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Abstract For half a century, controlled hypotension has been used to reduce bleeding

and the need for blood transfusions, and provide a satisfactory bloodless surgical
field. It has been indicated in oromaxillofacial surgery (mandibular osteotomy,
facial repair), endoscopic sinus or middle ear microsurgery, spinal surgery and
other neurosurgery (aneurysm), major orthopaedic surgery (hip or knee replace-
ment, spinal), prostatectomy, cardiovascular surgery and liver transplant surgery.
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Controlled hypotension is defined as a reduction of the systolic blood pressure
to 80-90mm Hg, a reduction of mean arterial pressure (MAP) to 50-65mm Hg or
a 30% reduction of baseline MAP.

Pharmacological agents used for controlled hypotension include those agents
that can be used successfully alone and those that are used adjunctively to limit
dosage requirements and, therefore, the adverse effects of the other agents. Agents
used successfully alone include inhalation anaesthetics, sodium nitroprusside,
nitroglycerin, trimethaphan camsilate, alprostadil (prostaglandin E1), adenosine,
remifentanil, and agents used in spinal anaesthesia. Agents that can be used alone
or in combination include calcium channel antagonists (e.g. nicardipine), B-
adrenoceptor antagonists (B-blockers) [e.g. propranolol, esmolol] and
fenoldopam. Agents that are mainly used adjunctively include ACE inhibitors and
clonidine.

New agents and techniques have been recently evaluated for their ability to
induce effective hypotension without impairing the perfusion of vital organs. This
development has been aided by new knowledge on the physiology of peripheral
microcirculatory regulation. Apart from the adverse effects of major hypotension
on the perfusion of vital organs, potent hypotensive agents have their own adverse
effects depending on their concentration, which can be reduced by adjuvant
treatment. Care with use limits the major risks of these agents in controlled
hypotension; risks that are generally less important than those of transfusion or
alternatives to transfusion.

New hypotensive drugs, such as fenoldopam, adenosine and alprostadil, are
currently being evaluated; however, they have disadvantages and a high treatment
cost that limits their development in this indication.

New techniques of controlled hypotension subscribe to the use of the natural
hypotensive effect of the anaesthetic drug with regard to the definition of the ideal
hypotensive agent. It must be easy to administer, have a short onset time, an effect
that disappears quickly when administration is discontinued, a rapid elimination
without toxic metabolites, negligible effects on vital organs, and a predictable and
dose-dependent effect. Inhalation agents (isoflurane, sevoflurane) provide the
benefit of being hypnotic and hypotensive agents at clinical concentrations, and
are used alone or in combination with adjuvant agents to limit tachycardia and
rebound hypertension, for example, inhibitors of the autonomic nervous system
(clonidine, B-blockers) or ACE inhibitors. When they are used alone, inhalation
anaesthetics require high concentrations for a significant reduction in bleeding
that can lead to hepatic or renal injury.

The greatest efficacy and ease-of-use to toxicity ratio is for techniques of
anaesthesia that associate analgesia and hypotension at clinical concentrations
without the need for potent hypotensive agents. The first and oldest technique is
epidural anaesthesia, but depending on the surgery, it is not always appropriate.
The most recent satisfactory technique is a combination treatment of remifentanil
with either propofol or an inhalation agent (isoflurane, desflurane or sevoflurane)
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at clinical concentrations. In light of the current literature, and because of their
safety and ease of use, these two techniques are preferred.

1. Definition and Objectives of
Controlled Hypotension

Controlled hypotension is a technique that de-
creases arterial pressure until hypotension is reached
to reduce blood loss and the need for transfusion
during surgery, and to improve the quality of the
surgical field. Controlled hypotension was first pro-
posed by Cushing in 1917 and was developed 50
years ago.[l The reduction of bleeding is essential in
surgery of the middle ear, endoscopic sinus micro-
surgery, plastic and reconstructive microsurgery,
ophthalmologic surgery and neurosurgery, which all
have low haemorrhagic potential, to ensure a clear
surgical field. Controlled hypotension is also used in
various types of surgery with moderate or extreme
haemorrhagic potential such as orthopaedic surgery,
urologic surgery, cardiovascular surgery and hepatic
transplantation in order to decrease the requirement
for transfusion. However, hypotension should not
adversely affect the blood supply to vital organs, and
end-organ perfusion and tissue oxygenation must be
maintained. Therefore, most studies define the ob-
jective of controlled hypotension as a fall in systolic
blood pressure (SBP) to 80-90mm Hg, or mean
arterial pressure (MAP) to 50-65mm Hg in patients
without hypertension, or a fall of 30% of MAP in
patients with hypertension.!

This review describes the physical and physio-
logical considerations and constraints of controlled
hypotension, the different agents that have been
considered for controlled hypotension, develop-
ments in the techniques of controlled hypotension,
including new pharmacological agents of the past 10
years, in a current context of increased anaesthetic
and transfusional safety in different surgical proce-
dures. A literature search of English language arti-
cles over the past 10 years was conducted (MED-
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LINE via PubMed). The original pharmacological
articles were selected from levels I or II of the
Sackett’s classification. Only studies using the defi-
nition of controlled hypotension of a target MAP of
50-65mm Hg or SBP of 80-90mm Hg were consid-
ered for inclusion. The advantages and disadvan-
tages of different techniques of controlled hypoten-
sion are analysed. The endpoints include blood loss
issues, the quality of the surgical field, blood trans-
fusion requirements, and the adverse effects and
toxicities of the agents used. Finally, a discussion of
the preferences of controlled hypotension tech-
niques used at the author’s institution is included.

2. Physiological Basis of
Controlled Hypotension

An adequate level of hypotension for the reduc-
tion of bleeding is difficult to obtain for simple and
more complex physiological and physical reasons.
Given the definition that bleeding is a quantity of
blood that appears in the operative field in a given
time, it can be expressed in flow D (volume/unit of
time) and is mathematically related to the pressure
by the relationship D = P/R, where P is pressure and
R represents vascular resistance. If the pressure P
decreases, and the resistance R remains constant or
increases (vasoconstriction), the flow D decreases.
On the other hand, if the pressure P decreases, as
well as the resistance R (vasodilatation), the flow D
remains constant or varies little. Therefore, the re-
sult of hypotension in terms of bleeding depends on
vascular resistance R. The difficulty in controlling
the bleeding flow D by hypotension is because the
target pressure aimed for is measured at the level of
the large vessels, and this is different from the
pressure at the level of tissue circulation in the
operated zone where the bleeding occurs. The dif-
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ference between these two pressures is a result of the
complexity and intricacy of the mechanisms of regu-
lation of SBP and the mechanisms of regulation of
peripheral vascular resistance. Furthermore, the
mechanisms of regulation of vasomotor tone are not
homogeneous from one territory to another. P and R
at the level of the surgical field are local pressure
and local vascular resistance that depend: firstly, on
the central blood pressure measured at the level of a
large artery and on its regulation; secondly, on the
regulation of the local arteriolar vasomotor tone by
the sympathetic nervous system; and thirdly, on the
microcirculatory autoregulation of the organ (when
it exists) [figure 1].

In certain controlled hypotension techniques, the
decrease in cardiac output is the determining factor
in the reduction in blood loss; in other techniques, it
is the fall in MAP that determines the levels of blood
loss. The mechanisms responsible for the reduction
of intraoperative bleeding depend on (i) the tech-
nique used (i.e. the effect of the agents used on the
heart and the vascular network); (ii) the mechanisms
of regulation that these agents antagonise; and (iii)
the counter-regulatory mechanisms that they cause,
which are intricate.** The mechanisms used to
reduce intraoperative bleeding are reviewed for each

agent in section 4.2.

| Local arteriolar vasomotor tone |

11

3. Rationale for Controlled Hypotension
in Blood Conservation During Surgery

3.1 Capacity fo Improve the Quality of the
Operative Field

Only a few studies advocate the advantages of
controlled hypotension over other techniques in the
improvement of the quality of the operative field,
because of the difficulty in finding objective criteria
and quantifiers apart from the visual approach to the
question. The reduction in MAP from 90mm Hg to
50-65mm Hg or in SBP from 125mm Hg to
70-90mm Hg during endoscopic sinus surgery,?
mandibular osteotomy® and tympanoplasty>7-19
provided a good operating field.

3.2 Capacity to Reduce Haemorrhagic Loss
and Transfusion

The capacity of controlled hypotension to reduce
blood loss was discussed during the previous half-
century and the first controlled study was published
by Eckenhoff and Rich"!l in 1966. This consisted of
two series of 115 (controlled hypotension) and 116
(control) patients that demonstrated a significant
50% reduction in blood loss when MAP was de-
creased to 55-65mm Hg. Later studies continued to
demonstrate the effectiveness of these levels of pres-
sure by comparing new agents with a control series
or with older agents. Controlled hypotension re-

“— | Sympathetic nervous system (o.,-adrenoreceptor) |

|

| Central blood pressure | <«—> | Baroreflex control | «—> | Bleeding

)

| Organ microcirculatory autoregulation

I

“«—> | Vasomotion (myogeniclocal properties) |

| Local metabolites (CO,, H*, K*...) |

Fig. 1. Mechanisms of regulation of blood pressure and vasomotor tone responsible for the reduction of intraoperative bleeding. <> indicates
reciprocal direction of action; TTT and \l! indicate predominant direction of action.
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duced blood loss by half (from 304mL to 186mL) in
mandibular osteotomy,!'?! reduced blood loss by
half (from 1297mL to 761mL) in paediatric spinal
surgery,!'3! and reduced blood loss from 1800mL to
1000mL in prosthetic surgery of the knee with a
tourniquet.!'¥ It reduced blood loss from 667 to
480mL!"Y and from 263 to 179mL!% in surgery of
the hip and reduced transfusion from 2.7 to 1.3 units
of blood cells!'"”! and blood loss from 1000 to
600mL!® in total hip replacement surgery. As a
final example, controlled hypotension reduced
blood loss from 1920 to 1260mL!""! and from 1335
to 788mL in radical prostatectomy.?!

3.3 Limits and Complications

Any fall in blood pressure raises concerns about
end-organ perfusion and tissue oxygenation. The
risk of tissue hypoxia and the difficulty in evaluating
this risk are very real, although there were no specif-
ic complications seen in a large series of patients
subjected to severe controlled hypotension (MAP
<50mm Hg) over a prolonged duration.”'! Con-
trolled hypotension could result in tissue hypoxia by
reducing or suppressing the microcirculatory
autoregulation of the vital organs and by inhibiting
the autonomic nervous system. The current goal of
controlled hypotension is to maintain a pressure
sufficiently low to allow a reduction in bleeding
without suppressing the microcirculatory autoregu-
lation of the vital organs (i.e. brain, heart or kidney).

Morbidity was not described in early studies that
only focused on the cerebral, coronary, renal,
splanchnic and hepatic microcirculatory disadvan-
tages of controlled hypotension, and are detailed in
section 5. The mortality ascribed to anaesthesia and
to controlled hypotension was estimated at 0.055%
in 1961, a mortality rate that did not seem different
from the rate of all types of anaesthesia
(0.01-0.007%) at that time. Non-fatal complica-
tions, which were more frequent (3.3%), were de-
scribed >50 years ago in 1953.1 The morbidity
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resulting from major neurological complications
(dizziness, cerebral, retinal and cerebellar thrombo-
sis) had a very low variable incidence. Another
potential complication was anuria.l'l None of the
current data indicate that controlled hypotension
with a MAP between 50 and 65mm Hg is a risk in
young healthy patients. However, the majority of the
candidates for controlled hypotension have organ
dysfunctions that are not easily detectable by a
clinical examination.

The most recent literature does not provide data
on contraindications for the use of controlled hypo-
tension. It is indicated for a rather broad range of
surgeries and is also used when religious considera-
tions make blood transfusions inappropriate. The
contraindications cannot be rigorous because they
depend on an appreciation of the tissue perfusion
requirements of the patient and their evaluation. It is
highly likely that patients presenting with a history
of cerebral or renal vascular disease, vascular dis-
ease of the lower limbs, or hepatic, renal or coronary
dysfunction, hypovolaemia or anaemia, could dete-
riorate when the effects of controlled hypotension
wane. Patients with treated hypertension did not
seem to present risks and for this reason, it was not
considered an absolute contraindication for con-
trolled hypotension in one study.?*! This holds true
provided one takes into account drugs used to treat
hypertension that could interfere with hypotensive
drugs and anaesthetic agents, and the disturbances
of the inherent mechanisms of regulation of pressure
with hypertensive disease, which makes patients
with hypertension more sensitive to vasodilators or
to antiadrenergic agents.

3.4 Other Techniques to Reduce Blood Loss

Surgery with low haemorrhagic potential, but
requiring a bloodless operative field for its achieve-
ment (sinus surgery, middle ear surgery, repairing
microsurgery, ophthalmic surgery or neurosurgery)

Drugs 2007; 67 (7)
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profits from the new techniques of controlled hypo-
tension after an analysis of the benefit/risk ratio.>!

Surgery with mean or high haemorrhagic poten-
tial (orthopaedic, urological, cardiovascular, and
solid organ transplant) is likely to profit from the
other techniques of blood saving to reduce the quan-
tity of allogenic transfusion, and the risk of infec-
tious and non-infectious complications (see table I).

Alternatives to allogenic transfusion have been
developed, including autologous transfusion,?+2]
normovolaemic haemodilution and intraoperative
blood salvage (table II).

Autologous transfusion reduced the probability
of homologous transfusion with the associated
risks,?®! but its effects on post-transfusional immu-
nosuppression remain controversial. Moreover, the
risks of bacterial infection, volaemic overload and
misidentification were the same as for homologous
transfusion. The cost of autologous transfusion is
important especially given that the unused units
cannot be used elsewhere and must be destroyed.?”!

Preoperative acute normovolaemic haemodilu-
tion consists of taking blood immediately before
surgery and then transfusing it thereafter; its effec-
tiveness was reported in non-cardiac surgery!?®! and
the risk of secondary complications seemed difficult

Table I. Complications of allogenic transfusions

Risk Likelihood per unit of blood
Infection

HIV 1/67 600012
Other

Benign

Shiver without fever 1/100
Urticaria 1-3/100
Severe

ABO incompatibility 1/25 000
Anaphylactic shock 1/20 000
Adult respiratory distress 1/100
syndrome

Graft disease <1/100
Purpura <1/100
Volaemic overload <1/100

© 2007 Adis Data Information BV. All rights reserved.

Table Il. Alternatives to blood transfusions in surgery and their
associated complications

Type
Autologous transfusion

Complication
Infection, overloading, misidentifying

Acute normovolaemic Cardiac failure

haemodilution
Intraoperative blood
salvage

Infection, disseminated intravascular
coagulation, adult respiratory
distress syndrome, gas embolism

Pharmacological agents
desmopressin
tranexamic acid

Thrombotic potential
Thrombotic potential

aprotinin Allergy, thrombosis

to evaluate.” A study of 78 patients undergoing
hepatic surgery did not highlight any abnormality in
liver, renal or coagulation tests with haemodilution
to a target haematocrit of 24%. With blood transfu-
sion indicated at a haemocrit of 20%, only four
patients in the haemodilution group received at least
one allogenic unit of blood compared with 14 pa-
tients in the control group.B%

The intraoperative salvage of blood lost during
an operation, with automated washing and transfu-
sion of red blood corpuscles recovered in physiolog-
ical salt solution, is wuseful in vascular and
orthopaedic surgery.3!'! However, its use in oncolo-
gy surgery is controversial because of the risk of
dissemination of cells with strong metastatic poten-
tial;'*?! one study used recovered blood only after
passage over a filter or irradiation.*?! There is also a
risk of infection during aseptic but long and haemor-
rhagic interventions where micro-organisms and
toxins are found in recovered blood.3! Preoperative
salvage in children with idiopathic scoliosis weigh-
ing <20kg encountered a problem with miniaturisa-
tion of the devices that filter red cells, and was
deemed by the study authors unsuitable for spinal
fusion surgery in the absence of autologous transfu-
sion.’4 Although the risk of accidents with this
technique is low, the problem of an increase in blood
loss in the presence of heparin has been highlight-
ed.’® Disseminated intravascular coagulation and
acute respiratory distress syndrome have also been
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reported,% and there remains the risk of air embo-
lism despite mechanisms for detection within the
system.

Pharmacological agents intervening in the
processes of haemostasis, coagulation or fibrinoly-
sis are also alternatives to controlled hypotension.

Desmopressin has a beneficial effect on primary
haemostasis. It has been used prophylactically in
orthopaedic surgery with contradictory results for
the reduction of intraoperative bleeding. The most
recent studies with desmopressin have not found any
reduction in bleeding or in transfusional needs.!3738!

The haemostatic effect of aprotinin, an antifibri-
nolytic inhibitor of kallikrein, has been studied in
cardiac, hepatic and orthopaedic surgery with re-
ported results of a reduction in blood loss and trans-
fusional needs. In prosthetic surgery of the hip,
high-dose aprotinin reduced blood loss and peri-
operative red blood cell requirements by up to 50%,
but the proportion of patients transfused with al-
logenic blood was not reduced.*! Similarly, a mod-
est transfusional profit (1 unit on average) was seen
in prosthetic knee surgery.“" This must be weighed
against the frequent and extremely serious risk of
allergic reaction with this allogenic protein; 20-50%
of patients undergoing cardiac surgery (having re-
ceived aprotinin in the last 6 months) have anti-
aprotinin antibodies of type I1gG.[*!! The prevalence
of allergic reactions in the event of a second expo-
sure to aprotinin was close to 5%,*?! and in some
cases resulted in anaphylactic shock causing
death.™®31 The thrombotic risk that exists in
orthopaedic and, more seriously, hepatic surgery,
did not appear to be increased by the use of apro-
tinin,* but it is doubtful that it is without harm in
this regard and its systemic use in hepatic and
orthopaedic surgery is not advised.

Despite their long history, the evaluation of syn-
thetic antifibrinolytics for the reduction of bleeding
is recent and incomplete. Tranexamic acid, in partic-
ular, has been shown to reduce bleeding in cardiac

© 2007 Adis Data Information BV. All rights reserved.

interventions,™ liver transplant surgery™l and
orthopaedic surgery with a tourniquet,*”! but its
impact on transfusional needs was inconstant. The
thrombotic potential of antifibrolytics has been
poorly evaluated and justifies prudence with their
use.

3.5 Summary

Currently, allogenic transfusion has reached a
level of safety such that risk of morbidity with
transfusion of one blood product are considered <1/
1000. The use of an agent or a technique for the
reduction of bleeding supposes that the risks to
which it exposes a patient are lower than those
which it reduces. Consequently, any technique that
induces a risk of morbidity of a few percent is
questionable. The morbidity and mortality rates of
controlled hypotension appear to be of the same
level as those described for the alternative tech-
niques, although no recent study has been carried
out for controlled hypotension measuring morbidity
and mortality rates compared with alternative tech-
niques.

Thus, one can consider that the progress made in
the fields of pharmacology, physiopathology and
monitoring has improved the technique of con-
trolled hypotension by increasing the benefit/risk
ratio.

4. Physical Measures and
Pharmacological Agents for
Controlled Hypotension

4.1 Physical Measures

In placing the operated area higher than the heart,
postural manoeuvres (e.g. a head-up tilt position in
ear or maxillofacial surgery) have reduced blood
pressure in this area and decreased venous pres-
sure.*8! However, there is a risk of air embolism
with this technique. The haemodynamic effects of
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artificial ventilation have also been used: hyperven-
tilation (by means of hypocapnia) involves a
vasoconstriction and a fall in blood flow; and hy-
poventilation (by means of hypercapnia) induces
vasodilatation and an increase in blood flow.!

4.2 Pharmacological Agents

The ideal agent to induce controlled hypotension
does not exist. It must be easy to administer, have a
short onset time, an effect that disappears quickly
when administration ceases, a fast elimination with-
out toxic metabolites, negligible effects on vital
organs, and a predictable and dose-dependent effect.

Drugs used in controlled hypotension include the
following (see also table III):

e primary agents successfully used alone, for ex-
ample, inhalation anaesthetics, sodium nitroprus-
side, nitroglycerin, trimethaphan, alprostadil
(prostaglandin E1), adenosine, remifentanil and
agents for spinal anaesthesia;

e agents that can be used alone or as adjuncts to
decrease the adverse effects of other agents, for
example, calcium channel antagonists (e.g. ni-
cardipine), B-adrenoceptor antagonists (3-block-
ers) [e.g. propranolol, esmolol] and fenoldopam;

e secondary agents used only adjunctively with
primary agents, for example, ACE inhibitors and
clonidine.

4.2.1 Epidural and Spinal Anaesthesia

Epidural anaesthesia and spinal anaesthesia have
been considered good techniques for controlled hy-
potension insofar as they reduce blood pressure and
bleeding. Griffith and Gilles were the first to demon-
strate this using an arachnoid block in 1940.!

Spinal anaesthesia results in a sympathetic block,
which is responsible for a fall in peripheral vascular
resistance and cardiac output via a reduction in
venous return and, thus, systemic hypotension. The
disadvantages of spinal anaesthesia lie in the ab-
sence of a relationship between drug dosage and

© 2007 Adis Data Information BV. All rights reserved.

drug effect, with the level of block and the degree of
hypotension remaining unpredictable and difficult
to control, and the duration of action very variable.
Whichever local anaesthetic agent is used, the sym-
pathetic blockade achieves a slow decrease in arteri-
al pressure over 10 minutes. Hypotension can ex-
ceed the minimal target level, and so control of
hypotension requires an adaptable continuous epi-
nephrine (adrenaline) infusion. Low doses of epi-
nephrine stabilise cardiac output and heart rate.
Sometimes, small amounts of a local anaesthetic
need to be infused to enhance hypotension. Moreo-
ver, the indications for this technique are limited to
abdominal surgery and surgery of the lower
limbs.BY

Studies have shown that epidural anaesthesia
without a tourniquet or spinal anaesthesia with a
tourniquet have the same results on the reduction of
blood loss in surgery of the knee (1800mL vs
1100mL)"! and that bleeding was more abundant
with spinal anaesthesia than with epidural anaesthe-
sia in surgery of the hip (1000mL vs 600mL);!# an
increase in D-dimers and a fall in the thrombin time
was described with spinal anaesthesia. However, no
renal, neurological or cardiopulmonary complica-
tions have been noted.['®! Epidural anaesthesia can
be a safely used technique even in patients with left
ventricular dysfunction,®!! and resulted in less in-
traoperative blood loss than with propofol plus
remifentanil total intravenous anaesthesia during
primary total hip replacement surgery.?

On the basis of this evidence, hypotensive
epidural anaesthesia appears to be the most effective
technique for the reduction of bleeding in this type
of surgery.

4.2.2 Inhalation Anaesthetics

In contrast to halothane and enflurane, isoflurane
in moderate concentrations reduces blood pressure
without increasing intracranial pressure. At higher
concentrations, each agent induces a prevalent vaso-
dilator effect that is responsible for an increase in
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Table Ill. Drugs used in controlled hypotension during surgery

Drugs

Site of action

Predominant action

Major inconvenience

Anaesthetics

Bupivacaine (spinal anaesthesia)
Ropivacaine (epidural
anaesthesia)

Inhalation anaesthetics:
isoflurane, sevoflurane

Opioids: remifentanil
Vasodilators

Sodium nitroprusside
Nitroglycerin

Adenosine

Alprostadil

Calcium channel antagonists:

nicardipine, diltiazem
Fenoldopam

Medulla
Medulla

Vessels: vasodilatation

Heart: bradycardia

Resistance/capacitance vessels:
vasodilatation
Capacitance vessels: vasodilatation

Resistance vessels: vasodilatation

Resistance vessels: vasodilatation
Heart: | chronotrope effect
Resistance vessels: vasodilatation
Heart: | inotropic effect
Resistance vessels: vasodilatation

Autonomic nervous system inhibitors

Trimethaphan

Clonidine

Urapidil, phentolamine

Labetalol

Esmolol

ACE inhibitors
Captopril, enalapril

Vessels: vasodilatation
Heart: | contractility

CNS
Vessels: vasodilatation

Heart: | contractility
Vessels: vasodilatation
Heart: bradycardia, | contractility

Vessels: vasodilatation

Blockade of the

sympathetic nervous
system

Blockade of o-
adrenoceptors

Blockade of the
sympathetic nervous
system

Direct acting

Direct acting

Direct acting

Direct acting

Direct acting

Dopamine DA1-receptor
agonist

Blockade of the ganglia of

the autonomic nervous
system

On/off
Need vasoconstrictor (ephedrine)

Resistance

Need high concentrations or
adjuvants

None

Cyanide toxicity
Heavy monitoring
Resistance
Adequate monitoring
Cost

Histamine release
Cost

None

None; cost?

Histamine release
Resistance

Presynaptic a-adrenoceptor Unpredictable effect

agonist

Postsynaptic o-
adrenoceptor antagonist
o/B-adrenoceptor
antagonist
B-adrenoceptor antagonist

Angiotensin Il inhibitors

Unpredictable effect

Slow onset

Resistance
Cardiac failure

Long duration of action

1 indicates decrease.

cerebral blood flow and a deterioration in cerebral
autoregulation. Corroborating this mechanism, low-
er concentrations (1 MAC [minimum alveolar an-
aesthetic concentration]) can increase intracranial
pressure, with a loss of vascular compliance. It
should be noted that reflex tachycardia and the risk
of postoperative rebound hypertension are the result

© 2007 Adis Data Information BV. All rights reserved.

of a lack of inhibition of baroreflex control and of
sympathetic stimulation by these anaesthetics. In-
creasing the concentration of inhalation anaesthetics
decreases the evoked potentials used in the monitor-
ing of neurosurgery and orthopaedic surgery of the
medullar canal.l'! The use of inhalation anaesthetics
alone is not recommended for controlled hypoten-
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sion, and recent studies have used isoflurane in
combination with alprostadil, nitroglycerin, adeno-
sine, morphine, labetalol, esmolol or trimethaphan,
in order to reduce the concentration of each agent
and their respective adverse effects. Sevoflurane has
only been used for this indication more recently>*341
and has been compared with isoflurane; these
studies showed that sevoflurane like isoflurane has
systemic and coronary vasodilator properties at av-
erage or high concentrations, without hepatic toxici-
ty but with an increased risk of tubular renal func-
tion impairment. These drawbacks again suggest the
addition of other hypotensive agents to reduce the
concentration and toxicity of each agent.

On the basis of the evidence, the usefulness of
inhalation anaesthetics is unquestionable because of
their major role as hypnotics in current adult anaes-
thesia and increasingly in paediatric anaesthesia. At
safe clinical concentrations only slight hypotension
occurs, and adjuvant hypotensive agents are needed
to induce a truly controlled hypotension without
adverse effects.

4.2.3 Opioids

Usually used in anaesthesia for their analgesic
effects, some opioids provoke a hypotension that is
not always desirable. However, they have been skill-
fully used as additives to other hypotensive agents in
the indication of controlled hypotension, without
their beneficial effects being highlighted. Until the
arrival of remifentanil, a new short-acting [1-opioid
agonist, with a long elimination half-life and its
corollary made the use of opioids (morphine,
fentanyl, alfentanil or sufentanil) for controlled hy-
potension difficult. Two older studies reported the
hypotensive effect of combination treatment with
morphine and d-tubocurarine by means of the re-
lease of histamine and of sympathetic and parasym-
pathetic blockade: the benefit was a reduction in
blood loss in vertebral surgery.%371 Another retro-
spective study showed that a high dose of fentanyl
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enabled a reduction in blood loss in mandibular
osteotomy.8!

We have recently reported that remifentanil can
reduce pressure to the desired level, reduce blood
flow in the middle ear (as evaluated by laser-Dop-
pler velocimetry) and maintain a bloodless operative
field without any metabolic complications or im-
pairment of autoregulation of the ear microcircula-
tion. All this is attributable to the short elimination
half-life and hypotensive effect of remifentanil, and
when it is combined with propofol or sevoflurane,
remifentanil substitutes well for sodium nitroprus-
side or esmolol in controlled hypotension for middle
ear surgery; the likely mechanism of action is block-
ade of the sympathetic nerves.>"!

Remifentanil provided similar operating condi-
tions and safety when combined with desflurane,
isoflurane or sevoflurane.'% It resulted in reduced
blood loss and better visibility of the surgical field
when combined with propofol than alfentanil plus
isoflurane  anaesthesia,’” or sufentanil plus
sevoflurane or fentanyl plus isoflurane anaesthe-
sial%! during functional endoscopic sinus surgery.

In light of the current literature, remifentanil
combined with an inhalation anaesthetic or propofol
provides the best controlled hypotension technique
with regard to benefit/risk ratio, because as a stan-
dard anaesthetic technique, the addition of a potent
hypotensive agent with its additional adverse ef-
fects, is not required to reduce bleeding and transfu-
sion.

4.2.4 Vasodilators

Sodium Nitroprusside

Sodium nitroprusside has been the most used
hypotensive agent since the 1950s and is always
used as a reference agent. It has a direct peripheral
vasodilator effect that initially relaxes the resistance
vessels, causing venous dilation and a reduction in
venous return, secondarily producing arterial dilata-
tion. Its onset time is very fast (<30 seconds) and the
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hypotensive effect does not exceed 2 minutes after
administration stops. These qualities are matched by
a number of well inventoried disadvantages includ-
ing tachyphylaxis,!®!l rebound hypertension,'®?! my-
ocardial ischaemia,®®! increased intracranial pres-
sure,® increased intrapulmonary shunting, platelet
dysfunction®! and cyanide toxicity.[%® The periph-
eral vasodilatation causes baroreceptor-induced re-
flex tachycardia, and an increase in myocardial con-
tractility. The sympathetic and renin-angiotensin
systems are activated and this results in increased
cardiac output, plasma catecholamine levels and
renin activity, effects which last after the nitroprus-
side infusion has been discontinued and are respon-
sible for the rebound hypertension seen with this
agent.

One toxicity of sodium nitroprusside was high-
lighted very early in its use;®/ this is the accumula-
tion in plasma of free cyanide and thiocyanates,
which are breakdown products of sodium nitroprus-
side. The concentrations of these toxins are propor-
tional to the total dose of sodium nitroprusside.
Cyanide metabolism occurs in the liver and the
thiocyanates produced are excreted by the kidneys.
If conversion to thiocyanate is slow, cyanide con-
centrations can become high enough to induce hyp-
oxia and metabolic acidosis. This is a risk in patients
with hepatic impairment. Thiocyanate toxicity may
occur with prolonged or high-dose administration or
in patients with renal impairment. The symptoms of
toxicity that appear for plasma thiocyanate concen-
trations of ~100 mg/L. are muscular pain, mental
confusion and nausea. Lack of efficacy and
tachyphylaxis seen with sodium nitroprusside en-
couraged increasingly higher doses to be used,
which were responsible for anoxic incidents; fortu-
nately, these were not lethal because they are revers-
ible. Because the complex issue of tachyphylaxis
has not been elucidated, the administration of this
agent must be carefully planned to prevent toxicity.
The maximum recommended dose is 1.5 mg/kg as a
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bolus and 8 pg/kg/min as a continuous infusion not
exceeding 2 pg/kg/min per day.!®”)

As a result of the disadvantages described here,
sodium nitroprusside has been combined with
propranolol® or captopril as premedication;"!
these combinations reduced by >70% the amount of
sodium nitroprusside required to obtain controlled
hypotension and to avoid rebound hypertension.
Studies of toxicity have shown sodium nitroprusside
to be responsible for an activation of T lymphocytes
and interleukin-6,I"" spontaneous aggregation of ad-
renergic origin platelets postoperatively,”! a de-
crease in splanchnic perfusion and a certain degree
of hepatic cytolysis.[”?! A combination of sodium
nitroprusside and diltiazem reduced operative bleed-
ing while reducing the disadvantages related to the
increase in respiratory frequency, thiocyanates and
cardiac output seen in pilot studies where patients
were only treated with sodium nitroprusside.l”3l A
combination of sodium nitroprusside and enalaprilat
given as premedication reduced blood pressure to
the desired level while significantly reducing the
dose of sodium nitroprusside.l’*

Intravenous sodium nitroprusside as adjunctive
therapy in isoflurane anaesthesia for endoscopic si-
nus surgery,”! in propofol-alfentanil anaesthesia for
tympanoplasty'?! and in sevoflurane anaesthesia in
children,” reduced bleeding, reduced middle ear
blood flow (as measured by laser-Doppler flowme-
try) and its autoregulatory function, and improved
the quality of the surgical field, but provoked lactic
acidosis and increased hypercapnia. Sodium ni-
troprusside reduced blood loss during prostatectomy
more than haemodilution or placebo in isoflurane
plus fentanyl anaesthesia (1260mL vs 1820mL and
1920mL, respectively) and lowered the total cost by
40%.191 Equivalent results were observed when so-
dium nitroprusside was used alone or in combina-
tion with haemodilution during desflurane plus
fentanyl anaesthesia in dogs (788mL vs 861mL and
1335mL, respectively).?! However, an increase in

Drugs 2007; 67 (7)



1064

Degoute

the acute-phase response has since been described in
dogs and attributed to sodium nitroprusside.”!

Despite the significant ability of sodium ni-
troprusside to provide well controlled hypotension,
its adverse effects due in part to tachyphylaxis re-
quire monitoring of arterial pressure and of metabol-
ic disorders by arterial catheterisation. While it has
been used as a reference agent, we have shown it
could be replaced by effective techniques based on
standard anaesthesia that improve the benefit/risk
ratio of controlled hypotension.[>*!

Nitroglycerin

Nitroglycerin has a non-specific, direct vasodila-
tor effect on the venous capacitance vessels and
incidentally on the arteries; it has a short half-life
and no clinically toxic metabolites. It increases ve-
nous blood volume and reduces venous return, so
cardiac output is proportionally reduced. The adren-
ergic response is partially blocked by anaesthetic
agents that limit the arterial vasoconstriction result-
ing from this phenomenon.’®! Compared with sodi-
um nitroprusside, nitroglycerin is not as effective at
inducing hypotension, and does so more slowly, but
does not produce toxic metabolites, rebound hyper-
tension or myocardial ischaemial’’l However, nitro-
glycerin is associated with tachycardia, an increase
in cerebral blood volume!”® and an increase in in-
trapulmonary shunting, comparable with sodium ni-
troprusside. As the fall in blood pressure depends on
the total blood volume, an excessive fall in blood
pressure could occur among patients with low blood
volume and could compromise their coronary blood
flow. Amounts of nitroglycerin >5 mg/kg may pro-
duce methaemoglobinaemia. The reduction of plate-
let aggregation”>8" is less than with sodium ni-
troprusside and does not alter haemostasis.[®!! Stud-
ies have shown that used alone,®!782 or in
combination with a B-blocker,®3! nitroglycerin ena-
bled a significant decrease in blood pressure and in
blood loss, and reduced blood transfusion require-
ments without complications being observed. While
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it has reduced the risk of hepatic toxicity with
sevoflurane by enabling a lower dose of sevoflurane
to be used, nitroglycerin was less effective than
isoflurane in reducing bleeding during mandibular
surgery.6!

In summary, nitroglycerin has not demonstrated
a better capacity to reduce bleeding than other vaso-
dilators such as sodium nitroprusside and, while it
has a better benefit/risk ratio than sodium nitroprus-
side, it still requires adequate monitoring. By com-
parison, a standard hypotensive anaesthesia tech-
nique with remifentanil does not require such a
protocol.

Adenosine

A natural substance derived from purines, adeno-
sine is formed from the metabolism adenosine
triphosphate after intravenous administration; fur-
ther metabolism results in the formation of uric acid.
Adenosine causes systemic and coronary arterial
vasodilatation that is dose-dependent. Its adminis-
tration results in an increase in plasma renin activi-
ty®# and catecholamine levels,®! in addition to an
increase in cerebral blood flow and impairment of
the autoregulatory function of the cerebral
microvascular circulation.’®¢871 The plasma half-life
of adenosine is only 10-20 seconds and this makes it
useful when administered via a central venous cath-
eter. Because it is rapidly degraded, losing its effec-
tiveness, higher concentrations are needed. Howev-
er, this phenomenon can be counteracted by the
addition of dipyridamole, which inhibits the degra-
dation of adenosine. Although adenosine does not
produce tachyphylaxis, rebound hypertension or
tachycardia, it slows down intra-cardiac conduction
and accentuates a tendency for myocardial ischae-
mia in those with a predisposition.””38! Studies have
highlighted a deleterious vasoconstrictive effect on
the pre-glomerular related vessels, which results in a
decreased glomerular filtration rate and renal blood
flow;® this can be prevented by premedication
with a selective adenosine Aj-receptor antago-
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nist.” Bronchial spasm has also been described®!!
and postulated mechanisms include: a direct effect
of adenosine on bronchial smooth muscle, the re-
lease of histamine by mast cells, cholinergic stimu-
lation, stimulation of adenosine receptors and altera-
tions in intracellular cyclic adenosine monophos-
phate levels. Adenosine is an expensive product that
requires the concomitant use of dipyridamole to
limit the dose required and its adverse effects. It has
been used in combination with a nerve block and
isoflurane, which reduced the dose required and, in
this study, it significantly reduced the blood loss
during mandibular surgery.[®”

Compared with other vasodilators, adenosine
does not have one of the best benefit/risk ratios and
it has a high treatment cost. More importantly, it
could be expected that its benefit/risk ratio is lower
than hypotensive spinal or hypotensive remifentanil
anaesthesia.

Alprostadil

Alprostadil is a natural substance that causes a
decrease in arterial pressure by lowering vascular
resistance. Alprostadil has a myriad of effects: it
inhibits platelet aggregation, interferes with immune
responses, possesses anti-inflammatory effects and
stimulates blood coagulation factor X. However, it
has an intrinsic negative chronotropic effect that
limits the reflex tachycardia noted with other vaso-
dilators. It is very rapidly metabolised, which en-
ables it to be administered as a continuous infusion;
70% of the drug is eliminated by the lungs at the
time of the first passage, while the metabolites are
eliminated by the kidneys. Alprostadil produces an
increase in glomerular filtration by dilating the renal
small arteries, and an increase in sodium excretion
and diuresis.[®® The lack of adverse effects on cere-
bral blood flow and the autoregulation of the cere-
bral vasculature seen with alprostadil has led to its
use in neurosurgery®**! and cardiac surgery.®

The adverse effects seen with alprostadil consist
of respiratory depression leading to apnoea,
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bronchial constriction, bradycardia, abdominal pain,
diarrthoea and hyperthermia. One clinical study
showed that prolonged administration of alprostadil
(>120 minutes) in combination with haemodilution
during surgery of the hip could result in hepatic
failure.’”’ When combined with isoflurane and
haemodilution, alprostadil produced a significant
increase in the activity of the renin-angiotensin-
aldosterone system.[”®! Clinical studies have shown
that when used as a hypotensive agent during anaes-
thesia with isoflurane, alprostadil did not modify the
medullar blood flow in spinal surgery compared
with trimethaphan;®%!%1 improved cardiac output as
evaluated by echocardiography by maintaining ve-
nous tone during surgery of the knee compared with
trimethaphan;'°" and did not modify oxygen uptake
and carbon dioxide elimination in the surgery of the
breast or in the surgery of the tympanum as nitro-
glycerin did.['%?l In combination with isoflurane or
sevoflurane, alprostadil reduced blood loss during
surgery of the hip, but caused phlebitis in the site of
puncture.[193

The benefit/risk ratio for alprostadil in controlled
hypotension is not so favourable, and adverse ef-
fects must be taken into account and compared with
those of other techniques previously described.

Calcium Channel Antagonists

The calcium channel antagonists verapamil, dil-
tiazem, nicardipine and nifedipine, although of a
different nature, all inhibit the cellular entry of calci-
um through calcium channels. Nifedipine has not
been used for controlled hypotension and verapamil
was used only once in 1981 in a study without a
control group.l'®! Although the physiological ef-
fects of each agent are different, classically they all
produce vasodilatation, a reduction in the force of
contraction of the myocardium, and a deceleration
of conduction. Diltiazem has negative chronotrope
and dromotrope effects, whereas nicardipine has a
peripheral vasodilator effect via relaxation of
smooth muscle fibre and, in particular, sympathetic
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nerve inhibition."%! Although the force of myocar-
dial contraction is decreased by both agents, the
sympathetic nerve responses thwart the reduction in
inotropism and cause an increase in the cardiac
output.

Diltiazem, a benzothiazepine, has been used suc-
cessfully as an adjunct!!%! to reduce blood loss and
to reduce the dose of sodium nitroprusside by half
during spinal surgery. Nicardipine, a dihydropyri-
dine, had a vasodilator effect on systemic, coronary
and cerebral vessels with tiny beneficial effects on
myocardial contraction and pulmonary circulation
in dogs."% A combination of diltiazem plus ni-
cardipine did not modify the low-frequency sympa-
thetic-induced variations of heart rate during con-
trolled hypotension more than nicardipine used
alone.l'%1 Nicardipine, unlike nitroglycerin and al-
prostadil, caused a decrease in cerebral microvascu-
lar autoregulation during anaesthesia with propofol
plus fentanyl.'® It has been used mainly in
orthopaedic surgery, where it reduced blood losses
as a result of a sometimes prolonged hypotension;
thus, it avoided rebound hypertension, despite an
increase in plasma renin activity and catecholamine
levels.[''%1111 Tn spinal surgery, nicardipine reduced
blood loss to the same extent as isoflurane, while it
increased vertebral muscle blood flow as measured
by laser-Doppler velocimetry.l''?! The utility and
effectiveness of nicardipine have also been reported
in paediatric surgery in association with isoflurane
and sufentanil.[113-115]

Fenoldopam

The direct vasodilator fenoldopam is a selective
peripheral dopamine DA |-receptor agonist that acts
on the renal, coronary, cerebral, muscular skeletal
and splanchnic circulations. Fenoldopam produces
arterial vasodilatation and lowers blood pressure.
Compared with sodium nitroprusside, it increased
renal blood flow!!'%! and produced diuresis, without
a rebound hypertension."'” Tt has been used in
severe hypertension, in children, and in recovery
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from cardiac surgery without impairing coronary
revascularisation or causing coronary spasm,!'8] but
it increased the intraocular pressure.['' It has been
shown to maintain renal blood flow and glomerular
filtration during hypotension in dogs,'?° and to
produce a reduction in cerebral blood flow despite
the restoration of pressure by phenylephrine.['?! In a
retrospective study in children,"??! fenoldopam was
effective and well tolerated in controlled hypoten-
sion, but its capacity to reduce blood loss during
spinal surgery was not evaluated in this study. Fur-
ther evaluation of the efficacy and adverse effects of
fenoldopam in this indication is needed.

4.2.5 Inhibitors of the Autonomic Nervous System

Trimethaphan Camsilate

Trimethaphan camsilate blocks the synaptic
transmission of sympathetic nerve ganglia, thus in-
ducing arterial and venous vasodilatation, and a
reduction in the myocardial contractility and cardiac
output,l'?3! without hormonal sympathetic nerve re-
sponse or modification in plasma renin activity, and
without rebound hypertension after administration is
discontinued. However, the parasympathetic block
that can persist causes tachycardia, mydriasis and
urinary retention. The mydriasis is the result of
blockade of the ciliary ganglia and can impose a risk
for cerebral ischaemia. Compared to other agents
already discussed, trimethaphan camsilate does not
produce vasodilatation of the cerebral vessels, has
minimal effects on intracranial pressure and respects
to a certain extent autoregulation of the cerebral
blood flow.** However, medullar blood flow was
affected by trimethaphan more than with alprostadil
during spinal surgery,[® and a study in rats showed
that even with a very low MAP (30mm Hg) the
cerebral blood flow is maintained at correct values
with sodium nitroprusside and less so with
trimethaphan.['?* Trimethaphan is metabolised by
plasma cholinesterases, has a very short half-life and
is excreted via the kidneys. It can cause tachyphy-
laxis, which can involve histamine release and
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bronchial spasm. Trimethaphan inhibits plasma cho-
linesterase, thereby prolonging the effect of cura-
res.l!?5] These disadvantages have resulted in a de-
cline in its use, in particular in neurosurgery where it
had its advantages.

Clonidine

Clonidine, a central o2-adrenoceptor agonist,
reduces sympathetic nerve impulses and conse-
quently induces bradycardia and hypotension, indi-
cating a use as an adjunct to other agents in con-
trolled hypotension (isoflurane, labetalol, urapidil).
Clonidine allows a reduction of the concentrations
of these other agents as it reduces their adverse
effects (tachycardia, toxicity, rebound hyperten-
sion), while reinforcing their hypotensive ef-
fect.l'26-1291 However, it has only been successfully
used as an oral premedication because it has a sus-
tained and unpredictable effect. When combined
with alprostadil, it reduced the amount of alprostadil
needed to obtain the level of controlled hypotension
desired and a significant reduction in blood loss.[!3!

Urapidil and Phentolamine

Urapidil and phentolamine produce vasodilata-
tion via the peripheral o2-adrenoceptors. In addi-
tion, urapidil interacts with serotonin receptors in
the CNS, which explains the absence of a sympa-
thetic nervous system response.!'31:1321 These agents
have few effects on cerebral circulation, but they do
not produce levels of blood pressure low enough for
controlled hypotension and have not been further
studied in this indication.

Labetalol

Labetalol is a competitive antagonist at 31- and
B2-adrenoceptors and o1-adrenocoptors at a ratio of
7 : 1. It decreases myocardial contractility and heart
rate via its B-adrenoceptor effects, and causes vaso-
dilatation via its antagonistic effects on o-adre-
noceptors. The time to onset is slow (5—10 minutes),
with a peak effect from 1-3 hours. It has an unpre-
dictable effect and its effectiveness depends on the

© 2007 Adis Data Information BV. All rights reserved.

anaesthetic technique involved. Synergy was opti-
mal with isoflurane.!'33134 Labetalol does not modi-
fy intracranial pressure but has all the adverse ef-
fects of a P-adrenoceptor antagonist, i.e. risk of
intra-cardiac conduction block, bronchial spasm,
heart failure and prolonged hypotension. Its use in
this indication has been limited.

Esmolol

Esmolol is a short-acting antagonist of cardiac
B1-adrenoceptors. The time to onset of action is ~3
minutes and its duration of action is 10 minutes.
Esmolol is hydrolysed by erythrocyte esterases and
its elimination is independent of hepatic and renal
function. It can be used alone or in combination with
other agents. It produces a reduction of cardiac
output by reducing heart rate,’” and a reduction in
plasma renin activity and catecholamine levels re-
sulting in a decrease in arterial pressure,['*3 and an
increase in peripheral vascular resistance leading to
a reduction in myocardial contractility.l'3¢! There is
arisk of heart failure and so esmolol should be used
carefully.!'37) In mandibular surgery,['*” it reduced
blood loss and improved the quality of the operative
field to a greater extent than sodium nitroprusside.
Compared with sodium nitroprusside and remifen-
tanil, it decreased the blood flow to the middle ear
and improved the quality of the surgical field in
tympanic surgery, but without metabolic complica-
tions and while reducing microcirculatory autoregu-
lation without impairing it.?!

Compared with other techniques of controlled
hypotension such as inhalation or remifentanil an-
aesthesia, the benefit/risk ratio of esmolol is not as
favourable.

4.2.6 ACE Inhibitors

Only the ACE inhibitors captopril and enalapril
have been used as adjuncts for controlled hypoten-
sion. Their pharmacokinetic characteristics (long
duration of action, long time delay to onset of action
and elimination) confer an unpredictable effect. The
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hypotensive effects of these ACE inhibitors results
from the inhibition of the direct vasoconstrictive
actions of angiotensin II. Used as oral premedica-
tion, the role reserved for captopril and enalapril is
to remove the sympathetic nervous system response
which occurs at the time of administration of vasodi-
lators and to reduce the amount of sodium nitroprus-
side required.’>7+138] The danger of the use of
captopril is the risk of renal insufficiency in the
event of pre-existing stenosis of the renal artery,
because of vasodilatation of the efferent small artery
and the subsequent fall in glomerular filtration pres-
sure. Captopril in combination with fentanyl and
propofol, compared with sodium nitroprusside, en-
hanced the reduction of blood loss and improved the

quality of the surgical field in endoscopic sinus
surgery.[!39]

5. Techniques of Controlled Hypotension
According to Surgical Specialty

5.1 Ear, Nose and Throat Surgery

Surgeons need a bloodless operative field in mid-
dle ear surgery because of the microscopic features
of the area where only a few drops of blood can
prevent one from seeing. Controlled hypotension is
indicated here because of the high level of difficulty
and the shear impossibility of controlling bleeding
by using clamps on afferent vessels (vertebral-basi-
lar artery and external carotid artery). This is even
more the case in endoscopic sinus surgery.

Table IV. Drugs used in controlled hypotension for ear, nose and throat surgery

Drug Dosage Anaesthesia Advantage Disadvantage
Sodium IV 0.25 pg/kg/min Isoflurane for endoscopic sinus | Bleeding® J Autoregulatory functionf2!
nitroprusside surgery®! | Middle ear Lactic acidosis and
Propofol + alfentanil for blood flow!?! hypercapnia?
tympanoplasty! T Quality of the
surgical field?
Esmolol IV 100-330 pg/kg/min  Fentanyl + isofluranel®7] | Middle ear Cardiac failurel®
Alfentanil + propofoli? blood flow!?! J Autoregulatory functionf?!
T Quality of the
surgical field?
Clonidine PO 300ug Fentanyl 79-57 ug/kg, and isoflurane | Bleeding!'26]
1.1-0.63 volume %.!128]
Propranolol IV 7.25 mg/kg/min Morphine + propofoll'3] d Tachycardia Tachycardia
+ sodium IV 2.1 pg/kg/min Morphine + thiopental + halothanel'4%!
nitroprusside
Captopril PO 12.5mg Fentanyl + propofoll38! for | Bleeding No improvement compared with

Nitroglycerin
or alprostadil

IV 5 pg/kg/min
1V 0.3 pg/kg/min

endoscopic sinus surgery

Inhalation anaesthesia for
tympanoplasty!'©2]

Remifentanil 1V 0.20-0.5 pug/kg/min ~ Propofol (2 pg/mL)?
desflurane, isoflurane or
sevofluranel'

Alfentanil Isoflurane in endoscopic sinus
surgery!s9

Sufentanil Sevofluranel®?

Fentany! Isofluranel®®

T Quality of the
surgical field

| Middle ear
blood flow!?!

T Quality of the
surgical field
1 Bleeding

| Bleeding

| Bleeding

IV sodium nitroprusside 1-2.5
ug/kg/min

No alteration of oxygen uptake
or carbon dioxide elimination

J Autoregulatory functionf2!

More blood loss than
remifentanil/propofoll®
More blood loss than
remifentanil/propofoll®°!
More blood loss than
remifentanil/propofoll®

IV = intravenous; PO = oral; T indicates increase; | indicates decrease.
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Table V. Drugs used in controlled hypotension for paediatric surgery

Drug Dosage Anaesthesia Advantage Disadvantage
(ng/kg/min)
Nicardipine IV 0.5-7 Isoflurane+sufentanil in spinal d Blood loss!'%6:197] more than IV 27-minute prolonged
surgeryl113.114,141] sodium nitroprusside 0.2-1 ug/kg/  hypotensionl13.114]
mint'13l
T Lumbar blood flow!'41]
Fenoldopam IV 0.5-1.4 Isoflurane+remifentanil in spinal 1 Blood loss 1 Oxygen tension!'22]
surgeryl115l
Remifentanil IV 0.20-0.5 2% volume sevoflurane in middle ear | Middle ear blood flow!®! d Autoregulatory
surgery'®! T Quality of the surgical field® function®
Sodium IV 0.25 2% volume sevoflurane+alfentanil in | Middle ear blood flow!®! 4 Autoregulatory

nitroprusside middle ear surgery®

Clonidine IV 5 ng/kg

surgeryl142l

Isoflurane+fentanyl for oromaxillofacial

functionl®!
Lactic acidosis and
hypercapnial®

T Quality of the surgical field®

T Quality of the surgical field
| Isoflurane, | fentanyl, | labetalol

IV = intravenous; T indicates increase; | indicates decrease.

Randomized controlled trials have demonstrated
the efficacy of some techniques of controlled hypo-
tension in reducing bleeding and improving the
quality of the surgical field. Pharmacological mea-
sures have been associated with physical ones such
as the head-up tilt 15-20° position. Chronologically,
sodium  nitroprusside,

propranolol,  esmolol,

labetalol, alprostadil, clonidine,
urapidil, captopril and remifentanil have been used
successfully (table IV).

nitroglycerin,

5.2 Paediatric Spinal Surgery

Halothane, isoflurane and sevoflurane provided
controlled hypotension during paediatric spinal sur-

Table VI. Drugs used in controlled hypotension for orthopaedic surgery

Technique Dosage Anaesthesia Advantage Disadvantage

Epidural: 1% 5mL epidurally 25-35mL ropivacaine 1% in T1-2 1 Bleeding 600mL,["8 1100mL4]

ropivacaine dermatome for kneel'! or hip!'®l Less bleeding than propofol/

arthroplasty remifentanill2]

Spinal: 5% 2mL intrathecally Bupivacaine T10 dermatome Bleeding

bupivacaine 1000mL,[8!
1800mL4

Alprostadil + Isoflurane in hip arthroplasty!'”! 1.3U transfusion

normovolaemic

haemodilution

Nitroglycerin IV 1-2 pg/kg/min Isoflurane in hip arthroplasty!®”! 2.3U transfusion

Isoflurane Isoflurane in hip arthroplasty!'”:7] 2.7U transfusion Less
haemodynamic
stability than
desfluranel#3!

Desflurane Desflurane for spinal surgery('43l Haemodynamic stability

Sevoflurane Sevofluranel'#4 Renal dysfunction

Trimethaphan IV 26.7 pg/kg/min Sevofluranel'4] No hepatic dysfunction 1 Epidural blood

Prostaglandin E1 1V 0.142 ug/kg/min Sevofluranel'4s]

IV 0.5-2 pg/kg/min

Nitroglycerin IV 4.7 ug/kg/min Sevofluranel'4s]

flowl®®l

No hepatic dysfunction('43!
T Cardiac output®

No hepatic dysfunction

IV = intravenous; T = thoracic; T indicates increase; | indicates decrease.
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Table VII. Drugs used in controlled hypotension for oromaxillofacial surgery?

Drug Dosage Anaesthesia Advantage

Isoflurane 0.5-1% Isoflurane for mandibular osteotomy®  Good surgical conditions
Nitroglycerin IV 0.5-1.5 ug/kg Isoflurane for mandibular osteotomy®  Good surgical conditions
Fentany! IV 30 ug/kg Nerve blockl8! | Blood loss

Nicardipine IV 1-7 ug/kg/min Nerve block!''®! | Blood loss

Adenosine IV 5-50 pg/kg/min Nerve block®?! | Blood loss

a No specific disadvantages noted in these references.
IV = intravenous; | indicates decrease.

gery and produced good results when used alone or
with nicardipine, sodium nitroprusside or fe-
noldopam. Remifentanil associated with sevoflu-
rane (2%) in children enabled controlled hypoten-
sion during middle ear surgery, reduced middle ear
blood flow (as measured by laser-Doppler flowme-
try) with a moderate impact on microcirculatory
auto-regulation and provided satisfactory surgical
conditions without any complication (table V).

5.3 Other Surgeries

Studies on the specific use of drugs in controlled
hypotension techniques for orthopaedic surgery (ta-
ble VI), oromaxillofacial surgery (table VII), uro-
logical surgery (table VIII) and neurosurgery (table
IX) have also been tabulated for ease of reference.

6. Conclusion

Controlled hypotension still has an important role
in reducing operative bleeding and in blood conser-
vation. It is indicated in the reduction of operative
bleeding for surgery requiring a bloodless operative
field, with low or moderate haemorrhagic potential,

Table VIII. Drugs used in controlled hypotension for urological surgery

such as microsurgery (middle ear), ophthalmologic
surgery and neurosurgery in light of the benefit/risk
ratio. The benefit does not appear to be much higher
than the risk if one considers the noxious effects of
certain pharmacological agents, the considerable
treatment costs of some agents and the risks of
monitoring techniques such as arterial catheterisa-
tion required for other agents. The hypotensive ef-
fect of the new inhalation agents (isoflurane,
desflurane and sevoflurane), or of total intravenous
anaesthesia with propofol, added to the easily con-
trolled new opioid, remifentanil, avoid the use of the
specific potent hypotensive agents and, thus, im-
proves the benefit/risk ratio. This ‘hypotensive’ an-
aesthesia, used at standard clinical concentrations,
could be carried out without arterial catheterisation.

The use of controlled hypotension has decreased
or disappeared in surgery with high haemorrhagic
potential, such as cardiac surgery or liver transplant
surgery, as the absence of studies in this area in the
recent medical literature shows. The need to main-
tain a pressure of perfusion close to basal values, the
contribution of antifibrinolytics and methods of

Technique Dosage Anaesthesia

(ug/kg/min)

Advantage Disadvantage

Sodium nitroprusside 1 (estimated)

prostatectomy!'9

Sodium nitroprusside 1 (estimated)

prostatectomy!?%

Isoflurane + fentanyl for

Desflurane + fentanyl for

| Bleeding (1260mL) more than
haemodilution (1820mL) or
placebo (1920mL)

| Cost by 40%

| Bleeding (788mL) more than
haemodilution (861mL) or
placebo (1335mL)

T Acute-phase
responsel”

T indicates increase; | indicates decrease.
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Table IX. Drugs used in controlled hypotension for neurosurgery

Drug Dosage Anaesthesia Advantage Disadvantage

Sodium nitroprusside IV 0.6 ug/kg/min  Balanced anaesthesial™ for Satisfactory More sodium

+ enalapril PO 0.1 mg/kg intracranial aneurysm repair + operative field nitroprusside
enalapril vs control required

Sodium nitroprusside control
Esmolol

IV 1.4 ug/kg/min
IV 300 pg/kg/min

Isofluranel'3s!

Satisfactory
operative field

IV = intravenous; PO = oral.

programmed autologous transfusion could explain
the disaffection for controlled hypotension in these
indications.

Surgery with moderate haemorrhagic potential,
such as vascular surgery, prosthetic orthopaedic sur-
gery of the hip, knee or spine, mandibular osteotomy
or prostatectomy, profits from the combination of
haemodilution with autologous transfusion and with
controlled hypotension, which preserves its use in
these indications.

Over the last 10 years, new techniques based on
agents that have only been used recently in con-
trolled hypotension have emerged: the anaesthetic
agents fentanyl, remifentanil and sevoflurane, the
autonomic nervous system inhibitor clonidine as an
oral premedication, the ACE inhibitors captopril and
enalapril as oral premedications, and the ‘natural’
substances adenosine and fenoldopam.

Sodium nitroprusside has been most widely used
agent for controlled hypotension in clinical trials, in
combination with isoflurane or propofol, despite the
high risks of toxicity, mainly because it was used as
a reference in comparison with new agents.
Isoflurane and other inhalation agents, have the ad-
vantage of being hypnotic and hypotensive agents at
clinical concentrations, and are used alone or in
association with adjuvant agents (such as inhibitors
of the autonomic nervous system [clonidine, 3-adre-
noceptor agonists] or ACE inhibitors) to limit tachy-
cardia and rebound hypertension. Other vasodila-
tors, such as nicardipine, have been increasingly
used for children; and fenoldopam, adenosine and
alprostadil are currently being evaluated, but have

© 2007 Adis Data Information BV. All rights reserved.

cerebral, pulmonary or cardiac disadvantages in ad-
dition to a high treatment cost that limit their devel-
opment in controlled hypotension.

The best efficacy combined with ease of use and
lack of toxicity belongs to techniques of hypotensive
anaesthesia that associate analgesia and hypotension
at clinical concentrations. The first and oldest option
is epidural anaesthesia, but this is not always practi-
cal with all surgeries. The most recent satisfactory
technique is the combination of remifentanil with
either propofol or an inhalation agent (isoflurane,
desflurane or sevoflurane) at clinical concentrations.
In light of recent literature and because of their
safety and ease of use, both techniques are preferred.
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