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Abstract
The stress response to surgery, critical illness, trauma, and burns is characterized by derangements of metabolic and
physiological processes which in turn activate the inflammatory, hormonal (sympathoadrenal), immunological, and genomic
responses. The surgery-induced stress response is almost similar to that triggered by traumatic injuries; however the duration
of the stress response varies according to the severity of injury. Although the stress response to acute trauma evolved to
improve chances of survival following injury, in modern surgical practice the stress response can be detrimental.
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Introduction

After surgical or accidental trauma, the nervous system
activates the stress response by sending impulses from the
injured site to the hypothalamic-pituitary-adrenal axis [1].
Activation of the hypothalamic-pituitary-adrenal (HPA)
axis is a critical feature of the coordinated physiological
response to surgical trauma [2,3]. Dysregulation of the HPA
axis profoundly affect perioperative response despite that
perioperative focus on this neuroendocrine response has
largely been restricted to glucocorticoid physiology. Acute
and chronic disruption of the HPA axis impairs the ability
to rapidly respond to initial and sequential perioperative
stressors. Several factors modulate the perioperative stress
response, as characterized by changes in cortisol physiology.
The aim of this review was to examine the complex interaction
between stress response to surgery, anesthetics role and
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impact on cognition by reviewing available literature on this
issue.

Hypothalamic-Pituitary-Adrenal Axis

Surgical trauma activates the sympathetic autonomic
nervous system via neurophysiological pathway which
stimulates the hypothalamus. Paraventricular nucleus (PVN)
of the hypothalamus is central regulator of this axis and is a
major relay for afferent information from limbic areas of the
CNS that can detect cognitive and emotional stressors, and
physiological changes [2]. Corticotrophin-releasing hormone
(CRH) is then released into the hypophyseal portal plexus
and binds to CRH receptors on corticotropes in the anterior
pituitary gland to release the adrenocorticotropic hormone
(ACTH). Vasopressin, released from the posterior pituitary
and reaching the corticotroph cells in the anterior pituitary
also has an endocrine function, as it stimulates secretion
of pro-opiomelanocortin from the anterior pituitary gland
in conjunction with CRH which is a key component of the
stress response to acute stimuli and stimulates the release
of ACTH via the vasopressin-3 receptor. ACTH is released via
Anaesth Critic Care Med J

2

Anaesthesia & Critical Care Medicine Journal

exocytosis into the systemic circulation where it primarily
acts on the melanocortin-2 receptors in the zona fasciculata
of the adrenal cortex to synthesize glucocorticoids that are
then released into the circulation, the most significant of
which is cortiso [4].

Carrier proteins, mainly cortisol-binding globulin
(CBG) and, up to some extent, albumin, prevent cortisol
from diffusing into cells in target tissues, with only ~5%
of the circulating cortisol in its active form [5]. Increased
free cortisol levels are paralleled by reductions in carrier
proteins, and at sites of inflammation, activated neutrophils
cleave CBG, which further increases the local active cortisol
concentrations [6].
The basic peripheral and neurophysiological pathways
underpinnings fostering the neuroendocrine response to
surgical tissue trauma is shown in Figure 1. Elevations of
cortisol, glucagon, catecholamine, and a host of inflammatory
cytokines, exacerbate the stress response to surgery leading
to increased sympathetic activity expressed as tachycardia,
hypertension, raised cardiac output and increased myocardial
contractility.

affect or modulate the stress response via afferent blockade,
central modulation and peripheral interaction. Anesthesia
exerts a variable action on hypothalamic, pituitary and
adrenal hormonal secretion although it has little effect on
the cytokine response to surgery because it cannot influence
tissue trauma [8].

General Anaesthesia

Surgical stress or nociception level is evaluated by
blood levels of ACTH, cortisol, epinephrine, norepinephrine
and PRL during surgery. Most of drugs used, including
neuroleptic drugs, opioids, thiopentone, propofol and
sevoflurane have been found to stimulate PRL release during
anesthesia [9,10]. Fentanyl suppressed ACTH and cortisol
secretion when administered before surgical incision in
patients undergoing pelvic surgery, but not when given after
the start of surgery [11]. Complete inhibition of the stress
response using high doses of fentanyl resulted in severe
postoperative respiratory depression in patients undergoing
open cholecystectomy [12]. This shows opioids seem to
suppress cortisol production at high dose. Effects of propofol
on the synpathoadrenal system are well documented [13,14].
A single induction dose of propofol can suppress cortisol but
it do not block cortisol and aldosterone secretion in response
to surgical stress. Continuous infusion of propofol, at deep
anesthesia doses, completely abolished circulating cortisol
secretion during surgery [13]. In laparoscopic surgery,
the type of volatile anesthetic significantly also affects the
stress response, sevoflurane when compared to isoflurane
significantly decreased plasma concentrations of ACTH,
cortisol and GH [15].

Stress hormones and cognition

Figure 1: Rapid glucocorticoid feedback inhibition of the
HPA axis [7]. Glucocorticoids (CORT) are secreted into
the blood from the adrenal glands in response to stress
activation of the HPA axis, and the circulating glucocorticoids
feed back to the anterior lobe of the pituitary gland, the
hypothalamic PVN, and the hippocampus. Glucocorticoids
inhibit CRH neuron activity via endocannabinoid release in
the PVN and curtail HPA hormone release within minutes
of reaching the PVN.

Effect of anesthesia on the stress response to
surgery

The response to surgical anaesthesia depends on type
of surgery, type of anaesthesia and patient. Anaesthesia can

The long-term memory mainly takes place in the
hippocampus and neocortex. Identification of the
mechanisms by which stress modulate hippocampal
function has been the subject of intense interest. High level
of cortisol can modulate the functional status of memory
circuit of hippocampus and neocortex16 and have profound
inhibitory effect on hippocampal cells activity is predicted.
Another neuroendocrine mediator of stress, prolactin (PRL),
also involved in modulating memory functions increases the
expression of corticotrophin releasing hormone (CRH) which
has been shown to enhance learning through hippocampal
CRH-R1 regardless of its indirect attenuation of stressinduced hypothalamo-pituitary-adrenal (HPA) axis activity
[16,17]. Inhibition of ACTH-stimulated production of cortisol
by anesthetic drugs has been seen variably in many clinical
studies while a marked increase in PRL concentrations were
observed independently of the anesthetic procedure [18,19].
Within the central nervous system (CNS), two kinds of
receptors are activated by cortisol: so-called glucocorticoid
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receptors (GRs; type II), and mineralocorticoid receptors
(MRs; type I). When a neuron contains receptors of both
types, as many within the hippocampus do, cortisol level
affects the hippocampal function in an inverted U-shaped
fashion [20].

It is well known that there are no direct methods
to measure stress level during general anaesthesia. The
common measured signs of autonomic reactions, such as
blood pressure or heart rate, have been used for assessing
stress level during anaesthesia, accepting their low specificity.
Some electroencephalographic (EEG-) derived variables,
such as entropy22 and bispectral index23, are useful for
monitoring depth of anaesthesia and preventing conscious
recall but they do not always indicate inadequate analgesia
and should be interpreted carefully during anaesthesia. The
so-called surgical pleth index (SPI), a novel multivariate index
using two continuous derived cardiovascular variables, has
been proposed as a method to evaluate intraoperative stress
level during general anaesthesia and a moderate correlation
to the stress hormones (ACTH, cortisol, epinephrine, and
norepinephrine) has been found during general anaesthesia
in a recent study [21-24].

Regional Anaesthesia

In lower abdominal and lower limb surgeries
perioperative stress response is blocked by epidural as
well as spinal anaesthesia. Afferent impulses from the
site of surgery travel to the hypothalamic- pituitary axis
and efferent impulses to the liver and adrenal medulla get
blocked. Patients undergoing hysterectomy, epidural block
dermatome level T4 to S5 before the start of surgery and
thus prevent increase in cortisol level [25,26]. However in
thoracic or upper abdominal surgeries even an extensive
epidural blockade cannot prevent the neurohormonal stress
response to surgery.

Conclusion

Anaesthetic drugs exert a variable action on response
of HPA axis to surgical trauma and only little effects on
cytokine production linked to tissue trauma. This review of
literature of cortisol response during surgery demonstrated
significant differences of cortisol response in relation to
the surgery and anaesthetic technique. It is essential to
blunt the stress hormones secretion in order to prevent
postoperative complications, such as PTSD, POCD and
delirium. For perioperative stress response currently
cortisol measurements are based mainly on robust assay
techniques that represent biologically relevant cortisol
levels. The gold standard technique for measurement of free
cortisol, liquid chromatography/tandem mass spectrometry
(LC/MS), Taylor AE, et al. [25] has been used in only two of

71 perioperative studies. Large prospective studies, entailing
rigorous patient selection, stratification and standardized
outcome measurement by LC-MS/ MS, are needed to clarify
how the adrenal gland responds to surgery and which
factors shape this response. Up to date, there is not a safe
method to discriminate if response to stress is suppressed
under anaesthesia; however, the use of drug at dose known
to produce adequate anaesthesia and the support of neuromonitoring may help to prevent an excessive HPA axis
activation. There is need of a refined, stratified approach
for understanding the stress response to surgery at the
molecular and organ levels and to modify therapeutic in
response to physiological response to surgery.
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