Drugs Aging 2003; 20 (5): 347-360

TH E RAPY I N PRACTICE 1170-229X/03/0005-0347/$30.00/0

© Adis Data Information BV 2003. All rights reserved.

Anaesthesia and Postoperative
Analgesia in Older Patients with
Chronic Obstructive

Pulmonary Disease

Special Considerations

Eva M. Gruber and Edda M. Tschernko

Department of Cardiothoracic and Vascular Anaesthesia and Intensive Care Medicine, University
of Vienna, Vienna, Austria

Contents
2 1 1 (o T 347
1. Preoperative Evaluation and Preparafion .. ... ... 349
11 EVAIUOTON o 349
12 PrE P Ara ON Lt 349
2. Choice of Anaesthetic Agent ... .. 350
2.1 Volatile ANGesthetiCs . . ... 350
2.2 Intravenous ANOEsTheTiCS . ... o 350
2.3 Neuromuscular BIoCKING AQeNtS . ... 351
3. Mechanical Ventilation . . ... . 351
4. Regional Versus General Anaesthesia . .. ... 353
5. Special Considerations for Thoracic and Cardiac Anaesthesia ............ ... ... ... ... ..., 354
5.1 Thoracic ANAESTNESIO . . ..o 354
5.1.1 Ventilation Considerations . . ... ...t 355
5.1.2 Anaesthetic Considerations .............. i 355
5.2 CardiaC ANGESTNESIO . . oot 356
6. Postoperative ANQIgESIA . ... ..o 356
0.1 AN . o 356
6.2 Regiondal TEChNIQUES . . ... o 357
7. CONCIUSION & 358
Abstract Chronic obstructive pulmonary disease (COPD) and older age are known to be

independent risk factors for severe perioperative adverse outcomes after surgery.
A basic understanding of the disease, careful preoperative evaluation and prepara-
tion of the patient, as well as a tailored anaesthetic management plan might help to
decrease complications in this patient population.

Aging affects the pharmacokinetics and pharmacodynamics of almost all drugs
and therefore the dosage must be adapted in older patients. The type of anaesthesia
(general versus regional anaesthesia) has no substantial effect on perioperative
morbidity and mortality. Most patients, even with severe COPD, tolerate general
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anaesthesia without major problems. One important goal of the anaesthetic
management is to prevent reflex-induced bronchoconstriction, which can be
accomplished by the use of volatile anaesthetics. Early recovery can be facilitated
by the use of short-acting drugs, such as propofol and the new opioid remifentanil.
Judicious use of neuromuscular blocking agents is necessary because of the risk of
residual paralysis, and those agents associated with histamine liberation should be
avoided. Ventilation requires long expiration times to avoid air trapping, and
hyperinflation to avoid the possible threat of pneumothorax and a decrease in
cardiac output.

For postoperative analgesia, a balanced regimen consisting of regional analge-
sia with local anaesthetics and NSAIDs should be preferred. This will enhance
analgesia and reduce opioid toxicity, which is important in patients with COPD,
where respiratory depression is especially dangerous.

Chronic obstructive pulmonary disease (COPD)
and older age are known to be independent risk
factors for severe perioperative adverse outcomes
after surgery.[!l A recent study indicated that during
2000, 10 million US adults had physician-diagnosed
COPD and approximately 24 million adults had
evidence of impaired lung function.””! Very likely,
similar data will apply for most parts of the world.
Therefore, COPD is a frequent comorbidity in pa-
tients presenting for all kinds of surgery.

COPD includes three disorders, namely emphy-
sema, peripheral airway disease and chronic bron-
chitis. A patient may have one or more of these
conditions. Emphysema is associated with a de-
crease in elastic recoil of lung tissue, resulting in
decreased maximum expiratory air flow, which
leads to air trapping, hyperinflation and severely
limited exercise capacity.?! In addition, the destruc-
tion of the alveolar-capillary membrane surface
leads to a reduction in diffusing capacity. The
primary cause of emphysema is cigarette smoking,
but in addition, occupational or environmental expo-
sures and genetic factors (e.g. ol-antitrypsin defi-
ciency) may cause the disease.™

The diagnosis of COPD is confirmed by spirome-
try. The hallmarks of COPD are a reduction in
forced expiratory volume in 1 second (FEV1), a
reduction in the ratio of FEV to forced vital capaci-
ty (FVC) compared with standard reference values,
and less than 12% improvement after challenge with
an inhaled bronchodilator.!
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The postoperative mortality rate is increased
10-fold in patients with COPD compared with pa-
tients without pulmonary disease.!® Several factors
related to anaesthesia and surgery seem to especially
endanger patients with COPD:

e anaesthetics and analgesics used during the peri-
operative period may alter the bronchial tone, the
central regulation of breathing and change the
neural drive to respiratory muscles such as the
diaphragm;

e positioning of the patient and mechanical ventila-
tion induce alterations in respiratory mechanics
and gas exchange, which persist throughout the
postoperative period;”!

e atelectasis formation in dependent lung regions
develops after a few minutes of anaesthesia and
may significantly impair pulmonary gas ex-
change;™®

e surgical trauma further alters respiratory function
when respiratory muscles are disrupted because
of the site of incision.

Of these factors, the choice of anaesthetic drugs
and postoperative pain therapy is the easiest to influ-
ence. Therefore, it seems important to investigate
whether the choice of anaesthetic drugs and post-
operative pain therapy can influence postoperative
outcome in older patients with COPD. This review
summarises the available literature addressing this
important issue.

Drugs Aging 2003; 20 (5)
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1. Preoperative Evaluation
and Preparation

1.1 Evaluation

Preoperative evaluation is essential in older pa-
tients with COPD to determine the severity of lung
disease and to identify modifiable risk factors. A
decision can then be made whether surgery should
go ahead, be delayed or abandoned. In addition, in
patients undergoing lung resection, pulmonary func-
tion testing and arterial blood gas analysis are re-
quired to predict if the patient will be able to tolerate
such surgery.!’

A preoperative chest x-ray should be done for
any surgical procedure in all patients older than 60
years of age with a history of COPD.!'"! The x-ray
provides important information about the degree of
hyperinflation of the lungs and whether respiratory
infection is present. For patients with lung disease
under consideration for upper abdominal surgery or
thoracic procedures, the preoperative evaluation
should also include measurement of lung function
by spirometry and gas exchange by arterial blood
gas analysis.”!

Recent studies have demonstrated that abnormal
preoperative FEV|, abnormal diffusing capacity,
hyperinflation and mucous hypersecretion were pre-
dictive of severe postoperative pulmonary compli-
cations in patients undergoing upper abdominal sur-
gery.[11-13]

Table I summarises ‘cut-off values’ for thoracic
procedures. An FEV| above these values has an
associated mortality rate of 7.5%. If values are be-
low these cut-off points, split lung function studies
should be performed.”! Perfusion lung scintigraphy

Table I. Minimum values of forced expiratory volume in 1 second
(FEV1) for thoracic procedures with low mortality and incidence of
pulmonary complications

Procedure FEV1 (L) [% predicted] References
Pneumonectomy  >2 [80%] 16,17
Lobectomy 1-1.5 [40-60%] 16,18,19

a Patients with FEV1 above these values usually do not require
further pulmonary function testing.
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is very accurate in predicting residual post-resec-
tional lung function in selected patients.'¥ A pre-
dicted postoperative FEV| (with an associated mor-
tality rate of 7.5%) of 0.8-1.0L is the generally
accepted minimum value for post-resection surviva-
bility.!!3)

1.2 Preparation

Treatment of COPD includes inhaled PB2-adre-
noreceptor agonists and anticholinergics, inhaled or
systemic corticosteroids and oral or intravenous
methylxanthines (e.g. theophylline, aminophylline).
If patients with severe COPD are on long-term corti-
costeroids, the goal is to have them on the lowest
effective dose preoperatively, with stress-dose corti-
costeroids in the perioperative period. Long-term
medication, i.e. theophylline and inhaled bronchodi-
lators or corticosteroids should be maintained until
the time of surgery.”®! Ongoing respiratory infec-
tions should be treated aggressively during the pre-
operative period. When laboratory parameters such
as C-reactive protein and leucocytes are elevated
and productive cough is present, elective surgery
has to be delayed. Preoperative cessation of smok-
ing and physical therapy decrease the incidence of
postoperative respiratory complications.?!!

Premedication in order to reduce anxiety is con-
troversial in older patients, because of the danger of
respiratory depression. However, anxiety may lead
to increased respiratory frequency, which augments
pulmonary hyperinflation and dyspnea and therefore
a small dose of an anxiolytic might be beneficial.*?!
The decision has to be made on a case by case basis.
Oral midazolam (3.75mg) and clonidine (0.075mg)
are suitable drugs in the elderly.?3! Cheaper alterna-
tives are oral diazepam (5mg) or temazepam
(10mg). Sedative drugs should be administered to a
patient with severely limited pulmonary function in
a well monitored environment.

Outpatient surgery is becoming increasingly pop-
ular in order to reduce healthcare costs. Older pa-
tients with severe COPD requiring general anaesthe-
sia for surgery are rarely suitable for outpatient care.

Drugs Aging 2003; 20 (5)
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Table Il. Influence of anaesthetics and opioids on airway-reactivity

Agent Mechanism References

Anaesthetics

Halothane; enflurane; isoflurane; sevoflurane  Induce bronchodilation, attenuate airway constriction, decrease 24-26
respiratory resistance

Desflurane Absence of bronchodilation 26

Propofol Induces bronchodilation: blunts airway reflexes 27

Thiopental Absence of bronchodilation 26

Etomidate Absence of bronchodilation 28

Ketamine Induces bronchodilation 29,30

Opioids

Morphine Histamine liberation (theoretical concern) 31,32

Fentanyl; alfentanil; sufentanil; remifentanil Truncal muscle rigidity 33,34

2. Choice of Anaesthetic Agent

Table II summarises the influences of the differ-
ent anaesthetics and opioids on airway-reactivity.

2.1 Volatile Anaesthetics

Volatile anaesthetics are potent bronchodilators.
Halothane, enflurane and isoflurane attenuate air-
way constriction by several mechanisms, including
reduced excitability of the post-synaptic nicotinic
receptors of the intramural parasympathetic ganglia
and a direct relaxing effect on airway smooth mus-
cles and/or on muscarinic receptors.?*! The use of
halothane is limited because of its myocardial de-
pressant reaction and arrhythmic effects, as well as
its hepatotoxicity. Halothane and isoflurane dilate
airways in a dose-dependent manner; however, at
low concentrations halothane is a more effective
bronchodilator than isoflurane at equivalent mini-
mal anaesthetic concentration (MAC) doses.[*!
Sevoflurane is superior to desflurane for sup-
pressing moderate and severe responses to airway
stimulus B3 and for reducing respiratory resis-
tance.?) The pharmacological profile of sevo-
flurane may be beneficial in geriatric patients be-
cause of its low blood solubility allowing rapid
changes to be made in anaesthetic depth and ena-
bling early recovery. Comparable with all other
volatile anaesthetics, the MAC dose for sevoflurane
is reduced in elderly patients.l*! However, that there
is no study that says that sevoflurane should be
primarily chosen over isoflurane.

© Adis Data Information BV 2003. All rights reserved.

2.2 Infravenous Anaesthetics

The intravenous anaesthetic drugs thiopental and
etomidate can be safely used for induction in elderly
patients with COPD, even though no direct
bronchodilating effect has been demonstrated and
they are ineffective in blunting airway reflexes.®!
Propofol seems to blunt airway reflexes better than
thiopental or etomidate; this is probably the most
important mechanism by which it reduces bronchos-
pasm during intubation.?8! In addition, propofol in-
duces bronchodilatation in patients with COPD,
therefore respiratory mechanics improve after pro-
pofol infusion as shown by increased dynamic com-
pliance, decreased peak inspiratory pressure and
decreased minimal resistance of the respiratory sys-
tem.””l However, propofol has to be administered
very cautiously in elderly subjects, otherwise severe
haemodynamic adverse effects such as hypotension
and cardiac depression are likely to occur.?”! The
pharmacokinetics and pharmacodynamics of pro-
pofol are quite different in older patients.8! The
propofol induction dose has to be reduced by 60%
and the infusion rate should be reduced by 30-50%
in patients >65 years of age.l%

Ketamine is a suitable drug in patients with
COPD for induction and maintenance of anaesthe-
sia, since it is a bronchial smooth muscle relaxant
and is as effective as halothane or enflurane in
preventing experimentally induced bronchos-
pasm.?3% Fentanyl, alfentanil, sufentanil and remi-
fentanil cause almost no histamine release, although
they may produce truncal muscle rigidity, which can

Drugs Aging 2003; 20 (5)
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be reversed by muscle relaxants.[333* They are twice
as potent in elderly compared with younger subjects.
Morphine may increase plasma histamine concen-
trations and thereby increase bronchial tone,’?!
which is more a theoretical concern, since many
patients tolerate morphine without problems. The
new short-acting opioid remifentanil allows hypnot-
ic dose reduction and facilitates early recovery.3!
Doses must be reduced in the elderly.*” In order to
reduce adverse cardiovascular effects, a target-con-
trolled infusion of remifentanil is superior to a con-
tinuous weight-adjusted infusion.[*!]

2.3 Neuromuscular Blocking Agents

Neuromuscular blocking agents may produce un-
wanted autonomic nervous system effects and affect
airway diameter and reactivity by promoting hista-
mine release.*?! Suxamethonium (chloride) may be
used in patients with COPD for rapid tracheal intu-
bation, if absolute contraindications such as hyper-
kalaemia, renal failure, increased intracranial pres-
sure, increased intraocular pressure and myopathies
are not present.3] However, suxamethonium-in-
duced cardiac arrhythmias occur frequently and
therefore well-judged use is crucial in elderly pa-
tients.

Neuromuscular blocking agents in the benzyliso-
chinolinium group (tubocurarine, metocurine, dox-
acurium [chloride], atracurium [besilate], cisa-
tracurium [besilate] and mivacurium [chloride])
generally exhibit a tendency to cause histamine re-
lease, although this adverse effect is slight in
atracurium and mivacurium and absent in cisa-
tracurium.*?) Muscle relaxants with prominent his-
tamine release should be avoided at all cost in pa-
tients with COPD. Neuromuscular blocking agents
in the corticosteroidal group (pancuronium [bro-
mide], pipecuronium [bromide], vecuronium [bro-
mide], and rocuronium [bromide]) generally do not
cause histamine liberation. Rocuronium has the
most rapid onset of action among the available non-
depolarising drugs and is therefore an alternative
choice for rapid sequence induction. A dosage of 0.6
mg/kg allows intubation within 75 seconds.!*¥
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As deep muscle relaxation is not necessary for
most surgical procedures,™ muscle relaxants
should be used judiciously. Most of the neuromus-
cular blocking agents have an increased onset time
and duration of action in the elderly. 6481 Moreover,
duration of action is variable regardless of the drug
chosen. Therefore, monitoring of neuromuscular
blockade using a nerve stimulator might be very
helpful.

Residual paralysis is frequently observed in the
postoperative period, and may increase post-
operative morbidity, e.g. from hypoxaemia, pulmo-
nary infection and delayed recovery.[*! If residual
paralysis is manifest at the end of the procedure,
either neostigmine (0.05 mg/kg), mixed with
glycopyrronium (bromide) [0.4—-0.5mg] or atropine
(7-10 pg/kg), should be administered carefully. The
elderly are more susceptible to the adverse effects of
neostigmine, especially to cardiac arrhythmias;
however, the problems of residual paralysis out-
weigh the adverse effects of neostigmine. Atropine
may cause postoperative confusion in elderly pa-
tients, therefore glycopyrronium should be chosen if
available.

3. Mechanical Ventilation

Mechanical ventilation of patients experiencing
COPD must ensure sufficient arterial oxygenation
and strictly avoid gas trapping, which can lead to a
pneumothorax and a decrease in cardiac output. The
main stimulus for regulation of breathing in patients
with partial respiratory insufficiency (resting hyper-
capnia) is the arterial carbon dioxide partial pressure
(PaCO2). A substantial decrease in PaCO2 during
mechanical ventilation leads to suppression of spon-
taneous breathing, thus, leading to prolonged time of
intubation.®®! Whereas, in patients presenting pre-
operatively with global insufficiency (arterial oxy-
gen partial pressure [PaO2] <50mm Hg and PaCO»
>50mm Hg) the major stimulus for ventilation is
low PaO3. Therefore, the administration of oxygen
with concomitant high PaO2 values can potentially
lead to life threatening hypoventilation in these pa-
tients.

Drugs Aging 2003; 20 (5)



352

Gruber & Tschernko

Lung
volume

B Tidal - Apnoea R
Tidal
volume
Tidal T Trapped
volume gas
FRC

Time

Fig. 1. Development of dynamic hyperinflation during mechanical ventilation and representation of lung deflation during apnoea. FRC =
functional residual capacity (reproduced from Myles,52 with permission).

Pulmonary hyperinflation associated with intrin-
sic positive end-expiratory pressure (PEEP;) is a
major problem in patients with advanced COPD.
Causes of pulmonary hyperinflation are the loss of
lung elastic recoil and abnormal airflow resis-
tance."'! In a patient with airway obstruction, the
expiratory flow is too slow to fully evacuate the
lungs before the next breath is initialised, resulting
in air-trapping and dynamic hyperinflation. This
creates a positive alveolar pressure which, during
spontaneous breathing, must be overcome before
subsequent inspiratory flow begins, leading to an
increased work of breathing. This end expiratory
positive alveolar pressure caused by dynamic hyper-
inflation is named PEEPi or auto-PEEP. During
mechanical ventilation close attention to the occur-
rence of dynamic pulmonary hyperinflation, with
the risk of barotrauma and the burden of excessive
extrinsic PEEP causing circulatory depression, are
the most important issues.

The magnitude of dynamic hyperinflation and
PEEP; can be substantially influenced by the venti-
lator setting, namely, tidal volume, respiratory fre-
quency and inspiratory to expiratory time ratio.
Thus, ventilation should be performed by using
moderate tidal volumes (<9 mL/kg during normal
ventilation and <5 mL/kg during one-lung ventila-
tion [OLV]), low respiratory frequencies (10-12
breaths per minute during ventilation of both lungs
and <16 breaths per minute during OLV), and a long
expiratory time (e.g. ratios of 1 : 3 and longer are
recommended). Dynamic pulmonary hyperinflation
and PEEP; must be suspected if the shape of the end-
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expiratory flow indicates the lack of an end-expir-
atory pause in the flow-time record (figure 1). Fur-
thermore, the shape of the end-tidal CO7 curve is
diagnostic of hyperinflation.

Most respirators are able to show if exhalation is
complete, which means expiratory flow must reach
zero before the onset of the next inspiratory phase.
Simply, PEEP; can be estimated by occluding the
exhalation valve of the ventilator at end-expiration,
while monitoring the flow curve and recording the
pressure. Accurate measurements of hyperinflation
and PEEP; are usually not feasible in the operating
theatre and the reader is referred to more specialised
articles.[!

One of the goals in ventilating patients with
COPD is to keep the plateau pressure less than 30cm
H20. Minimising minute ventilation in order to re-
strict airway pressure and avoid barotrauma may
result in hypercapnia and respiratory acidosis (per-
missive hypercapnia). A decrease in pH to 7.15 and
a rise in PaCO2 to 80mm Hg are well-accepted
limits with permissive hypercapnia.®® The use of
permissive hypercapnia is contraindicated in pa-
tients with elevated cranial pressure, severe hypo-
tension, severe metabolic acidosis, hypovolaemia,
severe refractory hypoxaemia, severe pulmonary
hypertension, concomitant use of B-adrenoreceptor
antagonists and presence of coronary artery disease.

The use of external PEEP less than or equal to
85% of PEEP; improves respiratory mechanics and
decreases work of breathing.>!

Drugs Aging 2003; 20 (5)
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4. Regional Versus General Anaesthesia

A haemodynamically stable anaesthetic regimen
is especially important in elderly patients because
cardiovascular aging promotes haemodynamic in-
stability. The response to B-receptor (B1 and [2)
stimulation diminishes with agingl®7 and the
baroreflex system is not as effective at increasing
heart rate in order to increase cardiac output.>®!

Whether the type of anaesthesia (general versus
regional) has any substantial effect on perioperative
morbidity and mortality remains a matter of debate.
A better outcome for either regional or general an-
aesthesia has not been shown in a large, prospective
trial neither in all patients nor in elderly patients
with COPD. Most patients with severe COPD
(FEV| less than 50% predicted and FEV /FVC less
than 70% predicted) undergo abdominal surgery
with a considerable, yet acceptable risk for pulmo-
nary complications under general anaesthesia.!
However, there are some aspects that might influ-
ence the decision towards regional anaesthesia in
elderly patients with COPD.

Most obviously, regional techniques are associat-
ed with the advantage of not manipulating the re-
spiratory system in patients with hyper-reactive air-
ways. In addition, the ‘stress response’ created by
major surgery is substantially altered by neuraxial
blockade but not by general anaesthesia.[®®! The
advantage of regional anaesthesia was extensively
studied in elderly patients undergoing orthopaedic
procedures. A decrease in intraoperative blood loss
and decreased incidence of deep vein thrombosis
have been documented.[®'9?l Pedersen concluded
that regional anaesthesia may be a superior tech-
nique compared with general anaesthesia, especially
in elderly patients with COPD admitted to major
orthopaedic surgery.!®! However, even the largest
individual trial to date in patients with hip surgery
did not have the power to detect significant differ-
ences in mortality between the two techniques.[®*!

The trials discussed in this paragraph were not
exclusively in elderly patients with COPD; howev-
er, their findings should be taken into consideration
when an anaesthetic plan is performed for the elder-
ly patient. Unfortunately, no outcome trials exist to
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date where exclusively elderly patients with COPD
have been studied. In a landmark study, Yeager et al.
demonstrated a reduction in overall postoperative
complications and less stress response in high-risk
surgical patients who received epidural-general an-
aesthesia and postoperative epidural analgesia com-
pared with patients receiving general anaesthesia
alone. Carli and Halliday compared combined
epidural-general anaesthesia and postoperative
epidural analgesia with general anaesthesia and par-
enteral analgesia.l%! The later proved to be inferior
in respect of suppression of the ‘stress response’
related to surgery. Results from a meta-analysis of
randomised trials have shown a reduction of post-
operative mortality and morbidity with epidural or
spinal anaesthesia compared with general anaesthe-
sia (figure 2).1°”) Overall mortality was reduced by
about a third, deep vein thrombosis by 44%, pulmo-
nary embolism by 55%, transfusion requirements by
50%, pneumonia by 39% and respiratory depression
by 59% in patients allocated to neuraxial blockade.
However, the recently published Australian master
trial revealed no significant difference in mortality
for either type of anaesthesia in high-risk patients.%8!

In severely compromised COPD patients,
neuraxial block has to be used with caution because
of potential paralysis of the respiratory muscles.
Reducing expiratory reserve volume in a marginal
patient who is dependent on active exhalation might
lead to respiratory depression. In addition, expir-
atory muscles are important for effective coughing
and clearing of secretions. Interscalene blocks cause
a transient phrenic nerve paresis and these blocks
are contraindicated in patients with severe COPD.
Also, segmental high thoracal epidural anaesthesia
may cause pulmonary sympathetic and respiratory
motor blockade. Whether it can be safely used for
chest wall surgery as a primary anaesthetic tech-
nique in patients with COPD or asthma was recently
studied by Groeben et al.[®! Despite sympathetic
blockade, thoracic epidural analgesia did not in-
crease airway obstruction and induced only a small
decrease in FEV| as a sign of mild respiratory motor
blockade with no difference between ropivacaine
and bupivacaine. Eight patients out of 20 were older

Drugs Aging 2003; 20 (5)
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Events/patients

NB No NB
Type of surgery
General 18/1065 18/915
Orthopaedic 58/1768 89/1849
Urological 4/463 6/465
Vascular 23/905 31/806
Other 0/670 0/653
Type of regional anaesthesia
Thoracic epidural 18/1179 34/1161
Spinal 62/1483 94/1642
Lumbar epidural 23/2209 16/1885
Use of general anaesthesia
NB vs GA 67/2580 108/2712
NB + GA vs GA 36/2291 36/1976
Total 103/4871 144/4688

Odds ratio
and 95% CI

Odds
reduction (SE)

S
|

E—
30% (11)
2P = 0.006
0 .0 1.5 2.0
NB better NB worse

Fig. 2. Effect of neuraxial blockade (NB) on postoperative mortality by surgical group, type of NB and use of general anaesthesia (GA).
Diamonds denote 95% Cls for odd ratios of combined trial results. The vertical dashed line represents the overall pooled result. Chi square
test for heterogeneity between different surgical groups p = 0.9 (reproduced from Rodgers et al.,l6”] with permission).

than 65 years in this study. Unfortunately, no trials
exist where only elderly patiens with COPD have
been studied.

The intraoperative effects of continuous spinal
anaesthesia and the efficacy of postoperative contin-
uous spinal analgesia (CSA) in elderly high-risk
patients undergoing major abdominal, vascular or
orthopaedic surgery were recently re-evaluated in
two studies. "7l CSA was performed with a micro-
catheter (28G). Only minimal cardiovascular and
respiratory adverse effects were observed compared
with single shot spinal and general anaesthesia. The
main benefit of CSA is the option of applying a
second dose to maintain the optimal anaesthetic
level and to provide postoperative analgesia for 2-3
days. However, after reports of cases of cauda
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equina syndrome occurring after continuous spinal
anaesthesia, the technique is less frequently used.!”?!

5. Special Considerations for Thoracic
and Cardiac Anaesthesia

In the following section, special considerations
for major thoracic and cardiac anaesthesia are eluci-
dated. In thoracic and cardiac procedures the dis-
eased organ (lungs) is directly affected by the type
of surgery.

5.1 Thoracic Anaesthesia

A five-lead ECG, a pulse-oximeter, an arterial
line, a temperature probe and very often a central
venous catheter are necessary for appropriate moni-
toring of older patients with COPD undergoing tho-

Drugs Aging 2003; 20 (5)
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racic surgery. The use of pulmonary artery catheters
in high-risk patients is controversial, although pul-
monary artery pressure may increase substantially
during single lung ventilation and surgical clamping
of the pulmonary vessels.

5.1.1 Ventilation Considerations

Variable periods of OLV are required during
thoracic procedures to facilitate surgery. OLV with
subsequent decreases in oxygenation may especially
endanger patients with severe COPD. Intrapulmona-
ry shunting of deoxygenated pulmonary arterial
blood may further decrease oxygenation and con-
tribute to severe hypoxaemia.

The major protective pathophysiological mecha-
nism against hypoxaemia is hypoxic pulmonary
vasoconstriction (HPV) which distributes blood
from non-ventilated to ventilated areas of the lung.
However, in patients with severe COPD, HPV may
not be an effective protective mechanism because
these patients already have increased pulmonary
arterial pressure and a reduced pulmonary vascular
bed. The administration of inhaled nitric oxide dur-
ing OLYV in order to improve oxygenation by selec-
tively decreasing pulmonary resistance and increas-
ing blood flow to the ventilated lung is ineffec-
tive.[”¥ The effects of external 5cm H20 PEEP on
oxygenation during OLV correspond to individual
changes in the relationship between the plateau end-
expiratory pressure and the inflection point of the
static compliance curve. Oxygenation might im-
prove or deteriorate, depending whether the applica-
tion of PEEP causes the end-expiratory pressure to
increase from a low level toward the inflection point
or causes an increased inflation of the ventilated
lung that raises the equilibrium end-expiratory pres-
sure beyond the inflection point.l”*

5.1.2 Anaesthetic Considerations

Thoracic epidural anaesthesia combined with
general anaesthesia for thoracic surgery is increas-
ing in popularity. It is also the method of choice at
our institution, especially when patients have COPD
and impaired pulmonary function. General anaes-
thesia alone, either total intravenous or with volatile
anaesthetics are alternative methods. Regional an-
aesthesia alone is never performed during major
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thoracic procedures. The choice is either general
anaesthesia alone or a combined regimen (regional
and general anaesthesia). Advantages of a combined
regimen (general anaesthesia plus epidural anaes-
thesia) include less shunting and better oxygenation
during OLV, especially in COPD patients!’> and
less respiratory complications!”® and reduced pain
scores postoperatively.l””]

Usually, a thoracic epidural catheter is placed,
immediately prior to induction of anaesthesia, at the
level T4-T5 or T5-T6. After testing the position with
2-4ml of lidocaine 2% and appropriate volume
loading (10-20 ml/kg), induction of anaesthesia is
performed. Following induction, during the period
of chest incision, a bolus of bupivacaine 0.5% or
ropivacaine 0.75% is administered in 2ml incre-
ments up to 8ml. A potent vasopressor should be
available to prevent severe hypotension.

A potential threat of thoracic epidural analgesia
might be the paralysis of respiratory muscles and
changes in bronchial tone in patients with end-stage
chronic COPD. This was studied at our institution
and we found that thoracic analgesia with bupiva-
caine 0.25% did not impair ventilatory mechanics
and inspiratory muscle strength.[®! Potential disad-
vantages of thoracic epidural anaesthesia are com-
plications such as epidural abscess, epidural
haematoma, (although the risk is very low) and the
time required establishing epidural anaesthesia.

Many anaesthesiologists performing thoracic an-
aesthesia for high-risk patients are convinced that
thoracic epidural analgesia not only provides excel-
lent pain relief, but also reduces postoperative mor-
bidity and mortality. However, it has to be men-
tioned that no individual trials are available, to date,
to confirm this.

During the immediate postoperative period an
intercostal nerve blockade can provide excellent
pain relief after thoracotomy. The intercostal nerve
blockade is a technically simple, safe and quick
procedure, although the short duration of action
limits its use.” We perform an intercostal nerve
blockade in all patients who do not receive thoracic
epidural analgesia. At the end of surgery, nerves
from the thoracic segments T2-T7 are anaesthetised
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using either bupivacaine 0.25% or 0.50% alone or
bupivacaine plus clonidine 2 pg/kg. Adding
clonidine to bupivacaine enhances analgesia and
improves oxygenation for a short time postopera-
tively.[3%

5.2 Cardiac Anaesthesia

Cardiac surgery in the elderly is a high-risk pro-
cedure. Age >65 years and COPD are among the
perioperative predictors of extubation failure after
cardiac surgery.®!! Furthermore, the presence of
COPD is associated with increased length of stay in
the intensive care unit and in the hospital.[®?! Pre-
operatively decreased FEV significantly delays ex-
tubation and prolongs the length of hospital stay. In
addition, decreased preoperative FEV| is even a
significant predictor of 5-year survival.®?! The sur-
gical method might influence postoperative out-
come in patients with COPD. Off-pump bypass sur-
gical procedures seem to be more advantageous than
on-pump methods in terms of extubation time, dura-
tion of intensive care unit stay and postoperative
lung function.®3]

Regional anaesthetic techniques are being used
with increasing frequency by anaesthesiologists
treating patients undergoing cardiac surgery. This
tendency is because of the potential perioperative
benefits including excellent postoperative analgesia,
‘stress response’ attenuation and thoracic cardiac
sympathectomy. However, the potential risk of
epidural haematoma and spinal lesions makes it
necessary to evaluate potential benefits carefully.
Scott et al. performed an open, prospective, random-
ised, controlled study of the incidence of major
organ complications in 420 patients undergoing rou-
tine coronary artery bypass graft surgery with or
without thoracic epidural analgesia. Patients includ-
ed in the trial were not exclusively elderly individu-
als with COPD.® All patients received standar-
dised general anaesthetic. There were less new
supraventricular arrhythmias, better pulmonary
function, earlier extubation, lower numbers of re-
spiratory tract infections and fewer patients with
acute confusion, stroke and acute renal failure in the
thoracic epidural analgesia group. No neurological
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complications were observed with the use of thorac-
ic epidural analgesia and quality of recovery was
significantly improved compared with conventional
opioid analgesia.

6. Postoperative Analgesia

Optimal pain therapy is an essential requirement
in the postoperative period to maintain or to restore
pulmonary function. Several routes of administra-
tion exist for pain relief. Frequently, adequate pain
control needs a combination of agents and tech-
niques. A balanced analgesic regimen consisting of
regional analgesia with local anaesthetics and
NSAIDs should be used. However, careful intrave-
nous opioid titration or patient controlled analgesia
(PCA) with opioids, in combination with NSAIDs,
might be equally appropriate.

6.1 Agents

Opioids are highly effective for postoperative
analgesia, although they carry a higher risk of respir-
atory depression, which is especially dangerous in
patients with COPD. Doses must be reduced by 50%
of the standard adult dose in elderly patients with
COPD in order to limit adverse events while main-
taining an equivalent level of analgesia. PCA with
opioids can be used systemically (intravenous ad-
ministration) or with regional techniques (e.g.
epidural administration) in elderly patients. Mor-
phine is the most widely used and presently the most
suitable drug for PCA in the elderly.®! Close moni-
toring and evaluation of the patient throughout the
perioperative period is required to ensure the appro-
priate and successful use of PCA. Pulse-oximetry is
very helpful for this purpose. Studies have indicated
that, after acute pain control, PCA with morphine
should be initiated at a dosage of 1 or 1.5mg per
dose, with a lockout period of 5—7 minutes. Continu-
ous background infusions of opioids are contraindi-
cated.’®! PCA is well-accepted by older patients,
they attain comparable levels of analgesia and are
equally satisfied with their pain control as younger
patients.[® However, when patients are unable to
manage a PCA, the nurse or physician can titrate
intravenous morphine. Intravenous morphine is ti-
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trated as a bolus of 2mg (bodyweight <60kg) or 3mg
(bodyweight >60kg) in 5-minute intervals until
complete pain relief is achieved.®”]

Tramadol is a synthetic, weak opioid agonist and
an inhibitor of monoamine neurotransmitter
reuptake. Unlike other opioids, tramadol has no
clinically relevant effects on respiratory or cardio-
vascular parameters at recommended doses. 8! Tra-
madol may prove particularly useful in patients with
poor cardiopulmonary function, including the elder-
ly, the obese and COPD patients. In patients with
impaired hepatic or renal function, tramadol should
be used instead of NSAIDs.[8 The most common
adverse events (incidence of 1.6-6.1%) are nausea,
dizziness, drowsiness, sweating, vomiting and dry
mouth.38! Recently, continuous intravenous tra-
madol has been shown to be an alternative to
neuraxial or systemic opioids for the management of
post-thoracotomy pain.[”’

NSAIDs such as ibuprofen, naproxen, or diclo-
fenac are effective postoperative analgesics. Unless
they are contraindicated or there is a strong concern
about haemostasis or peptic ulceration, a scheduled
parenteral, rectal or oral NSAID, should be added to
the patients pain regimen in order to reduce opioid
consumption, enhance analgesia and decrease in-
flammatory mediators. Clinical benefits include less
drowsiness and lack of respiratory adverse effects.
This is important in patients with COPD where
respiratory depression is especially dangerous.

NSAIDs should be administered with caution in
elderly patients who are at risk of developing renal
dysfunction.®® The standard adult dosage of
NSAIDs should be decreased by 40-60% in elderly
patients. If renal dysfunction is already present,
NSAIDs should not be used at all. Selective cyclo-
oxygenase-2 inhibitors may represent a safer alter-
native to nonselective NSAIDs in the treatment of
postoperative pain, since they are associated with
less gastric injury®! and do not influence haemos-
tasis.?! Careful monitoring of blood pressure is
warranted in elderly patients with hypertension
when treatment with celecoxib or rofecoxib is start-
ed. A recent trial has suggested that rofecoxib in-
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creases blood pressure to a greater extent than
celecoxib.®3

6.2 Regional Techniques

Patient-controlled epidural analgesia (PCEA),
using an opioid either alone or in combination with a
local anaesthetic, has been proven to be beneficial in
the management of pain relief after major sur-
gery.® Seventy patients >70 years of age undergo-
ing major abdominal surgery received -either
combined epidural analgesia and general anaesthe-
sia followed by postoperative PCEA, using a mix-
ture of 0.125% bupivacaine and 0.51g/ml sufentanil,
or general anaesthesia followed by PCA with intra-
venous morphine. Postoperatively, the group re-
ceived the bupivacaine and sufentanil mixture via a
PCEA pump programmed to deliver a 2 or 3ml bolus
with a lockout interval of 12 minutes and a back-
ground infusion of 3-5 ml/h. The PCA group re-
ceived an initial loading dose of intravenous mor-
phine up to Smg. Then the PCA pump was program-
med to deliver a bolus of intravenous morphine
1.5mg with a lockout interval of 8 minutes. The
epidural route using local anaesthetics and an opioid
provided better pain relief and improved mental
status and bowel activity.4

Since no individual trial to date has conclusively
shown that postoperative epidural pain control im-
proves pulmonary outcome, Ballantyne et al. per-
formed a cumulative meta-analysis to compare
seven postoperative analgesic therapies and their
influence on pulmonary outcome.”®! Compared with
systemic opioids, epidural opioids and local anaes-
thetics decreased the incidence of pulmonary mor-
bidity. Intercostal nerve blockade tends to improve
pulmonary outcome measures but the differences
compared with systemic opioids were not signifi-
cant. A benefit of postoperative thoracic sympathet-
ic blockade by thoracic epidural bupivacaine after
pulmonary resection is to reduce supraventricular
tachyarrhythmias that may result from the relative
sympathotonic status produced by injury to the car-
diac parasympathetic nerves.[®>]
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7. Conclusion

Anaesthesia in older patients with COPD re-
quires careful evaluation and preparation of the pa-
tients. The pathophysiological changes associated
with aging and COPD need well-planned anaesthet-
ic management, which should continue into the
postoperative period. Many anaesthetic agents, neu-
romuscular blocking agents and analgesics are suita-
ble. However, with increasing age and comorbidi-
ties, the number of drugs that can be used safely
become limited.

Acknowledgements

No sources of funding were used to assist in the prepara-
tion of this manuscript. The authors have no conflicts of
interest that are directly relevant to the content of this manu-
script.

References

1. Forrest JB, Rehder K, Cahalan MK, et al. Multicenter study of
general anesthesia III: predictors of severe perioperative ad-
verse outcomes. Anesthesiology 1992; 76: 3-15

2. Mannino D, Homa DM, Akinbami LJ, et al. Chronic obstruc-
tive pulmonary disease surveillance-United States, 1971-2000.
Resp Care 2002; 47: 1184-99

3. Stubbing DG, Pengelly LD, Morse JL, et al. Pulmonary
mechanics during exercise in subjects with chronic airflow
obstruction. J Appl Physiol 1980; 49: 511-5

4. Janus ED, Phillips NT, Carrell RW. Smoking, lung function,
and oul-antitrypsin deficiency. Lancet 1985; 1: 152-4

5. Blanchard AR. Treatment of COPD exacerbations: pharmaco-
logic options and modification of risk factors. Postgrad Med
2002; 111: 65-8, 71-2, 75

6. Fowkes FG, Lunn JN, Farrow SC, et al. Epidemiology in
anaesthesia. III: mortality risk in patients with coexisting phys-
ical disease. Br J Anaesth 1982; 54: 819-25

7. Warner DO. Preventing postoperative pulmonary complica-
tions: the role of the anesthesiologist. Anesthesiology 2000;
92: 1467-72

8. Tokics L, Hedenstierna G, Strandberg A, et al. Lung collapse
and gas exchange during general anesthesia: effects of sponta-
neous breathing, muscle paralysis, and positive end-expiratory
pressure. Anesthesiology 1987; 66: 157-67

9. Preoperative cardiopulmonary eveluation. In: Benumof JL, edi-
tor. Anesthesia for thoracic surgery. Philadelphia (PA): WB
Saunders Company, 1987: 126-55

10. Practice advisory for preanesthesia evaluation: a report by the
American Society of Anesthesiologists Task Force on Preanes-
thesia Evaluation. Anesthesiology 2002; 96: 485-96

11. Barisione G, Rovida S, Gazzaniga GM, et al. Upper abdominal
surgery: does a lung function test exist to predict early severe
postoperative respiratory complications? Eur Respir J 1997;
10: 1301-8

12. Fuso L, Cisternino L, Di Napoli A, et al. Role of spirometric
and arterial gas data in predicting pulmonary complications
after abdominal surgery. Respir Med 2000; 94: 1171-6

© Adis Data Information BV 2003. All rights reserved.

13.

14.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

De Nino LA, Lawrence VA, Averyt EC, et al. Preoperative
spirometry and laparotomy: blowing away dollars. Chest 1997;
111: 1536-41

Giordano A, Calcagni ML, Meduri G, et al. Perfusion lung
scintigraphy for the prediction of postlobectomy residual pul-
monary function. Chest 1997; 111: 1542-7

Fehr DM, Aufiero TX, Firestone L, et al. Anesthetic manage-
ment for surgery of the lungs and mediatinum: a practical
approach to cardiac anesthsia. In: Hensley FA. Boston (MA):
Little, Brown and Company, 1995: 633-4

Miller JI, Jr. Physiologic evaluation of pulmonary function in
the candidate for lung resection. J Thorac Cardiovasc Surg
1993; 105 (2): 347-51

Stephan F, Boucheseiche, Hollande J, et al. Pulmonary compli-
cations following lung resection: a comprehensive analysis of
incidence and possible risk factors. Chest 2000; 118 (5):
1263-70

. Boushy SF, Billig DM, North LB, et al. Clinical course related

to preoperative and postoperative pulmonary function in pa-
tients with bronchogenic carcinoma. Chest 1971; 59: 383-91

. Lockwood PJI. Lung function test results and the risk of post-

thoracotomy complications. Respiration 1973; 30: 529-42
Tarhan S, Moffitt EA, Sessler AD, et al. Risk of anesthesia and
surgery in patients with chronic bronchitis and chronic ob-
structive pulmonary disease. Surgery 1973; 74: 720-6
Moller AM, Villebro N, Pedersen T, et al. Effect of preopera-
tive smoking intervention on postoperative complications: a
randomised clinical trial. Lancet 2002; 359: 114-7

Tuxen DV, Lane S. The effects of ventilatory pattern on hyper-
inflation, airway pressures, and circulation in mechanical ven-
tilation of patients with severe air-flow obstruction. Am Rev
Respir Dis 1987; 136 (4): 872-9

Filos KS, Patroni O, Goudas LC, et al. A dose-response study of
orally administered clonidine as premedication in the elderly:
evaluating hemodynamic safety. Anesth Analg 1993; 77:
1185-92

Brichant JF, Gunst SJ, Warner DO, et al. Halothane, enflurane,
and isoflurane depress the peripheral vagal motor pathway in
isolated canine tracheal smooth muscle. Anesthesiology 1991;
74:325-32

Brown RH, Zerhouni EA, Hirshman CA. Comparison of low
concentrations of halothane and isoflurane as bronchodilators.
Anesthesiology 1993; 78: 1097-101

Goff MJ, Arain SR, Ficke DJ, et al. Absence of bronchodilation
during desflurane anesthesia: a comparison to sevoflurane and
thiopental. Anesthesiology 2000; 93: 404-8

Conti G, Dell’Utri D, Vilardi V, et al. Propofol induces
bronchodilation in mechanically ventilated chronic obstructive
pulmonary disease (COPD) patients. Acta Anaesthesiol Scand
1993; 37: 105-9

Eames WO, Rooke GA, Wu RS, et al. Comparison of the
effects of etomidate, propofol, and thiopental on respiratory
resistance after tracheal intubation. Anesthesiology 1996; 84
(6): 1307-11

Huber FCJ, Gutierrez J, Corssen G. Ketamine: its effect on
airway resistance in man. South Med J 1972; 65: 1176-80

Corssen G, Gutierrez J, Reves JG, et al. Ketamine in the
anesthetic management of asthmatic patients. Anesth Analg
1972; 51: 588-96

. Moss J, Roscow CE. Histamine release by narcotics and muscle

relaxants in humans. Anesthesiology 1983; 59 (4): 330-9

Drugs Aging 2003; 20 (5)



Anaesthesia and Postoperative Analgesia in COPD

359

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Laitinen LA, Empey DW, Poppius H, et al. Effects of intrave-
nous histamine on static lung compliance and airway resis-
tance in normal man. Am Rev Respir Dis 1976; 114: 291-5

Cohendy R, Lefrant JY, Laracine M, et al. Effect of fentanyl on
ventilatory resistances during barbiturate general anaesthesia.
Br J Anaesth 1992; 69: 595-8

Sokoll MD, Hoyt JL, Gergis SD. Studies in muscle rigidity,
nitrous oxide, and narcotic analgesic agents. Anesth Analg
1972; 51 (1): 16-20

Klock PA Jr, Czeslick EG, Klafta JM, et al. The effect of
sevoflurane and desflurane on upper airway reactivity. Anes-
thesiology 2001; 94: 963-7

Nakajima R, Nakajima Y, Ikeda K. Minimum alveolar concen-
tration of sevoflurane in elderly patients. Br J Anaesth 1993;
70: 273-5

Larsen R, Rathgeber J, Bagdahn A, et al. Effects of propofol on
cardiovascular dynamics and coronary blood flow in geriatric
patients. A comparison with etomidate. Anaesthesia 1988; 43
Suppl.: 25-31

Schnider TW, Minto CF, Shafer SL, et al. The influence of age
on propofol pharmacodynamics. Anesthesiology 1999; 90:
1502-16

Leonard IE, Myles PS. Target-controlled intravenous anaesthe-
sia with bispectral index monitoring for thoracotomy in a
patient with severely impaired left ventricular function.
Anaesth Intensive Care 2000; 28: 318-21

Minto CF, Schnider TW, Shafer SL. Pharmacokinetics and
pharmacodynamics of remifentanil. II. Model application. An-
esthesiology 1997; 86: 24-33

De Castro V, Godet G, Mencia G, et al. Target-controlled
infusion for remifentanil in vascular patients improves hemo-
dynamics and decreases remifentanil requirement. Anesth
Analg 2003; 96: 33-8

Basta SJ. Modulation of histamine release by neuromuscular
blocking drugs. Curr Opinion in Anaesth 1992; 5: 572

Savarese J, Miller RD, Lien CA, et al. Pharmacology of suc-
cinylcholine. In: Miller RD, editor. Anesthesia. 4th ed. New
York: Churchill Livingstone, 1994

Sparr HJ, Giesinger S, Ulmer H, et al. Influence of induction
technique on intubating conditions after rocuronium in adults:
comparison with rapid-sequence induction using thiopentone
and suxamethonium. Br J Anaesth 1996; 77: 339-42

King M, Sujirattanawimol N, Danielson DR, et al. Require-
ments for muscle relaxants during radical retropubic prostatec-
tomy. Anesthesiology 2000; 93: 1392-7

Duvaldestin P, Saada J, Berger JL, et al. Pharmacokinetics,
pharmacodynamics, and dose-response relationships of
pancuronium in control and elderly subjects. Anesthesiology
1982; 56: 36-40

Dahaba AA, Rehak PH, List WF. A comparison of mivacurium
infusion requirements between young and elderly adult pa-
tients. Eur J Anaesthesiol 1996; 13: 43-8

Ornstein E, Lien CA Matteo RS, et al. Pharmacodynamics and
pharmacokinetics of cisatracurium in geriatric surgical pa-
tients. Anesthesiology 1996; 84: 520-5

Berg H, Roed J, Viby-Mogensen J, et al. Residual neuromuscu-
lar block is a risk factor for postoperative pulmonary complica-
tions: a prospective, randomised, and blinded study of post-
operative pulmonary complications after atracurium, vecuroni-
um and pancuronium. Acta Anaesthesiol Scand 1997; 41:
1095-103

© Adis Data Information BV 2003. All rights reserved.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Prechter GC, Nelson SB, Hubmayr RD. The ventilatory recruit-
ment threshold for carbon dioxide. Am Rev Respir Dis 1990;
141: 758-64

Jeffery PK. Morphology of the airway wall in asthma and in
chronic obstructive pulmonary disease. Am Rev Respir Dis
1991; 143: 1152-8

Myles PS. Lessons from lung transplantation for everyday tho-
racic anesthesia. Anesthesiol Clin North Am 2001; 19:
581-590, vii

Rossi A, Ganassini A, Polese G, et al. Pulmonary hyperinflation
and ventilator-dependent patients. Eur Respir J 1997; 10:
1663-74

Feihl F, Perret C. Permissive hypercapnia: how permissive
should we be? Am J Respir Crit Care Med 1994; 150: 1722-37

Ranieri VM, Giuliani R, Cinnella G, et al. Physiologic effects of
positive end-expiratory pressure in patients with chronic ob-
structive pulmonary disease during acute ventilatory failure
and controlled mechanical ventilation. Am Rev Respir Dis
1993; 147: 5-13

Pan HY, Hoffman BB, Pershe RA, et al. Decline in beta
adrenergic receptor-mediated vascular relaxation with aging in
man. J Pharmacol Exp Ther 1986; 239: 802-7

Lakatta EG. Diminshed beta-adrenergic modulation of cardio-
vascular function in advanced age. Cardiol Clin 1986; 4:
185-200

Collins KJ, Exton-Smith AN, James MH, et al. Functional
changes in autonomic nervous responses with ageing. Age
Ageing 1980; 9: 17-24

Kroenke K, Lawrence VA, Theroux JF, et al. Operative risk in
patients with severe obstructive pulmonary disease. Arch
Intern Med 1992; 152: 967-71

Kehlet H. The surgical stress response: should it be prevented?
Can J Surg 1991; 34: 565-7

Tuman KJ, McCarthy RJ, March RJ, et al. Effects of epidural
anesthesia and analgesia on coagulation and outcome after
major vascular surgery. Anesth Analg 1991; 73: 696-704

Modig J, Borg T, Karlstrom G, et al. Thromboembolism after
total hip replacement: role of epidural and general anesthesia.
Anesth Analg 1983; 62: 174-80

Pedersen T. Complications and death following anaesthesia. A
prospective study with special reference to the influence of
patient-, anaesthesia-, and surgery-related risk factors. Dan
Med Bull 1994; 41: 319-31

Valentin N, Lomholt B, Jensen JS, et al. Spinal or general
anaesthesia for surgery of the fractured hip? A prospective
study of mortality in 578 patients. Br J Anaesth 1986; 58:
284-91

Yeager MP, Glass DD, Neff RK, et al. Epidural anesthesia and
analgesia in high-risk surgical patients. Anesthesiology 1987;
66: 729-36

Carli F, Halliday D. Continuous epidural blockade arrests the
postoperative decrease in muscle protein fractional synthetic
rate in surgical patients. Anesthesiology 1997; 86: 1033-40

Rodgers A, Walker N, Schug S, et al. Reduction of post-
operative mortality and morbidity with epidural or spinal an-
aesthesia: results from overview of randomised trials. BMJ
2000; 321: 1493

Rigg JR, Jamrozik K, Myles PS, et al. MATS: epidural anaes-
thesia and analgesia and outcome of major surgery: a random-
ised trial. Lancet 2002; 13: 1276-82

Groeben H, Schafer B, Pavlakovic G, et al. Lung function under
high thoracic segmental epidural anesthesia with ropivacaine
or bupivacaine in patients with severe obstructive pulmonary

Drugs Aging 2003; 20 (5)



360

Gruber & Tschernko

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

disease undergoing breast surgery. Anesthesiology 2002; 96:
536-41

Michaloudis D, Petrou A, Fraidakis O, et al. Continuous spinal
anaesthesia/analgesia for abdominal aortic aneurysm repair
and post-operative pain management. Eur ] Anaesthesiol 1999;
16: 810-5

Dohler S, Klippel A, Richter S. Continuous spinal anesthesia in
very elderly patients with high anesthesia risk in traumato-
logic-orthopedic and general surgery interventions. Anaes-
thesiol Reanim 1999; 24: 157-63

Rigler ML, Drasner K, Krejcie TC, et al. Cauda equina syn-
drome after continuous spinal anesthesia. Anesth Analg 1991;
72: 275-81

Schwarzkopf K, Klein U, Schreiber T, et al. Oxygenation
during one-lung ventilation: the effects of inhaled nitric oxide
and increasing levels of inspired fraction of oxygen. Anesth
Analg 2001; 92: 842-7

Slinger PD, Kruger M, McRae K, et al. Relation of the static
compliance curve and positive end-expiratory pressure to oxy-
genation during one-lung ventilation. Anesthesiology 2001;
95: 1096-102

Von Dossow V, Welte M, Zaune U, et al. Thoracic epidural
anesthesia combined with general anesthesia: the preferred
anesthetic technique for thoracic surgery. Anesth Analg 2001;
92: 848-54

Ballantyne JC, Carr DB, deFerranti S, et al. The comparative
effects of postoperative analgesic therapies on pulmonary out-
come: cumulative meta-analyses of randomized, controlled
trials. Anesth Analg 1998; 86: 598-612

Obata H, Saito S, Fujita N, et al. Epidural block with mepiva-
caine before surgery reduces long-term post-thoracotomy pain.
Can J Anaesth 1999; 46: 1127-32

Gruber EM, Tschernko EM, Kritzinger M, et al. The effects of
thoracic epidural analgesia with bupivacaine 0.25% on venti-
latory mechanics in patients with severe chronic obstructive
pulmonary disease. Anesth Analg 2001; 92: 1015-9

Restelli L, Movilia P, Bossi L, et al. Management of pain after
thoractomy: a technique of multiple intercostal nerve blocks.
Anesthesiology 1984; 61: 353-4

Tschernko EM, Klepetko H, Gruber E, et al. Clonidine added to
the anesthetic solution enhances analgesia and improves oxy-
genation after intercostal nerve block for thoracotomy. Anesth
Analg 1998; 87: 107-11

Rady MY, Ryan T. Perioperative predictors of extubation fai-
lure and the effect on clinical outcome after cardiac surgery.
Crit Care Med 1999; 27: 340-7

Canver CC, Nichols RD, Kroncke GM. Influence of age-specif-
ic lung function on survival after coronary bypass. Ann Thorac
Surg 1998; 66: 144-7

Guler M, Kirali K, Toker ME, et al. Different CABG methods
in patients with chronic obstructive pulmonary disease. Ann
Thorac Surg 2001; 71: 152-7

© Adis Data Information BV 2003. All rights reserved.

84.

85.

86.

87.

88.

89.

90.

91.

92.
. Whelton A, White WB, Bello AE, et al. Effects of celecoxib

94.

95.

Scott NB, Turfrey DJ, Ray DA, et al. A prospective randomized
study of the potential benefits of thoracic epidural anesthesia
and analgesia in patients undergoing coronary artery bypass
grafting. Anesth Analg 2001; 93: 528-35

Lavand’Homme P, De Kock M. Practical guidelines on the
postoperative use of patient-controlled analgesia in the elderly.
Drugs Aging 1998; 13: 9-16

Gagliese L, Jackson M, Ritvo P, et al. Age is not an impediment
to effective use of patient-controlled analgesia by surgical
patients. Anesthesiology 2000; 93: 601-10

Aubrun F, Monsel S, Langeron O, et al. Postoperative titration
of intravenous morphine in the elderly patient. Anesthesiology
2002; 96: 17-23

Scott LI, Perry CM. Tramadol: a review of its use in periopera-
tive pain. Drugs 2000; 60: 139-76

Bloch MB, Dyer RA, Heijke SA, et al. Tramadol infusion for
postthoracotomy pain relief: a placebo-controlled comparison
with epidural morphine. Anesth Analg 2002; 94: 523-8

Nuutinen LS. Risk/benefit evaluation of NSAIDs in post-
operative pain therapy. Acta Anaesthesiol Belg 1996; 47:
129-33

Dequeker J, Hawkey C, Kahan A, et al. Improvement in
gastrointestinal tolerability of the selective cyclo-oxgenase
(COX)-2 inhibitor, meloxicam, compared with piroxicam: re-
sults of the Safety and Efficacy Large-scale Evaluation of
COX-inhibiting Therapies (SELECT) tril in osteoarthritis. BrJ
Rheumatol 1998; 9: 946-51

Hawkey CJ. COX-2 inhibitors. Lancet 1999; 353: 307-14

and rofecoxib on blood pressure and edema in patients 265
years of age with systemic hypertension and osteoarthritis. Am
J Cardiol 2002; 9: 959-63

Mann C, Pouzeratte Y, Boccara G, et al. Comparison of
intravenous or epidural patient-controlled analgesia in the eld-
erly after major abdominal surgery. Anesthesiology 2000; 92:
433-41

Oka T, Ozawa Y, Ohkubo Y. Thoracic epidural bupivacaine

attenuates supraventricular tachyarrhythmias after pulmonary
resection. Anesth Analg 2001; 93: 253-9

Correspondence and offprints: Dr Eva M. Gruber, Depart-

ment of Cardiothoracic Anaesthesia & Intensive Care

Medicine, Vienna General Hospital, University of Vienna,
Waehringer Guertel 18-20, Vienna, A-1090, Austria.
E-mail: eva.gruber@univie.ac.at

Drugs Aging 2003; 20 (5)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




