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The alleviation of postoperative pain is primarily provided for humanitarian reasons but also
to reduce nociception-induced responses, which may adversdy influence organ functioning and
contribute to morbidity. "4 As discussed in this issue, much progress has been made in our
under standing of pain physiology and the effectiveness and side effects of various analgesics
and techniques of administration. Based on this knowledge, optimal pain relief allowing normal
function can usually be obtained following most surgical procedures, especially when using
multimodal or balanced analgesia. This approach provides sufficient pain rdief through
additive or synergistic effects by different analgesics and with a concomitant reduction of sde
effects because of the requirement of lower doses of individual drugs and differencesin side-
effect profiles. 12

In recent years, awareness of pain relief and pain education has been introduced in the surgical
literature. ' The introduction of acute pain services has increased the quality of postoperative
pain relief; however, further improvements in perioperative care and outcome require
increased attention among surgeons to choices and availability of different analgesics and
techniques in different operations because pain relief is a prerequisite to improved outcome.

This article provides an updated review of the differential effects of different analgesics on
perioperative pathophysiologic responses and organ dysfunctions, hospital stay, and
convalescence. Furthermore, updated
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knowledge is provided on the integration of postoperative pain relief in a multimodal approach
to hasten recovery, based on recent reviews. 1¢ 17

PAIN CONTROL AND THE SURGICAL STRESS RESPONSE

A common feature shared by dl surgicad patients is the widespread changes in severd biologic
cascade systems, including a predominance of catabolic hormones, activation of cytokines,
complement, arachidonic acid metabolites, nitric oxide, and free oxygen radicds, dl of which
secondarily may lead to organ dysfunction and morbidity. Pain may obvioudy be consdered as
another neurophysiologic response to surgery but with its own secondary effects on biologic
functions. Effective trestment of postoperative pain, therefore, results in modification of the biologic
responses to surgery, but the extent of modification is dependent on the choice of andgesic
technique. {161 [17] [18]

Nonsteroidal  Anti-Inflammatory Drugs

Nongeroida anti-inflammatory drugs (NSAIDs) are used routingly for postoperative pain trestment.
In contrast to studies demondtrating attenuation of endocrine metabolic responses to endotoxin
adminidration in volunteers, most postoperative studies have shown NSAIDs to have no or only a
dight inhibitory effect on classc catabolic stress hormones, acute phase protein, and other

demondirated to reduce opioid requirements by 20% to 30%. Consequently, improvement in outcome
caused by the reduction of opioid-related side effects (i.e,, sedation, nauses, ileus, hypoxemia, deep
disturbances, and bladder dysfunction) has aso been obtained in gpproximately 25% of randomized
postoperative sudies of NSAID treatment. 0

Systemic and Epidural Opioids

Opioids adminigered systemically in conventiond dosages in patient-controlled andgesa or
intermittently have only few or no sressreducing effects, 12 81 in contrast to high-dose opioid
anesthesia, which may reduce intraoperative, but not postoperative, endocrine metabolic changes. [
The effect of opioid andgesia on immune functions is controversa because both immune-
suppressing and immune-enhancing effects have been described. 91 33 To date, no alteration of
infection rates or spread of malignant disease after opioids has been reported in clinica studies.

Reaults of studies on the stressreducing effects of epidurd andgesa with opioids are inconsstent,
but in generd, the effects on
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endocrine metabolic functions and protein economy are relatively smadl or absent, especidly in mgor

Neural Blockade with Local Anesthetics

Activation of the peripherd nervous sysem and the CNS plays a key role in initiating pain and the
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hormona and metabolic responses to surgery. [t Accordingly, large amounts of data have
demongrated that central blockade (spinal or epidurd anesthesid) with loca anesthetics reduces the
classic pituitary, adrenocortical, and sympathetic responses, and decreases glucagon and adrenergic
inhibition of insulin secretion. These effects of loca anesthetic blockade have led to improvement in
postoperative nitrogen economy and reduced glucose intolerance. 7 81 Rdevant to dlinicd
implications, a single-dose neura block has no important effect on protein economy, wheress a 24-
hour block improves nitrogen economy, with further improvement by a 48-hour block with
continuous epidural analgesia U7 U8 |n contrast to the pronounced effects of neurd blockade with
locd anesthetic on endocrine metabolic changes, only negligible or no effects are seen on various
immunologic and inflammatory responses (i.e., cytokines and other cascade systems). 7 Epidurd
locd anesthetic blockade may, however, dter coagulatory-fibrinolytic functioning, ' thereby
reducing  thromboembolism.

The modifying effects of neurad blockade with local anesthetics on surgica stress responses are most
pronounced in lower-body procedures and less pronounced in upper-abdomina and thoracic
operations because of rdatively insufficient afferent blockade in the somatic and viscera nervous
system with thoracic epidurd anadlgesa. Neverthdess, appropriate neural blockade with local
anesthetic presently represents the most effective technique to reduce surgica stress responses (and to
reduce postoperative pain).

PAIN CONTROL AND SURGICAL OUTCOME

Despite extendve data to demondrate beneficid physiologic effects in specific organ dysfunctions
and outcomes (Table 1) by efficient andgesia, the anesthetic and surgica literature has shown
inconsgtent results on overdl postoperative morbidity.

Nausea, Vomiting, and Ileus

The pathogeness of nausea, vomiting, and ileus of anesthesa and surgery is multifactoria, including
direct surgicd neurogenic simulaion of the vomiting center, various anesthetics, and the use of
opioids. 131 26 321 Accordingly, the use of NSAIDs, with their well-documented opioid-sparing effects
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TABLE 1 -- EFFECTS OF EPIDURAL OR SPINAL ANESTHESIA WITH LOCAL
ANESTHETICS ON PERIOPERATIVE PARAMETERS

Effect Magnitude
Blood loss or transfusion 1 30%
requirements (lower body
procedures)
Pulmonary complications (lower 1 40%
body procedures)

http://home.mdconsult.com/das/article/body/jorg=journal&source=HS MI&sp=1071. ../1 htm 5/24/2000



MD Consult - Journd Article Page 4 of 12

Thromboembolic  complications L 50%
(lower body procedures)

lleus (abdomina procedures) 1 2 days
Mortdity (acute hip surgery) Ll 25%
4 = reduced.

Data from references 2 127 1221

ileus in gpproximately 25% of randomized postoperative studies. 9 This supports the importance of
the use and further development of multimodal, opioid-reduced or opioid-free analgesic regimens to
hasten postoperative gastrointestind recovery. Recent efforts with such an gpproach in gynecologic
laparoscopy ! or laparotomy ' support this conclusion because high-dose locd anesthetic infiltration
or central blockade techniques have reduced nausea and vomiting; however, pan rdief was
suboptima with the opioid-free, high-dose central and incisond blockade technique with local
anesthetics compared with continuous epidural loca anesthetic-opioid combinations. @ Therefore, the
development of optimal opioid-free or opioid-reduced regimens is required if nausea, vomiting, and
ileus are to be diminated. Potentid andgesc drug combinations for further study include ketamine,
apha, -agonists, and glucocorticoids.

Because early enteral nutrition is important to improve outcome and reduce infectious complications,
(6] the reduction or dimination of ileus in adomind procedures is of mgor importance. Extensve
experimenta data have demondrated that postlaparotomy ileus predominantly is caused by an
inhibitory sympathetic reflex. 0769 Severd randomized clinica sudies of various abdomind
procedures have shown that continuous epidural loca anesthetic adminidtration reduces paraytic
lleus. 07 221 6o This advantageous effect of epidural locd anesthetic is observed compared with
systemic or epidurd opioid adminigration, and epidura locad anesthetic-opioid combinations aso
seem to be effective compared with opioid analgesa systemicdly or epidurdly. 1 B9 To obtain the
ileus-reducing effect by continuous epidurd locad anesthetics, the catheter insertion should be applied
a the thoracic level tn 221 69 - however, despite the well-documented ileus-reducing effect of
continuous epidura loca anesthetics, the overal outcome has not been improved, probably because
the advantageous physiologic effects were not used for early enteral nutrition (see subsequent
discussion).

Pulmonary  Complications

Mogt physicians assume that postoperative pain may reduce pulmonary function and that
rpﬁtgperative patients who are rdatively pan
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free have fewer pulmonary complications. Although postoperative pain treetment may improve
pulmonary function, especidly with the use of continuous locad anesthetics, =2 the overdl dinicd
effects on pulmonary outcome have been debatable 17 221 based on randomized clinicd studies,
however, one cumulative meta-andyss showed continuous epidura loca anesthetics to improve, but
not eiminate, pulmonary complications, whereas other andgesic techniques, such as systemic and
epidurd opioids, intercostd nerve blocks, or wound infiltration with loca anesthetics, were not
effective. @ Also, a meta-analyss comparing generd versus regiond anesthesia (sngle dose and
continuous) demonsirated central neuradl local anesthetic blockade to reduce postoperative pulmonary
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complications (A. Rodgers et d, unpublished observetions, 1999). The inability of individuad sudies
to demondrate that effective pain reief leads to improved pulmonary outcome may be explained by
the smdl sze of these sudies compared with the low incidence of the outcome and probably by the
lack of integration of enforced mobilization in the postoperative care program (see subsequent

discussion).

Cardiac  Complications

A predominant part of postoperative cardiac dysfunction (i.e., tachycardia, arrhythmias, or infarction)
may be caused by surgica stress responses and sympathetic activation leading to increased demands
on cardiac function. In contrast, substrate availability may be decreased because of postoperative
hypoxemia. 81 Although these responses may be abated by neurd blockade techniques with loca
anesthetics, 117 (221 the differential effects of various analgesic techniques on postoperative cardiac
outcome remain debatable. © 17 23 One metarandyss of studies comparing regional anesthesia with
intraoperative and early postoperative pain relief compared with generd anesthesia showed an
goproximate 30% reduction in pogtoperative myocardid infarction, dthough only marginaly
ggnificant (A. Rodgers et d, unpublished observations, 1999).

Thromboembolic ~ Complications

The pathogeness of postoperative thromboembolism is the result of unfavorable changes in dl three
components of Virchow's triad, with a decrease in lower-extremity blood flow, hypercoagulability,
increased thrombocyte aggregation, loss of vessd wal integrity, and impaired fibrinolyss. In
accordance with the demondrated favorable effects of continuous epidural anadgesia with loca
anesthetics on al components of Virchow's triad, 12 22 saverd randomized controlled trids in hip
and knee replacement, prostatectomy, and peripherd vascular surgery have demonstrated reduced
thromboembolic complications, including a reduction of pulmonary embolism 12 1221 ; however,
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metaranalyss of dl randomized studies comparing regiond anesthesa versus genera anesthesia and
Pt

conduding a significant (== 50%) reduction in overal thromboembolic complications by regiond

anesthesia (A. Rodgers et d, unpublished observations, 1999); however, thromboembolic

complications have not been diminated, and further reductions may be possble combining these

techniques with a multimoda rehabilitation approach (see subsequent discussion).

Cerebral Dysfunction

Pogstoperative delirium and other acute confusona dates contribute to morbidity, mortaity, and
prolonged hospitd stay. The pathogenesis is multifactorid, including the use of psychoactive
medications (e.g., opioids and benzodiazepines), as well as postoperative hypoxemia and deep
disturbances. 11 (201 281 The role of various andgesic techniques to reduce postoperative cerebra
dysfunction remains debatable, and s0 far regiond anesthetic techniques have not been demonsrated

multimoda rehabilitation program combined with a reduction of other risk factors. The reduced use
of opioid by the use of nonopioid-containing multimoda anadgesia may be promisng, and
preliminary data from some randomized studies of NSAID-induced opioid sparing suggest decreased
sedation and confusion. 14
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Postoperative Fatigue and Convalescence

Postoperative fatigue is a common feature of the recovery phase and is related to the magnitude of
aurgicd injury, which corrdates with the postoperative impairment of nutritiond datus, the loss of
muscle mass and functioning, and the impairment in cardiovascular adaption to exercise. ® 29 Single-
modality trestment with effective pain control by different techniques (i.e, systemic and epidura

resumption of normal activities as another indicator of postoperative convalescence has usualy been
assumed to be rdated to pan rdief; however, sudies with effective continuous epidurd anadlgesia in
maor orthopedic operations have not demondrated clinicdly sgnificant effects on overdl
convalescence. &9 291 63 These and other studies 29 may, therefore, suggest that factors other than pain
per s2 may be important to improve convalescence. To date, studies have not separated the effects of
surgery-induced catabolic physiologic effects on muscle mass and function, the reduced
cardiovascular adaption to exercise, and the increased catabolism by immobilization on fatigue @12 ;
however, future efforts to reduce convaescence should include a multimodd effort with effective
dynamic pan relief, nutrition, and enforced mobilization (see subsequent discusson).

437
Hospital Stay and Overall Outcome

Despite sgnificant beneficid physologic effects on various organ sysems and in some sdlected
postoperative morbidity parameters obtained by neura blockade techniques with local anesthetics &

extendve use of patient-controlled analgesia has increased patient satisfaction but not overal
outcome, morbidity, and hospital stay. ™ u«

Obvioudy, these mostly negative outcome studies by provison of different types of postoperative
andgesa have been both unexpected and disgppointing, even more so because much effort and many
resources have been used to introduce acute pain services. In addition, these findings were surprisng
because various andgesic techniques, and especidly the neurd blockade techniques, have
demonstrated advantageous effects on various postoperative organ dysfunctions. 171 221 Therefore,
explanations for the disgppointing lack of clinicdly sgnificant reductions of postoperative morbidity
parameters by pan rdief should be sought. In this context, physcians should redize that (1) effective
andgesc regimens dlowing normd function (dynamic pain reief) have been used only in rddively
few dudies, (2) the provided pain relief often is too short to produce the expected effects on outcome,
(3) the postoperative care program has not been adjusted to take advantage of the physiologic effects
of the provided pain relief, and (4) the studies have not integrated the provided pain relief into an
active rehabilitation program.

THE MULTIMODAL APPROACH TO ACCELERATE POSTOPERATIVE
RECOVERY

The pathogenesis to postoperative morbidity, need for hospitdization, and convaescence involves
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aurgical outcome, as discussed earlier. Neverthdess, effective functiond postoperative pain relief has
a great potentid to improve postoperative outcome, because pain-relieving techniques have beneficia
physiologic effects on different organ systems in the postoperative period. To enhance progress and
document the potential advantageous effects on analgesic techniques on postoperative outcome, a
detailed andysis must be made of the various factors that may limit early recovery after surgery (Fig.
1) . This procedure includes an answer to the smple question, Why is the patient in hospita today?
This question must be asked each day after the procedure to define those factors responsible for
postoperative organ dysfunction and continued hospitdization.

As is gpparent from Figure 1 , the most common factors responsible for hospitdization may be

counteracted if the entire perioperative care program is revised and adjusted to take advantage of
recent advances
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., | Figure 1. Factors that may influence morbidity and recovery following otherwise successful
-y |anesthesia and surgery.

in the knowledge of perioperative pathophysiology and interventiona techniques. Thus:

1. Pan can be treated effectivdy to achieve the god of dynamic pan reidf, that is dlowing
norma function (as discussed dsawhere in this issue).

2. Stress responses may to some extent be abated by the use of neural blockade techniques with
locd anesthetics.

3. Nausea, vomiting, and ileus may be reduced with effective pain dleviation with neurd
blockade techniques, opioid-reduced multimoda analgesia, and the additiond use of
antiemetics.

4. Hypoxemia may be reduced by routine oxygen adminidration in high-risk patients, or more
amply to mobilize patients to subsequently improve pulmonary mechanics and increase
oxygenation. 2%

5. Seep disturbances and episodic desaturation during the night may be improved by minimaly
invasve surgica techniques, reduced use of opioids and benzodiazepines, and reduction of
noise. 28

6. Early fatigue may be reduced by improvement of deep and reduction of stress responses
(cytokines). Late fatigue may be reduced by the reduction of the catabolic stress response by
neurd blockade techniques, combined with early enforced mobilization, enteral nutrition,
fecilitated by gppropriate pain dleviation techniques (neurd blockade). 20

7. Immobilization-induced undesrable sequelae may be avoided by the provison of dynamic pan
relief and subsequent enforced mobilization. Conventiond postoperative semigtarvation caused
by traditions in perioperative and postoperative care, as well as

439
nausea, vomiting, and ileus, may be counteracted by effective opioid-reduced andgesa
8. Non-pain-rdlated and non-analgesic-related factors that may delay recovery and that are

included in traditiona postoperative care systems, such as unnecessary routine use of drains
and nasogadtric tubes, need revison. 161 Mog often, the scientific literature from randomized
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“Obsarvation period’” and ingppropriate adminidration of perioperative fluids, leading to
overhydration. This especidly applies during the use of intraoperative and postoperdtive neurd
blockade techniques, in which the sympathetic block and subsequent hypotenson may be
folowed by the adminigration of large amounts of fluids leaving patients physologicaly
overhydrated when the block regresses, thereby overriding the advantageous effects of the
nociceptive block on cardiopulmonary function.

As obsarved in many other medicd conditions, unimoda trestment of such a complex problem as
perioperative morbidity cannot be expected to provide magor steps toward accelerated postoperative
recovery. Therefore, some physicians have proposed that the effective control of perioperative pain,
pathophysology, and rehabilitation can be achieved only by a multimodd intervention, including
dynamic pain relief, sress reduction, patient information, and then integration into a program with
enhanced early mobilization and ora nutritiontsl (Fig. 2) . In addition, the administration of various
growth factors may be indicated in certain high-risk patients, dthough further documentation is
needed. (16]

Although the multimoda rehabilitation approach seems smple,
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obvious, and without sgnificant additionad cog, limited deta on its gpplication are avalable, and
those data are predominantly of a relatively smdl scde, from single centers, and from nomandomized
obsarvations that merely serve as hypotheses. Further research in this promising and important fied is
acceleration of postoperative rehabilitation by the multimodal concept primarily has been focused on
reducing morbidity and enhancing recovery, but obvious secondary advantages include a decreased
need for hospitalization and reduced codts. In recent years, perioperative pain treatment has been
optimized, especidly after introduction of “acute pain services” Therefore, why the implementation
of an acceerated surgica recovery program has been so difficult may be questioned. In the author’'s
experience, patients have not been the limiting factor because preoperative patient information and
insufficient understanding and knowledge of perioperaive pathophysiology and rehabilitation may
have limited progress and, therefore, need more attention, with revison of traditiond perioperative
care programs. The economic congraints and adminidtrative pressures to reduce costs may aso
represent

TABLE 2 -- RESULTS FROM MULTIMODAL INTERVENTION AND OPTIMIZATION OF

PAIN RELIEF ON POSTOPERATIVE RECOVERY

Multimodal Hospital
Sudy Operation Components Stay/Outcome
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Cdleenet d =, Kark |Herniorrhaphy Preoperative education, | Short-stay--ambulatory,

ea 12 infiltration anesthesia, |reduced morbidity
care specidization

Michdoliakou et d =9 |Laparoscopic Multimodd andgesa |Ambulatory, reduced

cholecystectomy pan and nausea

Rasmussen et d &7 Meniscectomy Multimodal Ambulatory, reduced
anagesatenforced pain and convalescence
mohilization

Collier Carotic endarterectomy | Preoperative education |1-2 d, reduced

infiltration, anesthesa  |:morbidity
care specidization

Coveney 1o Mastectomy Paravertebral block Reduced pain, 96%
< 24-h gtay

Tover et d @ Lung lobectomy Preoperetive education, |1-2 d

multimodd  andgesa
Worwag and Chodak ¢ | Prostatectomy Multimodd andgesa, [1.3d

preoperétive education
Bar-dram et d ® Laparoscopic colonic | Preoperative education, |2d

resection enforced

‘mobilization+nutrition,
multimodd  andlgesa
Kehlet and Mogensen |Open colonic resection |Preoperative education, |2d
21 enforced

‘mobilization+nutrition,
multimodd  andgesa

Weingarten et d, &4 Kneeand hip Revised dinicd 4-5 d, reduced costs
Macario et d (2 replacement pathway, epidura
andgesa
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a barrier for improvement. Interestingly, the need for additiond resources to introduce the multimoda
rehabilitation gpproach is probably limited, except for expenses, to necessary acute pain services and
physiotherapy in certain specidties (e.g., orthopedics). A common feature for the success of the so-
far-introduced programs (Table 2) is the multidisciplinary effort with extensve collaboration between
anesthesiologists (i.e, pan services), surgeons, surgical nurses, and physotherapists to achieve
postive initid results. Intendgve preoperative patient information and education, nurse specidization,
and the use of optimd andgesic treatment combined with multimoda rehabilitation techniques have
aso been essentidl.

SUMMARY

Postoperative pan relief continues to demand our awareness, and surgeons should be fully aware of

http://home.mdconsult.com/das/article/body/jorg=journal&source=HS ,MI&sp=1071. ../1 .htm  5/24/2000



MD Consult - Journd Article Page 10 of 12

the potentid physiologic benefits of effective dynamic pain relief regimens and the greet potentid to
improve postoperative outcome if such andgesa is used for rehabilitation. To achieve advantageous
effects, accelerated multimodal postoperative recovery programs should be developed as a
multidisciplinary effort, with integration of postoperative pan management into a podoperdive
rehabilitation program. This requires revison of traditiond care programs, which should be adjusted
according to recent knowledge within surgica pathophysiology. Such efforts must be expected to
lead to improved qudity of care for patients, with less pain and reduced morbidity leading to cost

effidency.
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