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Multimodal Analgesia Without Parenteral Narcotics

for Total Knee Arthroplasty
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Abstract: Use of parenteral narcotics after total knee arthroplasty is considered by
most orthopedic surgeons to be the standard of care. This study tested the hypothesis
that a multimodal oral pain medication protocol could control pain and minimize
complications of parenteral narcotics. Postoperative oral analgesia was augmented
with either continuous epidural infusion or continuous femoral infusion using
ropivacaine only. Seventy patients had total knee arthroplasty with a protocol that
included preemptive oral analgesics, epidural anesthesia, pericapsular analgesic
injection, and postoperative analgesia without parenteral opioids. The average daily
pain score was less than 4 out of 10, nausea occurred in 15 patients (21%), emesis in
1 patient (1.4%), and there were no severe complications. This study proved the
hypothesis that pain after total knee arthroplasty could be effectively managed
without routine use of parenteral opioids. Key weords: pain, pain medications,
narcotics, total knee arthroplasty, multimodal treatment.
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Parental opioids are often given to total knee
arthroplasty patients by spinal or epidural anesthe-
sia, and postoperatively by intramuscular injection
or patient-controlled analgesia (PCA). These medi-
cations cause complications including nausea,
reported in 37% to 73% of patients, cognitive
impairment (somnolence, dizziness) in 34%, and
pruritus in 15% to 43% of patients receiving opioids
by PCA or epidural analgesia [1-11]. Potentially
more severe complications are urinary retention in
60%, hypotension in 30%, and respiratory depres-
sion in 2% with PCA and 4% with epidural DepoDur
(Endo Pharmaceuticals, Chadds Ford, Pa) [1-11].
The multimodal pain management program is
designed to control postoperative pain by affecting
the transmission of painful stimuli at multiple sites.
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The protocol addresses painful stimuli preopera-
tively, intraoperatively, and postoperatively. The
inflammatory effect of released cytokines and
prostaglandins [12] is reduced by oral and injected
anti-inflammatory medications [12]. The establish-
ment of central sensitization, and the amplification
of painful stimuli, is prevented by blocking both
central and peripheral cyclooxygenase-2 (Cox-2),
cyclooxygenase-3 (Cox-3), and mu receptors [13].
Gastrointestinal side effects are avoided by prophy-
lactically treating the patient with anti-emetic
medications, eliminating inhaled anesthetics, and
avoiding parenteral narcotics. The hypothesis of this
study was that the use of a preemptive multimodal
oral pain program, in combination with ropivacaine
only infusion analgesia, would effectively control
pain and avoid the use of parenteral narcotics, along
with the associated complications.

Materials and Methods

The premise of the pain management methodol-
ogy was to avoid the use of parenteral narcotics for
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patients who have primary total knee arthroplasty.
The end points measured would be the avoidance of
parenteral narcotics and the complications asso-
ciated with their use. Nausea, vomiting, pruritus,
and cognitive impairment were considered mild
complications of parenteral opioids. Urinary reten-
tion, hypotension, ileus, respiratory depression, and
emesis leading to dehydration were classified as
severe complications. The study was conducted as a
randomized comparison of continuous epidural vs
continuous femoral nerve infusion using ropiva-
caine (Naropin, Astra Zeneca LP, Wilmington, Del).
The continuous infusion analgesia was augmented
by oral analgesics and intravenous ketorolac (Tor-
adol, Roche Pharmaceuticals, Nutley, NJ). The
necessity to use parenteral opioids to control post-
operative pain was recorded as a complication of
our protocol.

Patient Selection

Institutional review board approval was obtained
for a prospective randomized study of the pain
control for patients undergoing unilateral total knee
arthroplasty. These patients would have the same
pain management program except for randomized
assignment to either continuous epidural or con-
tinuous fermnoral nerve catheter infusion analgesia
for 36 hours after total knee arthroplasty. Eighty
patients were enrolled in the study from January
2004 to August 2005 from 208 eligible patients.

The demographics of the 2 groups of patients are
displayed in Table 1, and there were no differences
between the 2 groups. Ten of the 80 enrolled patients
were disenrolled because of catheter failures. Six
patients had failure of the femoral nerve catheter
including 4 that failed in the recovery room and 2
that failed on return to the floor. These patients were
then treated by an epidural infusion, in addition to
the oral medications, but could not continue in the
study. There were 4 patients in whom an epidural
could not be placed in the operating room and
therefore they were removed from the epidural arm
of the study. Postoperative pain was treated in one of
these patients with a femoral catheter and 3 patients

Table 1. Demographics

Demographics FNC (n = 35) EPI (n = 35)
Mean age 68 + 10.44 70 £ 10.31
Mean BMI 29x 5.7 28+ 5.1
Men 17 13

Women 18 22

FNC indicates patients with femoral nerve catheter infusion;
EPI, patients with epidural infusion.

were treated with the addition of a PCA infusion
with parenteral narcotics.

Before surgery, each patient attended a preopera-
tive class that reviewed the operation, the preopera-
tive and postoperative care, and the postoperative
recovery and rehabilitation. Our preoperative class
is conducted by a person who is experienced and
knowledgeable in all aspects of care. Special
emphasis is given to the pain management aspect,
especially the scaling of pain scores. Patients are
taught to report pain using a visual analog pain score
from O to 10 (10 being the worst pain). Patients are
educated regarding the type of pain medications
given on the floor to prepare the patient to interact
in a coordinated manner with the nurses. These
factors are believed to ultimately enhance recovery.
Educating patients in the preoperative class is
considered a significant part of the protocol because
this can influence the cerebral cortex response to
painful stimuli [14].

One to 2 hours before the operation, each patient
received oxycodone 10 mg (Oxycontin, Purdue
Pharmaceuticals, LP, Stamford, Conn), acetamino-
phen 1000 mg (Tylenol, McNeil PPC, Inc, Fort
Washington, Pa), and a Cox-2 inhibitor (valdecoxib,
Pfizer, New York, NY, and Celecoxib, New York,
NY). Oxycodone affects mu receptors in both the
peripheral and central nervous system. Acetamino-
phen blocks the Cox-3 enzyme in the thalamus and
raises the threshold for pain. Cyclooxygenase 2
drugs modify the central nerve system transmission
in the dorsal horn of the spinal cord and in the
thalamus by affecting the Cox-2 enzyme. By
preoperatively blocking both the neurogenic and
inflammatory sources and pathways of pain, the
central nervous system excitability is diminished
and pain medication can be more effective and
administered in small amounts [15,16].

The epidural anesthesia was given in the
operating room and consisted of ropivacaine 1%
(Astra Zeneca) 60 to 80 mg and 1.5% to 2%
lidocaine with epinephrine at 80 mg. After a
successful epidural anesthetic was established, each
patient was given intravenous sedation with a
continuous infusion of propofol 10 mg/kg per hour
(Baxter Health Care Corp Anesthesia and Critical
Care, New Providence, NJ). The patient was not
intubated and the airway was controlled with a
laryngeal mask anesthesia. No intravenous narco-
tics were given during the operation. Zofran 4 mg
(ondansetron hydrochloride, Glaxo Smith Kline
Research, Triangle Park, NC) or Reglan 10 mg
(metoclopramide Schwarz Pharmacy, Milwaukee,
Wis) was given during the operation. A pericap-
sular injection (with emphasis on the posterior
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capsule and injection into the extensor mechan-
ism) was done with a mixture of morphine 4 mg
{Astra Zeneca), ropivacaine 100 mg, Solu-Medrol
40 mg {(methylprednisolone sodium succinate,
Pharmacia and Upjohn, New York, NY) diluted in
a total volume of 60 mL of normal saline. This
mixture provided blockade to the peripheral
mechanical and inflammatory receptors.

Postoperative Pain Management Protocol

In a prospective randomized fashion, one group of
the patients had a femoral nerve catheter placed
immediately at the conclusion of the operation in the
operating room. The catheter was placed using a
sheath needle and in conjunction with a nerve
stimulator. Obvious muscle twitch of the quadriceps
muscle which occurred at less than 0.4 mA was
considered indicative of accurate needle placement.
The femoral nerve analgesia was activated with a
bolus of ropivacaine 0.2% using 100 mg and 20 mL
of normal saline and maintained by continuous
infusion at 5 mL/h for 36 hours. The second group of
patients had continuous epidural infusion with
ropivacaine 0.2% at 5 mL/h for 36 hours. The
femoral nerve catheter and epidural catheter were
discontinued after 2 nights, at 6 AM on postoperative
day 2. Patients with the epidural infusion required a
Foley catheter. Patients with incontinence or
enlarged prostate in the femoral nerve catheter
group also had a Foley catheter.

In the recovery room, OxyIR 5 mg (oxycodone
hydrochloride immediate release, Purdue Pharm),
which is a rapid-acting oral oxycodone, was given.
Intravenous ketorolac 15 mg (Toradol, Roche
Pharmaceuticals) was used for breakthrough pain.
Only if these medications were not sufficient was
intravenous Dilaudid 2 to 5 mg (hydromorphone,
Abbott Laboratories, North Chicago, 1lI) adminis-
tered. Either Zofran 4 mg, Reglan 10 mg, or
Anzemet 12.5 mg (dolasetron mesylate, Aventis
Pharmaceuticals Inc, Bridgewater, NJ) was given
intravenously if needed for nausea.

On the orthopedic ward, oral analgesics were given
preemptively at night for the first and second
postoperative nights. Afterwards, oral analgesics
were given on request. During the day pain medica-
tions were available to the patient every 4 hours.
Opiate analgesics used were Vicodin 5 mg/500 mg
(hydrocodone and acetaminophen, Abbott Labora-
tories) or Norco 10 mg (hydrocodone and acetami-
nophen, Watson Laboratories, Inc, Corona, Calif).
If these were not tolerated because of stomach
discomfort or nausea, Darvocet 100 mg/650 mg
{(propoxyphene and acetaminophen, Xanodyne,

Florence, Ky}, Ultram 500 mg (tramadol hydrochlor-
ide, Ortho-McNeil, Raritan, NJ), or acetaminophen
was used. Oxycodone 10 mg was given at 6 pm the day
of surgery unless the patient was comfortable.
Oxycodone was not used routinely thereafter. Ketor-
olac 30 mg intravenously was given every 6 hours for
24 hours. For the second 24 hours, ketorolac was
given only as needed for breakthrough pain. valde-
coxib 20 mg was given each morning in 54 patients
and Celebrex 200 mg was given twice a day in
16 patients. Aspirin 325 mg each day with inter-
mittent pneumatic compression boots was used for
deep venous thrombosis prophylaxis.

If the patient was 70 years or older the protocol
substituted Darvocet, tramadol, or acetaminophen
for the opiate analgesics. No postoperative oxyco-
done was used. Intravenous ketorolac was given as
15 mg every 6 hours.

Pain was scored by the patient on a scale of 0 to 10
(10 being the worst pain) before the administration
of pain medications and scored on the same scale by
patients 30 minutes after the administration of pain
medication. The daily pain score reported for each
patient was the average of the premedication and
postmedication scores.

Patients were discharged home with the Cox-2
inhibitor to be taken each day, as was done in the
hospital and with the oral pain medication that was
used for them during the hospitalization. Aspirin
325 mg daily with thromboembolic disease hose
(Kendall, Mansfield, Mass) was used for a total of
4 weeks. Patients were instructed to gradually increase
their walking distance every day with a goal of 1 mile.

Function Assessment

Patients were treated twice daily by physical
therapy and the function of the patient in the
hospital was graded by the physical therapist on a
daily basis. The distance ambulated; quadriceps
strength as measured by the ability to do an
independent straight leg raise; the assistive device
required for safety and balance at discharge; and
the range of motion of the knee were recorded. The
assessment of ambulation [20] according to the
postoperative day had to be adjusted depending on
the first time of ambulation because the patient was
ambulated the day of surgery only if the patient
returned to the floor before 2:00 pm,

Safety

Safety was judged by absence of severe complica-
tions of respiratory depression, hypotension, ileus,
and urinary retention and dehydration secondary
to emesis.
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Statistics

The data were statistically analyzed using SPSS
software (SPSS Inc, Chicago, 1ll). A 95% confidence
interval was used for each statistical analysis.
Activity level and straight leg raise were analyzed
using the Pearson's y” test. For statistical comparison
of the amount of medication used for each patient
and for comparison between the 2 groups of patients
(epidural infusion and femoral nerve catheter
infusion), the pain medications were all converted
to equianalgesic milligrams of morphine. When we
assume a = 0.05, B = 0.20 and compare the pain
medication (equianalgesic milligrams of morphine
sulfate), the sample size needed is 27 knees for each
group. In this study, we had 35 knees in each group
and provided a statistical power of 0.90. The
conversion rates for morphine were obtained from
conversion tables [17-20]. These tables gave con-
version to morphine milligrams by percentage (ie,
50-67% of estimated oral equianalgesic dose), so
that there is some approximation of the conversion
doses for these medications. However, this is the
most precise, and the recommended method, for
expression of the comparative medicine usage.
Student 2-tailed ¢ tests were used to compare pain
score, equianalgesic morphine, extension, flexion,
and walking distance for normally distributed data.
Otherwise, the Mann-Whitney test was applied. To
more precisely compare femoral catheter group pain
scores with epidural group pain scores, univariate
analysis of variance was used. This test adjusts for
the effect pain medication intake has on pain scored
in each group.

Resuits

Parenteral narcotics were used by 3 patients in the
recovery room (Dilaudid; mean dose, 9.6 mg of
equianalgesic morphine). No other parenteral nar-
cotics were used by any patient. Three patients used
oral medications every 4 hours for the first 24 hours.
On the first postoperative night, 59 of 70 patients
refused oral preemptive medications at least once;
the second night 60 patients refused at least once. By
postoperative day 2, the infusion (epidural or
femoral nerve catheter) was completed and all
patients used oral medications only.

Pain Scores and Pain Management

The pain scores for the patients are listed in
Table 2. The amount of pain medication used by
patients is listed in Table 3. The pain scores were
statistically better on postoperative days 0 and 1
(when the infusion was active) for patients with

Table 2. Pain Scores

Day 70 Patients Epidural FNC P
0 2319 29+20 1.7+ 1.7 .002
1 32+ 1.7 39+ 1.4 25x1.7 .02
2 36+14 37+14 3.6+ 1.5 NS
3 35x14 3.7+ 1.3 34+16 NS
Discharge 33+ 1.0 3.6+0.8 3.1+£1.2 NS

Epidural indicates epidural infusion catheter; FNC, femoral
nerve catheter infusion; NS, not significant.

the femoral nerve catheter. On postoperative day
1, patients with femoral nerve catheter used less
oral medication than those with the epidural.
Twelve of 70 knees did not receive local wound
injections at the operation and the pain scores
were not statistically different.

Function

There was no statistical difference between the
2 groups in the preoperative activity level of
patients. The walking distance on postoperative
day 0 and day 1 was statistically better for patients
with epidural infusion (P = .02). The patients with
the femoral nerve catheter infusion had to walk
with a knee immobilizer on postoperative day 0 and
day 1 to avoid buckling of the knee from quadriceps
weakness. After the discontinuance of the infusion
analgesia, there was no difference in the walking
distance and all patients did walk 250 to 275 ft at the
time of discharge.

There was no difference on any postoperative day
in the assistive devices used. Forty patients were
discharged with a single assistive device (1 crutch or
cane) and 30 patients were discharged with a
bilateral assistive device (2 crutches or walker).
The postoperative day of discharge for all 70 patients
was a mean 4 x 0.9 days. Patients with epidural
infusion had a mean discharge of 4.0 + 0.8 days,
and those with femoral nerve catheter infusion had
4.05 + 0.9 days. Sixty-four of 70 patients were
discharged home and 6 went to a rehabilitation
center. These 6 patients were 3 from the epidural
group and 3 from the femoral nerve catheter group.

On the day of surgery, 8 (23.5%) of 35 patients
with the epidural infusion could straight leg raise
whereas only 1 (2.8%) of 35 femoral nerve catheter
infusion patients could do this (P < .006). Patients
with the epidural infusion continued to have
statistically better extension on days 2 (P = .009)
and 3 (P =.011), and at discharge the extension was
6° = 3.5° for the epidural patients and 12° + 8.8° for
the femoral nerve catheter patients (P = .01). At the
time of discharge, 35 (100%) of 35 epidural patients
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Table 3. Opioid Consumption Equianalgesic
Milligrams of Morphine Sulfate

Epidural FNC
(n = 35) (n = 35) P

All patients

Study day (n = 70)

Day of surgery 243 £21.8 274+245 21.2x184 NS

1 POD 1 41.3£259 50.7+228 31.9%257 .0002
2POD 2 383 +£234 43+ 22.1 339+24 NS
3 POD 3 35.2+21.2 34.7+208 358221 NS

Epidural indicates epidural infusion; FNC, femoral nerve
catheter infusion; POD, postoperative day.

could straight leg raise vs 30 (95%) of 35 femoral
nerve catheter patients (P = .02). At discharge,
epidural patients had 84° + 10.9° flexion whereas
the femoral nerve patients had 80° £ 13.3° (P =.01).

At 6 months postoperative, 70 patients scored
their results as 21 excellent, 39 very good, 7 good,
and 3 fair. Sixty-seven patients used no assistive
device, one used 2 crutches (back disease), one a
walker for ataxia, and one a wheelchair (multiple
medical comorbidities). Strength against manual
resistance was grade 5 in 67 patients, 4 in 7 patients,
and 3 in the patient with ataxia [11]. The flexion
range of motion did not differ between epidural
patients (114° + 13.7°) or femoral nerve catheter
patients (111°+ 12.2°) nor did extension (1.7° £ 4.0°
versus 1.8 ° + 4.2°).

Complications

One patient in the epidural group had bladder
inflammation caused by a reaction to latex of the
Foley catheter. Two patients had successful closed
manipulation at 6 weeks postoperative. One patient
fell at home with traumatic dehiscence of the
surgical wound which was surgically repaired with-
out occurrence of infection. One patient (1.4%) had
a deep infection which was successfully treated with
2-stage reimplantation.

Safety

No patient had respiratory depression or ileus.
One (1.4%) of 70 patients had hypotension second-
ary to parenteral narcotics in the recovery room
which resolved with Narcan (Endopharmaceuticals,
Chaddsford, Pa). Seven (10%) of 70 patients had
hypotension from low hemoglobin on day 0 which
resolved in all 7 patients with transfusion of 1 U of
their autologous blood; 3 (4.3%) of 70 patients had
orthostatic hypotension with physical therapy
which also resolved with transfusion of their 1 U
of autologous blood. Two patients (3 %) had urinary
retention after the Foley was discontinued which
was resolved with the use of an in-and-out catheter.

Four (5.7%) of 70 patients had pruritus on the
first postoperative day treated with 25 myg of
Benadryl (diphenhydramine, Pfizer). One patient
(1.4%) had an allergic reaction to Norco with
tongue swelling which resolved with 25 mg of
Benadryl. Fifteen (21%) of 70 patients had nausea
in the recovery room treated with intravenous
antiemetics and none had emesis. On postoperative
day 1, 8 patients (11%) had nausea after physical
therapy treated successfully with an intravenous
antiemetic (Reglan 10 mg). One patient (1.4%) had
emesis on both day 1 and day 2.

Discussion

The results of this study proved the hypothesis
that the postoperative pain of total knee arthroplasty
could be effectively controlled without routine use
of parenteral narcotics. The importance of this
finding is that severe complications caused by
parenteral opioids were nearly eliminated, yet pain
was well controlled with daily pain scores below 4
out of 10 on an analog scale. No patient had
respiratory depression compared to 9 (5.4%) of
168 patients who were treated with DepoDur (Endo
Pharmaceuticals) intrathecal morphine [23] in a
study by Hartrick et al [23]. Furthermore, our
patients had 1 (1.4%) of 70 with emesis compared
to 43% with the intrathecal morphine. Patients who
received PCA morphine, in a study by Weller et al
[21], had 5 (33%) of 15 with emesis, and their
comparative group with epidural morphine also had
5 (33%) of 15 with emesis. Herrick et al [22]
reported 26 (25%) of 96 patients with patient-
controlled analgesic opioids had nausea and vomit-
ing. Nausea in our patients occurred in 21% in the
recovery room and 11% on postoperative day 1.

Urinary retention was also more common in
patients with PCA morphine with 6 (40%) of 15 in
one study [21] and 19 (18%) of 96 in another study
[22]. Nausea and vomiting, in addition to post-
operative pain, are the factors most commonly
associated with patient dissatisfaction in the hospital
[1-11]. Patient comfort, early rehabilitation, and
early discharge home are the consequences of
improved control of pain, nausea, and vomiting [11}.

The limitations of this study are the exclusion of
some patient groups with comorbid medical condi-
tions. Secondly, not testing this protocol in combi-
nation with chemical prophylaxis for deep venous
thrombosis {(which is used by many surgeons) does
not prove its safety when used with these drugs.
Because we use only aspirin, intermittent compres-
sion devices, and thromboembolic disease hose for
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deep venous thrombosis prophylaxis, we were able
to study continuous epidural infusion. Unfortu-
nately, the use of low molecular weight heparin for
prevention of venous thromboembolic embolism
has been shown to increase the risk of epidural
hematoma and irreversible nerve damage by as
much as 50 times [30-32]. Therefore, continuous
epidural infusion is contraindicated when low
molecular weight heparin is used for postoperative
deep venous thrombosis prophylaxis. Thirdly, some
patients were disenrolled from the randomized
study because the femoral nerve catheter or
epidural catheter did not function. Any study
which involves invasive techniques will have some
failures of the technique, so this is unavoidable.

The use of preemptive oral analgesics was
effective in replacing parenteral narcotics, such as
by a PCA. Animal studies have shown that
preemptive opioids and local anesthetics can pre-
vent prolonged behavioral psychological sequelae
following brief noxious stimuli [24-26]. Our pre-
emptive medications combined oral opioids with
Cox-1 to Cox-3 enzyme antagonists. We did not
observe any increase in perioperative or postopera-
tive bleeding with the use of Cox antagonists,
including intravenous ketorolac, which had been
reported to cause increased perioperative bleeding
during arthroscopic surgery by Lee et al [27].

This is the only study of pain management, of
which we are aware, that did not use PCA as the
control against which the use of medications was
measured. Mallory et al {15] found a reduction in
the use of opiate requirements through the PCA
after total knee arthroplasty with the use of Cox-2
inhibitors (they used the same drugs as did we).
Lombardi et al [29] also measured opioid consump-
tion by PCA and found reduced use of opioids with
periarticular and intracapsular injections. Our use of
these pain prevention modalities in combination
enabled us to avoid parenteral opioids while
providing good pain relief, as graded by self-
assessment which showed mean pain scores below
4 on every postoperative day.

In our study, the infusion of ropivacaine gave
better pain relief through a femoral nerve catheter
than the epidural infusion. This finding confirmed
the study of Chelly et al [28] who also found
superior pain relief with the femoral nerve catheter
as compared to the epidural infusion. Better
analgesia with the femoral nerve catheter was offset
by severe quadriceps weakness which was observed
during the time of the femoral nerve infusion. This
effect of the femoral nerve catheter was reflected in
the reduced straight leg raising and compromised
ambulatory function in the first 2 days postoperative

in these patients. Ambulation on the day of surgery
or on postoperative day 1 was not delayed in these
patients; however, a bilateral assistive device and a
knee immobilizer were required for safety during
this ambulation period. Quadriceps paresis in our
study did not delay discharge home because our
protocol required each patient to remain in the
hospital for 3 nights to be sure safety was achieved
after the discontinuance of any infusion.

Currently, we continue to use the oral medication
program and avoid parenteral narcotics. We use a
femoral nerve catheter infusion with ropivacaine for
invasive pain control for only the first postoperative
night to avoid quadriceps weakness and increase the
effectiveness of the postoperative physical therapy.
If the patient received a physical therapy treatment
on the day of surgery, the catheter is discontinued at
6:00 am the morning after surgery. If the patient
returned to the floor too late in the evening for
physical therapy on the day of surgery, the catheter
is retained until after the first physical therapy
session and then discontinued. We maintain the
catheter for the first physical therapy treatment so
patients can do active flexion with protection from
pain so there is less of a chance that they will be
sensitized to severe pain with range of motion
therapy. Early removal of the catheter permits
discharge on postoperative day 2 rather than post-
operative day 4. This protocol also avoids the Foley
catheter necessary for epidural analgesia.
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