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Combined Epidural and General Anesthesia versus General

Anesthesia for Abdominal Aortic Surgery
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The goal of this randomized study of high-risk surgical patients
was to determine whether intraoperative thoracic epidural anesthesia
in combination with light general anesthesia alters postoperative
morbidity when compared to a standard technique of “balanced”
general anesthesia. A total of 173 patients scheduled for abdominal
aortic reconstruction were admitted to the study; 86 were to receive
“balanced” general anesthesia (group 1) and 87 thoracic epidural
anesthesia in combination with light general anesthesia (group 2).
Preoperative evaluation included standard clinical tools, dipyrida-
mole thallium gammatomography, and radionuclide angiography.
In these patients, all of whom had peripheral artery disease, there
were no significant differences in associated coronary artery disease,
hypertension, and cardiovascular treatment. The distribution of left
ventricular ejection fraction and the number of patients with thallium
redistribution were not statistically different between the two groups.
During the postoperative period, group 1 received analgesia of sub-
cutaneous morphine (n = 35), epidural fentanyl (n = 30), or epidural
bupivacaine (n = 21). In group 2, 6 patients with a nonfunctioning
epidural catheter due to technical failure received a balanced general
anesthesia and were eliminated from the study. During the post-
operative period, group 2 received analgesia of subcutaneous mor-
phine (n = 26), epidural fentanyl (n = 25), or epidural bupivacaine
(n = 30). Cardiovascular morbidity did not differ between the two
groups: 22 patients in group 1 and 19 patients in group 2 had a
major postoperative cardiac event. Myocardial infarction was di-
agnosed in 5 patients in each group, congestive heart failure in 7
patients in group 1 and 5 patients in group 2, and prolonged myo-
cardial ischemia in 16 patients in each group. Respiratory morbidity
was extremely high (61% in group 1 and 55% in group 2) and not
significantly different between the two groups. The major part of
this respiratory morbidity consisted of minor atelectasis. Acute re-
spiratory failure occurred in 8 patients in group 1 and in 4 patients
in group 2. Four patients in group 1 and 3 patients in group 2 died.
We conclude that thoracic epidural anesthesia in combination with
light general anesthesia is not preferable to general anesthesia in
high-risk surgical patients. This study does not exclude the possibility
that postoperative epidural analgesia may favorably influence post-
operative outcome. (Key words: Anesthetic techniques: thoracic epi-
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dural. Surgery, complications: postoperative morbidity; myocardial
infarction; congestive heart failure; pulmonary complications.)

AN IMPROVED UNDERSTANDING of the physiologic
changes resulting from anesthesia and surgery in high-
risk surgical patients has led to decreased postoperative
morbidity and mortality over the past decades. Yet, major
surgical procedures are still associated with morbidity:
myocardial infarction, pulmonary complications, and
renal or hepatic failure. Recent interest has therefore fo-
cused on the possible beneficial effects of regional anes-
thesia techniques to reduce postoperative morbidity.'®
Several investigations have been performed comparing
combined epidural and light general anesthesia with gen-
eral anesthesia.®® The most striking results were those
described in the study by Yeager et al.® In patients re-
ceiving epidural anesthesia and postoperative epidural
analgesia, they found a reduction in postoperative mor-
tality, overall postoperative complication rate, and inci-
dence of cardiovascular failure and major infections com-
pared to those of a group of patients receiving general
anesthesia. These authors suggested that epidural anes-
thesia and especially postoperative care, including epidural
analgesia with opioids and/or local anesthetics, could be
what ultimately determines morbidity and mortality. No
study, however, has examined the isolated effect of pri-
mary anesthetic technique per se on postoperative outcome
in a large population of high-risk patients.

The goal of the current randomized study was to de-
termine in patients scheduled for abdominal aortic surgery
whether intraoperative thoracic epidural anesthesia in
combination with light general anesthesia alters postop-
erative morbidity when compared to a standard technique
of “balanced” general anesthesia. The number of patients
to be included in the study was prospectively established
from a known incidence of postoperative complications
associated with this type of surgery.

Material and Methods

PATIENTS

From January 1, 1988 to May 1, 1989, all patients re-
ferred to the Vascular Surgery Department of the Pitié-
Salpétriére Hospital for elective abdominal aortic recon-
structive surgery were prospectively evaluated to deter-
mine if they were to be included in this study. Each patient
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was seen in consultation by a staff anesthesiologist. Twelve-
lead electrocardiogram (ECG) at rest, standard biochem-
ical assays, functional respiratory tests, arterial blood gases,
chest x-ray, dipyridamole thallium gammatomography,
and gated radionuclide angiography were obtained in all
patients, as usually done in the Vascular Surgery Depart-
ment.

Dipyridamole thallium gammatomography was per-
formed 1-10 days before surgery. Images were inter-
preted qualitatively by two independent observers un-
aware of the patients’ clinical findings. Thallium scans
showing defects on the initial images were considered ab-
normal. Perfusion defects were further categorized as
having redistribution if the defect filled in on the delayed
images or as persistent defects if they did not fill in.'® The
number of myocardial areas with a defect and with re-
distribution was recorded for each patient.

To determine left ventricular ejection fraction and to
analyze wall motion, gated radionuclide angiography'!
was performed the same day as dipyridamole thallium
gammatomography. Left ventricular ejection fraction was
derived from end-diastolic and systolic counts using stan-
dard formulas. Measurements were repeated twice by two
experienced physicians. The mean values were retained.
In the nuclear medicine laboratory, the normal value for
left ventricular ejection fraction is 0.64 = 0.05, and inter-
and intraobserver variability is less than 5%. Left ven-
tricular regions were automatically subdivided into 16
equiangular sectors around the center of mass, and a sec-
torial ejection fraction was calculated in each sector. A
sectorial ejection fraction of less than two standard de-
viations when compared to the normal value defined a
regional wall motion abnormality.

INCLUSION CRITERIA

Criteria for inclusion were 1) elective abdominal aortic
surgery for aneurysm or aortoiliac occlusive disease; 2)
absence of contraindications to epidural anesthesia (pre-
operative coagulopathy, localized infection, or septicemia
and graft sepsis); 3) left ventricular ejection fraction
greater than 35%; and 4) aortic surgical procedure per-
formed via a midline xiphopubic skin incision. Those pa-
tients who met all the criteria were randomized from a
table of random numbers to receive either balanced gen-
eral anesthesia (group 1) or thoracic epidural anesthesia
combined with light general anesthesia (group 2). In-
formed consent was obtained, and the protocol was ap-
proved by our Ethics Committee.

ANESTHETIC AND POSTOPERATIVE MANAGEMENT

In both groups, the preoperative cardiac treatment was
followed until 2 h before surgery. Morphine (0.1 mg/kg)
and scopolamine (6 ug/kg) were administered intramus-
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cularly 2 h before induction. The same monitoring was
used for all patients. ECG and ST-segment analysis (leads
D2, CS5, and V4) (Marquette 7010 Monitor) were con-
tinuously monitored throughout the preoperative and in-
traoperative period. Standard ECG monitoring was used
during the postoperative period. Hemodynamic variables
using radial artery and pulmonary artery catheters were
monitored continuously perioperatively.

In group 1, general anesthesia was induced using fen-
tanyl (6 pg/kg), flunitrazepam (0.02 mg/kg), and pan-
curonium bromide (0.1 mg/kg) and was maintained un-
der controlled ventilation (50% nitrous oxide in oxygen)
by increments of fentanyl (approximately 1.5 ug/kg every
20 min) and pancuronium bromide. When required, a
low concentration of isoflurane was administered to
maintain anesthesia. Isoflurane concentration was in-

i creased to control arterial blood pressure during aortic
cross clamping.

In group 2, an epidural catheter was inserted via the
T8-T9 interspace. Thoracic epidural anesthesia was then
induced using an initial 10-ml dose of a mixture of plain
bupivacaine 0.5% and lidocaine 2%; if necessary, addi-
tional incremental doses to a total as great as 16 ml were
administered until a thoracoabdominal sensitive blockade
was induced. The level of anesthesia was determined by
the loss of pin-prick sensation. During the onset of epi-
dural anesthesia, a standard volume of colloids (7 ml/kg)
was infused and when systolic arterial blood pressure de-
creased below 100 mmHg, ephedrine was injected in in-
crements of 6 mg. General anesthesia was induced using
flunitrazepam (0.02 mg/kg), fentanyl (6 ug/kg), and
pancuronium bromide (0.1 mg/kg). After tracheal intu-
bation, anesthesia was maintained under controlled ven-
tilation (50% nitrous oxide in oxygen) by continuous epi-
dural infusion (6~-8 ml/h) of the described mixture. When
required, a low concentration of isoflurane was adminis-
tered to maintain anesthesia. Isoflurane concentration was
increased to control arterial blood pressure during aortic
cross-clamping. Six patients with a nonfunctioning epi-
dural catheter received general anesthesia and were elim-
inated from the study. ,

In both groups, fluid infusion, transfusion management
and ephedrine administration were based on microhe-
matocrit measurements and on hemodynamic monitoring
and were under the direction of the attending anesthe-
siologist. Maximal hemodynamic changes (lowest and
highest systolic arterial pressure and lowest and highest
heart rate) were recorded. Postoperative analgesia was
left to the responsibility of the attending anesthesiologist
and was not dictated by the study protocol. Postoperative
analgesia in the vascular surgery unit was achieved with
one of three techniques: subcutaneous administration of
morphine (5-10 mg morphine repeated 4-6 times a day),
epidural bupivacaine (6-10 ml/h of bupivacaine 0.25%),
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and epidural fentanyl (1 pg - kg™ + h™). The postoperative
analgesia technique was planned preoperatively by the
anesthesiologist in charge of the patient, and if a patient
in group 1 needed an epidural catheter, it was inserted
before induction.

Postoperatively, ECG (lead CM5) (Hewlett Packard
Monitor) and hemodynamic variables were continuously
monitored for at least 24 h in an intensive care unit.
Twelve-lead ECG recordings were repeated at the end of
surgery, 3 h later, every time ST depression or premature
ventricular complexes were detected on the electrocar-
dioscope, and daily during the first 10 postoperative days.
Chest x-rays were also repeated daily at least during the
first 6 postoperative days. Postoperative care, including
continuous hemodynamic monitoring and treatment,
mechanical ventilation, extubation, and standardized
nursing care, was under the supervision of the attending
anesthesiologist in charge of the intensive care unit and
was not dictated by the study protocol. Patients remained
in the intensive care unit until the physicians caring for
them determined that they could be transferred to a sur-
gical ward.

CLINICAL OUTCOME ANALYSIS

Major clinical outcome variables prospectively analyzed
were mortality and major cardiac morbidity. Mortality
was defined as death occurring during the hospital period
after the surgical procedure.

A postoperative cardiac complication was defined as
the appearance of either prolonged myocardial ischemia,
myocardial infarction, congestive heart failure, or ven-
tricular tachyarrhythmia:

¢ Prolonged myocardial ischemia was defined asa new
ST-T abnormality (ST depression greater than 1
mm or T-wave inversion) on at least two successive
daily 12-lead ECG recordings.

o The diagnosis of postoperative myocardial infarction
required diagnosis at autopsy, new Q waves of at least
0.04 s and minimal 1 mm in depth on the ECG, or
ST-T segment depression (greater than 1 mm) last-
ing more than three consecutive days on the daily
12-lead ECG. Cardiac enzymes obtained daily for all
patients were not used for myocardial infarction di-
agnosis.

e Congestive heart failure was defined as the postop-
erative need for sympathomimetic support and the
associated hemodynamic and pulmonary symptoms:
classic chest x-ray changes, persistent pulmonary
capillary wedge pressure greater than 18 mmHg, and
a new impairment in left ventricular function on
postoperative echocardiography.

e Ventricular tachyarrhythmia was defined as docu-
mented ventricular tachycardia or fibrillation.
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A postoperative respiratory complication was defined
as the occurrence of either atelectasis (minor or major),
pneumonia (confirmed or suspected), or acute respiratory
failure:

e A minor atelectasis was defined as the presence of
lamellar atelectasis on chest x-rays.

e A major atelectasis was defined as the presence of
segmental or large atelectasis on chest x-rays.

e A confirmed pneumonia was defined in the absence
of other localized infection, as the new appearance
of an infiltrate on chest x-rays, associated with pu-
rulent sputum, a temperature of 38.5° C or higher,
abnormal elevation of white blood cell count, and
favorable outcome after antibiotic treatment.

¢ The diagnosis of suspected pneumonia was defined
as a new infiltrate on chest x-rays associated with a
temperature of 38° G or higher and a favorable out-
come after antibiotic treatment, without obvious ele-
vation of white blood cell count or if another localized
infection could not be excluded.

¢ Acute respiratory failure was defined in the presence
of atelectasis or pneumonia as the postoperative need
for mechanical ventilation for more than 24 h or the
clinical need to reintubate the trachea and mechan-
ically ventilate the lungs.

Also prospectively considered were other major post-
operative complications:

e Renal failure was defined as an increase in serum
creatinine to more than 200 uM.

e Gastrointestinal bleeding was defined as the sudden
appearance, unrelated to the surgical procedure, of
nasogastric or rectal bleeding associated with de-
crease in hemoglobin of at least 2 g/dl in the absence
of any other source of ongoing bleeding.

e Sepsis was defined by the presence of a localized in-
fection with clinical evidence of bacteremia with
chills, rigors, fever, elevated white blood cell count,
and at least one positive blood culture.

e Major surgical complication was defined as the need
to reoperate due to hemorrhage, peripheral or in-
testinal ischemia, or midline incision complications.

STATISTICAL ANALYSIS

Considering an overall cardiovascular morbidity of 25%
and an overall respiratory complication rate of 50%, we
calculated that 130-160 patients would be needed to show
a difference of 20% in the cardiac complications rate and
30% in the respiratory complications rate with a type I
and type 11 error of 5%. Since the approximate inclusion
rate could be 10 patients a month, the study was scheduled
to take place over a period of 16 months. No qualitative
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or quantitative interpretation of the data was made before
the study was completed.

Standard descriptive statistics were used to characterize
each variable. Normality of the distribution of continuous
numeric variables was studied using the Kolmogorov-
Smirnov test and the chi-squared test. For these variables,
intergroup comparisons were achieved using two-sample
t test when the distribution of the variable was normal
and the Mann-Whitney U-test when the distribution was
not normal. Intergroup comparisons for ordinal variables
were made using the chi-squared test and Fisher’s Exact
Test for 2 X 2 tables. Patients with a missing value on a
given variable were excluded from the comparison. All
P values were two-sided, and significance was assessed at
the 0.05 level.

Results

PATIENT CHARACTERISTICS

One hundred seventy-three patients were included in
the study and were randomly assigned either to group 1,
general anesthesia (n = 86) or to group 2, thoracic epi-
dural anesthesia combined with light general anesthesia
(n = 87). Since 6 patients in group 2 had a nonfunctioning
epidural catheter, only 81 patients were maintained in
the analysis. The demographic characteristics of the pa-
tients are shown in table 1. There was no significant dif-
ference with respect to these parameters. Preoperative
cardiac and respiratory evaluation revealed no significant
differences between the two groups (tables 2 and 3).

ANESTHESIA AND ANALGESIA

In group 1, all patients received balanced general anes-
thesia. During the postoperative period, analgesia was
performed using either subcutaneous morphine (n = 35),
epidural fentanyl (n = 30), or epidural bupivacaine (n
= 21). In group 2, six patients had a nonfunctioning epi-
dural catheter due to technical failure, received a balanced
general anesthesia, and were eliminated from the study.
Other patients received epidural anesthesia combined
with light general anesthesia. During the postoperative

TABLE 1. Demographic Characteristics of the 167 Patients

Group 1 Group 2 P
Age (mean = SD) 62+10 | 61 =10 [ 0.48 (NS)
Sex ratio (men/women) 81/5 70/11 0.14 (NS)
Abdominal aortic aneurysm 52 41 0.26 (NS)
Aortoiliac occlusive disease 34 40 0.26 (NS)
Suprarenal cross-clamping -8 13 0.28 (NS)
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TABLE 2. Preoperative Cardiac Evaluation of the 167 Patients

Group 1: general anesthesia; group 2: thoracic epidural anesthesia
in combination with light general anesthesia.
NS = nonsignificant.

Group 1 Group 2 P
Previous myocardial infarction 13 15 0.70 (NS)
Previous coronary artery graft 4 5 0.93 (NS)
History of angina 17 14 0.83 (NS)
ST-T abnormalities 13 15 0.70 (NS)
Rhythm other than sinus 2 6 0.24 (NS)
Hypertension 38 35 0.98 (NS)
Treated 35 34 0.99 (NS)
Controlled 34 29 0.73 (NS)
Cardiovascular treatment
Long-acting nitrates 6 9 0.51 (NS)
Converting enzyme inhibitor 8 9 0.90 (NS)
B Blockers 8 9 0.90 (NS)
Calcium channel blockers 28 20 0.34 (NS)
o Blockers 4 2 0.73 (NS)
Central vasodilatator 3 6 0.44 (NS)
Cordarone 2 3 0.94 (NS)
Diuretics 6 12 0.17 (NS)
Digitalis 0 2 0.45 (NS)
Mean left ventricular ejection
fraction 54+8 | 56 =7 | 0.17 (NS)
Left ventricular ejection fraction
<50% 20 10 0.14 (NS)
Regional wall motion
abnormality 12 11 0.87 (NS)
Thallium defect 55 48 0.57 (NS)
Thallium redistribution 38 35 0.98 (NS)

Group 1: general anesthesia; group 2: thoracic epidural anesthesia
in combination with light general anesthesia.
NS = nonsignificant.

period, analgesia was performed using either subcuta-
neous morphine (n = 26), epidural fentanyl (n = 25), or
epidural bupivacaine (n = 30). No significant difference
with respect to analgesic technique was observed between
the number of patients included in each group. Intra-
operatively, maximal hemodynamic changes were com-
pared, and highest and lowest systolic arterial pressures
were found to be slightly but significantly different be-
tween the two groups (fig. 1). Other maximal hemody-
namic changes were not significantly different (fig. 1). The
mean dose of ephedrine per patient used during anesthesia
was considerably higher in group 2 than in group 1 (44.4

TABLE 3. Preoperative Respiratory Evaluation of the 167 Patients

Group 1 Group 2 P

Chronic obstructive

pulmonary disease 40 33 0.51 (NS)
Respiratory insufficiency 1 4 0.34 (NS)
Vital capacity <80% 17 8 0.12 (NS)
Residual volume >120% 26 15 0.11 (NS)
Po, < 65 mmHg 9 12 0.54 (NS)
Pco, > 45 mmHg 2 1 0.96 (NS)

Group 1: general anesthesia; group 2: thoracic epidural anesthesia
in combination with light general anesthesia.

NS = nonsignificant.

* P < 0.05 between groups.
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F1G. 1. Intraoperative maximal hemodynamic changes. Group 1:
General anesthesia; group 2: thoracic epidural anesthesia in combi-
nation with light general anesthesia. **P < 0.01 between groups.

+ 4.3 vs. 9.2 + 2.2 mg, P < 0.001). The duration of anes-
thesia was not significantly different between the two
groups, whereas intubation times were significantly longer
in group 1 than in group 2 (fig. 2).

CLINICAL OUTCOME ANALYSIS

Cardiovascular morbidity (table 4) did not differ be-
tween the two groups: 22 patients in group 1 and 19 pa-
tients in group 2 had a major postoperative cardiac event.
Myocardial infarction was diagnosed in 5 patients in each
group, congestive heart failure in 7 patients in group 1
and 5 in group 2, and prolonged myocardial ischemia in
16 patients in each group. Respiratory morbidity (table
4) was extremely frequent (61% in group 1 and 55% in
group 2) and not significantly different between the two
groups. The most important part of this respiratory mor-

Postoperalive
Hospital Stay

e

P e
Anasihesla
Time (k) ]_ I
0

Intubation (h) L

|E| Group 10 Group 2

F1G. 2. Durations of anesthesia and intubation and of postoperative
hospital stay. Group 1: general anesthesia; group 2: thoracic epidural
anesthesia in combination with light general anesthesia ***P < 0.001
between groups.
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TABLE 4. Mortality and Major Postoperative Morbidity
Group 1 | Group 2 P
Mortality 4 3 0.93 (NS)
Cardiac complications* 22 19 0.89 (NS)
Myocardial infarction 5 5 0.82 (NS)
Congestive heart failure 7 5 0.83 (NS)
Prolonged myocardial ischemia 16 16 1.00 (NS)
Ventricular tacchyarrhythmia 0 1 0.98 (NS)
Respiratory complications* 52 45 0.63 (NS)
Atelectasis minor 35 35 0.86 (NS)
Atelectasis major 2 b 0.39 (NS)
Pneumonia suspected 15 11 0.63 (NS)
Pneumonia confirmed 16 8 0.16 (NS)
Acute respiratory failure 8 4 0.42 (NS)
Renal failure 2 4 0.62 (NS)
Gastrointestinal bleeding 0 3 0.22 (NS)
General sepsis 4 2 0.73 (NS)
Major surgical complications 9 6 0.67 (NS)

5 10 15 20

Group 1: general anesthesia; group 2: thoracic epidural anesthesia
in combination with light general anesthesia.

NS = nonsignificant.

* Number of patients who developed at least one cardiac or respi-
ratory complication.

bidity consisted of minor atelectasis. No significant dif-
ference in the components of respiratory morbidity was
observed between the two groups.

Other major postoperative complications are shown in
table 4; no significant difference is observed between the
two groups. Among the 6 patients excluded in group 2,
3 developed prolonged myocardial ischemia and 4 minor
atelectasis. Even if these patients’ data were maintained
in the analysis, no significant difference in the cardiac and
respiratory complications rate would be observed between
the two groups. Four patients in group 1 and 3 patients
in group 2 died. Five of them developed a major cardiac
complication and six of them a major surgical complica-
tion.

Discussion

The major finding of this study is that thoracic epidural
anesthesia combined with light general anesthesia offers
no major advantage or disadvantage compared to general
anesthesia in patients undergoing abdominal aortic sur-
gery. These results do not exclude the possibility that
postoperative epidural analgesia exerts a beneficial influ-
ence on cardiac and respiratory morbidity during the
postoperative period.

METHODOLOGIC BIAS

A primary concern when interpreting the results of a
randomized trial is the number of patients studied. The
commonest difficulty with small trials is the diminished
possibility of detecting differences between treatment
groups. The number of patients included in our study
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was calculated from a known incidence of cardiac and
respiratory complication rate. Accordingly, this number
of patients was appropriate to compare the overall inci-
dence of cardiac or respiratory complications. Comments
must be restricted to these general complications; no con-
clusions regarding the details of each can be made.

The primary goal of randomization is to provide a con-
trol group. Generally, randomization will provide com-
parable groups. Yet, when multiplying the number of
items, it is understandable that some differences between
the groups will emerge. For example, it is possible that
despite randomization, one group included patients more
ill than those in the other group. However, preoperative
work-up, including dipyridamole thallium gammatomog-
raphy, radionuclide angiography, functional respiratory
tests did not show any difference between the two groups.

A second important concern is whether the control
group is representative of standard practice. Preoperative
cardiac and respiratory evaluation, general anesthesia
technique, invasive monitoring (including ST-segment
analysis and the use of a pulmonary artery catheter), and
postoperative care have been the standard practice of the
Vascular Surgery Department of La Pitié-Salpétriére
Hospital since 1986. Thus, group 1 could be considered
a real control group corresponding to our standard prac-
tice. However, only one technique of general anesthesia
was compared to thoracic epidural anesthesia combined
with light general anesthesia. Accordingly, our results
could not be generalized to other anesthetic techniques.

In our study, the inclusion criteria were limited to ab-
dominal aortic surgery. Although this strategy does not
permit a generalization of the results, it has some advan-
tages. Such a population is perfectly characterized with
respect to the preoperative cardiorespiratory status and
to rate of complications. The characteristics of the patients
studied were very similar to those of previous reports in
age, sex ratio, history of coronary artery disease or
congestive heart failure, hypertension, and cardiovascular
treatment.'*"!5 The findings of dipyridamole thallium
gammatomography and postoperative mortality and
morbidity were comparable to those of previously pub-
lished studies.'®"'® Regarding clinical and x-ray abnor-
malities, a rate of pulmonary complications reaching 55—
65% is reported by several studies.!6!7

THORACIC EPIDURAL ANESTHESIA AND CARDIAC
AND RESPIRATORY FUNCTIONS

When referring to the potential beneficial effects de-
scribed with thoracic epidural anesthesia on myocardial
oxygen balance and respiratory function, the absence of
improvement of postoperative outcome in the group re-
ceiving thoracic epidural anesthesia is surprising. Accord-
ingly, the beneficial effects of thoracic epidural anesthesia
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must be reexamined with consideration of the effects of
the associated light general anesthesia.

Several experimental studies have demonstrated that
thoracic epidural anesthesia could improve myocardial
oxygen balance and decrease the incidence of ventricular
arrhythmias during acute myocardial ischemia.'®-%! In
patients with coronary artery disease, the beneficial effects
of thoracic epidural anesthesia have been documented by
several studies.?*-?5 These beneficial effects result partially
from a decrease in the determinants of myocardial oxygen
consumption.?® In addition, it has been shown recently
that thoracic epidural anesthesia might increase the di-
ameter of stenotic segments of epicardial coronary arter-
ies.?* Because these beneficial effects have been demon-
strated when small doses of local anesthetics are used to
induce a selective cardiac sympathetic blockade with lim-
ited hemodynamic effects, however, these results cannot
be extrapolated to patients receiving thoracic epidural
anesthesia combined with light general anesthesia. Indeed,
during abdominal surgery, larger doses of local anesthetics
are necessary to extend caudally the epidural blockade,
and light general anesthesia with mechanical ventilation
is added to the epidural blockade. Such an anesthetic
technique induces a substantial hypotension that results
mainly from a decrease in venous return.? In this context,
epidural anesthesia could decrease coronary blood flow?”
and promote myocardial ischemia.

Left ventricular function during thoracic epidural
anesthesia may be impaired by different mechanisms: a
decrease in preload related to venodilatation,?® impair-
ment in cardiac contractility resulting from cardiac sym-
pathetectomy,?®3 a decrease in heart rate resulting from
either decreased sympathetic tone or increased vagal
tone,*! or myocardial ischemia as a consequence of a de-
crease in arterial perfusion pressure. On the other hand,
several mechanisms may contribute to improving left
ventricular function during this anesthetic procedure:
these include a decrease in afterload due to the reduction
in systemic vascular resistance,?? cardiac effects of local
anesthetics agents,?®%3 and use of direct or indirect sym-
pathomimetic drugs.?*® Alteration of left ventricular
function during thoracic epidural anesthesia with general
anesthesia results from the effects of these opposing factors
and may be either improved or impaired depending on
which predominates. '

Respiratory complications result from the pattern of
restriction as well as ventilation—perfusion abnormalities
induced by upper abdominal surgery.!®!” Diaphragmatic
dysfunction is probably the mechanism responsible for
these impairments.*® Thoracic epidural analgesia may
partially or totally reverse this dysfunction.?® The intra-
operative anesthetic technique probably has no influence
on these intraoperative induced abnormalities, since both
groups of patients received general anesthesia, mechanical
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ventilation, and identical surgical procedure. The only

factor that may favorably influence the rate of respiratory

complications could be the shorter duration of mechanical

ventilation, since patients with epidural anesthesia did not

receive opioids to maintain anesthesia. In our study this

difference is significant but is limited to 2 h. Clearly, with_
regard to respiratory complications, no significant advan-

tages are to be expected from the intraoperative tech-
nique.

POSTOPERATIVE ANALGESIA

Several studies have compared epidural and parenteral
analgesia.>*8-9%7-%0 Among these studies, only two in-
cluded a large number of patients®? and only a few dem-
onstrated the superiority of epidural anesthesia.**® Two
reports have shown the beneficial effects of epidural an-
algesia compared with parenteral morphine,'*® as has a
major study from Yeager and co-workers.® When com-
pared to a group of patients who received general anes-
thesia, patients in the latter study who received epidural
analgesia were found to have a reduction in postoperative
mortality, overall postoperative complication rate, and
incidence of cardiovascular failure and major infections.
These authors® concluded that epidural anesthesia and
postoperative care including epidural analgesia provided
with opioids and/or local anesthetic could be the factors
that determine ultimate morbidity and mortality.

Our study, which focuses on intraoperative technique,
does not demonstrate that thoracic epidural anesthesia
combined with light general anesthesia influences major
cardiac and respiratory morbidity after abdominal aortic
surgery. The postoperative protocol for analgesia was not
directed by the study protocol. Three different analgesic
techniques were distributed equally in both groups. This
difference between our study and that of Yeager et al.®
in the strategy used for postoperative analgesia could sug-
gest that postoperative epidural analgesia, rather than
epidural anesthesia, plays a major role in the decrease in
postoperative complications. There are two main reasons
for not analyzing our data according to the analgesic
technique. First, postoperative analgesia was not random-
ized. Second, the sample size of the study is not large
enough to compare the three techniques used in our study.
In addition, we cannot analyze together patients who re-
ceived epidural analgesia with opioids and/or local an-
esthetic. Indeed, the effects of epidural analgesia with local
anesthetic on cardiac and respiratory functions are dif-
ferent from those of epidural analgesia with opioids. Dia-
phragmatic dysfunction after upper abdominal surgery is
reversed by epidural analgesia®® with local anesthetic and
is not influenced by epidural analgesia with opioids.*!
Beneficial effects of epidural analgesia on myocardial ox-
ygen balance seem to be directly related to the cardiac
sympathetic blockade induced by local anesthetics.?***
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Despite these limitations, regarding our’results and
those of Yeager et al.® we suggest that postoperative epi-
dural analgesia rather than intraoperative epidural anes-
thesia is an important determinant in preventing post-
operative cardiac and respiratory complications.

This randomized study was designed to determine in
patients scheduled for abdominal aortic surgery whether
intraoperative thoracic epidural anesthesia combined with
light general anesthesia alters postoperative morbidity
when compared to a standard technique of ‘‘balanced”
general anesthesia. The number of patients to be included
in the study was prospectively established from a known
incidence of postoperative complications associated with
this type of surgery. The major finding of this study is
that thoracic epidural anesthesia combined with light
general anesthesia in patients undergoing abdominal aor-
tic surgery offers no major advantages or disadvantages
when compared to general anesthesia. Regarding studies
that showed that epidural anesthesia and analgesia favor-
ably influence postoperative outcome, we suggest that
postoperative epidural analgesia rather than intraopera-
tive epidural anesthesia is the factor preventing or re-
ducing the incidence of postoperative cardiac and respi-
ratory complications.

References

1. Bromage PR, Camporesi E, Chestnut D: Epidural narcotics for
postoperative analgesia. Anesth Analg 59:473-480, 1980

2. Christensen P, Brandt MR, Rem ], Kehlet H: Influence of extra-
dural morphine on the adrenocortical and hyperglycaemic re-
sponse to surgery. Br J Anaesth 54:23-27, 1982

3. Rawal N, Sjorstrand U, Christoffersson E: Comparison of intra-
muscular and epidural morphine for postoperative analgesia in
the grossly obese: Influence on postoperative ambulation and
pulmonary function. Anesth Analg 63:683-692, 1984

4, Cuschieri RJ, Morran Cg, Howie JC, McArdle CS: Postoperative
pain and pulmonary complications: Comparison of three anal-
gesic-regimens. Br J Surg 72:495-498, 1985

5. El-Baz N, Goldin M: Continuous epidural infusion of morphine
for pain relief after cardiac operations. J Thorac Cardiovasc
Surg 93:878-883, 1987

6. Yeager MP, Glass DD, Neff RK, Brinck-Johnsen T: Epidural anes-
thesia and analgesia in high-risk surgical patients. ANESTHE-
SIOLOGY 66:729-735, 1987

7. Temeck BK, Schafer PW, Park WY, Harmon JW: Epidural anes-
thesia in patients undergoing thoracic surgery. Arch Surg 124:
415-418, 1989

8. Hjortso NC, Neumann P, Frosig F, Andersen T, Lindhard A,
Rogon E, Kehlet H: A controlled study on the effect of epidural
analgesia with local anaesthetics and morphine on morbidity
after abdominal aortic surgery. Acta Anaesthesiol Scand 29:
790-796, 1985

9. Jayr G, Mollié A, Bourgain JL, Alar¢en J, Masselot ], Lasser P,
Denjean A, Truffa-Bachi ], Henry-Amar M: Postoperative pul-
monary complications: General anesthesia with postoperative
parenteral morphine compared with epidural analgesia. Surgery, ,
104:57-63, 1988 !

202 YoIeN 0z uo 3sanb Aq 4pd 01000-00001 L 661-27S0000/L LEBEY/ | L9/¥/G L/Ppd-ajonie/ABojoisauisaue/woo JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



618

10.

11.

12,

13.

14.

15.

16.

17.

18.

19,

20,

21.

22,

23,

24,

25,

Leppo J, Boucher CA, Okada RD, Newell ], Strauss HW, Pohost
GM: Serial thallium 201 myocardial imaging after dipyridamole
infusion: diagnostic utility in detecting coronary artery stenoses
and relationship to regional wall motion. Circulation 66:649-
657, 1982

Marshall RR, Berger HJ, Costin JC, Friedman GS, Wolberg ],
Cohen LS, Gottschalk A, Zaret BL: Assessment of cardiac per-
formance with quantitative radionuclide angiography: Sequen-
tial left ejection fraction, normalized left ventricular ejection
rate and regional wall motion. Circulation 56:820-829, 1977

Eagle KA, Coley CM, Newell JG, Brewster DC, Darling RC, Strauss
HW, Guimey TE, Boucher CA: Combining clinical and thallium
data optimizes preoperative assessment of cardiac risk before
major vascular surgery. Ann Intern Med 110:859-866, 1989

Leppo ], Plaja J, Gionet M, Tumolo J, Parakos JA, Cutler BS:
Noninvasive evaluation of cardiac risk before elective vascular
surgery. ] Am Coll Cardiol 9:269-276, 1987

Eagle KA, Singer DE, Brewster DC, Darling RC, Mulley AG,
Boucher CA: Dipyridamole thallium scanning in patients un-
dergoing vascular surgery. JAMA 257:2185-2189, 1987

Thompson JE, Hollier LH, Patman RD, Persson AV: Surgical
management of abdominal aortic aneurysms: Factors influencing
mortality and morbidity. Ann Surg 181:6564-661, 1975

Latimer RG, Dickman M, Day WC, Gunn ML, Duwayne-Schmidt
C: Ventilatory patterns and pulmonary complications after upper
abdominal surgery determined by preoperative computerized
spirometry and blood gas analysis. Am J Surg 122:622-632,

1971

Celli BR, Rodriguez KS, Snider GL: A controlled trial of inter-
mittent pressure breathing, incentive spirometry and deep
breathing exercises in preventing pulmonary complications after
abdominal surgery. Am Rev Respir Dis 130:12-15, 1984

Klassen GA, Bramwell RS, Bromage PR, Zborowska-Sluis DT:
Effects of acute sympathectomy by epidural anesthesia on the
canine coronary circulation. ANESTHESIOLOGY 52:8-15, 1980

Vik-Mo H, Ottesen S, Renck H: Cardiac effects of thoracic epidural
analgesia before and during acute coronary artery occlusion in
open-chest dog. Scand J Clin Lab Invest 38:737-746, 1978

Davis RF, DeBoer LW, Maroko PR: Thoracic epidural anesthesia
reduces myocardial infarct size after coronary artery occlusion
in dogs. Anesth Analg 65:711-717, 1986

Blomberg 8, Ricksten SE: Thoracic epidural anesthesia decreases
the incidence of ventricular arrhythmias during acute myocar-
dial ischemia in the anesthetized rat. Acta Anaesthesiol Scand
65:711-717, 1988 :

Baron JF, Coriat P, Mundler O, Fauchet M, Bousseau D, Viars
P: Left ventricular global and regional function during lumbar
epidural anesthesia in patients with and without angina pectoris,
Influence of volume loading. ANESTHESIOLOGY 66:621-627,
1987

Kock M, Blomberg S, Emanuelsson H, Lomsky M, Stromblad SO,
Ricksten SE: Thoracic epidural anesthesia improves global and
regional left ventricular function during stress-induced myo-
cardial ischemia in patients with coronary artery disease. Anesth
Analg 71:625-630, 1990

Blomberg S, Emanuelsson H, Kvist H, Lamm C, Ponten J, Waag-
stein F, Ricksten SE: Effects of thoracic epidural anesthesia on
coronary arteries and arterioles in patients with coronary artery
disease. ANESTHESIOLOGY 73:840-847, 1990

Blomberg S, Emanuelson H, Ricksten SE: Thoracic epidural anes-

BARON ET AL.

Anesthesiology
V 75, No 4, Oct 1991

thesia and central hemodynamics in patients with unstable angina
pectoris.'Anesth Analg 69:558-562, 1989

26. Samain E, Coriat P, Le bret F, Baron JF, Vrints ], Viars P: Ephed-

217.

28.

29,

30.

31.

32,

33.

34,

35,

36.

37.

38.

39,

40.

41.

—

rine versus phenylephrine for hypotension due to thoracic epi-
dural anesthesia associated with general anesthesia: Effects on
left ventricular function (abstract). ANESTHESIOLOGY 73:A82,
1990

Reiz S, Nath S, Rais O: Effects of thoracic epidural block and
Prenalterol on coronary vascular resistance and myocardial me-
tabolism in patients with coronary artery disease. Acta Anaes-
thesiol Scand 24:11-16, 1980

Shimosato S, Etsen BE: The role of the venous system in cardi-
ocirculatory dynamics during spinal and epidural anesthesia in
man, ANESTHESIOLOGY 30:619-628, 1969

Hotvedt R, Platou ES, Refsum H: Effects of thoracic epidural
analgesia on cardiovascular function and plasma concentration
of free fatty acids and catecholamines in the dog. Acta Anaes-
thesiol Scand 28:132-137, 1984

Ottesen S, Renck H, Jynge P: Thoracic epidural analgesia. An
experimental study in sheep of the effects on central circulation,
regional perfusion and myocardial performance during nor-
moxia, hypoxia and isoproterenol administration. Acta Anaes-
thesiol Scand Suppl 69:1-16, 1978

Baron JF, Decaux-Jacolot A, Edouard A, Berdeaux A, Samii K:
Influence of venous return on baroreflex control of heart rate
during lumbar epidural anesthesia in humans. ANESTHESIOL-
OGY 64:188-193, 1986

Edouard A, Berdeaux A, Langloys J, Samii K, Guidicelli JF, No-
viant Y: Effects of lidocaine on myocardial contractility and
baroreflex control of heart rate in conscious dogs. ANESTHE-
SIOLOGY 64:316-321, 1986

Sundberg A, Wttwil, Wiklund L: Haemodynamic effects of intra-
venous bupivacaine during high thoracic epidural anaesthesia.
Acta Anaesthesiol Scand. 31:143-147, 1987

Engberg G, Wicklund L: The circulatory effects of intravenously
administered ephedrine during epidural blockade. Acta An-
aesthesiol Scand 66(suppl):27-36, 1978

Lundberg J, Norgen L, Thomon D, Werner O: Hemodynamic
effects of dopamine during thoracic epidural analgesia in man.
ANESTHESIOLOGY 66:641-646, 1987

Mankikian B, Cantineau JP, Bertrand M, Kieffer E, Sartene R,
Viars P: Improvement of diaphragmatic function by a thoracic
extradural block after upper abdominal surgery. ANESTHE-
SIOLOGY 86:379-386, 1988.

Spence AA, Smith G: Postoperative analgesia and lung function:
a comparison of morphine with extradural block. Br J Anaesth
43:144-148, 1971 .

Pflug AE, Murphy TM, Butler SH, Tucker GT: The effects of
postoperative peridural analgesia on pulmonary therapy and
pulmonary complications. ANESTHESIOLOGY 41:8-17, 1974

Hendolin H, Lahtinen J, Lansimies E, Tuppurainen T, Partanen
K: The effect of thoracic epidural analgesia on respiratory func-
tion after cholecystecmoy. Acta Anaesthesiol Scand 31:645-
651, 1987

Bonnet F, Blery C, Zatan M, Simonet O, Brage D, Gaudy J: Effect
of epidural morphine on pulmonary dysfunction. Acta Anaes-
thesiol Scand 28:147-151, 1984

Simoneau B, Vivien A, Sartene R, Kunstlinger F, Samii K, Noviant
Y, Duroux P: Diaphragmatic dysfunction induced by upper ab-
dominal surgery: Role of postoperative pain, Am Rev Respir
Dis 128:899-903, 1983.

202 YoIeN 0z uo 3sanb Aq 4pd 01000-00001 L 661-27S0000/L LEBEY/ | L9/¥/G L/Ppd-ajonie/ABojoisauisaue/woo JIBYDIBA|IS ZESE//:d)Y WOl papeojumoq



