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ABSTRACT

Objectives: This study aims to evaluate the analgesic and
functional efficacy of subcutaneous local analgesic infusion
(ScLAI) in the early postoperative period (especially on the
second postoperative day) in patients undergoing simultaneous
bilateral total knee arthroplasty with an intraoperative
periarticular injection (PAI) of local analgesic cocktail.

Patients and methods: Fifteen patients (I male, 14 females;
mean age 62 years; range 52 to 76 years) who underwent
simultaneous bilateral total knee arthroplasty (30 knees) and who
received the same pre- and intraoperative analgesic protocols were
included in this randomized, double-blind, placebo-controlled
study. By using a flexible catheter, bupivacaine was administered
for ScLAI to either knee (ScLAI group) and placebo infusion
was applied to the other one (control group). Postoperative
visual analog scale (VAS) pain scores and knee functions were
compared between bupivacain and placebo infused knees.

Results: In the ScLAI group, VAS pain scores were lower
than the control group during knee flexion and straight leg
raise activities (SLR) on the second postoperative day. ScLAI
also prevented the rebound pain following intraoperative
PAI of local analgesic cocktail and prolonged the analgesic
efficacy period of the cocktail during both knee flexion and
SLR.

Conclusion: Subcutaneous infusion of bupivacaine in patients
undergoing simultaneous bilateral total knee arthroplasty may
prevent emergence of the rebound pain arising after application
of intraoperative PAI of local analgesic cocktail and prolong the
analgesic efficacy of the cocktail during both knee flexion and
SLR activities on the second postoperative day.
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Amag: Bu calismada es zamanli iki tarafli total diz
artroplastisi sirasinda lokal analjezik kokteylinin periartikiiler
enjeksiyonu (PAE) uygulanan hastalarda cilt alt1 lokal analjezik
infuzyonunun (CaLAI) ameliyat sonrasi erken donemdeki
(0zellikle ameliyat sonrast ikinci giin) analjezik ve fonksiyonel
etkinligi degerlendirildi.

Hastalar ve yontemler: Es zamanli iki tarafli total diz
artroplastisi uygulanan ve ameliyat Oncesi ve sirasinda ayni
analjezik protokolleri alan 15 hasta (1 erkek, 14 kadin; ort.
yas 62 yil; dagilim 52-76 yil) (30 diz) bu randomize, ¢ift kor,
plasebo kontrollii caligmaya dahil edildi. Esnek bir kateter
kullanilarak CalLAI amaciyla dizlerden birine bupivakain
(CaLAI grubu) digerine ise plasebo infuzyonu (kontrol grubu)
uygulandi. Bupivakain ve plasebo infuzyonu yapilan dizler
arasinda ameliyat sonrast gorsel agr1 olcegi (GAO) skorlar1 ve
diz fonksiyonlar1 karsilagtirildi.

Bulgular: Ameliyat sonrasi ikinci giinde CaL Al grubunda diz
fleksiyonu ve duiz bacak kaldirma (DBK) aktiviteleri sirasinda
GAD skorlar1 kontrol grubundan daha dusiuktu. CaLAI ayn1
zamanda ameliyat sirasinda yapilan lokal analjezik kokteylinin
PAE sonrasinda gorulen tepki (rebound) agrist olusumunu
engelledi ve hem diz fleksiyonu hem de DBK sirasinda
kokteylin analjezik etkinlik suiresini uzatti.

Sonug: Cilt alt1 bupivakain infuzyonu, es zamanli iki tarafli
total diz artroplastisi uygulanan hastalarda ameliyat sonrasi
ikinci gunde ameliyat sirasinda uygulanan lokal analjezik
kokteylinin PAE sonrasinda gorulen tepki agrisinin ortaya
cikmasini Onleyebilir ve hem diz fleksiyonu hem de DBK
aktiviteleri sirasinda kokteylin analjezik etkinligini uzatabilir.

Anahtar sozciikler: Anestezi ve analjezi; artroplasti; diz; agri
yonetimi; replasman.
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Simultaneous bilateral total knee arthroplasty
(SBTKA) is a major surgery associated with increased
pain and delayed recovery in early postoperative
period when compared with unilateral total knee
arthroplasty (TKA).'? Total knee arthroplasty is a
standard method of treatment for various disabling
disorders of the knee and has proven long-term
success.® Several methods to overcome postoperative
pain after TKA (such as intrathecal morphine,
epidural block, femoral or sciatic nerve blocks,
periarticular multimodal drug injection [anesthetic
cocktail], and intravenous opioids) are currently
used.?>*% However, each method has its potential
side effects.

Periarticular injection (PAI) with multimodal
drugs in TKA provides targeting the origin of
pain and minimizing side effects of the drugs and
maximizing potential for immediate mobility and
muscle control.F!

Both administration of intraoperative PAI*”) and
postoperative continuous subcutaneous infusion
with local anesthetics have been reported to be
efficient in TKA .l However, the extent and duration
of pain relieving effects of these pain control
protocols vary between studies that encourage
their use.l*”l Moreover, Lombardi et al.¥! and Koh
et al.l% observed a rebound effect with higher
pain levels after applying PAI on postoperative
days (PODs) one and two in the study group. To
our knowledge, no study evaluated whether local
analgesic administration to the subcutaneous tissue
would overcome the rebound pain in the early
postoperative period and prolong the analgesic
effect of the intraoperative PAIL

In this study, we aimed to evaluate the analgesic
and functional efficacy of subcutaneous local
analgesic infusion (ScLAI) in the early postoperative
period (especially on the second POD) in patients
undergoing SBTKA with an intraoperative PAI of
local analgesic cocktail.

TABLE |

Contents of analgesic cocktail and their amounts and doses
Drug Dose Amount
Bupivacaine 0.5% (mg) 150 30
Morphine sulphate (mg) 5 0.5
Methylprednisolone acetate (mg) 40 1
Cefuroxime (mg) 750 10
Sodium chloride 0.9% wt/vol (mL) 18.2 18.2
Epinephrine 1/1000 (ug) 300 0.3
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PATIENTS AND METHODS

This prospective, double-blind, randomized and
placebo-controlled study included 15 consecutive
patients (1 male, 14 females; mean age 62 years; range
52 to 76 years) who underwent SBTKA. The study was
conducted following approval by the Institutional
Review Board. All patients provided their informed
consents to participate in the study. The inclusion
criteria included a diagnosis of primary osteoarthritis,
a mental ability to provide informed consent, and to
cooperate on the use of patient controlled analgesia
(PCA) pump. The exclusion criteria included allergies
to any of the drugs injected, acute or chronic knee
infection, previous major bone surgery involving
the knee joint, regular use of the narcotics, and low
mental status to understand how to use the PCA
pump.

All patients were operated under general
anesthesia. The tourniquet was inflated just before
incision and released after skin closure. The same
surgeon using standard medial parapatellar approach
performed all the TKAs sequentially. All patients
received PAI of analgesic cocktail. The content and
amounts of the analgesic cocktail are shown in Table L.
A total of 60 mL cocktail was used for each knee. One
third of the solution (20 mL) was injected into the
posterior aspect of the capsule and medial and lateral
collateral ligaments just prior to implantation of the
components. After insertion of the prosthesis, 20 mL
solution was infiltrated along quadriceps mechanism
and the retinacular tissues. Another 20 mL was
used to infiltrate the anterior subcutaneous tissues.
A vacuum drain was placed into the knee joint and
the capsule and extensor mechanism were repaired
watertight. After joint closure, a multi-holed flat
silicone catheter of a Jackson-Pratt® drain (Cardinal
Health, Dublin, OH, USA) was placed subcutaneously

.?:1:'1] Dot --i [ ——

Figure 1. (a, b) Dimensions of Jackson-Pratt® drain.
(c) Drain placed over watertight repaired capsule and extensor
mechanism.
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TABLE Il

Medications received by patients
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Routine medications

Diclofenac sodium 75 mg 2x1 (O)
Acetaminophen 500 mg  4x1 (O)
Cefazoline sodium 29 3x1 (IV)
Low-molecular-weight heparin (Bemiparin sodium) 3500 IU  1x1 (SC)

From morning of surgery to discharge
From morning of surgery to discharge

Thirty minutes before surgery, twice
postoperatively with eight hours of interval

Daily for 15 days

Postoperative pain medications

Morphine (IV PCA) A bolus of 1 mg,
a lock-out of six minutes,
and a maximum of

10 mg/ hour (IV)
Tramadol HCI 37.5 mg + paracetamol Every 8 hours, (O)

325 mg (Zaldiar®)
Tramadol HCI (Contramal®) 100 mg in 100 mL

0.9% saline infusion
in 30 minutes (1V)

For 24 hours after the surgery

When the postoperative VAS score at
rest was =3,

When the postoperative VAS score
at rest was >7

O: Oral; IV: Intravenous; SC: Subcutaneous; PCA: Patient controlled analgesia; VAS: Visual analog scale; HCI: Hydrochloride.

over the capsule (Figure 1a-c). The postoperative pain
medications which the patients received are given in
Table II.

The patients and surgeons were blinded to the
infused solution to either knee and the anesthetist
randomly conducted the infusions for both knees.
Twenty-four hours after the operation, intravenous
PCA was discontinued and continuous subcutaneous
infusion of 40 mL bupivacaine (5 mg/mL) with
20 mL 0.9% saline in one knee (ScLAI group) and
60 mL 0.9% saline in the contralateral knee with a
rate of 3 mL/hour (control group) were initiated by
using PCA pump. The vacuum drain was removed
on the second POD. Wounds were evaluated daily
to determine whether any signs of skin ischemia or
infection were present.

One of the authors recorded the primary outcome
values -postoperative pain levels reported by the
patient- with use of a visual analog scale (VAS)
ranging from 0 to 10. The assessments in the early
postoperative period were conducted during resting
and the activities of the knee [flexion and straight leg
raise (SLR)] at the second, fourth, sixth, eighth, 10%,
and 12" hours after the operation; and hourly during
16 hours after starting subcutaneous infiltration
through the catheter.

The secondary outcome variables involved
functional recovery. Functional recovery of the knee
was evaluated by monitoring the ability to perform
active SLR and measuring active knee flexion with

the patient in supine position and the extensor lag in
sitting positions on PODs two, three, and six. Angular
measurements were performed with a goniometer.

Data from a previous study on bilateral knee
arthroplasty indicated that presence of 13 patients
were required in each group to demonstrate a 20%
difference in the pain score upon flexion of the knee
four hours postoperatively, with a significance of
0.05 and a power of 0.80.®1 Thus, 15 patients were
included in the study to compensate for inaccuracies.

Statistical analysis

SPSS version 15.0 software for Windows (SPSS
Inc.,, Chicago, IL, USA) was used for the statistical
analyses. The mean values and standard deviations
were calculated for descriptive statistics of continuous
variables and median values for discrete variables.
The means of groups were analyzed by using
student’s t-test. Paired sample t test was used to
compare the mean values of the same variable which
was measured at different time periods. Pearson’s
correlation coefficient was used to analyze whether
significant correlation exists between the parameters.
Two tailed hypothesis was considered in the analyses
and statistical significance was defined as p<0.05.

RESULTS

The mean weight of the patients was 88.9 kg (range
70 to 120 kg). There were no significant differences
in the mean preoperative and early postoperative
VAS scores at rest and during movement between
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TABLE Il
Demographics of the patients and pain levels and functional results
(degree of flexion, straight leg raise and degree of extension lag) of the groups
ScLAI Control
n Mean Range n Mean Range p

Number of patients (n=15)

Females 14 14

Male 1 1
Number of knees (n=15)

Right 8 7

Left 7 8
Mean age (years) 62.3 52-76 62.3 52-76
Mean weight (kg) 88.9 70-120 88.9 70-120
Mean operation time (minutes) 119.6 90-180 112 80-150 0.410
Mean tourniquet time (minutes) 88.7 59-127 84.5 50-137 0.573
Implant type 10 CR-5PS 10 CR-5PS 1.000
Preoperative VAS rest 7.2 7.3 0.842
EPOVAS rest 4.3 4.3 0.976
Postoperative 2" day VAS rest 21 25 0.084
Preoperative VAS flexion 79 8.0 0.842
EPOVAS flexion 4.5 4.3 0.876
Postoperative 2" day VAS flexion 3.2 3.5 0.001*
Preoperative VAS SLR 7.6 7.9 0.664
EPOVAS SLR 3.6 3.2 0.401
Postoperative 2" day VAS SLR 3.1 4.0 0.000*
Preoperative max. flexion (°) 116.3 119.3 0.697
Postoperative 2" day max. flexion (°) 65.0 60.0 0.632
Postoperative 3 day max. flexion (°) 76.3 75.7 0.941
Postoperative 6" day max. flexion (°) 104.0 104.3 0.950
Preoperative extension Lag (°) 2.0 2.3 0.754
Postoperative 2 day extension Lag (°) 5.7 5.0 0.326
Postoperative 3 day extension Lag (°) 5.0 4.7 0.667
Postoperative 6" day extension Lag (°) 3.0 3.3 0.749

ScLAl: Subcutaneous infusion of local analgesics; CR: Cruciate retaining; PS: Posterior stabilized; VAS: Visual analog scale score; EPOVAS: Early postoperative mean visual

analog scale score; SLR: Straight leg raise.

the ScLATI and control groups, as well as the range of
motion, operation time, implant type, and tourniquet
time (Table III).

The mean VAS scores during knee flexion and
SLR in the second POD were statistically significantly
different (p<0.05) between the ScLAI and control
groups (Figures 2, 3). A rebound pain was observed
in the control group during knee flexion and SLR
activities on the second POD (Table III).

There was a correlation between the duration of
tourniquet use and VAS scores during the SLR activities
at the second and fourth hours after the operation
(p=0.045, r=0.642 and p=0.037, r=0.662, respectively).

The ScLAI and control groups achieved similar
ranges of active flexion in the first six PODs (65° vs.

60° on POD two; 76.3° vs. 75.7° on POD three; 104°
vs. 104.3° on POD six). Furthermore, no significant
differences were found in terms of SLR activities
between the groups (Table III).

We observed no clinically detectable, serious drug
related adverse effects such as cardiac and/or nervous
system toxicity, or no superficial or deep infections.

DISCUSSION

This study demonstrated that SCLAI administered
in patients undergoing SBTKA on the second day
after surgery not only prevented the rebound
pain during SLR activities but also prolonged the
analgesic efficacy of the intraoperative PAI of local
analgesic cocktail during both knee flexion and SLR
activities.
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Postoperative 2™ day VAS flexion
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Figure 2. Mean visual analog pain scores for knees infiltrated
with bupivacaine (ScLAIl: Subcutaneous local analgesic

infusion) or placebo during knee flexion on the second
postoperative day. VAS: Visual analog scale.

Since pain thresholds vary between individuals,
conclusions in studies conducted on different subjects
may be confusing and conflicting. Evaluation of pain
by the same subject may overcome this drawback.
Unlike previous studies®*™® investigating the
efficacy of intraoperative PAI in two different study
groups, our study group included patients who
blindly assessed pain levels between their knees and
therefore served as an internal control as in studies of
similar design in the literature.®

Another advantage of the current study is that
the use of intravenous PCA was limited to 24 hours.
Therefore, the pain and functional scores in both
groups were evaluated without the masking effect
of PCA. We believe that the total amount of opioid
consumption may be neglected, because the same
patient evaluated the pain levels between both knees.

This study has several limitations. First, although
no superficial or deep infections were observed, the
potential risk of infection while using a catheter
should not be ignored. We placed the catheter
subcutaneously to reduce the risk of deep infection
as previously stated.® Second, although it is well-
known that bupivacaine has cytotoxic,™ cardiotoxic
and neurotoxic effects,? plasma level of bupivacaine
was not measured. However, no bupivacaine-induced
side effects were observed in the present study. In
various studies, the dose of bupivacaine used in
cocktails differs. In this study, we used a total dose
of 300 mg bupivacaine, which is below the maximum
safe total daily dose of 400 mg." Third, although
we did not record VAS scores of the patients after
removal of the catheters, we did not receive any
negative feedback in respect to pain from the patients
after stopping the ScLAI. However, whether ScLAI
postponed or completely prevented the rebound pain
after intraoperative PAI of local analgesic cocktail can
be questioned.
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Figure 3. Mean visual analog pain scores for knees infiltrated
with bupivacaine (ScLAIl: Subcutaneous local analgesic
infusion) or placebo during straight leg raise on the second
postoperative day. VAS: Visual analog scale; SLR: Straight leg raise.

While the continuous ScLAI via a multi-holed
catheter partly prolongs the analgesic effect
of the intraoperative PAI that provides sufficient
postoperative analgesia in the early postoperative
period, future comparative trials using other methods
or local analgesics need to incorporate well-defined
methods to prolong the duration of analgesia.

Conclusion

Subcutaneous infusion of bupivacaine in patients
undergoing SBTKA prevented emergence of the
rebound pain after application of intraoperative PAI
of local analgesic cocktail and prolonged the analgesic
efficacy of the analgesic cocktail during both knee
flexion and SLR activities on the second day after the
surgery but did not change the final range of motion
at the end of the sixth day.
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