How Acute Pain Management Affects Outcome
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Many factors can contribute to patient outcome after surgery. The
method of acute pain relief may be an important factor in
postoperative outcome. This article discusses the pathophysiology
of pain and highlights the effects of different modes of analgesia
on patient outcome variables. Epidural anesthesia and analgesia
can decrease the risk of vaso-occlusive complications after lower
extremity vascular surgery. Currently, there is inconclusive
evidence that mode of acute pain relief affects clinical outcome
after thoracic surgery. After abdominal operations, both epidural
analgesia and intravenous patient-controlled analgesia may
reduce the incidence of pulmonary complications in selected
patients, and epidural analgesia can hasten the return of
gastrointestinal motility and potentially shorten the hospital stay.
For patients undergoing hip or knee replacement, spinal and
epidural techniques can improve clinical outcome by preventing
the development of thromboembolic complications.
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In an evolutionary sense, pain and its physiologic sequelae
may better enable humans to interact with their environ-
ment. However, in most clinical settings pain has deleterious
effects and can often impede healing. The management of
acute pain has as its goals both the alleviation of suffering and
the atienuation ol harmful consequences of pain. If these goals
were achieved, clinical outcome might improve. Unfortunately,
difficulties exist in relating acute pain management to out-
come. In patients undergoing surgery, many factors that
contribute to postoperative morbidity are independent of
anesthetic and analgesic techniques and can be difficult to
control in a prospective study. The purpose of this article is to
summarize the injurious effects of acute pain on various organ
systems, to review what is known about the role that acute pain
management can play in lessening those effects, and 1o relate
these benefits to patient outcome after surgery.

Pathophysiology of Pain

Cardiovascular Effects

Cardiovascular disease is a major contributor to postoperative
morbidity, and cardiac morbidity is the most common cause of
death after surgical anesthesia.! Activation of the sympathetic
nervous system and the release of catecholamines because of
pain may have harmful effects on myocardial oxygen balance.
Increased heart rate, blood pressure, and contractlity resulting
from sympathetic efflux and catecholamines can increase
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myocardial oxygen demand. However, most episodes of periop-
erative myocardial ischemia occur without major hemody-
namic change, with the exception of small increases in heart
rate.? Thus, changes in perioperative myocardial oxygen sup-
ply may be the more important component of perioperative
ischemia® (Fig 1).

Myocardial oxygen supply can be decreased by several
mechanisms during the perioperative period. Increased sympa-
thetic activity accompanying pain and the stress response is
associated with direct coronary vasoconstriction,** paradoxi-
cal constriction in response to vasodilators,® and poststenotic
vasoconstriction.” These changes may result in ST-segment
changes, angina, dysrhythmias, and increases in myocardial
infarction size.'* In addition, it has been postulated that
sympathetic activation and the stress response can lead to a
hypercoagulable state.!® The development of coronary throm-
bosis may further compromise myocardial oxygen supply and
promote myocardial ischemia.

Coagulative Effects

The postoperative development of hypercoagulability seems to
be at least partly caused by pain and the stress response 1313
Changes that occur in the coagulation cascade after surgery
include an increase in available coagulation factors,!s en-
hanced platelet activity,!” lesser concentrations of coagulation
inhibitors,'® and decreased fibrinolysis.'*2° This postoperative
propensity toward coagulation is associated with vasoocclusive
and thromboembolic morbidity?*#* In addition, prolonged
bedrest because of pain is also associated with more frequent
deep venous thrombosis.

Pulmonary Effects

Incisions of the abdomen and thorax can lead to postoperative
pulmonary complications.?**” Pulmonary dysfunction is caused
by pain,® abnormal diaphragmatic function,?® and lower
intercostal muscle tone with higher abdominal tone during
expiration?® (Fig 2). Lung dysfunction extends from the time
of incision until 7 to 14 days postoperatively.® Functional
residual capacity begins decreasing at about 16 hours postop-
eratively, reaches a minimum at 24 to 48 hours, and usually
returns to normal within a week.2%.263931 The resultant atelecta-
sis and ventilation-perfusion mismatching can lead to hypox-
emia, pneumonia, and other pulmonary complications 25.20.32.33
Among surgical patients, higher postoperative risk of pulmo-
nary complications occurs with preexisting pulmonary dis-
ease, 2’35 upper abdominal or thoracic incisions,3® advanced
age,*’ obesity,*® and severe pain.*®

Gastrointestinal Effects

Postoperative pain has deleterious effects on the gastrointesti-
nal system. Pain can contribute to the postoperative develop-
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Fig 1. Effects of sympa-
thetic stimulation on myo-
cardial blood flow. Cardiac
sympathetic stimulation
can reduce myocardial
oxygen supply through
constriction of coronary
stenosis. Poststenotic va-

soconstriction can shunt
blood flow toward or steal

blood flow away from isch-
emic myocardium. Re-
printed with permission Liu
SS, et al. Anesthesiology,
Lippincott-Raven Publish-
ers.’
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ment of nausea and vomiting, which is a major factor in
prolonged recovery room stays and in unplanned postoperative
admissions.*® One of the most frequent complications after
surgery is postoperative ileus, which may result in part from
pain-stimulated rellex arcs.®! lleus may lengthen hospital stay
and delay enteral feeding, whereas early enteral feeding has
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been associated with a decreased stress response, better wound
healing, and lesser incidence of postoperative septic complica-
tions.***% Surgical stress can increase sympathetic tone, which
slows gastrointestinal motility,’%” and analgesic techniques
that reduce sympathetic output may lessen the incidence and
severity of postoperative ileus (Fig 3).
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Fig 2. Proposed mecha-
nisms of postoperative pul-
monary complications. Re-
printed with permission Liu
S8, et al. Anesthesiology,
Lippincott-Raven Publish-
ers.?

Am}

65




SYMPATHETIC
STIMULATION

MOTILITY

PARASYMPATHETIC
STIMULATION

Fig 3. The effect of auto-
nomic innervation on gas-
trointestinal motility. Sym-
pathetic stimulation inhibits
motility, whereas parasym-
pathetic stimulation pro-
motes motility. Reprinted
with permission Liu SS, et
al. Anesthesiology, Lippin-
cott-Raven Publishers.3
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Clinical Effects of Analgesia

All of the previously mentioned adverse effects of pain repre-
sent theoretical avenues for assessing a beneficial effect of
analgesia on postoperative pathophysiology. In reviewing the
current literature, it is useful to distinguish what might be
called intermediate outcome variables from actual differences
in clinical outcome after surgery. For instance, an analgesic
regimen that improves postoperative pulmonary function may
theoretically benefit patients, but if that regimen decreased the
incidence of pneumonia, then it made a clinical difference in
outcome. Thus, discussion throughout this article will include
both intermediate outcome variables, (eg, pulmonary function
tests, arterial blood gas measurements) and clinical outcome
variables (eg, the incidence of pneumonia or myocardial
infarction) in nonobstetric, adult patients.

Vascular Procedures

Vascular surgery often involves patients who are at high risk for
perioperative cardiac and thrombotic complications. Most
analgesic studies examining cardiac outcomes in vascular
surgery patients have focused on the use of either systemic
opioids or epidural analgesic regimens. Use of intravenous
patient-controlled analgesia (IV PCA) has been shown to
provide superior analgesia over intermittent intramuscular
opioid.* However, the use of IV PCA does not attenuate
postoperative catecholamine release or activation of the sympa-
thetic nervous system and probably offers little theoretical
reason for attenuation of cardiac morbidity.® U 2 of continu-
ous infusions of the potent opioid sufentanil for postoperative
analgesia in coronary artery bypass patients can atienuate
severity of myocardial ischemia but requires concomitant
mechanical venuilaton.™ Therefore, the ability of systemic
opioid regimens to attenuate postoperative cardiac morbidity
in a practical manner seems doubtful. In contrast, epidural
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analgesia with local anesthetics or opioids has been shown to
favorably affect many intermediate variables of cardiac morbid-
ity. Administration of thoracic epidural local anesthetics dilates
stenotic coronary arteries,’ improves left ventricular function
during stress in patients with atherosclerotic disease,’* and
successfully treats angina in patients with inoperable coronary
artery disease.” Administration of epidural morphine has been
shown to decrease postoperative hypertension® and to de-
crease frequency of postoperative myocardial ischemia when
compared with IV PCA morphine.’* Thus, epidural analgesia
has altered intermediate variables affecting postoperative car-
diac morbidity positively.

There is some evidence that intraoperative epidural anesthe-
sia with postoperative epidural analgesia may improve clinical
cardiac outcomes as well. Tuman et al randomized patients
undergoing lower extremity and aortic revascularization to
general anesthesia with postoperative systemic opioids versus
epidural anesthesia and analgesia.?’ They found a decrease in
the frequency of cardiovascular complications in the epidural
group, although many of these were dysrhythmias of unclear
clinical importance. In the epidural group they also showed a
decrease in postoperative vascular occlusion and a prevention
of postoperative hypercoagulability (Table 1).

Yeager et al randomized patients undergoing vascular sur-
gery along with other high-risk surgical groups, to receive
either general anesthesia with postoperative systemic opioid or
epidural anesthesia and analgesia. ™ The epidural group also
had a reduced cardiac morbidity, a shorter duration of mechani-
cal ventilation, and a much lower hospital cost when compared
to the group receiving general anesthesia with systemic opioid
analgesia (Table 2). However, these patients were not exclu-
sively a vascular surgery population, and therefore results may
not be entirely generalizable o vascular surgical procedures.

The importance of intraoperative versus postoperative epidu—
ral analgesia in vascular surgery may be inferred by examining
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