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Determinants of Catecholamine and Cortisol

Responses to Lower Extremity Revascularization
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Background: Surgical trauma elicits diffuse changes in hor-
monal secretion and autonomic nervous system activity. De-
spite studies demonstrating modulation of the stress response
by different anesthetic/analgesic regimens, little is known re-
garding the determinants of catecholamine and cortisol re-
sponses to surgery.

Metbods: Plasma catecholamines and cortisol secretion data
were obtained from 60 patients undergoing lower extremity
revascularization. Patients were randomized to receive either
general anesthesia combined with patient-controlled intra-
venous morphine (GA) or epidural anesthesia combined with
epidural fentanyl analgesia (RA). All aspects of intra- and
postoperative clinical care were defined by written protocol.
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Plasina catecholamines were measured before induction, in-
traoperatively, and for the first 18 h postoperatively (by
HPLC). Urine cortisol was measured intra- and postoperatively
using RIA. Data were evaluated using univariate and multi-
variate analyses to evaluate demographic and perioperative
variables as determinants of stress hormone secretion.

Resulis: Plasma catecholamines increased during skin closure
in the GA group, and remained higher relative to the RA group
in the postoperative period. Multivariate analysis indicated
that age and anesthetic regimen predicted increases in cate-
cholamines during skin closure (P < 0.005), although duration
of surgery, blood loss, and body temperature were not cor-
related. Early postoperative norepinephrine concentrations
were correlated with pain score and duration of surgery (P
< 0.004), but not with anesthetic management, blood loss, or
body temperature. All postoperative norepinephrine levels
were highly correlated (r = 0.7) with norepinephrine levels
during skin closure. Cortisol excretion was higher postoper-
atively than intraoperatively. No patient or perioperative
variable predicted cortisol excretion, and cortisol excretion
was not correlated with catecholamine levels at any time.

Conclusions: These data indicate that patient factors, such
as age and inherent sympathetic responsivity, are important
determinants of the catecholamine response to surgery. Mod-
ulation of the norepinephrine response by regional anes-
thesia/analgesia appears to be related, in part, to superior an-
algesia. The lack of correlation between catecholamine and
cortisol secretion indicates that the stress response may con-
sist of discrete systems responding to different stimuli. (Key
words: Analgesia: postoperative. Anesthetic techniques: gen-
eral; regional. Autonomic nervous system: catecholamines;
stress response.)

SURGICAL trauma elicits diffuse changes in hormonal
secretion and autonomic nervous system activity.'~>
These neuroendocrine effects of surgery produce a va-
riety of changes in cardiovascular, metabolic, immune,
and hemostatic function. Although early investigators
considered these stress-induced alterations to be adap-
tive,*” recent evidence indicates that they can precip-
itate clinically important complications in patients with
underlying medical problems.®'! This realization has
prompted attempts to find anesthetic and analgesic
techniques that can attenuate the stress response to
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surgery. Although regional anesthetic techniques using
local anesthetics are effective in blunting intraoperative
hormonal changes,>'? recognition that plasma cate-
cholamine, cortisol, and vasopressin concentrations
remain increased for up to 5 days postoperatively®!3
has focused attention on postoperative strategies for
modulating the stress response. Several reports indicate
that neuraxial opioids can result in lower plasma cat-
echolamine and cortisol concentrations postopera-
tively.®'*1415 Although it is assumed that this action
of epidural/intrathecal opioids is caused by superior
analgesia, the role of pain and other physiologic per-
turbations in the genesis of the stress response have
not been clearly defined. To provide further insight
into the determinants of perioperative hormonal
changes, catecholamine concentrations and cortisol
secretion were measured in patients undergoing lower
extremity revascularization. These patients were ran-
domized to receive general anesthesia combined with
postoperative PCA morphine, or epidural anesthesia
combined with postoperative epidural opioid analge-
sia.’® Because this study controlled the relevant aspects
of perioperative care and was structured to provide
optimal anesthetic and analgesic therapy to both
groups, it provided a unique opportunity to study de-
terminants of the stress response.

Materials and Methods

After approval by The Johns Hopkins Hospital human
studies committee, 60 consecutive patients, recruited
to participate in a randomized trial comparing epidural
and general anesthesia for lower extremity bypass
grafting, consented to perioperative measurement of
plasma catecholamines and cortisol secretion. Details
of the parent study have been published elsewhere.!¢
Briefly, on the morning of surgery, patients received
all chronic medications (i.e., antianginals, antihyper-
tensives, etc.), except oral hypoglycemic agents. Pre-
medication consisted of midazolam and morphine, and
additional sedation, including midazolam and fentanyl,
was given as needed during placement of the radial
arterial catheter and other invasive monitors. Clinical
decisions, such as hemodynamic monitoring, anesthetic
agents and dosages, heart rate and blood pressure limits,
and the therapy to maintain these hemodynamic pa-
rameters within limits, were rigorously controlled
throughout the perioperative period.

Patients randomized to epidural anesthesia received
10 ml/kg of lactated ringers solution before receiving
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0.75% bupivacaine; the dose was titrated to achieve a
sensory blockade at T8. Additional 0.75% bupivacaine
was given intraoperatively if the sensory level fell be-
low T8~T9. At the conclusion of surgery, 100 ug fen-
tanyl diluted in 10 ml saline was given via the epidural
catheter and a continuous epidural fentanyl infusion
was begun at a rate of 50 ug/h (5 pg/ml) on arrival in
the intensive care unit (ICU). The infusion rate was
increased by 10 ug/h if pain scores were greater than
4 out of 10.

Patients were randomized to general anesthesia and
received intravenous fentanyl in 50-ug increments (up
to 10 ug/kg), and thiamylal in 50-mg increments (up
to 5 mg/kg) until loss of consciousness. After ventila-
tion via mask with oxygen, muscle paralysis was
achieved with 1.5 mg/kg succinylcholine, the larynx
and trachea were anesthetized with 160 mg lidocaine
by topical administration, and oral endotracheal intu-
bation was performed. Maintenance of anesthesia con-
sisted of N,O (up to 50%) in oxygen, and enflurane
(up to 1%). Pancuronium or vecuronium were used
for muscle relaxation, and the patients’ lungs were me-
chanically ventilated to maintain end-tidal CO, be-
tween 35-45 mmHg. At the conclusion of surgery, re-
sidual relaxants were antagonized with neostigmine and

-glycopyrrolate, inhalation anesthetics were discontin-

ued, and spontaneous ventilation was restored. Intra-
venous morphine was titrated to maintain the respira-
tory rate at 8—-12/min and end-tidal CO; at less than
50 mmHg. The endotracheal tube was removed and
intravenous patient-controlled morphine analgesia
(initial settings: background 0.5 mg/h, bolus 1 mg/h,
lockout 10 min) was begun after arrival in the ICU.
Blood was obtained from the arterial catheter at the
following time points: preinduction; postinduction/
preincision; 15 and 60 min postincision; at the begin-
ning of skin closure; and 1, 6, 12, and 18 h after arrival
in the ICU. Samples were drawn into tubes containing
EDTA, cold centrifuged, and plasma was stored at —80°
C for subsequent measurement of plasma epinephrine
(EPI) and norepinephrine (NE). Catecholamines were
measured using high-pressure liquid chromatography
with electrochemical detection after alumina extraction.
Details of this assay have been published previously'”;
sensitivity of the assay is 20 pg/ml, and intra- and in-
terassay coefficients of variability are 3~5%.
Intraoperative and postoperative (first 24 h only)
urine was collected on ice, frozen at —80° C, and sub-
sequently analyzed for free cortisol by radioimmu-
noassay after extraction with dichloromethane.'® Cor-
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Table 1. Demographic Data

Epidural General

(n = 28) (n =29) P
Age = 65 yr 15 (54) 16 (55) 0.90
Sex (number male) 17 (61) 20 (69) 0.51
Hypertension 12 (43) 19 (66) 0.09
B-Adrenergic blockers 3 (11) 7 (24) 0.18
Diabetes 8 (29) 10 (34) 0.63
Cigarette use 24 (86) 25 (86) 0.96
Distal vascular graft 14 (50) 13 (45) 0.47

Percentages in parentheses.
B-Adrenergic blockers = patients taking g-adrenergic receptor antagonists.

tisol excretion data were normalized for duration of
collection, and are expressed in ug/h.

Data collected and evaluated for possible relation-
ships to hormonal responses to surgery included de-
mographic information (age, sex, history of hyperten-
sion, diabetes, smoking and preoperative treatment
with B-adrenergic antagonists, type and duration of
surgery, intraoperative blood loss, body temperature
on arrival in the ICU, postoperative pain scores, and
major perioperative complications [myocardial infarc-
tion/death, leg ischemia]). Diagnosis of myocardial in-
farction by a cardiologist masked to the anesthetic reg-
imen was based on serial electrocardiograms and cre-
atine phosphokinase MB isoenzyme measurements
during the early postoperative (ICU) period. Pain
scores were recorded on a linear analog scale (1-10)
by a physician 1 h after arrival in the ICU, and by ICU
nurses at 6, 12, and 18 h postoperatively.

Data Analysis

Chi-square analysis was used to compare demo-
graphic data between the two management groups.
Possible effects of anesthetic/analgesic management
on catecholamine and cortisol responses to surgery
were evaluated using two-way ANOVA procedures
(between-within format). Newman-Keuls tests were
used for pairwise comparisons. To evaluate the con-
tribution of patient factors and perioperative events
to perioperative increases in catecholamine and cor-
tisol secretion, associations between hypothesized
determinants and hormone levels were examined by
least-squares linear regression analysis (continuous
data) and by ¢ tests (nominal data). Catecholamine
data were analyzed using actual values and changes
from preinduction levels. After univariate analysis,
these same data were analyzed by multiple linear
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regression. All multivariate analyses were done with
backward elimination, with P < 0.12 as criteria for
retaining variables in the equation. Least-squares lin-
ear regression was used to evaluate relationships be-
tween simultaneously measured epinephrine and
norepinephrine concentrations, norepinephrine plasma
concentrations at skin closure and subsequent norepi-
nephrine plasma concentrations, and intraoperative
(and postoperative) cortisol secretion and averaged in-
traoperative (and postoperative) catecholamine con-
centrations. Intraoperative norepinephrine and epi-
nephrine values were determined by averaging the
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Fig. 1. Plasma norepinephrine (4) and epinephrine (B) con-
centrations before induction of anesthesia (P), at skin closure
(C), and 1, 6, 12 and 18 h after lower extremity revasculariza-
tion. Data from patients receiving general anesthesia and par-
enteral morphine analgesia (GA) are contrasted with data from
patients receiving epidural bupivacaine anesthesia and epi-
dural fentanyl analgesia (RA). **P < 0.01; *P < 0.05 compared
with RA group. Data are mean * SEM.
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three intraoperative data points; postoperative values
were averages of the four postoperative data points.
Results are reported as mean + SEM; P values < 0.05
are considered significant.

Results

Three of 60 patients enrolled in the study had missing
data points, leaving 57 patients for analysis. Age and
sex distribution were similar in the two anesthetic
groups, and there were no differences in the incidence
of underlying medical conditions (table 1). The EPI
and NE data for the two different anesthetic/analgesic
groups are shown in figure 1. Preinduction and early
intraoperative levels were similar in the two groups.
Epinephrine and NE were not increased intraopera-
tively over preinduction levels except during skin clo-
sure, when both EPI and NE increased in the group
emerging from general anesthesia. In the postoperative
period, the NE concentration was greater in the GA
group than in the RA group at 1 and 18 h, and EPI was
significantly higher in the GA group only during the
early postoperative period.

Univariate and multivariate analyses of factors af-
fecting EPI and NE concentrations during skin closure
are shown in table 2. Anesthetic regimen was inde-
pendently associated with catecholamine concentra-
tion at this time; type and duration of surgery, blood
loss, and temperature were not. Elderly patients (>65
yr of age) had smaller increases in norepinephrine
concentrations at this time (P = 0.005), although
absolute concentrations were not different. The in-
fluence of age on perioperative catecholamine con-
centrations is shown in greater detail in figure 2. Pa-
tients over 65 yr of age (mean 75 £ 1 yr) had higher
preinduction plasma norepinephrine concentrations

(336 = 44 vs. 188 * 43 pg/ml; P = 0.02), but in-
creases in plasma norepinephrine levels at skin clo-
sure were more marked in the younger patients (mean
56 * 1 yr). Norepinephrine concentrations at all
other postoperative times were similar in the two
groups.

Univariate and multivariate determinants of plasma cat-
echolamines at the 1-h postoperative time point are
shown in table 3. Pain scores and duration of surgery
were predictors of plasma norepinephrine concentration;
age, presence of hypothermia and/or shivering, and
quantity of intraoperative blood loss were not. Type of
anesthesia was predictive of norepinephrine levels at this
time (P = 0.04) only if pain scores were removed from
the analysis. Type of anesthesia was a determinant of 1-
h postoperative epinephrine levels. There was a strong
correlation between plasma norepinephrine concentra-
tions during skin closure and subsequent norepinephrine
measurements. Figure 3 shows the relationship between
skin closure and 1-h postoperative norepinephrine con-
centrations. Inclusion of skin closure norepinephrine
concentrations in multivariate analyses of postoperative
norepinephrine levels showed this measure to be an in-
dependent predictor (P = 0.0002) of norepinephrine
levels 1, 6, 12, and 18 h postoperatively. Exclusion of
patients with major perioperative complications from the
above analyses had no effect on observed relationships.
Plasma epinephrine and norepinephrine concentrations
were correlated (P < 0.001) at all time points, particu-
larly when each was elevated.

Cortisol excretion data are shown in figure 4. Cortisol
excretion was higher in both groups postoperatively
than intraoperatively (P < 0.05); there was no signif-
icant difference in cortisol excretion in the two anes-
thetic groups. Univariate and multivariate analysis
showed no relationship between intra- or postoperative
cortisol secretion and age, duration of surgery, blood

Table 2. Univariate and Multivariate Predictors of Catecholamine Levels at Skin Closure

Norepinephrine Epinephrine
Univariate Multivariate Univariate Muttivariate
P P P
Duration of surgery 0.60 0.90 0.62 0.91
Body temperature < 35° C 0.64 0.42 0.59 0.42
Blood loss 0.89 0.40 0.57 0.35
Age = 65 yr 0.36 0.23 0.37 0.29
Anesthetic technique 0.008 0.007 0.08 0.06
Distal vascular graft 0.21 0.13 0.11 0.08
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loss, or pain scores. Furthermore, no correlation could
be demonstrated between the cortisol and catechol-
amine response to surgery, either intraoperatively or
postoperatively (fig. 5). This was also true when the
GA group was examined alone.

Discussion

Results of the current study indicate that pain and
duration of surgery are determinants of the early cat-
echolamine response to surgery, and other perioper-
ative events, such as hypothermia and blood loss, are
less important. There is considerable interindividual
variability in the sympathetic response to surgery, with
older individuals having higher basal catecholamines
and somewhat delayed postoperative increases. More-
over, this inherent variability in sympathetic respon-
sivity appears to be an important determinant of post-
operative increases in catecholamine levels. Although
epidural anesthesia with bupivacaine directly atten-
uates intraoperative catecholamine increases, modu-
lation of the early postoperative norepinephrine re-
sponse by epidural administration of fentanyl appears
to be caused, in part, by superior analgesic efficacy.
Determinants of perioperative catecholamine secre-
tion do not predict the cortisol response, indicating
that these two systems function independently after
surgery.

Restricting the patient population to a single surgical
procedure, and standardizing perioperative manage-
ment, were important elements of the study design.
This reduced the number of confounding variables and
improved the likelihood of identifying factors that pre-
dict perioperative hormone changes. Available data in-
dicate that the magnitude and duration of the stress
response are proportional to the extent of tissue
trauma.'? Furthermore, afferent stimuli responsible for
perioperative increases in cortisol secretion appear to
vary depending on the surgical site.'® Even minor vari-
ations in the type of vascular bypass procedure per-
formed may be important; patients undergoing distal
bypass procedures tended to have higher plasma cat-
echolamines during emergence. Thus, caution should
be exercised in extrapolating the results of the current
study to patients having other procedures, particularly
intraabdominal or intrathoracic operations.

Plasma norepinephrine concentrations were low in
both groups intraoperatively until skin closure, at
which time both epinephrine and norepinephrine
concentrations increased to approximately twice base-
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Fig. 2. Perioperative norepinephrine (NE) levels as a function
of age. (4) Patients > 65 yr of age (mean 74.2 + 1.1 yr) had
higher preinduction NE levels. (B) Younger patients (mean
56.3 + 1.2 yr) had more prominent increases in NE levels dur-
ing skin closure. Patients receiving general anesthesia (GA)
and regional anesthesia (RA) are shown separately. C = skin
closure; P = preop. Data are mean *+ SEM.

line levels in the general anesthesia group. Multivariate
analysis of the determinants of skin closure catechol-
amine levels confirmed the importance of anesthetic
management in this response. Other intraoperative
variables, including duration of surgery, blood loss,
and development of hypothermia, did not predict
plasma catecholamines at this time. Similarly, patient
variables, such as preexisting medical conditions,
chronic medications, and gender, were also not con-
tributory. It is likely that increases in catecholamines
in the general anesthesia group at this time are caused
by decreasing anesthetic depth, possibly as a result of
perceptions of surgical pain, airway reflex stimulation,
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Table 3. Univariate and Multivariate Predictors of Catecholamine Levels 1 h Postoperatively

Norepinephrine Epinephrine
Univariate Multivariate Univariate Multivariate
P P P P
Body temperature < 35° C 0.1 0.11 0.47 0.94
Emergence concentration 0.0001 0.02 0.002 0.85
Duration of surgery 0.0001 0.0002 0.17 0.72
Pain score 0.03 0.04 0.29 0.61
Age = 65 yr 0.95 0.26 0.61 0.44
Distal vascular graft 0.50 0.78 0.37 0.27
Anesthetic technique 0.02 0.85 0.02 0.02

Emergence concentration = norepinephrine (and epinephrine) concentration at skin closure.

or removal of general anesthetic-inhibition of injury-
induced sympathetic activation. Presumably, residual
local anesthetic blockade prevents afferent neural ac-
tivation of catecholamine secretion and attenuates ef-
ferent sympathetic outflow in the regional anesthesia
group.

There was considerable variability in the catechol-
amine response to skin closure that was not explained
by anesthetic management. Some of this variability ap-
pears to be age related. Older patients had higher pre-
operative norepinephrine levels. This observation is in
agreement with studies of plasma catecholamines in
nonstress situations.”® Despite higher preoperative
plasma norepinephrine concentrations, older patients
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Fig. 3. Relationship between norepinephrine (NE) concentra-
tions during skin closure (shown on the abscissa) and NE val-
ues 1 h postoperatively (shown on the ordinate). Each point
represents an individual patient. Line fit by method of least
squares,
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had smaller increases with skin closure. Whether this
is because of slower emergence from general anesthesia
or reflects altered sympathetic responsivity is not clear.

Early postoperative catecholamine levels remained
lower in the epidural anesthesia group. Multivariate
analysis indicated that this difference was caused, in
part, by superior analgesia. Duration of surgery was
also a determinant of 1-h postoperative catecholamine
levels. Although this relationship may reflect greater
tissue trauma or a receding local anesthetic block, the
actual mechanism is unknown.

Norepinephrine levels throughout the postoperative
period were highly correlated with plasma norepi-
nephrine concentrations measured during skin closure.
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Fig. 4. Cortisol excretion data. Patients receiving general
anesthesia (GA) and regional anesthesia (RA) manifest similar

values intraoperatively (intraop) and postoperatively
(postop). Data are mean + SEM,
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Fig. 5. Relationship between (4) intraoperative urinary cortisol
excretion and average intraoperative norepinephrine (NE)
plasma concentration and (B) postoperative cortisol excretion
and average postoperative NE plasma concentration. Each
point represents an individual patient.

This relationship indicates that there is individual vari-
ability in sympathetic reactivity and, with a given stim-
ulus, this variability is an important determinant of the
observed catecholamine increase. Alternatively, early
activation of the sympathetic nervous system may po-
tentiate subsequent responses in a manner analogous
to the “windup” phenomenon postulated for pain.?!
Pain scores predicted plasma norepinephrine levels
in the early postoperative period. Prior studies dem-
onstrating lower catecholamines in patients receiving
neuraxial opioids have attributed this effect to superior
analgesia. However, central effects on sympathetic ner-
vous system outflow have also been postulated. Al-

Anesthesiology, V 79, No 6, Dec 1993

though the association between pain scores and cate-
cholamines observed in our study indicates that pain
may be a stimulus for postoperative norepinephrine
secretion, pain may be only a marker for more severe
tissuc injury. There was no relationship between pain
scores and catecholamines 6, 12, and 18 h postoper-
atively. However, the use of aggressive analgesic
paradigms resulted in very low pain scores at these
times.

Other investigators have reported that regional anes-
thesia combined with neuraxial opioids attenuates the
cortisol response to major surgery.'*'%15 We speculate
that similar cortisol excretion in the two groups in our
study is related to the small increase that occurs in
response to lower extremity revascularization; intra-
operative cortisol excretion was in the range noted in
normal individuals.?? Neither univariate nor multivar-
iate analysis found patient or perioperative variables
that predicted perioperative cortisol excretion. Al-
though a recently published report indicates that sur-
gically elicited increases in circulating cytokines con-
tribute to perioperative increases in cortisol, this re-
lationship was not thought to apply to patients having
peripheral surgical procedures.®

Epinephrine and norepinephrine concentrations were
correlated during the perioperative period, but cortisol
and catecholamines were not. Historically, the stress
response has been viewed as a generalized increase in
stress hormone secretion. Our data indicate that this is
not the case. Whether differential activation of the two
systems reflects differences in afferent stimuli or vari-
ations in central nervous system integration is not
known, and warrants further investigation.

In conclusion, the current study provides data indi-
cating that patient factors, such as age and inherent
sympathetic responsivity, are as important in predicting
postoperative increases in plasma catecholamines as
issues related to anesthetic management. Regional
anesthesia/analgesia can modulate the postoperative
catecholamine response to surgery, although lower
early postoperative catecholamines appears to be
caused, in part, by superior analgesia. Cortisol secretion
is poorly correlated with catecholamine levels, and is
not related to the patient and perioperative variables
examined in this study. The poor correlation between
increases in catecholamines and cortisol indicates that
the stress response does not represent diffuse activation
of all systems involved in stress adaptation, but, rather,

consists of discrete systems responding to different
stimuli.

20z ludy 01 uo 3sanb Aq ypd°01.000-0002 1 £66 L-Z¥S0000/L069Z€/20 1/9/6L/4Pd-Bl0IE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WOl) papeojumod



DETERMINANTS OF THE STRESS RESPONSE

1209

References

1. Arnetz BB, Lahnborg G, Encroth P, Thunell S: Age-related dif-
ferences in the serum prolactin response during standardized surgery.
Life Sci 35:2675-2680, 1984

2. Dubois M, Pickar D, Cohen MR, Roth YF, Macnamara T, Bunney
WE Jr: Surgical stress in humans in accompanied by an increase in
plasma beta-endorphin immunoreactivity. Life Sci 29:1249-1254,
1981

3. Newsome HH, Rose JC: The response of human adrenocorti-
cotrophic hormone and growth hormone to surgical stress. J Clin
Endocrinol Metab 33:481-487, 1971

4. Bormann BV, Weidler B, Dennhardt R, Sturm G, Scheld HH,
Hempelmann G: Influence of epidural fentanyl on stress-induced
clevation of plasma vasopressin (ADH) after surgery. Anesth Analg
62:727-732, 1983

5. Halter JB, Pflug AE, Porte D Jr: Mechanism of plasma catechol-
amine increases during surgical stress in man. J Clin Endocrinol Metab
45:936-944, 1977

6. Cannon WB: Bodily Changes in Pain, Hunger, Fear, Rage. New
York, D. Appleton, 1934, p 22

7. Selye H: Stress and the general adaptation syndrome. Br Med J
17:1383-1392, 1950

8. Breslow MJ, Jordan DA, Christopherson R, Rosenfeld B, Miller
CF, Hanley DF, Beattie C, Traystman RJ, Rogers MC: Epidural mor-
phine decreases postoperative hypertension by attenuating sympa-
thetic nervous system hyperactivity. JAMA 261:3577-2581, 1989

9. Rosenfeld BA, Beattie C, Christopherson R, Norris E, Frank S,
Breslow MJ, Rock P, Parker S, Gottlieb S, Perler B, Williams GM, Bell
W, The PIRAT Study Group: The effects of different anesthetic regi-
mens on fibrinolysis and the development of postoperative arterial
thrombosis. ANESTHESIOLOGY 79:435-443, 1993

10. Tuman K, McCarthy R, March R, Delaria G, Patel R, Ivandovich
A: Effects of epidural anesthesia and analgesia on coagulation and
outcome after major vascular surgery. Anesth Analg 73:696-704,
1991

11. Yeager MP, Glass DD, Neff R, Brinck-Johnsen T: Epidural anes-
thesia and analgesia in high-risk surgical patients. ANESTHESIOLOGY
66:729-736, 1987

12. Rutberg H, Hakanson E, Anderberg B, Jorfeldt L, Martensson
J, Schildt B: Effects of the extradural administration of morphine, or

‘Anesthesiology, V 79, No 6, Dec 1993

bupivacaine, on the endocrine response to upper abdominal surgery.
Br J Anaesth 56:233-237, 1984

13. Chernow B, Alexander HR, Smallridge RC, Thompson WR,
Cook D, Beardsley D, Fink MP, Lake CR, Fletcher JR: Hormonal re-
sponses to graded surgical stress. Arch Intern Med 147:1273-1278,
1987

14. Tsuji H, Shirasaka C, Asoh T, Uchida I: Effects of epidural
administration of local anaesthetics or morphine on postoperative
nitrogen loss and catabolic hormones. Br J Surg 74:421-425, 1987

15. Engquist A, Brandt MR, Fernandes A, Kehlet H: The blocking
cffect of epidural analgesia on the adrenocortical and hypergly-
cemic responses to surgery. Acta Anaesthesiol Scand 21:330-335,
1977

16. Christopherson R, Beattie C, Gottlieb S, Meinert C, Frank S,
Norris E, Yates H, Rock P, Parker S, Perler B, Williams G: Perioperative
morbidity in patients randomized to epidural or general anesthesia
for lower extremity vascular surgery. ANESTHESIOLOGY 79:422-434,
1993

17. Nishijima MK, Breslow MJ, Raff H, Traystman R): Regional ad-
renal blood flow during hypoxia in anesthetized, ventilated dogs.
Am ] Physiol 256:H94~H100, 1989

18. Raff H, Merrill D, Skelton M, Cowley AW Jr: Control of ACTH
and vasopressin in neurohypophysectomized conscious dogs. Am J
Physiol 249:281-284, 1985

19. Naito Y, Tamai S, Shingu K, Shindo K, Matsui T, Segawa H,
Nakai Y, Mori K: Responses of plasma adrenocorticotropic hormone,
cortisol, and cytokines during and after upper abdominal surgery.
ANESTHESIOLOGY 77:426-431, 1992

20. Kirall JF, Connelly M, Weisbart R, Tuck ML: Age-related ele-
vation of plasma catecholamine concentration and reduced respon-
siveness of lymphocyte adenylate cyclase. J Clin Endocrinol Metab
52:863, 1981

21. Katz }, Cavanagh B, Sandler A, Nierenberg H, Boylan J, Free-
lander M, Shaw B: Preemptive analgesia: Clinical evidence of neu-
roplasticity contributing to postoperative pain. ANESTHESIOLOGY 77:
439-446, 1992

22. Meikle AW, Takiguchi H, Mizutani S, Tyler H, West CD: Urinary
corticol excretion determined by competitive protein-binding ra-
dioassay: A test of adrenal cortisol function. J Lab Clin Med 74:803~
812, 1969

20z ludy 01 uo 3sanb Aq ypd°01.000-0002 1 £66 L-Z¥S0000/L069Z€/20 1/9/6L/4Pd-Bl0IE/ABOj0ISBYISOUE/WOD" JIBYDIBA|IS ZESE//:dRY WOl) papeojumod



