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Partial intravenous anesthesia in cats and dogs

Tanya Duke

Abstract — The partial intravenous anesthesia technique (PIVA) is used to lower the inspired concentration of
an inhalational anesthetic by concurrent use of injectable drugs. This technique reduces the incidence of undesirable
side-effects and provides superior quality of anesthesia and analgesia. Drugs commonly used for PIVA include
opioids, alpha-2 adrenergic agonists, injectable anesthetic agents, and lidocaine. Most are administered by
intravenous infusion.

Résumé — Anesthésie intraveineuse partielle chez les chats et les chiens. La technique d’anesthésie intraveineuse
partielle (TAIP) est utilisée pour réduire la concentration inspirée d’un anesthésique inhalé par 'utilisation
concomitante de médicaments injectables. Cette technique réduit 'incidence des effets secondaires indésirables et
procure une qualité supérieure d’anesthésie et d’analgésie. Les médicaments communément utilisés pour la TAIP
incluent des opioides, des agonistes adrénergiques alpha-2, des agents anesthésiques injectables et de la lidocaine.
La plupart sont administrés par infusion intraveineuse.
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Introduction

he concept of “balanced anesthesia” has existed for a long
time. Balanced anesthesia techniques incorporate a com-
bination of drugs, with each providing different components
of anesthesia such as analgesia and muscle relaxation. This
approach enables lower dosages of the main general anesthetic
to be used and limits potentially harmful side-effects while
providing good quality anesthesia (1). Early forms of balanced
anesthesia often involved the use of opioids, nitrous oxide, and
peripheral neuromuscular blockers. While this combination is
still used to provide good quality anesthesia, balanced anesthesia
techniques have evolved over the past 2 to 3 decades to involve
a single drug or a combination of drugs administered by inject-
able infusion. This change has arisen from the introduction of
new drugs and less expensive computerized infusion pumps (2).
In human anesthesia, computer pharmacokinetic model-
ling and target controlled infusions are designed to achieve
and maintain a predefined plasma concentration by varying
the infusion rate according to predetermined data. While the
target controlled infusion technique is entering specialist vet-
erinary anesthesia, simple intravenous infusion techniques are
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(Traduit par Isabelle Valliéres)

commonly used and involve administration of a continuous or
constant rate infusion (CRI), or variable rate infusion (VRI),
depending on circumstances (2,3). Infusion rates in veterinary
medicine are often extrapolated from experience or pharma-
cokinetic profiles obtained from bolus intravenous injection.

Terminology has also evolved over time. The administration
of combinations of intravenous infusions of anesthetic drugs
and analgesics for maintenance of anesthesia is called total intra-
venous anesthesia (TTVA). Infusion of drugs can also be used
to reduce the inspired concentration of inhalational anesthetic
agents and is called partial intravenous anesthesia (PIVA). Partial
intravenous anesthesia or TIVA techniques have been used for
many years for anesthetic management of patients with neuro-
logical conditions (4). The potent vasodilatory nature of modern
volatile agents can cause detrimental increase in intracranial
pressure for patients with poor cerebral autoregulation. The
PIVA or TIVA technique allows for the use of very low concen-
trations of volatile agent or none at all, respectively. Application
of similar anesthetic management to other areas such as cardiac
anesthesia followed when it was realized that PIVA and TIVA
techniques can provide superior hemodynamic stability (5,6).
These techniques are now applied to many other medical and
veterinary situations.

Total intravenous anesthesia (TIVA) is commonly used for
anesthesia where there are no facilities for inhalational anes-
thesia such as in some rural spay/neuter programs or within
the critical care unit for patients requiring ventilator support
(7,8). The use of PIVA techniques alongside inhalational anes-
thesia may appear to be costly and more trouble than benefit,
and this may be true for routine, short elective surgery. There
is, however, utility in using PIVA to assist in maintenance of
anesthesia and the technique has become popular in specialist
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veterinary anesthesia for certain procedures and in critically ill
patients and/or for pain. The term “anesthetic-sparing” effect
of drugs used for PIVA is preferred in the clinical setting to the
term “reduction of minimum alveolar concentration (MAC),”
which is defined under controlled laboratory conditions. The
advantages of PIVA are listed as:

i)  Good, stable quality of anesthesia — PIVA techniques pro-
vide a consistent level of receptor occupation by maintain-
ing plasma concentration. The infusion can be terminated
at the end of the surgical or anesthetic period or continued
into the recovery phase until deemed unnecessary.

ii)  Better hemodynamic support. Some drugs used for PIVA
have little negative impact on hemodynamic stability when
administered at clinical infusion rates. These hemody-
namically stable infusions can also have powerful volatile
anesthetic-sparing ability. Isoflurane and sevoflurane have
vasodilatory properties and negative impact on cardiac
contractility, both of which can lead to hypotension. The
anesthetic-sparing ability of the infusions can allow for a
reduction in the inspired concentration of the volatile agent
and therefore reduce their negative effects on hemodynamic
stability (9). Ilkiw et al (9) found a considerable improve-
ment in cardiovascular function when a fentanyl infusion
was used and the enflurane concentration was reduced by
about 65%. They cautioned that an anticholinergic agent
may be required to reverse severe bradycardia caused by
fentanyl (9). The ability to reduce respiratory depression,
however, may not be as noticeable as the injectable drugs
may have their own effects on respiratory function that can
be compounded by the concurrent use of volatile agents.
Therefore, ventilatory support may still be required.

iii) Recovery may be smoother and many drugs can be con-
tinued into the postoperative phase. Many of the drugs are
sedatives and their combination with analgesics can allow a
quieter and more controlled transition from general anes-
thesia into recovery and awareness. The infusion rates can
be gradually decreased to allow the patient to completely
recover in a controlled manner. There is still a requirement
for close monitoring of the patient during the postopera-
tive phase to avoid excessive sedation and potential loss of
airway reflexes.

iv) Most PIVA techniques provide analgesia as well as sedation.
The analgesia can be used to reduce isoflurane concentra-
tion and can be maintained from before surgical interven-
tion to well into the recovery phase, if required.

Many drugs have been used for PIVA and their benefits may
change depending on the species in which the technique is
used. Studies have shown that morphine, lidocaine, and ket-
amine infusions reduce isoflurane requirements by 48%, 29%,
and 25%, respectively (10). This reduction allows the inspired
isoflurane concentration to be decreased to about 1% or less.
Monitoring of the patient and provision of life support are still
necessary. Accidental relative overdose of the volatile agent may
occur with clinician discomfort to reduce vaporizer settings
from more familiar settings when PIVA techniques are not
applied. Monitoring the usual signs of anesthetic depth is still
applicable with PIVA and this helps to offset any fear of sudden
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Table 1. Table indicating the relationship of half-times to the
amount of drug eliminated from the plasma. Five half-times are
required to eliminate 97% of the drug

Number of Fraction of initial Percent of initial
half-times amount remaining amount eliminated (%)
0 1 0

1 1/2 50

2 1/4 75

3 1/8 88

4 1/16 94

5 1/32 97

6 1/64 98

awakening. In most situations, the infusion rates are decided
upon and the volatile agent is adjusted accordingly. However,
adjustments can also be made in the infusion rate: for example,
if there is a response to surgical stimulation, more analgesic
can be administered instead of increasing isoflurane concentra-
tion. If low arterial blood pressure is observed, the isoflurane
concentration may be relatively too high, or the infusion rate
of the hemodynamic-sparing drugs may be too low. Suggested
infusion rates are listed in Table 2.

Review of intravenous infusion
pharmacokinetics

Some understanding of the pharmacokinetics of the drug
used may be required. Infusions are used to maintain plasma
concentrations of a drug which in turn, will maintain effective
receptor occupation and the desired effect. An intravenous bolus
injection of anesthetic and sedative drugs will directly increase
plasma concentrations and allow rapid delivery to the sites where
the drugs achieve their effects. The time it takes to achieve
peak effect is called “effect-site equilibrium.” The circulation is
regarded as the central compartment in Figure 1. The circulation
delivers the drug to tissues receiving a high portion of cardiac
output (brain, heart, kidneys) and the drug rapidly crosses bio-
logical membranes to a second compartment (Figure 1). As the
drug plasma concentration in the central compartment declines
through elimination processes (metabolism through liver and
extra-hepatic sites), the drug in the peripheral compartment
re-enters the central compartment to undergo elimination.
In this way, the individual “recovers” from the effects of the
drug. This pharmacokinetic model is termed a 2-compartment
model. If another compartment is involved (tissues which
receive less portion of cardiac output such as muscle, fat, and
bone) a 3-compartment model is applied (Figure 1; dashed box
and arrows). In order to maintain the desired effects, repeated
boluses of drugs are required as the effects of the previous bolus
wane. This can result in erratic maintenance of the desired
effects. To maintain drug plasma concentrations and reliable
effects, an appropriate infusion rate should account for distribu-
tion of the drug throughout the tissues and also compensate for
elimination processes (Figure 2).

If an infusion was commenced at the stated infusion rate,
it would take 5 half-times (time for plasma concentrations to
decline by 50%) to reach the appropriate plasma concentration
and could result in considerable delay of observable effects
(Table 1). Supplying enough of the drug to be distributed
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Figure 1. Diagram showing the movement of a drug between
the central compartment (systemic circulation) and peripheral
compartment(s).

A 3-compartment model will include the peripheral compartment 2 with
dashed lines. k,, and k,; k,; and k;, are rate constants associated with
the to and fro transfer of drug between the compartments; k, is the rate
constant for elimination from the central compartment.

throughout the tissues requires a higher initial rate of infu-
sion than required to offset elimination. Clinically, the “extra”
amount of drug required for distribution throughout the tissues
is provided by administering a bolus of the drug (the loading
dose, LD) at the start of an infusion. Advanced techniques use
preprogrammed target controlled infusions to take all phar-
macokinetic requirements into effect for a particular drug and
species (2,3).

Some drugs have a slightly longer effect-site equilibration
time compared with other drugs, and the LD may take a few
minutes for an observable effect. Fentanyl has a longer onset of
action, measured in minutes, compared to induction drugs such
as propofol, which have an onset of action measured in seconds.
This slight delay may be clinically observable with opioids.

“Context sensitive half-time” is often quoted for infusions.
The pharmacokinetics of drug elimination may depend on the
length of time an infusion has been administered. It is the time
for the concentration of drug in the plasma to decrease by 50%
after discontinuing a continuous rate infusion (CRI) of a specific
duration (context). This is dependent on lipid solubility and
rate of elimination. The context sensitive half-time can increase
with increasing duration of infusion with some drugs, and is
not necessarily related to the elimination half time (Figure 3).
For example, the context sensitive half time for fentanyl in
humans can markedly increase after 3 to 4 h of infusion, and
increase further with longer infusion duration. The changes in
elimination are thought to be associated with different uptake,
saturation, and release of the drug in various compartments of
the body; for example, large amounts of fentanyl and sufentanil
are taken up and stored in the lungs. A longer elimination half-
time was not found after a 4-hour infusion period in dogs, but
longer infusion periods have not been studied (11). Context
sensitive half-time data for commonly used drugs are not readily
available for veterinary patients. The clinician may have to rely
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Figure 2. Graph indicating the change in plasma concentration
between intermittent bolus injections of a drug, and a continuous
rate infusion with a loading dose.

Note that the plasma concentrations can decrease below the therapeutic
range using the bolus technique.

Table 2. Suggested loading doses and infusion rates for
isoflurane- or sevoflurane-anesthetized dogs and cats. Use lower
end of infusion rates when combining 2 or more drugs

Loading dose Intravenous
(mg/kg BW) infusion rate
Drug intravenous route (mg/kg BW per hour)
Morphine 0.15-0.3 slow 0.1-0.2
Hydromorphone 0.05-0.10 0.05-0.10
Fentanyl 0.003-0.005 0.006-0.040
Remifentanil Fentanyl: 0.003-0.005 0.006-0.040
(for longer action)
Sufentanil 0.001-0.002 0.002-0.006
Dexmedetomidine 0.0005-0.002 0.0005-0.002
Midazolam 0.2-0.4 0.02-0.05
Ketamine 0.5-1.0 0.3-0.6
Propofol 4.0-6.0 12.0-30.0
Alfaxalone 1.0-2.0 4.0-9.0
DOG ONLY
Lidocaine 1.0-2.0 1.8-6.0

BW — body weight

on adjusting the infusion rates during lengthy infusion periods
according to observable signs exhibited by the patient, or by
measured parameters.

Drugs used for PIVA

Opioids

Opioids are ideal for intra-operative analgesia and to comple-
ment inhalational anesthesia. Opioids are often administered in
premedication combinations and their activity can be length-
ened by providing more of the drug intra-operatively. Opioids
can also be administered by intravenous infusion during anes-
thesia. Opioids with high intrinsic activity at the mu-opioid
receptor can be anesthetic sparing, especially in dogs, in which
mu-opioid agonists can decrease the concentration of volatile
agent required to maintain a surgical plane of anesthesia by
as much as 50% to 60% (10,12,13). There is a ceiling effect
with anesthetic sparing ability with opioids, and higher doses
do not decrease volatile agent requirement further than this
amount (9,14). In cats, the anesthetic sparing effect is less well
appreciated with the same mu-opioid agonists and a 15% to
20% reduction in volatile anesthetic requirement is observed
(15). The anesthetic sparing effect may be linked to the ability

of mu-opioid agonists to stimulate the central nervous system
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Figure 3. Changes in context sensitive half-time with different duration (context) of
infusion, indicating the potential for accumulation with long-term infusions. Data taken from
studies performed in humans. (Reprinted with permission from Barash PG, Cullen BF,
chapter 47; Figure 47-2 in “Clinical Anesthesia;” Wolters Kluwer Health).

in some individuals rather than cause depression. Central ner-
vous system stimulation is more likely in cats using the higher
dosages used in dogs. The opioids most commonly used for
infusions in veterinary anesthesia include morphine, hydro-
morphone, fentanyl, sufentanil, and remifentanil (1,10,15-20).
Anticholinergics may be required to correct bradycardia resulting
from mu-opioid-induced increase in vagal tone, but otherwise
mu-opioid agonist infusions provide good hemodynamic stabil-
ity. Mu-opioid agonists also have respiratory depressant effects
and support of ventilation may be required.

Remifentanil is unique because it is metabolized by plasma
cholinesterases and its elimination is rapid once the infusion
is terminated (21). A loading dose is not necessary for remi-
fentanil as long as the infusion is commenced approximately
30 min before it is required in dogs, but over an hour is required
to achieve stable plasma concentrations in cats. Therefore a
loading dose may be advisable; fentanyl is a better choice to
provide analgesia for the 20 to 30 min period than remifen-
tanil. Alternative analgesic drugs or techniques must be used
once remifentanil is stopped. Remifentanil can be used for
post-operative analgesia, but it must be remembered that the
context sensitive half-time is short and removal of infusion lines
to take a dog out for a walk will cause plasma concentrations
to plummet and the dog may soon be in pain. In a similar way,
any technical problems in the delivery of remifentanil to the
anesthetized patient will markedly change anesthetic depth and
stability.

Alpha-, adrenergic agonists

This group of drugs produces deep sedation in a number of
species. They also provide good analgesia, which makes them
useful for PIVA techniques (22). Visceral analgesia can be as
powerful as opioid agonists in horses, and the combination of
opioid and alpha-, adrenergic drugs produces superior quality of
analgesia in dogs (23,24). The combined sedative and analgesic
qualities produce a powerful anesthetic sparing effect by up to
60% (22,25,26). The newer, potent alpha-, adrenergic receptor
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specific drugs also appear to cause fewer cardiac arrhythmias and
complications as long as it is recognized that these drugs also
have effects on the cardiovascular system. All alpha-, adrenergic
agonists cause vasoconstriction, bradycardia, and decreased
cardiac contractility (27). Infusions of alpha-, adrenergic agents
may still affect hemodynamic stability, even at the low infusion
rates indicated in Table 2, and this should be anticipated. Heart
rate is usually in the low normal range for the species and lowers
cardiac output, although the systemic arterial blood pressure
tends to be better maintained with use of these drugs (28).
Hyperglycemia and increased urine production are also notice-
able side-effects, and intravenous fluid therapy may be required
to compensate for fluid losses. It is likely ventilatory support
will be required, especially when these agents are used alongside
opioids. It must be remembered that these drugs have a strong
ability to reduce the concentration of volatile anesthetic agent
and close attention must be paid to the depth of anesthesia.

Benzodiazepines

Benzodiazepines are useful for PIVA techniques as they have
good sedative properties and hemodynamic stability (29). High
infusion rates can reduce enflurane requirements by 55% in
dogs (30). They are often used alongside mu-opioid agonists in
critically ill patients (18). Diazepam can be used, but midazolam
is more commonly employed for PIVA techniques because
metabolism of diazepam into non-active products is rapid in
the dog (31,32). These drugs are not effective analgesics, but
they may provide greater centrally mediated muscle relaxation
for some procedures. The author has found the antagonist, flu-
mazenil [0.01 to 0.03 mg/kg body weight (BW)], to be useful
when midazolam is used for long periods and a slow recovery
with some hypoventilation is observed.

Injectable anesthetic agents

Ketamine

Ketamine is a dissociative anesthetic drug, but also has anal-
gesic properties through its inhibitory action on N-methyl
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D-aspartate (NMDA) receptors. These receptors enhance pain
transmission and are activated by continuous noxious stimula-
tion (central sensitization), and are especially important in
long-standing painful conditions. Ketamine has become popular
for use intra-operatively and post-operatively for these analgesic
properties (33). With intra-operative use, ketamine infusions
can be anesthetic-sparing by around 25% at the same infusion
rates used for postoperative analgesia (0.3 to 0.6 mg/kg BW
per hour), but higher infusion rates (3.0 to 6.0 mg/kg BW per
hour) can have a powerful anesthetic-sparing ability of 40% to
45% (12,34,35). Side-effects may include increased systemic
blood pressure and body temperature, mydriasis, regurgitation,
cardiac arrthythmias such as ventricular premature contractions,
and dysphoria in conscious patients. The infusion rate can be
decreased and the side-effects may subside. Ketamine infusions
used as part of a PIVA technique provide good, stable anesthesia
for patients with chronically painful conditions and patients
with a great deal of central sensitization.

Propofol

Propofol is a rapidly metabolized injectable anesthetic with
rapid recovery characteristics in dogs even following long
periods of propofol infusion. Propofol has been extensively
studied as part of TIVA, but has also been recommended for
PIVA techniques (36,37). A sedation level of CNS depression
rather than anesthetic level has been used in critical care settings
with low infusion rates. The sub-anesthetic infusion rates can
also be used alongside volatile anesthetic. The PIVA technique
with a propofol/opioid infusion combination has been used for
anesthetic management of patients requiring intracranial surgery
to reduce the vasodilatory effect from volatile anesthetics, but
can equally be applied to other situations where volatile agent
administration requires limitation. The eye reflexes and position
changes with different anesthetic depth are similar between pro-
pofol and the volatile agent so judgment of anesthetic depth and
subsequent vaporizer adjustment is easily performed. Propofol
can accumulate in cats because glucuronidation of propofol
occurs at a slower pace; therefore, PIVA techniques require
attention to gradual decrease in propofol infusion rates, or
prolonged recoveries might follow (38).

Alfaxalone

Alfaxalone is a steroid-based injectable anesthetic for use in cats
and dogs and has the same mechanism of action as propofol and
thiopental. Alfaxalone is similar to propofol in terms of phar-
macokinetics and it would be expected that it can also be easily
incorporated into TIVA and PIVA techniques. Reports of use of
alfaxalone have been published for TIVA but not for PIVA tech-
niques (39,40). Alfaxalone infusions for TIVA have been reported
in cats, with some delayed recoveries which may have been due to
concurrently administered drugs (41). The usefulness of alfaxalone
for PIVA/TIVA in cats remains to be fully evaluated.

Miscellaneous drugs

Lidocaine

Lidocaine can have sedative actions in conscious dogs at rela-
tively high infusion rates (> 50 wg/kg BW per minute) (42) and
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can be used to produce anesthetic-sparing effects of 20% to 40%
in dogs. There are many recommendations for using lidocaine
infusions for PIVA (12,43,44). It is also thought that lidocaine
may have some analgesic effects, although this useful effect may
be more relevant for inflammatory conditions. Lidocaine infu-
sions have not been reported in anesthetized cats, but a bolus
dose of lidocaine was found to be hemodynamically depres-
sant; therefore, its use for reduction of volatile agent was not
recommended (45). The author has successfully used lidocaine
infusions for PIVA in cats with painful inflammatory conditions
at less than half the dosages used in dogs, alongside other anal-
gesic drugs such as remifentanil and ketamine. Further studies
may help to clarify whether lidocaine infusion techniques are a
useful tool in the anesthetic management of cats. Bupivacaine
is not a good substitute for intravenous infusions because of its
cardiotoxic properties.

Combinations of drugs used for PIVA

Selected combinations of the drugs discussed can be used for
more powerful anesthetic-sparing effects in extremely debilitated
patients or those with severely painful conditions. Close atten-
tion is required to anesthetic depth and the vaporizer setting
may even be reduced to 0% with some combinations in some
individuals, especially if they are debilitated (5,10,18,43). Not
all the potential choices need to be used, but depending on
the situation, usually 1 to 3 drugs may be selected along with
a volatile agent. Mu-opioid agonists are almost always selected
for their excellent analgesia with hemodynamic stability; alpha,
adrenergic agonists for sedation and analgesia, lidocaine for
its anti-inflammatory and sedative effects, ketamine for its
good analgesic effects with control of central sensitization pro-
cesses, benzodiazepines for hemodynamic stability, and inject-
able anesthetic drugs for hemodynamic stability and powerful
anesthetic-sparing effects. A common combination is morphine
with lidocaine and ketamine (MLK) (10). Some may replace
the morphine with fentanyl (FLK) to obtain further analgesia
and anesthetic-sparing effects. The drug combination can also
be used postoperatively if close monitoring is maintained. All
3 drugs can be combined in the same fluid bag (10). The author
has found that ketamine is the most likely to produce undesir-
able side-effects and prefers to administer ketamine infusions
separately so the infusion rate can be adjusted if necessary with-
out changing the rates of the other drugs. The use of MLK in
cats should be avoided, and infusions without lidocaine should

be used instead (45).

Infusion apparatus

Drugs can be combined in intravenous fluid therapy or within
a separate fluid bag if the clinician is prepared to do the appro-
priate calculations. Although providing infusions in fluid bags
is much less expensive, it can result in inaccurate delivery of
drug and difficulty in making changes in infusion rate for
1 drug and not another. Intravenous fluid pumps can be used
to give better infusion rates for fluid bags, and some can be
adapted to draw drug from a syringe. Syringe drivers or syringe
pumps can be programmed to deliver the desired infusion rate
by depressing the plunger of a syringe, and changes are easily
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made. The less expensive versions use 1 size of syringe and have
only 1 mode (mL/h) so some calculation is required. The more
expensive pumps can take a variety of syringe sizes and can be
programmed with the patient body weight, concentration of
drug in the syringe and infusion mode (mL/kg BW per hour,
pg/kg BW per minute, etc). Long microbore tubing extension
sets are available with low priming volumes, and are useful for
attaching the drug syringe to the patient fluid therapy line and
avoid excessive drug waste.

Drug calculations

Make an MLK solution in a 250-mL fluid bag and administer

it at a fluid rate of 1.0 mL/kg BW/h. This solution can be used

intra- and post-operatively and will provide 10 h of analgesia

for a 25-kg dog, for example. Use another bag of fluids for fluid

therapy and attach the drug combination to the fluid therapy

line as close to the catheter as possible:

Morphine: Infusion rate 0.1 mg/kg BW per hour

Lidocaine: Infusion rate 3.0 mg/kg BW per hour

Ketamine: Infusion rate 0.3 mg/kg BW per hour

Remove 39.8 mL of fluid from a 250 mL bag of fluids to allow
for adding the total volume of drug required and provide an
appropriate drug concentration:

Morphine (25 mg/mL solution): Add 25 mg (1.0 mL) to obtain
0.1 mg/mL solution.

Lidocaine (20 mg/mL solution): Add 760 mg (38.0 mL) to
obtain 3.0 mg/mL solution

Ketamine (100 mg/mL solution): Add 75 mg (0.75 mL) to
obtain 0.3 mg/mL solution v
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