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SUMMARY mon inhalational agents currently used in anesthesia

Despite technological advances in surgery and anesthesia
during the last few decades, the incidence of postoperative
cognitive dysfunction remains a relatively common compli-
cation in surgical patients. After surgery, elderly patients in
particular often exhibit a transient reversible state of cere-
bral cognitive alterations. Anesthetics administered as part
of a surgical procedure may alter the patient’s behavioral
state by influencing brain activity. This concise report will
address the scientific evidence on the relationship between
postoperative cognitive dysfunctions and the most com-
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(volatile anesthetics: isoflurane, desflurane and sevoflurane,
gaseous nitrous oxide). The available literature does not
allow definitive conclusions to be drawn on the possible dif-
ferences between anesthetics in relation to the subsequent
occurrence of cognitive dysfunction. However, such infor-
mation is crucial to improve anesthesia performance and
patient safety, as well as outcomes.

INTRODUCTION

The number of elderly people is increasing yearly, and
more patients are candidates for anesthesia and surgery
(1). After surgery, elderly patients in particular often
exhibit a transient reversible state of cerebral cognitive
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alterations. The most frequent symptoms are memory
loss and lack of concentration (2), but among these cog-
nitive dysfunctions, a state of delirium may develop (3).
Delirium is also associated with higher postoperative
mortality and morbidity and with delayed functional
recovery. However, whether this worse prognosis is
directly caused by delirium, or is caused by neurological
damage - of which delirium is simply a symptom -
remains unclear (4).

These alterations compromise recovery after surgery;
mobilization of the patient is difficult and, therefore, hos-
pital stay is extended. The resulting immobilization is
associated with further complications (e.g., decubitus,
pneumonia or thrombosis) (5).

Anesthetics given during surgery produce changes in the
patient’s behavioral state by modifying brain activity via
at least two mechanisms: dose-dependent global, and
regionally specific, suppression of neuronal activity and
disruption of functional interactivity within distributed
neural networks (6). Contrary to previous understanding,
the clinical state of anesthesia consists of multiple com-
ponents that are mediated via the interaction of anes-
thetic drugs with different targets on the molecular-cel-
lular network and structural-anatomical levels (7).

Neurotransmitter-gated ion channels, particularly
receptors for y-aminobutyric acid (GABA), glutamate
and N-methyl p-aspartate (NMDA) channels are modu-
lated by most anesthetics, at both synaptic and extrasy-
naptic sites, and additional ion channels and receptors
are also being recognized as important targets for gen-
eral anesthetics (8).

Neuronal nicotinic acetylcholine receptors (nAChRs)
consist of different subunits, o and 3, with different sub-
type arrangements corresponding to distinct pharmaco-
logical and functional properties. In the human brain,
nicotinic receptor subtypes have discrete distributions,
which are, in part, different from those of other species
(9). It has been demonstrated that nAChRs are involved
in cognitive processes such as learning and memory and
control of movement in healthy subjects. Recent data
from knockout animals have extended the understand-
ing of NAChR function. Dysfunction of nAChR has been
linked to a number of human disorders such as schizo-
phrenia, Alzheimer’s and Parkinson’s diseases (10).
Although nAChRs are not directly involved in the hyp-
notic component of anesthesia, there is a modulation of
central nicotinic transmissions by inhalational agents.
Several intravenous anesthetics, such as barbiturates
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and etomidate, exert an inhibitory effect on nAChRs, but
propofol exerts effects only at concentrations higher
than those necessary for anesthesia (11).

The present article aims to provide a concise review of
the available up-to-date information on the effects of
common inhalational anesthetic agents on the inci-
dence of postoperative cognitive dysfunction, with a
view to decreasing the risk of unwelcome events and
increasing anesthesia performance, patient safety and
outcomes. The literature search was confined to three
databases from 1980 to 2008: the Cochrane Library,
MedLine accessed through PubMed and CINAHL.
Articles were retrieved for closer screening and were
assessed for quality.

POSTOPERATIVE COGNITIVE DYSFUNCTIONS

Postoperative cognitive dysfunctions (POCD) are defined
as impairment of the mental processes of perception,
memory and information processing, which allow the
individual to acquire knowledge, solve problems and
plan for the future. POCD represents a common compli-
cation in postoperative patients (12-14). Although tech-
nological advances in surgery and anesthesia in the last
few decades have led to a steady decrease in the mortal-
ity and morbidity rate associated with these procedures,
the incidence of POCD remains relatively high (15). This
complication not only compromises recovery after sur-
gery but, if persistent, minimizes and compromises sur-
gery itself (16). Patients with POCD are at an increased
risk of death in the first year after surgery (17).

Risk factors for postoperative cognitive disorders can be
divided into age- and comorbidity-dependent, as well as
those related to surgery and anesthesia (16). Substance
abuse, preexisting psychiatric and neurological disor-
ders, and conditions with high intracranial pressure rep-
resent some of the most common risk factors associated
with comorbidity (16). Average life expectancy is increas-
ing due to the advancement of science, and studies have
demonstrated that the risk of postoperative cognitive
deficits increases with age (13).

The incidence of POCD in elderly patients on the first day
after minor surgery is higher than previously reported for
7 days after major surgery (18). An international trial [the
International Study on Postoperative Cognitive
Dysfunction (ISPOCD)] of elderly patients (mean age 68
years, range: 60-81 years) who underwent noncardiac
surgery demonstrated a 26% incidence of POCD 1 week
after surgery, with 10% having persistent POCD 3 months
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later (19). Younger patients (mean age 51 years, range:
40-60 years) showed a lesser incidence at 1week postop-
eratively (19%), which decreased to 6% after 3 months
(20). Postoperative cognitive deficits are common in
adult patients of all ages at hospital discharge, but only
the elderly are at significant risk for long-term cognitive
problems (17). In this latter study, on discharge, POCD
was present in 36.6% of young patients (18-39 years), in
30.4% of middle-aged (40-59 years) and in 41.4% of eld-
erly patients (60 years or older), while at 3 months after
surgery, it was present in 5.7% young patients, 5.6%
middle-aged, and 12.7% elderly patients (17).

Another important risk factor for POCD is the type of sur-
gery: while a very low incidence is associated with minor
surgery, cardiovascular, orthopedic and urologic surgery
are characterized by a high risk of postoperative cogni-
tive disorders (13, 16). In cardiac surgery, for example, the
incidence of POCD - principally attributed to the use of
cardiovascular bypass - is approximately 50-80% at
hospital discharge, 20-50% at 6 weeks, and 10-30% at 6
months after operation (15).

Finally, not all areas of the brain are affected to the same
degree by anesthetic agents; some brain regions are
more sensitive to anesthesia and sedation than others
(21). For example, sedative concentrations of anesthetics
inhibit activity in multimodal association cortices (such
as parietal and prefrontal cortices), determining amnesia
and attention deficits. In contrast, activity in unimodal
cortices and in the thalamus remains largely unaffected
by low doses of anesthetic drugs (21), leading researchers
to increasingly investigate the degree of involvement of
anesthesia in the incidence of POCD. Many studies have
been carried out on the comparison of regional as
against general anesthesia, but no significant differences
were found (12, 13, 22, 23). Similarly, no difference was
found between epidural and general anesthesia after
knee replacement (24). The effects of propofol or several
opioids, such as fentanyl and tramadol, were also inves-
tigated. The results suggest, respectively, that patients
should refrain from any participation in road traffic for at
least 2 hours after propofol-based anesthesia, while
patients receiving tramadol patient-controlled analgesia
are better prepared to undergo cognitively demanding
tasks (25, 26). Thus, these findings seem to suggest that
anesthesia per se is not a risk factor of POCD, but rather,
that the incidence of postoperative cognitive disorders is
strongly related to the cumulative effects of surgery,
stress response to surgery, anesthesia, anxiety, pro-
longed starvation and so on (18).
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Nevertheless, most instruments, such as cognitive failure
questionnaires (27) or syndrome short tests (25), which
are used to assess cognitive dysfunctions, are subjective
and hence are not necessarily the best method for meas-
uring these deficits. Moreover, one of the difficulties of
human research in this area is that anesthesia is hardly
ever administered as a sole procedure but is almost
invariably administered to facilitate surgery (12). Further
studies to better understand the contribution of periop-
erative management on POCD, especially in terms of
anesthesia, appear to be necessary.

VOLATILE ANESTHETICS

Used alone, or as a part of balanced anesthesia, for
decades inhalational anesthetics have been the most
widely administered drugs in most anesthesia communi-
ties. The most common inhalational agents used today
in anesthesia are volatile anesthetics (isoflurane, desflu-
rane and sevoflurane) and the gas nitrous oxide (N,0).
Nevertheless, only a few studies have investigated the
effects of these kinds of drugs on postoperative cognitive
outcome (28).

Isoflurane

Isoflurane is an older inhalational anesthetic but is still
widely used in clinical practice. The effects of this anes-
thetic agent on the incidence of POCD have been widely
investigated. Already in 1992, in their study in patients
undergoing elective orthopedic procedures, Tsai et al.
(29) observed how desflurane anesthesia appears supe-
rior to isoflurane anesthesia, not only in emergence, but
also in the recovery of cognitive functions. These results
were confirmed in pulmonary surgery (30) and were con-
sidered valid even when desflurane anesthesia was sup-
plemented by premedication, intraoperative opioids and
N,O (31). Similarly, recovery of cognitive and psychomo-
tor functions seems to be faster and more complete after
sevoflurane than after isoflurane-based aesthesia (32).
In addition, the studies carried out by El-Dawlatly (33)
show that anesthesia based on this volatile agent pro-
duces inferior recovery — in terms of early time error
product scores — compared to anesthesia with sevoflu-
rane. Nevertheless, Kanbak et al. (28) have recently
revealed that isoflurane is associated with better neu-
rocognitive functions than desflurane or sevoflurane in
patients undergoing coronary artery bypass grafting sur-
gery with cardiopulmonary bypass, whereas Mahajan et
al. (34) found that isoflurane and sevoflurane anesthesia
result in similar clinical and neurocognitive recovery pro-
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files in older patients undergoing ambulatory surgical
procedures of short duration. In each case, however,
recovery of high cortical and neuromotor functions fol-
lowing isoflurane anesthesia was improved by flumaze-
nil, which reduces shivering and improves the overall
quality of emergence, including patients’ subjective feel-
ings (35, 36).

Finally, recovery of psychomotor and cognitive ability
after isoflurane and propofol-based general anesthesia
has been investigated (37, 38). Both types of anesthesia
allow early extubation and recovery of basic psychomotor
functions, and in both cases a decline of these functions
up to 24 hours after administration has been recorded,
suggesting that isoflurane and propofol show similar
recovery of psychomotor functions after long duration
anesthesia; therefore, other factors, such as subjective
well-being and costs, may be considered when deciding
between these two anesthetic techniques (37).

Desflurane

Desflurane is a recently introduced volatile anesthetic
drug with a low blood/gas solubility coefficient, which
allows rapid changes in anesthesia depth (39). This agent
is generally used toward the end of anesthesia to facili-
tate rapid emergence. In patients undergoing pulmonary
surgery, for example, emergence is twice as fast with des-
flurane as with other volatile anesthetics, such as sevoflu-
rane or isoflurane (mean times to extubation: 8.9 min-
utes, 18.0 minutes and 16.2 minutes for desflurane,
sevoflurane and isoflurane, respectively) (30, 40, 41).
Hence, faster recovery following desflurane may be an
advantage especially after long surgical procedures,
enabling the patient’s full cooperation and facilitating
early diagnosis of any potential neurological deficits (42).

Chen et al. (41) have shown that recovery of cognitive
functions was similar with both volatile anesthetics in a
comparative study with desflurane and sevoflurane in
elderly patients (41). Other findings have also failed to
detect any differences in emergence and recovery pro-
files in morbidly obese patients receiving desflurane or
sevoflurane, especially when the anesthetic concentra-
tion was carefully titrated (43). In contrast, in comparison
with isoflurane, desflurane-based anesthesia appears to
be superior, not only in emergence, but also in recovery
of cognitive functions (29). Recovery up to 45 minutes
postoperatively occurs earlier after desflurane, with sig-
nificantly fewer impaired (i.e., drowsy, clumsy, fatigued
or confused) patients (44). These results, however, seem
to contradict the findings of Kanbak et al. (28) who, eval-
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uating the effect of sevoflurane, isoflurane and desflu-
rane anesthesia on neuropsychological outcome in
patients undergoing coronary artery bypass grafting sur-
gery with cardiopulmonary bypass, observed how isoflu-
rane promoted better neurocognitive functions than
sevoflurane and desflurane, which are associated with
prolonged brain injury. Nevertheless, Loscar et al. (37)
have reported that desflurane anesthesia, even when
supplemented with opioids and N,O, seems to offer clin-
ical advantages over isoflurane as far as postanesthetic
recovery profile is concerned.

In contrast, patients after prolonged surgical procedures
showed an earlier recovery after anesthesia with desflu-
rane/fentanyl- than with propofol/remifentanil-based
total intravenous anesthesia (TIVA), with similar recovery
of cognitive functions in both groups (45). However, the
latter shows significantly faster emergence and return of
cognitive functions than anesthesia with desflurane and
N,O (46).

Sevoflurane

Sevoflurane is currently considered the inhalational
agent of choice in anesthesia (47). The effects of this drug
in relation to the incidence of POCD have been investigat-
ed, but the results are not so clear. In their study on
patients undergoing coronary bypass graft surgery, Kadoi
and Goto (48) found no relationship between POCD and
the use of this anesthetic agent. In contrast, some com-
parative studies of sevoflurane and other volatile anes-
thetics, such as desflurane and isoflurane, indicate that
the former seems to be associated with the worst cogni-
tive outcomes (28). Recovery of cognitive function is sim-
ilar with both desflurane and sevoflurane in patients with
and without morbid obesity (41, 43), and anesthesia
based on this anesthetic agent is associated with a supe-
rior recovery — in terms of early time error product scores
- compared with anesthesia with isoflurane (33, 38, 49).
These results were not confirmed after pulmonary sur-
gery, in which Dupont et al. (30) demonstrated how des-
flurane, but not sevoflurane, allowed more rapid emer-
gence and earlier recovery than isoflurane.

The effects of sevoflurane anesthesia on POCD have also
been evaluated in comparison with intravenous anesthe-
sia with propofol, highlighting how the incidence of
POCD levels does not depend on the anesthetic agent
used (18). Moreover, total intravenous anesthesia with
propofol/remifentanil- shows no patient benefit over
sevoflurane/fentanyl-based anesthesia in terms of
recovery and cognitive functions (50). Indeed, recovery
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appears to be faster after sevoflurane/fentanyl than
after propofol/remifentanil (51). In addition, anesthesia
with these drugs shows that emergence and return of
cognitive function are significantly faster than with
sevoflurane/nitrous oxide anesthesia, up to 60 minutes
after administration (46), whereas sevoflurane/nitrous
oxide anesthesia has a good recovery profile for ambula-
tory colonoscopy, resulting in faster recovery of cognitive
function than with the combination of fentanyl, midazo-
lam and propofol (52). Finally, in elderly patients under-
going hemiarthroplasty of the hip, induction and main-
tenance with sevoflurane provides rapid emergence
from anesthesia without further depression of postoper-
ative cognitive functions. This may be a preferred anes-
thetic to unilateral spinal anesthesia (53).

NITROUS OXIDE

N.O'is a colorless, almost odorless gas and is considered
a dissociative drug that can cause analgesia, deperson-
alization, derealization, dizziness, euphoria, sound dis-
tortion and slight hallucinations.

N,O is still frequently used. Careful consideration of the
illustrated contraindications and side effects, as well as
the available alternatives, shows that N,O is still an
option in general anesthesia (54). This substance is a
weak anesthetic agent, usually not used alone during
general anesthesia, but administered in combination
with more powerful inhalational anesthetics such as
sevoflurane, desflurane or isoflurane.

While the anesthetic/hypnotic mechanisms of N,O
remain largely unknown, the underlying mechanisms of
its analgesic/antinociceptive effects have been elucidat-
ed in the last few decades. The evidence to date indi-
cates that N,O induces opioid peptide release in the
periaqueductal gray matter of the midbrain, leading to
activation of the descending inhibitory pathways, which
results in modulation of pain/nociceptive processing in
the spinal cord (55).

The use of N,O is associated with POCD and delirium
which is an important clinical concern. High doses of
N,O seem to be associated with impairments in many
cognitive central nervous system functions (56).

In clinical practice, volatile anesthetics are normally
combined with N,O and/or opioids, leading to an addi-
tive interaction between volatile anesthetics and N.,O,
but to a synergistic interaction of volatile anesthetics
with opioids. However, there have been relatively few
investigations into the interactions between the clinical-
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ly widely used combination of volatile anesthetics, N,O
and opioids (57). The development of postoperative
delirium after exposure to N,O has a similar incidence
when compared with nonexposure to N,O (58). N,O
interacts with vitamin B, resulting in selective inhibition
of methionine synthesis, a key enzyme in methionine and
folate metabolism. Thus, NZO may alter one-carbon and
methyl-group transfer, which is very important for DNA,
purine and thymidylate synthesis. Long-term exposure
to high concentrations of N,O may cause megaloblastic
bone marrow depression and neurological symptoms.
Exposure to higher doses for less than 6 hours, as in clin-
ical anesthesia, is considered harmless (59).

Cognitive impairment due to vitamin B,, deficiency is
rarely dominated by isolated memory disorders and an
authentic dementia correlated to B,, deficiency is an
exception (60). These clinical results are in accordance
with the neurotoxic effects produced by N,O on brain tis-
sues in animal models (61, 62).

CONCLUSIONS

Previous studies have demonstrated that certain inhala-
tional anesthetics may be associated with postoperative
cognitive dysfunction. In the aging brain, subtle cognitive
dysfunction can persist long after clearance of the drug
and mental processes resembling neurodegenerative
disorders may be reported by the patients and analyzed
by neurological and neuropsychological testing.

POCD in the elderly is a major health problem after sur-
gery and anesthesia, increasing morbidity, as well as
hospitalization and domiciliary costs, and reducing
patients’ quality of life. Most elderly surgical patients
receive inhalational anesthetics and these results call for
further evaluation of the interaction among inhalational
anesthetic drugs with postoperative cognitive function.
Since life expectancy and the number of aged patients
undergoing surgical procedures is progressively increas-
ing, future research should be directed to anesthetic
agents that may have an impact on postoperative cogni-
tive performance decline and the development of cogni-
tive dysfunctions in elderly patients. We have already
demonstrated that amyloid beta peptide interacts with
isoflurane and desflurane at clinically relevant concen-
trations using state-of-the-art nuclear magnetic reso-
nance spectroscopy (63). We presented a molecular
model for the oligomerization of amyloid beta peptide
based on the NMR studies (63-66). Our NMR studies
provide a possible explanation for studies on inhaled
anesthetic (halothane and isoflurane)-induced plaques
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in transgenic mice (with AD pathology) as reported from
other laboratories. Hence, further studies to understand
the interactions of different brain proteins with these
inhaled anesthetics in a clinical setting are warranted.
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