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Abstract

Background We questioned whether the triple analgesic pathways procedure via local infiltration analgesia (LIA), peripheral
nerve blocks, and intrathecal morphine (ITM) is superior to LIA only for controlling pain after Total Knee Arthroplasty
(TKA).

Methods This retrospective study included 192 primary TKA patients. Group A (76 patients) received LIA only, Group B
(61 patients) had ITM, adductor canal block and LIA, while Group C (55 patients) received ITM, femoral nerve block and
LIA. A propensity score-matched analysis was used to compare visual analog scales (VAS) for pain intensity, total amount
of morphine consumption (TMC), angle of knee flexion, and length of hospital stay (LHS).

Results Group A showed significantly higher VAS than Group B at 12 h (4.27+£2.70 vs 2.42+2.35) and 18 h (4.24 £2.35
vs 2.18 £2.02), and significantly higher than Group C at 6 h (3.46+3.07 vs 0.60 £ 1.50), 12 h (4.27 +2.70 vs 0.89 + 1.48),
and 18 h postoperative (4.24 +2.35 vs 1.82 +2.18). However, the VAS of Group C and B converged to equalize with Group
A after 12 and 18 h, respectively. The TMC at 48 h postoperative of Group A was higher than that of Group B (p <0.01).
Nevertheless, there was no difference between groups in terms of knee flexion and LHS, except the LHS of Group B was
longer than Group A (p=0.04).

Conclusion Triple analgesic pathways could provide a better initial analgesic profile. However, the pain seems to be rebound
after resolution of nerve block and ITM, with potentially longer LHS.

Keywords Total knee arthroplasty - Adductor canal block - Intrathecal morphine - Local infiltration analgesia - Femoral
nerve block - Pain control

Introduction

Currently, pain control after total knee arthroplasty (TKA)
is moving toward multimodal analgesia which includes neu-
D4 Inthiporn Kositanurit raxial anesthesia (NA), peripheral nerve block (PNB), and
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risk of those unpleasant effects [3, 4]. Over recent years,
PNB, either femoral nerve block (FNB) or adductor canal
block (ACB) has become increasingly incorporated into
multimodal regimens to enhance patient recovery after
TKA. Alternatively, surgeon-administered LIA has gained
popularity due to its simplicity as an anesthetic infiltration
method at the surgical site and its proven efficacy [5].
However, it is still inconclusive whether one analgesic
technique is more effective than the other for managing
post-TKA pain [4, 6]. Moreover, controversy remains over
how many analgesic techniques and what combination is
enough for enhancing recovery after TKA. Some studies
reveal various multimodal regimens including combined
local and regional anesthesia, and triple or quadruple nerve
blocks, however, there is seldom a report on the efficacy of
using a combination of triple analgesic pathways via LIA,
PNB, and ITM [7-9]. Hence, the purpose of this study was
to evaluate perioperative outcomes after TKA in patients
who received this triple analgesic approach when compared
to those who had LIA only. We hypothesized that this mul-
timodal analgesia may improve perioperative pain control
and rapid patient recovery than utilizing a single approach.

Methods

We conducted a retrospective analysis of patients who had
undergone unilateral primary TKA, by a single surgeon,
from January 2018 to July 2020. Cases where patients,
before their surgery, had a history of knee infection, a pre-
vious knee surgery, or had been previously diagnosed with
secondary osteoarthritis, were excluded. With these exclu-
sions, the cases of 192 patients who had undergone TKA
procedures were included. These TKAs procedures had been
attended variously by seven anesthesiologists, applying their
preferred anesthetic techniques.

The 192 patient cases were divided into three groups
regarding preferred method of individual anesthesiologist:
Group A, as the control group, consisted of 76 patients
who had received spinal anesthesia (SA) only. Group B, 61
patients who had ITM and a single shot of adductor canal
block (ACB), and Group C comprised 55 patients who
had received ITM and a single shot of femoral nerve block
(FNB). Three anesthesiologists had been involved with the
patients in Group A, three in Group B, and one with Group C
patients. All patients also received local infiltration analgesia
(LIA) which was administered by surgeon. The study was
approved by our Institutional Review Board (IRB) before
data collection.

In the TKA procedures undertaken by the patients, all
the patients had received preemptive medication that com-
prised gabapentin and anxiolytic drug on the night before
the index surgery. For Group B, a single shot of ACB was
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administered prior to SA with 10 ml of 0.5% bupivacaine
which was diluted with normal saline solution (NSS) to a
total volume of 20 ml, by using ultrasonography guidance.
For Group C, analgesic cocktails consisting of 2 ml of 0.5%
bupivacaine, 6 ml of 2% lidocaine with epinephrine, 4 mg
of dexamethasone, and 2 mg of morphine were used to per-
form a single shot of traditional FNB, by using landmark,
prior to SA. The SA was performed at the L2-3 or L3-4
intervertebral space with bupivacaine (0.5% Heavy Mar-
caine, AstraZeneca, Sweden) for all patients, and 0.2 mg of
morphine was added into the bupivacaine during the SA in
Group B and C.

A prophylactic antibiotic had been administered before
all the TKA procedures. A standard medial parapatellar
arthrotomy with approximately 10 cm of skin incision was
performed under tourniquet pressure of 250 mmHg. The
proximal tibia bone cut was prepared by using conventional
extramedullary reference guides, whereas the distal femo-
ral bone was cut via intramedullary reference guides. The
soft tissue was balanced to achieve appropriate flexion and
extension gap. For Group A patients, analgesic cocktails
consisting of 20 ml of 0.5% bupivacaine and 30 mg ketorolac
(Ketolac 1 ml, SiuGuan, Taiwan), which were diluted with
NSS to a total volume of 75 ml, were then applied as LIA.
In Group B and C patients, LIA was administered using an
analgesic cocktail consisting of 10 ml of 0.5% bupivacaine
and 30 mg of ketorolac, which were diluted with NSS to a
total volume of 75 ml. Fixed-bearing (FB), posterior stabi-
lized (PS) TKA prostheses were implanted with bone cement
in all patients. A suction drain was applied, and 15 mg/kg
of intra-articular tranexamic acid was poured into the knee
joint before the arthrotomy closure. A compressive dressing
was applied while the drain was clamped for 3 h and was
subsequently removed at 24 h.

During the first 48 h postoperative, Group A and B had
intravenous patient-controlled analgesia (PCA) morphine,
which was set to inject an on-demand bolus of 1 of a 100 ml
solution containing morphine sulfate 50 mg (0.5 mg/ml)
with a 5 min lockout period, while patients in Group C did
not receive any opioids during the first 24 h. Intravenous
(IV) 30 mg of ketorolac was also given every 8 h to all
groups. After 48 h, the morphine PCA and ketorolac were
discarded, and thereby 2 mg (mg) of morphine were given
intravenously every 8 h. Additionally, 250 mg of oral nap-
roxen was administered twice a day, and an extra 2 mg of
IV morphine was given on-demand as rescue analgesia until
discharge. Postoperative physical therapy which included a
continuous passive motion (CPM) device and early ambu-
lation with gait aids were started on the next day after the
index surgery in all groups.

The primary outcomes of this study are a comparison of
10 cm visual analog scales (VAS) for postoperative pain at
rest and the total amount of morphine consumption (TMC)
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during the first 48 h, between the three different pain regimes
applied to the patients in Group A, B and C. The secondary
outcomes included analysis of the angle of knee flexion, the
incidence of postoperative nausea and vomiting (PONV),
length of hospital stay (LHS), as well as any other compli-
cations experienced. In addition, the patients’ total blood
volume (TBV) was calculated using the equation of Nadler
et al. [10]. The difference between preoperative and 24 h
postoperative hemoglobin (Hb) was applied with the hemo-
globin balance method to determine perioperative blood loss
(PBL) [11]. Patients would have received a blood transfusion
when serum Hb level dropped below 9.0 g/dl which is our
institution transfusion trigger. All the aforementioned out-
comes were routinely recorded by group of assessors who
were blinded to the analgesic modalities.

Statistical analysis

A propensity score-matched analysis was used to reduce
the confounding among the three groups of patients. These
confounding adjustments included age, gender, body mass
index (BMI), American Society of Anesthesiologists (ASA)
physical status classification, and level of preoperative Hb
which was determined as no-anemia (Hb > 12 for female
and > 13 for male) vs anemia (Hb < 12 for female and < 13
for male). All measured characteristics and outcomes were
summarized with descriptive statistics and were presented as
means and standard deviation, frequencies and percentages
as appropriate. All outcomes were compared between groups
using ANOVA for continuous variables and Chi-square for
categorical variables. According to a systemic review of

minimal clinically important differences (MCID) for pain
management following total hip and knee arthroplasty, the
MCID of VAS at rest was 1.5 [12], the sample size of at least
55 patients in each arm provided 88.2% power with type I
error of 5% to detect a difference of 1.5 of VAS with SD of
2.5. Stata/MP 15.0 software (StataCorp LP, College Station,
TX, USA) was used for all statistical analyses. Statistical
significance was defined as p <0.05.

Results

After propensity score-matched method, there were
remaining 182 patients with no significant differences in
demographic parameters (Table 1).

While the mean preoperative VAS was comparable
among three anesthetic groups. The mean VAS for pain
scores at 6, 12, and 18 h after the surgery were significantly
different between groups (Table 2). After post hoc pair-
wise comparisons, Group A showed significantly higher
VAS than Group B at 12 (p <0.01) and 18 h (p <0.01), and
higher than Group C at 6, 12, and 18 h after the surgery
(»<0.01, p<0.01, and p <0.01, respectively), while Group
B had significantly higher VAS than Group C at 6 and 12 h
postoperative (p=0.01 and p=0.01, respectively) (Fig. 1
and Table 3). However, the pain score of Group B increased
from 18 h onward and for Group C it increased from 12 h
onward, with the VAS of both groups were not significantly
different from Group A at 24-96 h postoperative. The TMC
at 24 and 48 h postoperative of Group A was significantly
higher than that of Group B (p <0.01), while Group C did

Table 1 Demographic characteristics of patients in three anesthetic groups after propensity score matching

Before propensity score matching (N=192)

After propensity score matching (N=182)

Group A Group B Group C p-value Group A Group B Group C p-value
N 76 61 55 72 55 55
Age 65.33+7.50 68.10+7.79 65.78 +8.16 0.10 65.17+7.65 67.75+7.98 65.78+8.16 0.18
Gender
Female 63 (82.9%) 55 (90.2%) 47 (85.5%) 0.47 59 (81.9%) 50 (90.9%) 47 (85.5%) 0.36
Male 13 (17.1%) 6 (9.8%) 8 (14.5%) 13 (18.1%) 509.1%) 8 (14.5%)
BMI 26.92+3.62 27.30+5.32 27.03+4.33 0.88 27.04+3.64 27.34+5.56 27.03+4.33 0.92
ASA
1 3(3.9%) 0 (0%) 2 (3.6%) 0.15 2 (2.8%) 0 (0%) 2 (3.6%) 0.46
2 52 (68.4%) 33 (54.1%) 32 (58.2%) 49 (68.1%) 33 (60%) 32 (58.2%)
3 21 (27.6%) 28 (45.9%) 21 (38.2%) 21 (29.2%) 22 (40%) 21 (38.2%)
Pre-op Hb
No-anemia 55 (72.4%) 36 (59%) 35 (63.6%) 0.25 55 (76.4%) 36 (65.5%) 35 (63.6%) 0.23
Anemia 21 (27.6%) 25 (41%) 20 (36.4%) 17 (23.6%) 19 (34.5%) 20 (36.4%)

PAI=periarticular anesthetic injection, ACB =adductor canal block, FB =femoral block, ITM =intrathecal morphine, No-anemia = preoperative
Hb > 12 in female, and > 13 in male, Anemia=preoperative Hb < 12 in female, and < 13 in male ANOVA test and Chi-square test
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Table 2 Comparison of all
measured outcomes among
three anesthetic groups after
propensity score matching

Fig.1 Mean VAS at 6-96 hours
postoperative among three
anesthetic groups

not receive either morphine via PCA or equivalent opioids

during the first 24 h (Table 2).

There was no difference in angle of knee flexion among
the groups preoperative or postoperative during the study
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Group A Group B Group C p value

(N=T2) (N=55) (N=55)
Visual analog scale for pain intensity
Preoperative 6.68+2.16 6.82+2.08 6.94+1.381 0.84
6h 3.46+£3.07 2.48+2.89 0.60+1.50 <0.01*
12h 4.27+2.70 242+2.35 0.89+1.48 <0.01*
18 h 4.24+2.35 2.18+2.02 1.82+2.18 <0.01*
24 h 3.73+2.02 3.50+2.42 2.71+2.41 0.05
48 h 3.13+1.81 329+2.12 3.26+2.30 0.89
72h 224+1.87 2.53+2.12 2.79+1.98 0.32
96 h 1.46+1.35 1.84+1.53 1.48+1.88 0.13
Angle of knee flexion
Preoperative 111.24+14.19 104.93+18.51 103.36+20.33 0.09
24 h 53.18£16.66 51.89+18.38 57.719+£16.75 0.18
48 h 74.27+17.72 72.75+16.40 76.02+14.17 0.59
72h 82.70+13.37 81.36 +14.23 86.95+10.88 0.13
96 h 90.43+11.66 87.44+13.16 91.06+11.69 0.37
Total morphine consumption
During the first 24 h 11.87+£10.27 4.17+£5.27 N/A <0.01*
During the first 48 h 16.05+14.09 6.40+£8.22 N/A <0.01*
PBL at 24 h postoperative

447.19 +£235.89 590.23 +£269.42 641.24 +355.12 <0.01*
Blood transfusion rate
Blood transfusion rate 5.6% (4/72) 18.2% (10/55) 16.4% (9/55) 0.06
Postoperative nausea and vomit (PONV)
During the first 24 h 41.7% (30/72) 61.8% (34/55) 65.5% (36/55) 0.07
After 24 h 4.2% (3/72) 0% (0/55) 3.6% (2/55) 0.40

Asterisks (*) indicate the statistically significant differences among the groups (ANOVA)
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period. The incidence of PONV during the first 24 h and

afterward was not significantly different among groups.

Patients in Group A had significantly less mean PBL than
those of Group B (p=0.04) and Group C (p <0.01), while
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Table 3 Post hoc pairwise comparisons of postoperative VAS among
groups A/B/C after propensity score matching

Time since Post hoc pairwise comparisons p-value
operation
Group A/B Group A/C Group B/C
6h 0.18 <0.01* 0.01%*
12h <0.01* <0.01* 0.01%*
18 h <0.01* <0.01* 0.79
24 h 0.85 0.05 0.20

Asterisks (*) indicate the statistically significant differences among
the groups

there was no difference between Group B and C. The blood
transfusion rate of patients in Groups B and C tended to
be higher than in Group A, but this was not statistically
significant (Table 2). The average LHS of Group B was
significantly longer than Group A (p=0.04), while there
was no difference between Group A and C, or between
Group B and C (Fig. 2). Additionally, no acute complica-
tions were identified, such as infection, wound problem,
venous thromboembolism, and adverse event related to
analgesic procedures such as nerve injury and fall.

Discussion

Although the field of anesthesia has made substantial
advances in pain control and recovery after TKA, the benefit
of using multiple analgesic pathways which include neu-
raxial and peripheral regional anesthetic techniques and LIA
has yet to be evaluated. In the present study, we found that
Group C showed significantly lower mean VAS than Group
A at 6, 12, 18 h postoperative, and significantly lower than
Group B at 6 and 12 h after the surgery. Patients in Group B
had significantly lower mean VAS than those who in Group

A at 12 and 18 h after TKA, and thus required significantly
less morphine via PCA at 24 and 48 h compared to Group
A. By using low-dose ITM (0.2 mg), we found that the
incidence of PONV was not significantly different among
groups. These findings accorded with a study by Cheah et al.
[13] who demonstrated that ITM could reduce initial pain
scores and opioid consumption, without a higher incidence
of PONV. The meta-analysis also showed that an ITM dose
of less than 0.3 mg had a significantly lower risk of negative
side effects such as PONV, pruritus and respiratory depres-
sion than a dose greater than 0.3 mg [3].

Despite early analgesic benefits, we found the pain score
of Group C increased from 12 h, while Group B began from
18 h onward. Additionally, patients in Group B stayed in the
hospital significantly longer than Group A. This finding has
been well recognized after PNB resolution which the noci-
ceptive input from the site of injury could become apparent
and the pain trajectory is converged [14]. Performing ACB
with ultrasound guidance in Group B, which could reduce
mechanical trauma to the nerve as opposed to landmarks
or paresthesia-based approaches, may be the reason why
rebound response occurs later than those of Group C [15].
Co-administration of dexamethasone, morphine and bupiv-
acaine for FNB in Group C may provide an intense analgesic
effect and that may be another explanation of early rebound
response following FNB resolution [16, 17]. Otherwise, this
rebound phenomenon may be a response following the ini-
tial analgesia effect of ITM which is often very obvious.
Kaczocha et al. [18] demonstrated a significant reduction of
levels of circulating cortisol and endogenous cannabinoids
in patients undergoing TKA with ITM compared to those
who received a placebo. They hypothesized that activation
of the central opioid receptors will mitigate stress response
to surgical procedures, and then suppress the biosynthesis of
endogenous cannabinoids. Also, France et al. [19] revealed
that a single injection of ITM could reduce pain score and

Fig.2 Average LHS among
three anesthetic groups 10
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TMC during the first 24 h after posterolateral lumbar fusion
surgery. Nevertheless, the pain scores and TMC required in
ITM group was more than that of the control group after-
ward. Furthermore, a recent meta-analysis showed that
additional ITM may contribute to poor mobilization and
prolonged hospital stay in patients undergoing total knee
and hip arthroplasty when compared to using PAI only [4].
Thus, patient education on appropriate expectations regard-
ing PNB and ITM offset could help alleviate unsatisfactory
responses.

In previous studies, inadequate pain control after TKA
has been demonstrated to be possibly associated with higher
perioperative blood loss and stress on the cardiovascular sys-
tem [20, 21]. Interestingly, although the patients in Group
B and C had significantly lower pain scores than those who
received PAI only, they conversely had significantly more
PBL than patients in Group A and also tended to require
more blood transfusion. We hypothesized that the intrathe-
cal morphine might decrease sympathetic nerve activity and
thereby cause peripheral venodilation at the surgical site and
increase blood loss [22].

Nevertheless, we are aware of some limitations in the pre-
sent study. The first, inherent limitation is associated with a
retrospective study of this type. Hence, the propensity score
matching was applied to mitigate some confounding factors
in the demographics of all groups. Second, there were seven
anesthesiologists involved in our study. Nonetheless, this
situation may allow for better external validity as well as bet-
ter reflect real-life practice because all the anesthesiologists
independently performed a preferred analgesic technique
with their expertise.

Conclusion

Triple analgesic pathways could provide a better initial
analgesic profile. However, the pain seems to be rebound
after resolution of nerve block and ITM. Moreover, patient
who received this triple analgesic approach had significantly
more blood loss and tended to have longer LHS than those
who received LIA only. Hence, the risk-benefit balanced
when using this multimodal analgesia should be carefully
assessed based on the individual patient’s condition.
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