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Background Postoperative pain after total knee
arthroplasty (TKA) can be difficult to manage and may
delay recovery. Recent studies have suggested that peri-
articular infiltration with local anesthetics may improve
outcome.

Methods 80 patients undergoing TKA under spinal
anesthesia were randomized to receive continuous fem-
oral nerve block (group F) or peri- and intraarticular
infiltration and injection (group I). Group I received a
solution of 300 mg ropivacaine, 30 mg ketorolac, and
0.5 mg epinephrine by infiltration of the knee at the end
of surgery, and 2 postoperative injections of these sub-
stances through an intraarticular catheter.

Results More patients in group I than in group F
could walk > 3 m on the first postoperative day (29/39
vs. 7/37, p < 0.001). Group I also had significantly lower
pain scores during activity and lower consumption of
opioids on the first postoperative day. No differences
between groups were seen regarding side effects or
length of stay.

Interpretation Peri- and intraarticular application
of analgesics by infiltration and bolus injections can
improve early analgesia and mobilization for patients
undergoing TKA. Further studies of optimal drugs,
dosage, and duration of this treatment are warranted.

L]

Postoperative pain management after total knee
arthroplasty (TKA) is often multimodal and
includes intravenous (i.v.) opioids, epidural analge-

sia, or peripheral nerve blocks in combination with
oral analgesics and cryotherapy. These treatments
are associated with side effects such as nausea,
sedation, hypotension, urinary retention, and par-
tial motor block. Alternative methods of analgesia
are therefore of interest.

Recent studies on application of local anesthet-
ics into the knee at the end of TKA have shown that
this approach has several advantages compared to
other regional or purely systemic approaches. In
a blind study (Bianconi et al. 2003), 37 patients
who underwent total hip or knee arthroplasty were
randomized to receive either an intraoperative
infiltration with ropivacaine followed by infusion
for 55 hours, or saline. Intensity of postoperative
pain, consumption of rescue analgesics, and length
of hospital stay were significantly reduced in the
group that received ropivacaine. Open studies have
shown similar results (Rasmussen et al. 2004, Isaac
et al. 2005).

Prompted by the positive results, we decided to
carry out a randomized study to compare the rela-
tive benefits of peri- and intraarticular analgesic
treatment with femoral nerve block as a reference,
which is the standard treatment for postoperative
pain after TKA at our institution. As intraarticular
infusion implies a risk of losing substantial amounts
of local analgesic to the drain (Nechleba et al.
2005), we decided to evaluate another approach in
which extensive periarticular infiltration was per-
formed. In order to prolong the analgesia beyond
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the period provided by the infiltration, subsequent
bolus injections were given via an intraarticular
catheter while clamping the drain.

Patients and methods

80 patients scheduled for primary TKA at the
Department of Orthopedic Surgery, Aarhus Hospi-
tal, were enrolled in this prospective randomized
trial after written informed consent was obtained.
The enrollment period began in April 2005 and
lasted until April 2006. Inclusion criteria were
TKA on the basis of osteoarthritis and planned
spinal anesthesia. Primary exclusion criteria were
lack of mental ability to provide informed con-
sent, neuropathic pain or sensory disorders in the
leg to be operated, previous major bone surgery in
the knee joint, and intolerance to the study drugs.
Secondary exclusion criteria were failure of spinal
anesthesia and re-operation or trauma to the knee
within the study period. The trial was approved by
the local ethics committee (no: 20050003, 2005)
and was conducted in accordance with Helsinki
Declaration II.

Patients were randomized immediately prior
to the operation (by the use of sequentially num-
bered, opaque, sealed envelopes) into 2 treatment
groups. Group F received a femoral nerve block
followed by infusion of local anesthetic, and group
I received intraoperative infiltration of local anes-
thetic followed by bolus injections. All operations
were performed under spinal anesthesia (at level
L2-3/L.3—4 with 3 mL hyperbaric bupivacaine, 5
mg/mL) by 1 of 3 surgeons using tourniquet con-
trol, a medial parapatellar approach, and patellar
resurfacing. Patients received 2 g dicloxacillin i.v.
before surgery, and 10 mg/kg tranexamic acid at
release of the tourniquet and 3 hours later. Anti-
thrombotic therapy (fondaparinux) was started
after surgery and given for 5 days. Patients were
not given urinary catheter a demeure, but were
offered intermittent catheterization as needed.
Drains were removed on the day after surgery.
Continuous passive motion (CPM) was started in
the recovery room and continued until 8 a.m. on
the second postoperative day, as an adjunct to con-
ventional physiotherapy.

Figure 1. Infiltration of the anterior part of the capsule.

Regional techniques

Group F (femoral nerve catheter) received a femo-
ral nerve block prior to spinal anesthesia. Follow-
ing well-known landmarks (Winnie et al. 1973),
an insulated Tuohy 18-gauge needle attached to a
peripheral nerve stimulator was inserted in prox-
imity to the femoral nerve at the level of the ingui-
nal ligament. While advancing/re-directioning the
needle, an initial current of 2 mA was gradually
reduced to achieve twitches of the quadriceps
muscle at 0.4 mA. At this point, a bolus of 20 mL
ropivacaine (10 mg/mL) was injected through the
needle (after negative aspiration test for blood) and
subsequently a 20-gauge catheter was introduced
4-8 cm into the femoral sheath. In the recovery
room, the femoral nerve catheter was connected
to an infusion pump, and 10 mL/h ropivacaine (2
mg/mL) was infused for 48 h. If needed, a bolus
of 20 mL could be given through the pump once
every 8 h. 4 mg morphine (0.4 mg/mL) and 50 mg
bupivacaine (5 mg/mL) was given intraarticularly
through the drain after skin closure.

Group I (intraarticular catheter) received exten-
sive infiltration of the surgical site with a solution
of 150 mL ropivacaine (2 mg/mL), 1 mL ketorolac
(30 mg/mL), and 1 mL epinephrine (0.5 mg/mL).
The solution was given in 3 x 50 mL syringes.
The first 100 mL was given after cementing of
the modular prosthesis, before installing the poly-
ethylene part: 50 mL into the posterior part of the
capsule and in the intercondylar area and 50 mL
into the anterior part of the capsule, the collateral
ligaments, and along the femur and tibia (Figure
1). A drain was positioned laterally. An intraarticu-
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lar 20-gauge (epidural) catheter was introduced
separately from the drain, proximal-lateral to the
incision under the lateral collateral ligament and
towards the posterior part of the capsule. After clo-
sure of the capsule, the remaining 50 mL was infil-
trated into the subcutaneous tissue. At 10 p.m. on
the day of surgery, a solution of 20 mL ropivacaine
(10 mg/mL), 1 mL ketorolac (30 mg/mL), and 1
mL epinephrine (0.5 mg/mL) was injected into the
intraarticular catheter. A second dose was given the
following morning, 30 min before physiotherapy or
at 10 a.m. at the latest. The catheter was removed
immediately after the second bolus.

To supplement both analgesic regimens, all
patients received paracetamol (1 g x 4), ibupro-
fen (400 mg x 3), and controlled-release oxyco-
done (20 mg x 2) daily. Ibuprofen was not given to
patients aged over 75 years, or to patients who had
a history of gastric ulcer or dyspepsia, heart-, liver-
or kidney insufficiency, or allergy to non-steroid
anti-inflammatory drugs (NSAIDs). Immediate-
release oxycodone (5-10 mg) was used for pain
treatment if pain at rest exceeded 3 on a numeric
rating scale (NRS; 0-10 scale where 0 = no pain
and 10 = worst possible pain). Intravenous mor-
phine (0.05-0.1 mg/kg) was used for the treatment
of severe pain (> 7 on the NRS). Patients who
were on a stable dose of another opioid prior to
the operation (slow-release morphine, transdermal
buprenorphine, or weak opioids) were allowed to
continue the treatment postoperatively. In these
cases, and in cases where patients switched drug
during follow-up, consumption of opioids was con-
verted to oxycodone equivalents. Ondansetron (the
first choice) and metoclopramide were used for
the treatment of nausea and vomiting. All patients
received laxatives.

Outcome measures and pain assessment

Both techniques of pain control were active from
the conclusion of surgery and for most of the
first postoperative day. Based on this, we chose
the primary outcome measures to be quality of
analgesia and mobilization in the postoperative
period until the end of the first postoperative day
(POD 1). Quality of analgesia was assessed by
consumption of opioid and with NRS for pain.
Mobilization was assessed from walking distance,
quadriceps function, and range of motion. The

secondary outcome measure was the number of
days until discharge. Adverse effects and compli-
cations were recorded.

Pain was assessed 4 times by the staff of the
recovery room, using NRS (at arrival, after 1 and 2
h, and at discharge). Patients themselves recorded
pain scores at rest or during CPM at 3 p.m. and 10
p-m. on the day of surgery, and at 8 a.m., 3 p.m.
and 10 p.m. on PODs 1 to 3. Patients also recorded
nausea, vomiting, dizziness, pruritus (on a daily
basis) and constipation (on the evening of day 3).
On POD 1 and POD 2, physiotherapists recorded
distance walked with aid, ability to hold quadri-
ceps tension or to lift the leg, range of motion,
and highest pain score during physiotherapy. The
patients’ medical files and nurse observational
charts were studied for possible complications
until discharge.

Statistics

Calculation of sample size (n) was based on an
expected difference of 10 mg oral rescue opioid,
assuming a standard deviation of 15 mg in each
group, an o risk of 0.05, and a f risk of 0.2. This
indicated that a minimum of 36 patients should be
included in each study group. To allow for incom-
plete data collection, 80 patients were included in
the study.

Dosages of opioids were converted to oxyco-
done equivalents (Twycross 1999) and dosages of
NSAIDs were converted to ibuprofen equivalents
by defined daily dose (WHO International Work-
ing Group for Drug Statistics Methodology 2006).
Pain was considered substantial if the pain score
was = 3 on the NRS; thus, the number of reported
pain scores of = 3 was used as a basis for compari-
son of analgesic effect.

Data were analyzed using the Wilcoxon/Mann-
Whitney rank sum test for unpaired data (presented
as medians with interquartile ranges) or Student’s
t-test (presented as means with standard deviations)
when appropriate. Tests were performed on the
original answer categories, not on the compressed
data presented in the tables. A p-value of < 0.05
was considered statistically significant. Stata for
Windows version 8.0 (StataCorp LP, College Sta-
tion, TX) was used for statistical analysis.
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Assessed for eligibility Table 1. Patient characteristics
(n=151)
I Characteristic Group F Group |
Excluded (n=71) (n=37) (n = 40)
- Refused to participate (n=35)
- Other indication for surgery than Sex, n
osteoarthritis (n=15) ’
- Planned general anesthesia (n=7) female 22 25
- Previous major knee surgery (n=7) male 15 15
- Operation cancelled (n=2) Age, mean (SD) year 72 (9) 70 (9)
- Non-tolerance towards study Bod ind
drugs (n=2) ody mass in ex,2
- Other reasons (n=3) mean (SD) kg/m 29 (4) 29 (5)
ASA group 2, n
] | (normal healthy) 11 11
| Randomized (n=80) b Il (mild systemic disease) 22 28
/-\ Il (severe systemic disease) 4 1
Did not receive NSAID due to
Allocated to F (n=40) Allocated to | (n=40) contraindications. n 10 18
- Received allocated - Received allocated " ’
intervention (n=37) intervention (n=40) Prosthesis, n
- Did not receive allocated - Did not receive allocated Maxim (Biomet) 22 21
intervention (n=3)* intervention (n=0) Nexgen (Zimmer) 15 19

Analyzed (n=37)
Excluded from analyses
(n=3)

Analyzed (n=40)
Excluded from analyses
(n=0)

Figure 2. Flow chart of study. 2 Failure of spinal, hence con-
version to general anesthesia.

Results
Patients

3 patients were excluded after randomization to the
F group, due to conversion of failed spinal anesthe-
sia to general anesthesia. 1 patient in group F dis-
continued the intervention that was allocated due
to a malfunctioning femoral catheter. 3 patients in
group I discontinued the allocated intervention: the
first patient had a leakage from the drain site, and
thus did not receive the full bolus injection on the
evening of operation. The catheter of the second
patient had accidentally slipped into the subcutis
and the bolus injection on the morning after opera-
tion was not given. The third patient had the cath-
eter accidentally cut by a nursing student during
changing of the dressings and did not receive the
bolus injection on the morning after operation
(Figure 2). The above 4 patients who discontinued
their allocated interventions were included in the
data analysis. The patients were similar in regard
to characteristics except for NSAID consumption,
as presented in Table 1.

Pain levels
On POD 1, the patients in group I reported sig-

a ASA group: Classification of the American Society of
Anesthesiologists.

nificantly lower pain scores during physiotherapy
than patients in group F, but this difference was not
apparent on POD 2. On the day of surgery and POD
1, when both techniques were in use, there was no
significant difference in reported pain scores at rest
(Table 2).

Consumption of opioids

17 patients received opioids other than oxycodone
and morphine (group I: n = 9; group F: n = §). All
opioids were converted to the equivalent dose of
oxycodone. Patients in group I had a significantly
lower consumption of opioid from the time of sur-
gery to the end of POD 1. For the whole observa-
tion period of 4 days, however, no difference was
found.

Mobilization and length of stay

Walking distance and quadriceps function were
significantly improved in group I on POD 1 and 2.
Similarly, an extended range of motion was noted
in group [ on POD 1. Length of stay in the recovery
room was similar in the 2 groups (group F: 3.5 h;
group I: 3.0 h; p = 0.05), although a tendency for a
shorter stay was seen with patients in group 1. The
median length of stay in the hospital was 6 days for
group F and 5 days for group I (p = 0.3).
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Table 2. Pain levels, consumption of opioids, and mobilizati

on

Outcome Group F Group | P-value
Number of patients reporting pain scores = 3
from surgery to the evening of POD 1 2
(9 measurements in all), n/N ®
0-2 times 25/37 28/38 0.06
3-5 times 11/37 7/38
6-9 times 1/37 3/38
Median pain score (NRS) when worst during
physical therapy (IQR €), N
POD 1 5.0 (8-7), 35 3.0 (1-5), 38 0.001
POD 2 4.5 (2-6), 34 4.0 (3-6), 37 0.7
Median opioid consumption (in mg) converted
to oxycodone equivalents (IQR), N
Day of operation and POD 1 100 (90-115), 37 83 (80—-100), 40 0.02
All 4 days 189 (165-210), 37 180 (150-190), 40 0.08
Mobilization POD 1
Able to walk > 3 meters, n/N 7/37 29/39 < 0.001
Able to hold quadriceps
tension for > 5 sec, n/N 18/36 30/37 0.002
Median extension defect (IQR), N 10° (5-15), 37 5° (0-10), 40 0.008
Flexion > 90°, n/N 18/37 24/39 0.3
Mobilization POD 2
Able to walk > 3 meters, n/N 25/36 35/39 0.02
Able to lift leg for > 5 sec, n/N 22/36 31/37 0.01
Median extension defect (IQR), N 5° (0-10), 37 5° (0-10), 39 0.2
Flexion > 90°, n/N 17/36 24/40 0.5

aPOD f1: first postoperative day.

b n: number of patients with the listed outcome; N: number of patients in the F/I group. N varies due to patients’ inability
to cooperate. Mann-Whitney test was performed on the original categories, not on the compressed data presented.

¢ Interquartile range within parentheses

Adverse effects

There was no significant difference in the number
of days the patients in each group experienced
nausea, vomiting, dizziness, or itching (p > 0.20
for each adverse effect) (Figure 3). 26 patients in
group F and 24 patients in group I experienced
constipation (p = 0.2). Consumption of ondanse-
tron in the study period was similar in the 2 groups
(median 9 mg in both groups; p = 0.3).

Adverse events

During the study period 1 patient in group I devel-
oped an early deep infection of the knee and was
treated with debridement, lavage, change of poly-

Percentage of patients

100
80 1 - | = H
| [ none
60 | || | | H |01 day
[ [12 days
40 1] | 1] {1 |[03days
] | [J 4 days
20 +{ menl i H
0

T T T T T T T T
F 1 F 1 F 1
Nausea Vomiting  Dizziness

ltching

ethylene component, and antibiotics. 1 patient in
group I experienced chest pain 1 h after the first
bolus. Nitroglycerin had no effect, and there were
no biochemical signs of myocardial infarction.
The next bolus the following morning was given
uneventfully. Another patient in group I expe-
rienced a brief period of unconsciousness and
tachycardia. ECG revealed bundle branch block
and (previously known) atrial flutter. Coronary

Figure 3. Occurrence of adverse effects. Patients are
grouped according to the number of days they experienced
nausea, vomiting, dizziness, and itching (0—4 days). There
were 37 patients in group F and 39 in group .

angiography showed normal coronary arteries and
there were no biochemical signs of myocardial
infarction. This patient was found to have a very
low hemoglobin level. The incident occurred more
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than 24 h after the last bolus. 2 patients in group I
developed bullae around their wounds; 1 of these
patients developed necrosis of the wound, and a
gastrocnemius flap and skin graft operation had
to be performed. 2 cases of pneumonia (1 in each
treatment group), 2 cases of gastric ulcer (both in
group I), and 2 urinary tract infections (both in
group I) were also observed.

Discussion

Our findings are consistent with the results of 2
recent studies in which patients were randomized
to receive either peri- and intraarticular treatment
and patient-controlled analgesia (PCA) with mor-
phine, or PCA alone (Busch et al. 2006, Vendittoli
et al. 2006). Both studies assessed infiltration with
ropivacaine, ketorolac, and epinephrine, though
Busch et al. added epimorphine to the solution
and Vendittoli et al. added a postoperative bolus
through an intraarticular catheter. The study by
Busch et al. included 64 patients who were blinded
(as was the postoperative team), and the study by
Vendittoli et al. included 42 patients.

The positive results of these 2 studies are not
surprising, as the analgesic treatment in the control
groups mainly consisted of parenteral morphine.
We chose to compare the peri- and intraarticular
treatment with another regional technique. Purely
systemic opioid has been replaced with epidural
analgesia, which in turn has been replaced with
femoral nerve block as the standard treatment
after TKA at our institution. Epidural analgesia
is of proven benefit, but is associated with poten-
tial problems such as motor block, urinary reten-
tion and epidural bleeding (with anticoagulation
therapy), and necessitates intensive observation
of patients. However, femoral nerve block also
has disadvantages: the posterior part of the knee
is innervated by the sciatic nerve and is therefore
not anesthetized by a femoral block. This regularly
causes popliteal pain and a need for supplemen-
tary treatment with systemic opioids. Furthermore,
a partial motor block of the quadriceps femoris
muscle is common and precludes early mobiliza-
tion. If a sciatic nerve block is added to treat the
popliteal pain, the partial motor block may inhibit
mobilization even further (Morin et al. 2005).

Our study has some limitations. Firstly, blind-
ing of patients and caregivers was not attempted.
It was considered impossible to do properly, as
the partial motor block present in patients in
group F would be obvious to both patients and
staff. The presence of 2 invasive catheters instead
of 1 could also increase discomfort and risk of
infection, although the risk of infection was esti-
mated to be very small. The fact that the study
was not done blind may especially have affected
the consumption of supplementary opioid, as the
opioid was supplied by nurses when asked for or
when deemed necessary, thus allowing bias from
the nursing staff. Data collection and analysis was
carried out by KT, who was not blinded since
catheter placement was obvious. Many other
studies of analgesic treatments are not done blind
due to the nature of the treatment. Secondly, it
may be argued that the use of controlled-release
oxycodone in both treatment groups may have
reduced pain too much and “washed out” any dif-
ferences between the 2 treatments. This was not
the case, however, as pain scores often exceeded
3 on the NRS and supplementary opioids were
needed. Thirdly, despite randomization, 18 of the
28 patients who did not receive oral NSAID due
to contraindications were in group I. If anything,
a more even distribution of the consumption of
NSAIDs between the 2 groups would probably
have accentuated the positive results found in
group [. Finally, 8 patients (2 in group F and 6 in
group 1) received NSAIDs other than ibuprofen,
the dosages of which were converted to ibuprofen
equivalents. This calculation may be associated
with some error.

The 3 active substances of the infiltration mix-
ture were ropivacaine, ketorolac, and epinephrine.
Ropivacaine is pharmacologically similar to bupi-
vacaine but is associated with less cardiac and cen-
tral nervous system toxicity, which allows patients
to tolerate a larger dose (Mather et al. 2005). The
addition of epinephrine helps to reduce the toxicity
of the local anesthetic by reducing the rate the drug
is released into the circulation. The maximum tol-
erated doses of local anesthetics with epinephrine
administered intraarticularly or by infiltration are
not properly established (Rosenberg et al. 2004).
Our patients received an initial dose of 300 mg
ropivacaine followed by 2 bolus injections of 200
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mg each. No patients reported tinnitus, tingling,
perioral numbness, or other toxic symptoms of
local anesthetics. No toxic blood levels of ropiva-
caine were measured in the study by Busch et al.
(using 400 mg ropivacaine for infiltration), or in
the study by Vendittoli et al. (using 400 mg ropi-
vacaine for infiltration and 150 mg for injection
on the following day). Several studies have shown
that NSAIDs have a clinically relevant peripheral
action, and that infiltration or injection provides
better pain relief than i.v. administration (Romsing
et al. 2000). We therefore added ketorolac to the
peri- and intraarticular solution. It is also estab-
lished that peripheral opioid receptors are induced
by inflammation (Stein et al. 2003), and there may
be some advantage to adding morphine to the peri-
and intraarticular solution as practiced by Busch et
al. Although helpful in delaying release of ropiva-
caine to the circulation, it is possible that epineph-
rine caused the wound necrosis of our patient who
needed a skin graft operation. Due to this concern,
the subcutaneous infiltration could be performed
without epinephrine. Further studies could uncover
the optimal dosage and composition of the peri-
and intraarticular solution.

The size of our study does not allow conclu-
sions to be drawn regarding the risk of deep knee
infection. In another study, the intraarticular cath-
eter was in place for 72 h, and no increased risk
of infection could be demonstrated (Rasmussen
et al. 2004). To our knowledge, our study is the
first to examine the combination of periarticular
infiltration and 2 postoperative intraarticular bolus
injections. Originally, our plan was to administer a
single subsequent bolus on the morning following
the operation, but an earlier bolus was introduced
because a preliminary pilot patient experienced a
need for supplementary analgesics at around 3-4
a.m. Patients may benefit from additional bolus
injections administered later than the morning of
the first postoperative day, which could be exam-
ined in further studies.

In conclusion, infiltration with multimodal drugs
followed by postoperative intraarticular bolus
injections seems to provide a good quality of anal-
gesia after TKA, without increased risks. Further
studies are needed to clarify the composition and
dose of the analgesic solution. Also, it is not known
whether patients might benefit from subsequent

bolus injections beyond the morning of the first
postoperative day.
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