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INTRODUCTION

Every year, more than 40 million surgical procedures are
performed in the United States, most of which result in sig-
nificant postoperative pain. Apart fromitstoll in human terms,
unrelieved pain has a sizeable economic impact, through its
negative effects on clinical outcome. Traditionally, opioids
have been the mainstay of postoperative analgesia, although
their dose-limiting side effects (e.g., nausea, vomiting, pru-
ritus, sedation, respiratory depression, constipation) are well
recognized. Regional anesthesia/analgesia techniques (RA)
offer many clinical and practical advantages, arewidely used,
and are likely to a strongly influence anesthesia/analgesia
treatmentsin yearsto come. The advantages gained from the
use of RA techniques can be even greater when it is used as
part of amultimodal approach to therapy.

IMPROVING PAIN MANAGEMENT, IMPROVING
OUTCOMES

Multimodal therapy may include combinations of a variety
of agents, such as local anesthetics, opioids, nonsteroidal
anti-inflammatory drugs (NSAID), selective cyclooxygenase
(COX-2) inhibitors, acetaminophen, and al pha-2 agonists-3.
Its effective useisaccompanied by aneed to consider several
relevant issues, such as which drugsto use, and how to com-
bine and administer drug agents over timeto achieve continu-
ouspain relief and maximal clinical benefits. In establishing a
multimodal treatment plan, one may determine, for example,
that combination of RA withaNSAID drug (or alternatively,
an opioid or COX-2 inhibitor) may be particularly useful,
achieving alower sideeffect profile and continuous painrelief.
A typical protocol might includeaNSAID or COX-2 drug ad-
ministered preoperatively, followed by a RA technique (e.g.,
an epidural or regional nerve block) prior to surgery. Postop-

eratively, the continuouslocal anesthetic might be combined
with non-opioid or opioid drug(s). The addition of aNSAID
can reduce the amount of opioid consumed®). At the same
time, improved analgesiais achieved through interruption of
nociceptiveimpulsesat multiple sites, central and peripheral,
of the pain transmission pathway. At the time of discharge,
thetransitionto oral medicationsiscarefully planned to avoid
potential analgesic gaps. Often, different patient populations
can benefit from individual specific protocols.

In surgical inpatients, pain management often begins pre-
operatively, continues intraoperatively, and is extended for
a 72-hour period after surgery. A coordinated approach to
pain management throughout the perioperative experienceis
important to elucidate the best methods to combine, admin-
ister and time the use of drug agents. Available technologies
to provide steady relief of pain through continuous delivery
include controlled-rel ease oral drugsor drugs administered by
theintravenous, epidural, intrathecal, or transdermal routes, as
well as patient-controlled analgesia (PCA), patient-controlled
epidural analgesia(PCEA), and regional nerve blocks. Use of
oral agentsis considered optimal with agents that are dosed
once or twice daily. It iswell-recognized that more frequent
administration is associated with decreased compliance and
inturn, apoorer quality of analgesia. With the availability of
continuous delivery systems, intramuscul ar administration of
drugson anintermittent basisistoday considered arelatively
poor method of pain management.

RA techniquesoffer continuous pain relief, aswell asother
clinical benefitsthat may stem in part from attenuation of the
adverse physiological effects of the surgical stress response.
The surgical stress response, sympathetically mediated, can
have negative consegquences on the cardiovascular, pulmo-
nary and endocrine systems. Hypertension, tachycardia and
platel et activation can result in adverse cardiac events, (e.g.,
deep venous thrombosis) or pulmonary embolism. A major
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conduction block using local anesthetics can block nocicep-
tive impulses at the surgical site, preventing transmission to
thespinal cord. Epidural blockade can prevent impulsesfrom
reaching the dorsal horn, and, depending onitslevel, canalso
prevent sympathetic outflow (e.g., thoracic epidural anesthe-
sialanalgesia). Thiscan lead toimproved outcomes. Reduction
of the surgical stress response may reduce major complica-
tions such asthromboembolic or cardiovascular events”), and
lead to improved outcomes. A recent review also found that
the use of thoracic epidural anesthesia/analgesia with local
anesthetic is associated with a significantly earlier return of
bowel function®. These observations highlight theimportant
role of high quality pain management in improving patient
outcomes®. The incidence of cardiac or thromboembolic
events, or the time of return of bowel function can be taken
as surrogate measures of good pain management.

Clinical experienceinthe use of multimodal therapy, over
time, can lead to the evolution of aprotocol for pain manage-
ment which provides optimal analgesia while minimizing
undesirable drug effects. The development of an optimal
protocol is best achieved through an interdisciplinary ap-
proach which incorporatesinput from members of the clinical
care team (surgery, anesthesia, nursing, physical therapy,
pharmacy, nutrition)19. This helps identify and maximize
variables (e.g., better ambulation, greater participation in
physical therapy, earlier return of bowel function) that can
be used to eval uate outcomes™. For example, in orthopedic
procedures, the physical therapist plays a role in maximiz-
ing outcome by recognizing that the patient is pain-free and
encouraging the use of more aggressive physical therapy. A
floor nurse can play arole by recognizing that a patient who
has had a bowel movement on thefirst day can be fed orally,
facilitating earlier discharge. Continuous quality improvement
can be achieved through evaluation of these daily quality
indicators, alowing re-examination and adjustment of the
protocol to further improve outcome as needed. Ultimately,
improvementsin clinical care can be realized.

RATIONALE FOR THE USE OF A SELECTIVE
CYCLOOXYGENASE INHIBITOR

Effective pain relief with reduced opiate use

Itispotentially advantageousto useaCOX-2 inhibitor, rather
than other NSAIDs, for preoperative medication because of
the absence of effects on platelet function. In addition, the
synergistic analgesic effects possible with co-administration
of NSAIDs and opioids for postoperative pain relief can
provideimportant practical advantages. The expected benefits
include a reduction in postoperative opioid requirements, a
sustained or enhanced degree of pain relief, and a decreased
incidence of adverse effects when lower doses of each drug

are used. Indeed, double-blind clinical studies demonstrate
that the total dose of opioid can be reduced significantly
when NSAIDs and opioids are administered together for the
treatment of postoperative pain®). Moreover, NSAIDs (i.e.,
ketorolac) are effective in controlling some types of postop-
erative pain (e.g., thoracotomy pain) that may prove elusive
to treatment with epidural opioids or epidural bupivacaine-
morphine combinations19). It isimportant to note, however,
that these studies failed to show a reduced incidence of
adverse effects commonly associated with either NSAIDs or
opioids (e.g., nausea, vomiting, gastric irritation, dyspepsia,
platelet dysfunction, and renal dysfunction). Concerns over
the potential adverse effects of NSAIDs, even when utilized
for short periods of time, thus prompted the selection of a
COX-2 inhibitor for this study.

RATIONALE FOR THORACIC EPIDURAL
ANESTHESIA

A potential key benefit of the use of thoracic epidural anesthe-
siaglanalgesialiesinitseffectsto promote gastrointestinal and
bowel motility. Thismay occur by avariety of mechanisms,
including blockade of nociceptive afferent nerves, unop-
posed parasympathetic efferent nerve activity, blockade of
thoracolumbar sympathetic efferent nerves, a reduced need
for postoperative opiates, increased gastrointestina blood
flow and systemic absorption of local anesthetics. Through
blockade of thoracolumbar sympathetic nerves, whileleaving
craniosacral parasympathetic nerves undiminished, epidural
anesthesia—especially thoracic epidural anesthesia—would be
expected to have beneficial effects on gastrointestinal motility.

The use of opiatescan have anegative effect on the devel op-
ment of postoperativeileus, afinding observed in both animal
and human studies'®24, On the other hand, thoracic epidural
anesthesia and analgesia with alocal anesthetic, especialy if
opioids are not added, may favorably affect the resolution of
postoperativeileusthrough the substantial reduction or abolish-
ment of postoperative pain, thereby decreasing or eliminating
the need for systemic opiates. Additionally, to the extent that
increased gastrointestinal blood flow canincrease gastrointesti-
nal motility, epidural analgesiamay further reducetheduration
of postoperative ileus. An increase in gastrointestinal blood
flow may also promote anastomotic healing. Systemic absorp-
tion of local anesthetic drugs has also been shown to have a
positive effect on theresolution of postoperativeileus. Further,
epidural anesthesiaused intraoperatively, followed by epidura
analgesia for postoperative pain, can diminish or completely
inhibit the catabolic stress response to surgery occurring below
the umbilicus, attenuating cortisol levels and other markers of
the catabolic stress response. An important result of thisisthe
inhibition of sympathetic activation, which could potentially
result in constipation.
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CLINICAL STUDIES

A 1998 review evauated 16 studies published since 1977
comparing the effects of epidural anesthesia/analgesia with
systemic analgesia (e.g., |V opioids via PCA and other de-
livery systems) on bowel function recovery. In eight studies
in which the epidural catheter was placed above T12, bowel
function recovered significantly more rapidly when epidural
analgesia was used than when systemic analgesia was used.
In the remaining eight studies, in which the epidural catheter
was positioned at or below T12, or in which the position was
not specified, patients who received epidural analgesia or
systemic analgesiawere equally likely to show amore rapid
recovery of gastrointestinal function. Inthisreview, 7 studies
were evaluated that compared postoperative gastrointestinal
recovery in patientswho had received epidural local anesthet-
icsor epidural opioids. Again, inal studieswith the catheter
placed above T12, gastrointestinal recovery was more rapid
with local anesthetics than with opioids. These studies were
generally limited by relatively small numbers of subjectsand
other factors specific to trial design. Nonetheless, these data
suggest that thoracic epidural anesthesiaused intraoperatively,
with thoracic epidural analgesia used postoperatively can
have a beneficial effect on postoperative pain and recovery
of bowel function after major abdominal surgery. Lumbar
epidural blockade was not as consistently effective in this
regard. Local anestheticsand local anesthetic-opioid mixtures
appeared to be more effective with fewer undesirable side
effects than epidural opioids alone®.

A morerecent study not included inthe abovereview eval-
uated the effect of thoracic epidural anesthesia on the return
of bowel function in 40 patients who underwent radical pros-
tatectomy. One group of patientsreceived general anesthesia
intraoperatively, followed by intravenous PCA morphine
postoperatively. Another group of patients received thoracic
epidural anesthesia intraoperatively followed by epidural
morphine analgesia postoperatively. The thoracic epidural
catheter was inserted at T10/T11 or T11/T12. Patients who
received thoracic epidural anesthesiahad an earlier return of
bowel function, as measured by criteriaincluding first bowel
sounds, first flatus, first bowel movement, and first intake of
liquids and solids. Intraoperative blood |oss was al so signifi-
cantly lower (mean, 34%) in the thoracic epidural anesthesia
group. No significant differenceswere noted in the duration of
anesthesia or surgery, the quality of postoperative analgesia,
adverseeffectsor timeto discharge. Therewas no deep venous
thrombosisin any patient. Theseinvestigators suggested that
patients undergoing surgeries that involve greater traumato
the bowel than during radical prostatectomy, (e.g., bowel
resection), who may have, potentially, postoperative ileus of
greater duration, may benefit to an even greater degree from
the use of epidural anesthesia®).

Anastomotic disruption may be an issue of concern when
early bowel movements occur follow colonic surgery, al-
though it was not a significant clinical issuein the pilot study
reported here. It has been suggested that continuousinfusion
of an epidural local anesthetic may lead to an increased risk of
anastomotic leakage, although available data do not indicate
anincreased risk. A recent review of controlled, randomized
clinical trials evaluated the incidence of postoperative com-
plications in patients scheduled for colorectal surgery with
an anastomosis and who had received postoperative epidural
analgesia with a local anesthetic. In twelve trials enrolling
atotal of 562 patients, anastomotic leakage occurred in 6%
of patients receiving postoperative epidural local anesthetic
or epidural local anesthetic-opioid mixtures, compared with
3.4% of patients who received epidural or systemic opioid-
based analgesia. The authors noted that the number of patients
studied to date are relatively few(@), A retrospective review
of patients undergoing gastrointestinal surgery over aperiod
of 12 years also found a very low incidence of anastomotic
disruption. In this review, the incidence was higher among
patients who had received intravenous opioids than among
those who had not(2",

The above studies indicate that, to maximize the advan-
tages available through use of thoracic epidural anesthesia/
analgesia, the location of the epidural catheter and the use of
alocal anesthetic perioperatively are of key importance. The
clinical benefits obtained include decreased morbidity and
potential cost savings. A lower incidence of ileusisassociated
with a higher level of patient comfort, and decreased use of
nasogastric intubation and intravenous hydration. Cost sav-
ings are associated with alower need for additional nursing
care and laboratory tests aswell as shorter lengths of stay. A
1990 study estimated that the prolongation of hospitalization
duetoileuscosts $1,500 per patient per day, or $750,000,000
annually nationwide. Cost estimatesfor the current day would
expected to be much higher(?®).

NEW TECHNIQUES IN POSTOPERATIVE
ANALGESIA: PERIPHERAL NERVE BLOCKS

The major advantage of multimodal pain control derives, at
least partly, from the use of RA techniques. Both epidural
and peripheral nerve block RA techniques are afocus of the
multimodal approach. Compared to intravenous and epidural
PCA, RA provides postoperative analgesiathat is both effec-
tive and specific to the site of surgery. Peripheral neurona
blockade, when combined with long-acting local anesthetics
can provide excellent anesthesia and postoperative analgesia
through a single technique. In addition, continuous neuronal
blockade can be achieved by infusion of alocal anesthetic
through a perineural catheter. This extends analgesia even
longer, beyond the duration of asingleinjection. In practice,
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optimal utilization includes the use of rescue analgesia (e.g.,
intravenous PCA) in addition to the continuous RA technique
employed, to protect against breakthrough pain that may result
from accidental dislodgement of the catheter. Overall, how-
ever, clinical experience with these techniques demonstrates
avery high degree of patient and physician satisfaction. This
section presents practical guidance on use of afew peripheral
nerve block techniques for common surgical procedures.
Further detailed information on these and other techniques
is available online (The New Y ork School of Regional An-
esthesia; www.NYSORA.com).

PARAVERTEBRAL BLOCK

Paravertebral blockade, a somatic block of the mixed nerve
just distal to theintervertebral foramina, providesaunilateral
sympathetic, sensory and motor block and is an excellent
choicefor thoracic, chest wall or breast surgery. In particular,
thoracotomy often results in severe postoperative pain that
may be difficult to control. Use of a paravertebral block can
be an excellent alternative to the postoperative use of opioids,
which can lead to respiratory depression, or thoracic epidu-
ral analgesia, which may lead to hypotension. In addition,
the unilateral blockade of intercostal muscles at the chosen
level can promote ventilation and facilitate mobilization of
secretions. Paravertebral blockade is aso useful for other
procedures, including total mastectomy, axillary dissection,
minimally invasive cardiac surgery, ventral or inguinal hernia
repair and iliac crest bone graft.

CONTINUOUS INTERSCALENE BRACHIAL
PLEXUS BLOCK

Thistechniqueis useful for several types of shoulder surgery,
including arthroscopy, rotator cuff repair and, in particular,
shoulder replacement surgery. It isalsoindicated for postopera-
tive pain management. The continuousinterscalenetechniqueis
an advanced technique and requires a considerable experience
level with single injection interscalene brachial plexus block.
Comparedto singleinjectioninterscal eneblock, in the continu-
oustechniquethe needleisinserted at amuch moreacute angle
to the skin, 45 vs 90°, to facilitate insertion of the catheter.

Clinical experience indicates that with adequate volume
of local anesthetic, twitches of the deltoid, arm or forearm
muscles are all reliable, and result in equally successful pro-
cedures. With intermittent aspiration for blood, 30-45 mL of
local anesthetic isinjected. At thislocation, frequent aspira-
tion iscrucial to prevent inadvertent intravascular injection.
Oncethelocal anesthetic isinjected, the catheter is carefully
inserted 5 cm beyond the tip of the needle.

For continuous infusion of local anesthetic to manage
postoperative pain, the use of 0.2% ropivacaine4-5mL/hwith

2 mL PCA bolus every 20 min. is suggested. Alternatively,
onemay boluswith 0.2% ropivacaine, 20 mL and removethe
catheter at thistime. For many patients, thisprovidesexcellent
analgesia of very long duration. The duration of the block
may be extended up to 70% longer than would otherwise
be observed and can allow early discharge for ambulatory
surgery patients. In apilot study, after open shoulder surgery
using continuousinterscal ene block anesthesia, patientswere
discharged with a disposable, fixed-rate controlled infusion
pump for ambulatory recovery at home, and visited by ahome
health nurse for 3 days. This pump delivered a 72 hinfusion
of ropivacaine 0.2% at 10 mL/h. Patient satisfaction with this
technique was extremely high®?).

INFRACLAVICULAR BRACHIAL PLEXUS BLOCK

Continuousor singleinjection infraclavicular brachial plexus
block can be used for any type of surgery on the hand, wrist,
elbow or distal arm, for postoperative pain management, and
for pain management for elbow or wrist rehabilitation therapy.
Theinfraclavicular approach to brachial plexusblock iswell-
suited to theinsertion of acatheter and acontinuousinfusion,
as the needle insertion site is located on the upper chest and
the catheters do not kink. In addition, the catheter insertion
site is easily approachable for maintenance and inspection,
and inadvertent catheter removal ismuch lesslikely than with
interscalene, supraclavicular or axillary approaches, because
the brachial plexusis encountered at a relatively deep loca-
tion. As with other continuous RA techniques, continuous
infraclavicular brachia plexusblock isan advanced technique,
and is recommended for those who have first mastered the
single injection technique.

COST-EFFECTIVENESS ISSUES

In clinical settings, uncontrolled pain must be dealt with as
an urgent, immediate concern by skilled staff at any time it
may occur, and thisis associated with inherent added costs.
Monitoring costs are higher for patients who are in the ICU,
arereceiving individual nursing care, or are being monitored
with pulse oximetry. On the other hand, frequent patient moni-
toring by an acute pain management nurse greatly facilitates
effective pain control, which contributes to improvement in
patient outcome, and in turn, appropriate hospital bed utili-
zation. A higher degree of patient participation in activities
such as physical therapy, ambulation and pulmonary toileting
can improve recovery and directly impacts patient satisfac-
tion. For example, the patient’ s ability to complete incentive
spirometry could be beneficial in preventing the devel opment
of postoperative pneumonia. A dedicated nursing service can
bolus epidural catheters as necessary, allowing the patients
to achieve alevel of comfort to allow participation in such
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chores. Hospital bed utilization can be improved if fewer
patients require a high degree of monitoring.

CONCLUSIONS

Pain management delivered through a nursing-based model
can provide important benefits to the pain management ser-
vice, to the institution, and ultimately to patients. Excellent
postoperative pain management is best achieved through fre-
quent, periodic assessment and reassessment of the patient’s
comfort level and side effects. It is a natural step to expand
the traditional role of nurses, providing care and advocacy
for the patient, to include clinical pain management. Unlike
physicians, nurses provide continual care to the patient, are
present around-the-clock, and have a greater awareness of
subtle changes in the patient’s status. A nursing-based acute
pain management model alows a greater degree of control
over the adjustment of medications to optimize the patient’s
level of analgesia and reduce the incidence of side effects,
and is expected to produce more satisfactory outcomes. In
evaluating thetotal cost of therapy, the quality of analgesiaand

incidence of side effectsareimportant variables, highlighting
the potential significance of utilizing a more cost-effective
nursing-based model for pain management. In addition, opti-
mal postoperative pain management may significantly improve
outcome measures. Improvementsresulting in earlier return of
bowel function, earlier oral feeding, earlier aggressive physical
therapy, greater participation in daily activities, or potentia
reductions in post-surgical complications can contribute
favorably and significantly both to costs and to patient care.

Inclinical practice, aninterdisciplinary team approach real-
ized through synergistic rel ationships between departments of
surgery, anesthesiology, nursing and pain management iskey
to the adequate treatment of postoperative pain, providing for
better integration of care. The attainment of patient treatment
goals and optimal outcomes requires input and participation
by the patient, physician, primary caregiver, and, often a
specially trained nurseD. Within this context, aggressive
pain management through use of anursing-based model often
leads to better pain relief for the patient, resulting in greater
participation in daily activities, greater patient satisfaction,
and decreased health care costs.
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