward. Go low, go slow and always
follow. Most important is to avoid hypotension. Consider IV
fluids and vasopressors when appropriate. Multipara moni-
toring and oxygen is a must during TIVA in geriatric patients

TIVA in ASA Ill Patients

TIVA can be given to seriously ill patients in whom systemic
disease is not a threat to their life (ASA III). There are no spe-
cific protocols for TIVA in ASA III patients but dose of TIVA
among elderly patients can be adopted, requiring a lower
concentration to produce anesthesia. Multipara monitoring
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and oxygen is must during TIVA in these patients. Choose
the most appropriate TIVA drugs according to the patient’s
physical condition-whether the patient is elderly or young or
whether the patient is obese or non- obese.

TIVA in Obese Patients

TIVA is an excellent method of administering general anes-
thesia to obese patients. The recommended drug dose in
obese patients is always lower than nonobese patients, and
the actual blood concentration is higher than the calculated
target dose of drugs. The “no-relaxant” technique (for intu-
bation) is not advisable for obese patients, and suxametho-
nium for intubation in TIVA is ideal choice. In obese patients,
always secure airway to avoid respiratory depression with
nasal or oral airways. Multipara monitoring and oxygen is a
must during TIVA in Obese patients

Surgical Procedures under TIVA

From OT to outside OT (nonoperating room anesthesia
[NORA]), from pediatric to geriatric, from any surgical to
medical specialty.

TIVA Checklist

All anesthesia drugs, airway equipment, oxygen and multi-
para monitors are must before giving TIVA. Ensure no leak-
ages from cannula and patient’s IV cannula is always visible
during the surgery (if possible). Syringes should be labeled
with the drug name, date, and concentration. Infusion lines
should be checked every 15 minutes during surgery. The
infusion set through which TIVA is delivered should have a
Luer-lock connector at each end. If BIS is used, check place-
ment before and after surgical draping. At the end of the case,
ensure all tubing/IV cannulae which had TIVA drugs by any
method are flushed to prevent inadvertent boluses in the
ward.?

TIVA Monitoring

Anesthesiologists are the best monitors. Also, loss of response
to shaking and shouting, loss of hemodynamic response or
limb movement with vigorous jaw thrusting, and absence of
tachycardia or even bradycardia with laryngoscopy and intu-
bation. Other monitors include multipara monitoring, BIS
monitor, evoked potentials, and processed electroencephalo-
gram (pEEG) monitor, are recommended when a neuromus-
cular blocking drug is used with TIVA.

TIVA Update

TIVA has become more popular, practical, and possible due
to two main reasons-First, the advance knowledge of phar-
macokinetic and pharmacodynamics properties of drugs
such as propofol, ketamine, Dex and newer short-acting opi-
oids, making them suitable for IV administration. Second,
new concepts in pharmacokinetic modeling coupled with
advances in the technology of infusion pumps, which allow
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So TIVA Utility in COVID Pandemic

at

* Patient Friendly

* Surgeon Friendly

Anaesthesiologist Friendly \d@

* Economically Friendly

* Environmentally Friendly

* Productivity Friendly

TIVA is becoming a norm in COVID pandemic

Fig. 8 TIVA facts.

the use of algorithms such as syringe infusion pumps, TCI,
and closed loop system. Propofol with remifentanil seems to
be the dominating TIVA technique all over world, delivered
either by conventional pumps or by target control systems or
by close loop systems>®

So TIVA in Fact

Patient friendly, surgeon friendly, anesthesiologist friendly,
economically friendly, environmentally friendly, productiv-
ity friendly (~Fig. 8).°

Conclusion

It was revealed that informational graphics have a more pow-
erful effect, as they emphasize the relationship between two
disciplines such as graphic design and TIVA and can inform
the anesthesiologist within formative. The infographics are
necessary for anesthesiologist, and it is important that they
clearly formed enabling methods of TIVA. Infographics can
facilitate the understanding of the details of drugs, method,
and benefits. It makes it easier to detect understanding of
TIVA with simple but perceptual images and information
with different colors. TIVA is a viable and safer alternative

than inhalation anesthesia now, with lots of advantages over
the latter. TCI pumps and advance monitors make adminis-
tration of TIVA easy and precise. Manually controlled infu-
sions using regular syringe pump can be used to deliver
precalculated doses. The newer IV hypnotics and analgesic
agents with favorable pharmacokinetic properties have
made TIVA feasible in a wide array of varying clinical scenar-
ios. TIVA has become more popular, practical, and possible
and will be a new norm in the coming era. Think outside the
box and step out of your comfort zone for safe anesthesia,
safe surgery, safe patient and safe anesthesiologist with the
simple infographics of TIVA.
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