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REFRESHER COURSE OUTLINE

Update on
anaesthesia and the
immune response

Girish C. Moudgil MB M SC FFARCS FRCPC

Infection following surgery is common. Although
many factors have been implicated in the patho-
genesis of perioperative infection, ultimately de-
pression of the host defence mechanisms allows the
invading organisms to become established. There-
fore, an understanding of anaesthesia-induced im-
munosuppression or stimulation is essential in order
to combat morbidity and mortality from periopera-
tive infection, tumour growth and metastasis, and
drug mediated hypersensitivity. The objective of
this refresher course is to review briefly the different
components of the immune response and to present
pertinent evidence relevant to anaesthesia-induced
suppression and/or stimulation of the immune
response. The clinical significance of these effects
of anaesthesia on the immune response will be
explored.

The immune response

The ability of the body to recognize, resist, and
remember foreign cells and organisms as “non self”
forms the basis of the immune response.! This
ability to protect against “non self” or foreign
molecules involves both *“non specific” and “spe-
cific” components of the immune response.

Non specific immunity

The *non-specific” or “innate” immunity is geneti-
cally determined and does not require previous
exposure to the invading organisms or antigens. It
forms the first line of defence, consisting of a
humoral and a cellular component. Upon stimula-
tion there is complement activation, increased
capillary permeability, attraction of polymorphs,
monocytes and macrophages, and enhanced phago-
cytic and intracellular bactericidal activities. The
net result is the establishment of a typical inflam-
matory reaction.

Specific immunity
“Specific” or “acquired” immunity is an adaptive
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response that requires previous exposure to a
foreign substance. In all vertebrates, the small
lymphocyte is the basic unit of the immune response
since it specifically recognizes the foreign antigen.
The information concerning the antigen is presented
to the lymphocyte, probably in the form of RNA,
following phagocytosis, digestion and processing
of the antigen by macrophages. The immuno-
competent lymphocytes are classified on an ana-
tomical and functional basis into either thymus
dependent or T lymphocytes, or bursa dependent B
lymphocytes? (Bursa of Fabricius of the chicken).

T LYMPHOCYTES

T lymphocytes are so called because they mature in
the thymus and are responsible for cell-mediated
immunity. On stimulation by appropriate antigens,
T cells transform into lymphoblasts, produce
soluble mediators called lymphokines and generate
cytotoxic cells. The T cells are further subdivided
into three groups according to their functional
activities.

T HELPER OR T4 LYMPHOCYTE

Following interaction with macrophages and anti-
gens, these cells help B cells transform into plasma
cells and manufacture more antibody. They also
release lymphokines and these cells mount the
delayed hypersensitivity response.

T SUPPRESSOR OR T8 LYMPHOCYTE

These cells fine tune the immune response by
having an inhibitory effect on the B cell antibody
synthesis. T-suppressor cells also exercise an in-
hibitory control over cytotoxic or effector T cells
and the macrophages.
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T EFFECTOR LYMPHOCYTES
These cells possess specific cytotoxic capabilities
and can lyse foreign cells, including tumour cells,
by direct contact.

In addition to T and B lymphocytes, other
subclasses of lymphocytes include the following:

K OR KILLER CELLS

These lymphocytes do not bear either T or B cell
surface markers but have an affinity for, and will
lyse, target cells coated with a specific immuno-
globulin.

NK OR NATURAL KILLER CELLS

This group of null cells without surface markers
possess the ability to kill malignant cells directly
without antibody coating or complement activation.
These cells are probably regulated by suppressor
cells and they do not attack the normal cells.

B LYMPHOCYTES

B cells are concerned with the synthesis of circulat-
ing antibodies and are fundamental to the humoral
immune response. Following antigenic stimulation,
the B cells are transformed to plasma cells capable
of producing various types of immunoglobulin
against the circulating antigens. These circulating
antibodies confer humoral immunity that can
be passively transferred from one individual to
another. The synthesis and release of free antibody
by the plasma cells results in coating of the
antigenic pathogens with a specific antibody and
complement which leads to the lysis of the patho-
genic organism. Although the T and the B lympho-
cytes specifically participate in either the cellular or
the humoral components of the immune response,
their activities are always interrelated with each
other and other cell types which allows amplifica-
tion and regulation of the various aspects of the host
defence system.

Anaesthesia and the immune response

The possibility that anaesthesia may alter the
immune function was considered as early as 1903
when Snel reported that ether, chloroform, and
chloral hydrate increased the mortality from anthrax
in guinea pigs.? In recent years, several extensive
reviews have revealed that anaesthesia can adversly
affect both non-specific and specific components of
the immune response.*~#
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Anaesthesia and leucocyte chemotactic migration
The migration of polymorphs, monocytes and other
phagocytic cells is one of the earliest events in the
body’s defence against infection. Therefore, effects
of anaesthetic agents on the leucocyte migration
were investigated by several workers. Initial studies
by Moudgil et al.? using modified Boyden’s cham-
bers (where migration across a micropore filter was
measured), revealed a dose-dependant depression
of chemotactic migration by local, intravenous and
inhalational anaesthetic agents. This depression
occurred at the clinical concentrations of all the
agents, was short-lived and reversible. A similar
inhibition of leucocyte locomotion by intravenous
anacsthetic agents was also observed in vitro by
others more recenntly. '° Similar findings were also
reported by Stanley®' and confirmed by Moudgil'?
in patients having surgery under general anaes-
thesia.

In contrast, in vitro studies by Duncan and
Cullen' and Nunn et al.’* failed to reveal any
depression of leucocyte migration by thiopentone or
halothane. In order to clarify these contradictory
findings Moudgil e al.'> conducted studies of the
effects of equipotent concentrations of different
volatile anaesthetic agents and 70 per cent nitrous
oxide on the polymorph and monocyte chemotactic
migration. These studies showed that the neutrophil
migration following exposure to one MAC concen-
trations of isoflurane, enflurane, halothane, me-
thoxyflurane and 70 per cent nitrous oxide was
reduced to 92, 68, 50, 42 and 45 per cent of the
control activity respectively. Similarly, monocyte
migration was reduced to 95, 76, 68, 61 and 49 per
cent of the control activity with the respective
agent.

The concensus at present is that all anaesthetic
agents cause a short-term, reversible depression of
chemotactic migration. The mechanisms whereby
anaesthetic agents induce an inhibition of chemo-
taxis remain to be defined. This depression of
chemotactic migration could be clinically relevant
in relation to perioperative infection.

Anaesthesia and phagocytosis

An intact phagocytic function is essential for the
host defence. Several human and animal studies of
anaesthetic effects of phagocytic activity in the past
have produced contradictory evidence. At the turn
of the century animal studies concluded that ether
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and chloroform!” inhibited phagocytosis in a dose
dependent manner. Similarly a reduction in the
number of salmonella bacteria ingested by peri-
toneal neutrophils after halothane anaesthesia in
mice has also been reported. '8

Human studies after either halothane, or nitrous
oxide-narcotic anacsthesia without surgery, re-
vealed a decrease in phagocytosis of latex particles
and nitroblue tetrazolium (NBT) reduction in one
instance, but showed only a minimal inhibition in
another after halothane 0.5-2.5 per cent or nitrous
oxide 80 per cent. ' Reduced phagocytic activity by
fixed macrophages of the reticuloendothelial sys-
tem has also been reported during anaesthesia in
man,?® and in animals,?! although the reduction
was only minimal. In addition to the effects of
volatile inhalational anaesthetic agents, in a recent
study the effects of premedicants, intravenous
induction and local anaesthetic agents, on the
human leucocyte phagocytic activity were assessed
in vitro. This study revealed a dose dependant,
statistically significant depression of phagocytic
activity following in vitro exposure to varying
concentrations of intravenous induction agents,
narcotics, and local anaesthetic agents. These
observations were not the result of a non-specific
drug concentration effect, since equimolar concen-
trations of other non-anaesthetic agents failed to
produce any depression of phagocytosis.??

Thus it would appear that some of the anaesthetic
agents may potentially enhance the risk of peri-
operative infection by reducing the phagocytic
activity. This depression may be further com-
pounded by the surgical intervention per se, since
several other studies have shown impaired leuco-
cyte function by the stress of surgery both in man
and in animals.

Anaesthesia and bactericical activity

In addition to a decrease in phagocytosis, anaes-
thetic agents can also inhibit bactericidal activities.
Earlier studies utilized nitroblue tetrazolium reduc-
tion (NBT reduction) as an index of cidal activity.
More recently, utilizing the technique of chemi-
luminescence, where the light emission by the
highly reactive and excited oxygen radical is evalu-
ated, it was shown that only enflurane and not
isoflurane inhibited the bactericidal activity.?
Similar observations were made following expo-
sure to halothane also.® Using the superoxide
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induced chemiluminescence, a dose-dependant de-
pression of bactericidal activity was also reported
with thiopentone and althesin; however, metho-
hexitone, morphine, diazepam and lidocaine failed
to produce similar effects.?

All the above studies support the concept that
different anaesthetic agents may interfere with
various aspects of the non-specific immune re-
sponse. A suppression of leucocyte function in
particular could be relevant in the pathogenesis of
postoperative infection. However, the true clinical
significance of these observations remains to be
ascertained.

Anaesthesia and lymphocyte function

The ability of the peripheral blood lymphocytes to
proliferate in response to mitogenic (PHA) or
alloantigenic stimulation is a recognized in vitro
correlate of cell-mediated immunity. Similarly
lymphocyte cytotoxicity, and T helper (T4) and T
suppressor (T8) cell ratios are also utilized to assess
the lymphocyte immunocompetence in cell-medi-
ated immunity.

Several studies have investigated the effects of
inhalational, intravenous and local anaesthetic
agents on the lymphocytes’ ability to proliferate
following mitogenic stimulation with phytohaemag-
glutinin (PHA) in tissue cultures in vitro. Halothane
was found to decrease PHA-induced lymphocytic
proliferation in vitre in concentrations found during
clinical anaesthesia but only after 24 to 48 hours’
exposure to halothane.?® Similarly cell-mediated
cytotoxicity, an important defence against malig-
nant cells, was also inhibited by exposure to 1.0 to
2.5 per cent halothane in vitro.”

In another study thiopentone was seen to inhibit
cytotoxicity reaction at the peak concentrations
found during the induction of anaesthesia and
also decrease PHA induced lymphoproliferation at
higher concentrations of the agent.”® Ketamine,
droperidol, or lidocaine did not affect lymphocyte
transformation at clinical concentrations, but were
able to cause a depression at much higher concen-
trations.?® Addition of several anaesthetic agents to
the lymphocyte cultures simultaneously produced
additive effects. One per cent halothane and thio-
pentone (14 pg-ml~!) inhibited cytotoxicity reac-
tion by 20-21 per cent separately but when added
simultaneously to the cultures caused a 45 per cent
inhibition.>® Thus, it is clear that anaesthetic agents
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cause a depression of mitogenic lymphoprolifera-
tion as well as cell-mediated cytotoxicity in vitro.

However, the studies of the effect of clinical
anacsthesia on lymphocyte function in man have
yielded differing opinions. Halothane and enflurane
anaesthesia for 5-7 hours duration in healthy
volunteers had no effect on the phytohaemag-
glutinin-induced lymphoproliferation in one study.
However, a decrease in mitogen (PHA) and alloan-
tigen (MLC) induced lymphoproliferation was ob-
served after three hours exposure to halothane/
N,0/0; anaesthesia in healthy humans, in another
similar study.’? The intensity of depression of
lymphocyte function was more severe when a
similar halothane/N,O/O; anaesthesia was repeated
six weeks after phenobarbitone pretreatment. In
contrast to the depression observed with halothane/
N,0/0, anaesthesia, balanced anaesthesia with
thiopentone/N,0O/O,fentanyl droperidol/muscle re-
laxant, failed to produce a depression of PHA
induced lymphocyte responses.®*-> In a recent
unpublished study by Moudgil and Singal it was
observed that halothane but not isoflurane inhibited
PHA-induced lymphoproliferation in the post-
operative period.

The effects of regional versus general anaesthesia
on the immune response have also been investigated
recently. A significant reduction of lymphoproli-
feration in response to mitogens and histo-compa-
tibility alloantigens in mixed lymphocyte cultures
was observed in patients having transurethral
prostatic resection under general anacsthesia,*®
whereas only minimal changes were seen when
surgery was performed under spinal anaesthesia.
Similarly, natural killer (NK) cell activity was
significantly depressed in mothers having Cae-
sarean section under general anaesthesia only and
not under epidural anaesthesia.>$

A depression of monocyte mediated cytolysis
and mitogen induced lymphoproliferation by sera
obtained from patients having general anaesthesia
but not epidurals has also been reported.3” These
and other studies would indicate that as opposed to
general anaesthesia, surgery under regional anaes-
thesia does not produce a suppression of cell-
mediated immunity.

Anaesthesia and humoral antibody production
Reports on the effects of anaesthesia on humoral
immunity in man are meagre with inconclusive
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results. Although a slight decrease of immuno-
globulin concentrations in the postoperative period
has been reported,®® there is no firm evidence that
anaesthesia alters the production, functional
activity or immunoglobulin levels in the periopera-
tive period. The postoperative slight decrease of
immunoglobulin levels is predominantly due to
protein loss from the intravascular space and not
anaesthesia per se. Since the half-life of serum
immunoglobulins is long, i.e., 2.4 (IgE) to 21 days
(IgG), transitory disturbances in immunoglobulin
production are unlikely to be reflected in serum
concentrations. However, a decrease of immuno-
globulin plaque-forming cells has been reported
following open heart surgery.3?*° On the basis of
animal experiments and measurements made after
battle injuries, it would appear that antibody pro-
duction remains unaltered after surgery and anaes-
thesia.

Anaesthesia and infection

It is difficult to ascertain the precise role of
anaesthesia in the pathogenesis of perioperative
infection since several factors contribute towards it.
However, several animal studies have shown that
anaesthetic intervention alone may alter the course
of an infection. Halothane anaesthesia has been
shown to increase the mortality from salmonella
infection in mice'® in one study and double the
mortality from faecal peritonitis in another.*2 Halo-
thane anaesthesia for two hours was also reported to
have increased mortality from murine hepatitis
virus (MHV3) infection in newly weaned mice.*!
The mortality in the anaesthetized group of animals
was significantly enhanced when anaesthesia was
given immediately before and up to 24 hours after
infection.*? These and other animal studies tend to
support the view that anaesthesia can enhance
morbitity and mortality from infection by modify-
ing the host defences.

Anaesthesia and malignancy

In studies of cell-mediated immunity against tu-
mour cells in man, presence of tumour-associated
antigens has been confirmed by several labora-
tories. It appears that neoplastic cell is antigenic and
that cell mediated immune responses of the host
tend to inhibit tumour growth. Studies of effects of
anaesthesia on “tumnour takes” are contradictory.
Both enhanced pulmonary metastasis*® as well as
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no significant effect by anaesthesia,*® have been
reported. Besides general tests of overall immunity,
tumour-specific responses have also been evaluated
in the perioperative period. The ability of the host
leucocytes to kill tumour cells (tumour type specific
leucocytotoxicity) was depressed up to seven days
following mastectomy under halothane anaesthesia
for carcinoma of the breast** and Wilms tumour,*
Tumour cell killing by cytotoxic leucocytes was
also inhibited by local anaesthetics,*” barbital*® and
halothane in vitro.?’ Although it is difficult to
assess the anaesthetic effects in isolation from
surgical intervention, from the above studies it
would appear that anaesthesia and surgery may
enhance tumour spread by suppressing the immune
Tesponses.

Anaesthesia and anaphylaxis

Anaphylactic drug reactions are the outcome of an
undue and unwanted stimulation of the immune
response. True anaphylactic hypersensitivity re-
quires previous sensitization and in all the subtypes
(Type Ito Type IV) allergic reactions are mediated
through antibodies or cell-mediated immune re-
sponses. Although anaesthetic agents cause a de-
pression of the immune response, they do not
provide any protection against anaphylactic drug
reactions.

Conclusions

The available evidence supports the concept that
anaesthetic agents influence a wide variety of
specific and non-specific host defences. However,
the precise role of anaesthesia alone in the patho-
genesis of perioperative infection remains to be
defined. Although large amounts of data demon-
strate postoperative impairment of the immune
response, further studies are necessary to correlate
in vive and in vitro studies of immunocompetence
and the occurrence of postoperative infections.
Anaesthetic-induced depression of immune system
is short-lived and reversible; however, this depres-
sion can influence perioperative morbidity and
mortality in the susceptible patients. By under-
standing the nature of these defects, and by meticu-
lous preoperative and intraoperative management,
we may be able to prevent the perioperative morbi-
dity and mortality.
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