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ABSTRACT (T HAI) 

 วชิรา อุดมพรมงคล : ประสิทธิภาพการฉีด dexmedetomidine ร่วมกบั bupivacaine รอบเส้นประสาทในการท า 
adductor canal block ตอ่ผลการระงบัปวดหลงัผ่าตดัเปลี่ยนขอ้เข่า : การศึกษาเปรียบเทียบแบบสุ่ม. ( Analgesic 
efficacy of perineural dexmedetomidine with bupivacaine in adductor canal block for post total knee arthroplasty: 
a randomized controlled trial) อ.ที่ปรึกษาหลกั : รศ. นพ.ป่ิน ศรีประจิตติชยั 

  
บทคดัย่อ 

บทน า: การผ่าตัดเปลี่ยนข้อเข่ามีความสัมพันธ์กับอาการปวดรุนแรงหลงัผ่าตัด  และต้องการวิธีระงับปวดที่ มี
ประสิทธิภาพเพื่อการฟ้ืนตวัที่ดี การท า adductor canal block เป็นวิธีการระงบัปวดที่ยอมรับในปัจจุบนั  และ dexmedetomidine 
เป็นยาเสริมที่มีพบว่าสามารถช่วยเสริมฤทธ์ิยาชาเม่ือท าการฉีดร่วมกนั 

วตัถุประสงค:์ การศึกษาครั้ งน้ีมีวตัถุประสงค์หลกัเพื่อศึกษาประสิทธิภาพการระงบัปวด และวตัถุประสงค์รองเพื่อ
ศึกษาความสามารถในการลุกเดิน  ความพีงพอใจของผู้ป่วย  และภาวะแทรกซ้อนของการฉีด  dexmedetomidine ร่วมกับ 
bupivacaine รอบเส้นประสาทในการท า adductor canal block ในผูป่้วยหลงัผ่าตดัเปลี่ยนขอ้เข่า 

วิธีการศึกษา: ผูป่้วยจ านวน 60 ราย อายุ 18-85 ปี ASA status I-III มารับการผ่าตดัเปลี่ยนเข่าขา้งเดียวเป็นครั้ งแรก
ภายใต้การฉีดยาชาเขา้ช่องไขสันหลงั ได้รับการสุ่มแยกเป็น 2 กลุ่ม โดยกลุ่ม C ได้รับ 20 มล. 0.25% bupivacaine และกลุ่ม D 
ไดร้ับ 20 มล. 0.25% bupivacaine ร่วมกบั 0.5 มคก/กก. dexmedetomidine ในการท า adductor canal block และท าการเก็บขอ้มูล
ระยะเวลาการกดขอยาแก้ปวดครั้ งแรก ปริมาณมอร์ฟีนที่ได้รับใน 24 ชั่วโมงหลงัผ่าตดั คะแนนความปวดหลงัผ่าตดั แรงของ
กลา้มเน้ือ quadriceps Timed up & Go (TUG) test ความพึงพอใจของผูป่้วย และภาวะแทรกซ้อน 

ผลการศึกษา:  ขอ้มูลผูป่้วยเบื้องตน้และขอ้มูลการผ่าตดัไม่มีความแตกต่างกนัระหว่าง 2 กลุ่ม ระยะเวลาการกดขอยา
แกป้วดครั้ งแรก (นาท)ี (กลุ่ม C: 196 [95% CI: 89, 363], กลุ่ม B: 184 [105, 267], และ P-value=0.112) ปริมาณมอร์ฟีนที่ไดร้ับใน 
24 ชัว่โมงหลงัผ่าตดั (มิลลิกรัม) (กลุ่ม C: 6.5 [Q1, Q3: 4, 10], กลุ่ม D: 9 [3.25, 14.50] และ P-value=0.245) คะแนนความปวดหลงั
ผ่าตดัในขณะพกัและขณะขยบั (คะแนน 0-10) (P-value=0.829 และ 0.888 ตามล าดับ)ไม่พบความแตกต่างอย่างมีนัยส าคญัทาง
สถิติระหว่าง 2 กลุ่ม และไม่พบมีความแตกต่างอย่างมีนัยส าคัญของแรงของกล้ามเน้ือ quadriceps (ทอร์ก) และการท า TUG 
test (นาท)ี ก่อนและหลงัผ่าตดั 48 ชัว่โมง รวมถึงความพึงพอใจของผูป่้วย และภาวะแทรกซ้อนระหว่างกลุ่ม 

สรุป: การฉีด dexmedetomidine รอบเส้นประสาทร่วมกับ  bupivacaine ไม่เพิ่มประสิทธิภาพการระงับปวดหลัง
ผ่าตัด และความสามารถในการลุกเดินของผู้ป่วย  เม่ือเทียบกับการฉีด bupivacaine รอบเส้นประสาท ในการท า single-shot 
adductor canal block ในผู้ป่วยหลังผ่าตัดเปลี่ยนข้อ เข่า  โดยสองกลุ่มมีอัตราความพึงพอใจสูงในขณะที่ มีอัตราการเกิด
ภาวะแทรกซ้อนต ่า 
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ABSTRACT (E NGLISH) 

# # 6174354130 : MAJOR HEALTH DEVELOPMENT 
KEYWORD: adductor canal block, analgesia, bupivacaine, dexmedetomidine, total knee arthroplasty 
 Vachira Udompornmongkol : Analgesic efficacy of perineural dexmedetomidine with bupivacaine in adductor 

canal block for post total knee arthroplasty: a randomized controlled trial. Advisor: Assoc. Prof. PIN 
SRIPRAJITTICHAI, M.D. 

  
Abstract 

Objectives: The primary objective was to study the anaน า lgesic efficacy of perineural dexmedetomidine with 
bupivacaine in adductor canal block (ACB) in patients undergoing total knee arthroplasty (TKA) and the secondary objectives 
were to investigate the ambulation ability and the side effects. 

Materials and Methods:  Sixty patients aged 18-85 years, ASA status I-III underwent primary, unilateral TKA 
under spinal anesthesia. They were randomized into 2 groups; Group C received 20 ml 0.25% bupivacaine and Group D 
received 20 ml 0.25% bupivacaine plus 0.5 mcg/kg dexmedetomidine for ACB. The primary outcome was 1st rescue analgesic 
duration. 24-hour morphine consumption, postoperative pain score, quadriceps motor strength, Timed up & Go (TUG) test, 
patient satisfaction, and adverse outcomes were also assessed. 

Results: The patient demographic and intraoperative data were comparable in both groups. The  time to median 1st 
rescue dose of morphine (minutes) (group C: 196 [95% CI: 89, 363], group B: 184 [95% CI: 105, 267], and P -value = 0.112), 
24-hour morphine consumption (mg) (group C: 6.5 [Q1, Q3: 4, 10], group D: 9 [Q1, Q3: 3.25, 14.50] and P-value = 0.245) and 
postoperative pain score (at rest and on movement (NRS score 0-10) (P-value = 0.829 and 0.888, respectively) showed no 
significant differences between groups. There were no significant differences in TUG test (minutes) and quadriceps motor 
strength (torques) at preoperative and 48-hour postoperative between groups. Adverse events and patient satisfaction also 
showed no statistical differences between groups. 

Conclusions: The addition dexmedetomidine to bupivacaine was not better than single -shot ACB regarding 
postoperative analgesia and ambulation ability following TKA. However, there were high rates of patient satisfaction with low 
adverse event rates in both groups. 
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CHAPTER 1   BACKGROUND AND RATIONALE 
 

 
Total knee arthroplasty (TKA) is associated with severe postoperative pain and adequate 

pain management is necessary to achieve early postoperative mobilization and rehabilitation. 
Although good postoperative pain control may be achieved by continuous epidural analgesia 
(CEA) or femoral nerve block (FNB), both methods have adverse effects such as muscle 
weakness, which may delay postoperative mobilization (1).  

Adductor canal block (ACB) has been recently introduced as a method capable of providing 
analgesia after TKA with mainly sensory blockade(2-4). Randomized controlled trials have 
revealed that ACB provides at least equal analgesia as FNB, preserves quadriceps muscle 
strength better than FNB, and thus allowing for functional recovery within the first 24-hour 
post-TKA(5-7). 

However, one important limitation of single-shot nerve block is the short duration of 
analgesia. Because the average duration of severe pain after TKA takes 2-3 days, a continuous 
ACB via catheter would seem to be a good choice. Unfortunately, perineural catheter may be 
technically difficult to insert, are prone to premature dislodgement, and may increase an 
infection risk. There also were some case reports of local anesthetic-induced myotoxicity after 
continuous ACB(8). 

Various adjuvants have been used with the aim of enhancing the duration and the quality of 
local anesthesia. A randomized controlled trial showed that single-shot ACB with adjuvant was non-
inferior to ACB catheter for TKA in terms of opioid consumption(9). Alpha-2 agonist, 
corticosteroids, morphine and epinephrine have all been studied(10-12). Dexmedetomidine, a 
short-acting alpha-2 agonist, is commonly used to sedate patients in ICU. When combined 
with a local anesthetic, it enhances the duration of local anesthetic block(13). The effect of 
perineural dexmedetomidine is mainly peripheral and it may exert its analgesic effects by 
maintain hyperpolarization of nerve fibers and blocking synaptic transmission(13). In animal 
studies, dexmedetomidine as a perineural adjuvant was used safely in moderate to high dose and 
attenuates the bupivacaine induced nerve injuries(14-17).  
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In human studies, dexmedetomidine as a perineural adjuvant acts was used safely in some 
peripheral nerve blocks such as brachial plexus block(18-20), FNB(21) also ACB(22, 23) but the effects 
of the addition of dexmedetomidine to local anesthetics in ACB have not been well studied.  
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CHAPTER 2   REVIEW OF THE RELATED LITERATURES 
 
 

The literature search for studies using dexmedetomidine added to local anesthetics for 
adductor canal block in term of postoperative analgesia in patients undergoing TKA was 
performed using 2 databases. 

1. Pubmed  
Keyword: (“total knee arthroplasty”[All Fields] OR “total knee replacement”[All Fields]) 
AND “adductor canal block”[All Fields] AND ((“dexmedetomidine”[MeSH Terms] OR 
“dexmedetomidine” [All Fields]) OR “dexmedetomidine’s” [All Fields]) 

2. Scopus  
Syntax: (TITLE-ABS-KEY (dexmedetomidine) AND TITLE-ABS-KEY ({adductor 
canal block}) AND TITLE-ABS-KEY ({total knee arthroplasty}))  

The search results show 2 relevant studies as follow: 
1. Goyal R et al, from Departments of Anaesthesia and Critical Care and Orthopaedics, 

Army Hospital (Research and Referral), Department of Community Medicine, All India 
Institute of Medical Sciences, New Delhi, India, conducted a randomized, controlled, 
three-arm parallel group study using different doses of dexmedetomidine added to 
ropivacaine to evaluate the duration of analgesia after ACB for simultaneous bilateral 
TKR (SBTKR) surgery(22). 150 patients were randomized into three groups -Group A 
received ACB with plain ropivacaine; Groups B and C received ACB with ropivacaine 
and addition of dexmedetomidine 0.25 µg/kg and 0.50 µg/kg, respectively, on each side 
of ACB. The primary outcome was the duration of analgesia. Total opioid consumption, 
success of early ambulation, and level of patient satisfaction were also assessed. Group C 
patients had longer duration of analgesia (Group C 18.4 h ± 7.4; Group B 14.6 ± 7.1; 
Group A 10.8 ± 7; P < 0.001); lesser tramadol consumption (Group C 43.8 mg ± 53.2; 
Group B 76.4 ± 49.6; Group A 93.9 mg ± 58.3; P < 0.001) and lesser pain on movement 
(P < 0.001). The patients in Group B and C walked more steps than in Group A (P < 
0.002). The level of patient satisfaction was highest in Group C (P < 0.001). They 
concluded that the addition of dexmedetomidine to ropivacaine resulted in longer 
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duration of analgesia after adductor canal block for simultaneous bilateral total knee 
replacement surgery. 

2. Ortiz-Gomez JR et al. conducted the study to test the hypothesis that nerve blocks 
improve postoperative analgesia especially if perineural adjuvants are added. Immediate 
postoperative pain (24 hours) was evaluated every hour in 639 patients who received 
subarachnoid anesthesia and were randomly allocated in 8 groups: control group, 
epidural (EA) and single shots femoral (FNB) or adductor canal blocks (ACB), both with 
and without adjuvants: dexamethasone (+Dexa) or dexmedetomidine (+Dexm). Patients 
received intravenous analgesia (metamizole magnesium, dexketoprofen) and rescue 
analgesia when needed, intravenous (paracetamol and morphine) and/or regional 
(epidural boluses, femoral and sciatic nerve blocks). They found that a 45.2% of patients 
had no immediate postoperative pain (P=0.0001)(23). Rescue analgesia was needed in 
48.8% of patients (P=0.0001): control group 72.8% of patients, EA 51.9%, FNB 40.0%, 
FNB+Dexa 33.3%, BNF+Dexm 41.3%, ACB 51.9%, ACB+Dexa 38.3% and 
ACB+Dexm 61.5% respectively. They concluded that peripheral nerve blocks with 
perineural dexamethasone improve postoperative analgesia for TKA. The addition of 
dexamethasone to adductor canal block open new possibilities to improve analgesia for 
TKA, and should be investigated as an alternative to femoral nerve block. 
 

Concerning the safety of using dexmedetomidine as perineural adjuvant in peripheral nerve 
block, the literature search was performed using 2 databases. 

1. Pubmed 
Keyword: (“perineural dexmedetomidine”[All fields] AND neurotoxicity[All fields]) 

2. Scopus  
Syntax: (TITLE-ABS-KEY ({perineural dexmedetomidine}) AND TITLE-ABS-KEY 
(neurotoxicity)) 

After thoroughly reviewing the titles and abstracts, I discovered 3 articles that relevant to my 
objectives as follow: 

1. Brummett CM et al. conducted the study to test the hypothesis that high-dose 
dexmedetomidine added to local anesthetic would increase the duration of sensory and 
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motor blockade in a rat model of sciatic nerve blockade without causing nerve 
damage(14). Thirty-one adult Sprague-Dawley rats received bilateral sciatic nerve blocks 
with either 0.2 ml bupivacaine, 0.5%, and 0.5% bupivacaine plus 0.005% 
dexmedetomidine in the contralateral extremity, or 0.2 ml dexmedetomidine, 0.005%, 
and normal saline in the contralateral extremity. Sensory and motor function were 
assessed by a blinded investigator every 30 min until the return of normal sensory and 
motor function. Sciatic nerves were harvested at either 24 h or 14 days after injection and 
analyzed for perineural inflammation and nerve damage. They found that 
Dexmedetomidine alone did not cause significant motor or sensory block. Bupivacaine 
plus dexmedetomidine showed less perineural inflammation at 24 h than the bupivacaine 
group when compared with the saline control. They concluded that high-dose 
dexmedetomidine can safely improve the duration of bupivacaine-induced 
antinociception after sciatic nerve blockade in rats is an essential first step encouraging 
future studies in humans.  

2. Knight JB et al, from University of Pittsburgh Medical Center, Department of 
Anesthesiology, reviewed the analgesic role of perineural adjuvants for local anesthetic 
nerve block injections, and evaluated current knowledge regarding whether adjuvants 
modulate the neurocytologic properties of local anesthetics(15). They found that clinical 
observations regarding blocks with combined bupivacaine-clonidine-buprenorphine-
dexamethasone have shown beneficial effects on block duration and rebound pain 
without long-term evidence of neurotoxicity. In vitro and in vivo studies of perineural 
clonidine and dexmedetomidine show attenuation of perineural inflammatory responses 
generated by local anesthetics. They summarized that Dexmedetomidine added as a 
peripheral nerve blockade adjuvant improves block duration without neurotoxic 
properties.  

3. Memari E et al. conducted a study to evaluate the neurotoxicity of LAs including 
Bupivacaine and dexmedetomidine (DEX)-Bupivacaine on sciatic nerve tissue at 
histopathological level(17). Twenty adult Sprague Dawley rats received unilateral sciatic 
nerve blocks with either 0.2ml of 0.5% bupivacaine (n=8) or 0.5% bupivacaine plus 
0.005% DEX (n=8) or normal saline (0.9%, as control group) (n=4) in the left hind 
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extremity. Sciatic nerves were harvested at 14 days post-injection and analyzed for nerve 
damage using ultrastructure and histopathologic analysis. They found that animals that 
received these perineural local anesthetics (LAs) injections showed increased severity of 
injury compared to the control group. Animals in the DEX-Bupivacaine group had higher 
perineural inflammation and nerve damage than those of the saline control group and less 
than those of the Bupivacaine group at day 14 post-injection. They concluded that 
bupivacaine is associated with considerable histopathological changes, including edema 
of the perineurium and myelin degeneration with Wallerian degeneration, when injected 
perineurally. Perineural DEX added to a clinical concentration of bupivacaine attenuates 
the Bupivacaine-induced injuries. 
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CHAPTER 3   RESEARCH METHODOLOGY 
 
 
Research Questions 

Can the addition of perineural dexmedetomidine to bupivacaine in adductor canal block 
improve postoperative analgesia in patients undergoing total knee arthroplasty?  
 
PICO 

P  Patients scheduled for elective TKA surgery 
I  Adductor canal block with 0.25% bupivacaine 20 ml +  
                     dexmedetomidine 0.5 mcg/kg 
C  Adductor canal block with 0.25% bupivacaine 20 ml 
O   Analgesic duration  

 
Objectives 
- Primary Objective 

- To study the efficacy of perineural dexmedetomidine with bupivacaine in adductor canal 
block on postoperative analgesia in patients undergoing total knee arthroplasty. 

-      Secondary Objective 
- To study the effect of perineural dexmedetomidine with bupivacaine in adductor canal 

block on the ambulation ability in patients undergoing total knee arthroplasty. 
- To study the side effects of perineural dexmedetomidine with bupivacaine in adductor 

canal block in patients undergoing total knee arthroplasty. 
 
Hypothesis 

The addition of perineural dexmedetomidine to bupivacaine in adductor canal block improves 
postoperative analgesia in patients undergoing total knee arthroplasty. My hypotheses are  
 H0 (analgesic duration): ACB with bupivacaine = ACB with bupivacaine plus     
dexmedetomidine 
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Preoperative factors 
- Sex 
- Preoperative pain 
- Functional status 

Intraoperative factors 
- Surgical factor   
- Anesthetic factor 
 

Patient S/P TKA 
with postoperative 

pain 

- Pain 
- Ambulation 
ability 
- Complication 

Adductor canal block 
with bupivacaine 

Adductor canal block 
with bupivacaine plus 
Dexmedetomidine 

  

 H1 (analgesic duration): ACB with bupivacaine ≠ ACB with bupivacaine plus 
dexmedetomidine 

 
Conceptual Framework  
 
                                  (24) 
 
 
 
  
  
 
 
 
 
 
 
 
 

 

 

 
Figure  1  Conceptual framework of the study 

 

Keywords  
 Adductor canal block, Total knee arthroplasty, Bupivacaine, Dexmedetomidine, Analgesia 
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Operational Definitions  
- Total knee arthroplasty (TKA): A surgical procedure to replace the weight-bearing 

surfaces of the knee joint to relieve pain and disability. 
- Adductor canal block (ACB): An injection of local anesthetic into the adductor canal deep 

to the sartorius muscle and is a technically easy and reliable method for blocking the 
saphenous nerve.  

- Timed Up & Go (TUG) test:  The time it takes a person to stand up from a chair, walk a 
distance of 3 m, and return to the chair. The TUG test was assessed by a blinded 
physiotherapist preoperatively and then at 48 hours after the end of the ACB. 

- Morphine consumption: Total morphine consumption was defined as the sum of the PCA 
morphine doses administered during the first 24 hours after the end of the ACB. 

- Postoperative pain score: Postoperative pain was assessed by a blinded team member using 
a numerical rating scale (NRS). The NRS range from 0 (no pain) to 10 (worst imaginable pain). 
Pain was estimated immediately after nerve block then was evaluated in the resting state and 
on movement at 6, 12, 18, and 24 hours after the ACB. 

- Quadriceps motor strength: The quadriceps motor strength was assessed by a blinded 
physiotherapist preoperatively and then at 48 hours after the end of the ACB using Lafayette 
handheld dynamometer. 

- Patient satisfaction: The patient satisfaction (3-point descriptive verbal scale, 0=not 
satisfied, 1=satisfied, 2=better than expected) was assessed by a blind team member at 48 
hours after the ACB. 

 
Research Design 
- A randomized, triple-blinded, controlled trial study 

 
Population and Sample  

- Population: Patients scheduled for elective TKA surgery  
- Sample: Patients scheduled for elective TKA surgery at Rajavithi hospital  
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Inclusion and Exclusion Criteria   

- Inclusion Criteria: 
 Primary, unilateral TKA under spinal anesthesia 
 Age 18-85 years  
 The American Society of Anesthesiologists (ASA) physical status I-III 

- Exclusion Criteria: 
 Patients in whom the nerve block or spinal block could not be performed  
 Known allergy to any of the study drugs 
 Patients on recent oral opioids in the last 3 months 
 Pregnancy 
     Patients cannot answer the study question or use the PCA device 
 Coagulopathy 
 Body mass index (BMI) of >35 kg/m2  
 Severe renal insufficiency 
 Severe alcoholic disease  
 Neuromuscular disease 

 
Sample Size Calculation  
- The comparison of the 1st rescue analgesic duration was the primary determinant of the 

sample size. The sample size was calculated on the assumption that addition of 
dexmedetomidine will increase the duration of analgesia 120 minutes, level of significance 
as 0.05, power as 80% and common standard deviation based on the previous study as 
156.67(25), assuming equal group sizes. Sample size per group was calculated as 27.  

n / group  =     2(Z/2 + Z)2 2 / 2   
                        = 2(1.96 + 0.84)2 156.672 / 1202;  = 0.05,  = 0.20 
                               26.73 

Therefore, total 60 cases were enrolled to cover for 10% dropouts. 
 n / group = 27 / (1-dropout) 
   = 27 / (1-0.1) 
   =    30  
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Research Protocol 
- This was a randomized, triple-blinded controlled trial study. The study protocol has been 

approved by the Institutional Review Board of Faculty of Medicine, Chulalongkorn 
University (IRB No. 070/62) and the Ethical Committee of Rajavithi hospital and has been 
registered in Thai Clinical Trials Registry (TCTR20190124002). All subjects must give written 
informed consent to participate in the study.  

- Patients who met the eligibility criteria was selected to participate in the study. Using a 
computer-generated block randomization (block size 4) and opaque sealed envelopes, 
patients were randomly allocated to receive bupivacaine plus dexmedetomidine (group D) or 
bupivacaine plus normal saline (group C) in ACB. The staffs involved in the clinical care, 
the patients and assessors were not aware of the treatment assignment. 

- Preoperative care: All patients were trained to use the patient-controlled analgesia (PCA) 
device preoperatively, preoperative numerical rating scale (NRS) pain score was assessed at 
rest and during movement and demographic data were recorded. The quadriceps motor 
strength and the timed & go (TUG) test were also assessed by a blinded physiotherapist 
preoperatively. All patients did not receive any pre-emptive analgesic medication. 
Intravenous antibiotic and tranexamic acid (750 mg) were administered 30 minutes prior to 
surgery. 

- Anesthesia: Peripheral venous access was secured and standard monitoring (pulse 
oximeter, electrocardiogram, non-invasive blood pressure) was applied to all patients on 
their arrival in the anesthesia room. A pre-hydration with 500 ml intravenous crystalloid was 
given. Spinal block (SB) was performed with the patient in a lateral recumbent position. A 
27-gauge needle was inserted at the L3-4 intervertebral space, and after ensuring that clear 
cerebrospinal fluid was in free flow, 15 mg bupivacaine (3.0 ml of a 0.5% hyperbaric solution) 
was administered to achieve sensory block at or above the T10 dermatome. All patients did 
not receive any sedative medication. 

- Surgical care: The total knee replacements were performed in the standard manner in all 
patients. Before insertion of the prosthesis, the cocktail solution of 20 ml 0.5% bupivacaine, 
1 mg epinephrine and 500 mg tranexamic acid was given as intra-articular infiltration(26, 27). A 
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pneumatic tourniquet used or a suction drain used was recorded.  
- Experimental protocol: A nurse who was not involved in the study opened an opaque 

sealed envelope that decided whether the patient was to receive 20 ml 0.25% bupivacaine 
plus 0.5 mcg/kg dexmedetomidine(10, 11, 22) or 20 ml 0.25% bupivacaine plus 1 ml normal 
saline and prepared that perineural medication. The ACB was performed postoperatively at 
postanesthesia care unit (PACU) by an experienced anesthesiologist who was blinded to the 
addition of perineural adjuvant. After sterile preparation and draping, the 8-cm, 22-gauge 
needle (SonoTap-PAJUNK® USA) was inserted in-plane from the lateral side at the mid-
thigh level in the supine position(28). It was advanced through the sartorius muscle and fascia 
under ultrasound guidance, using an ultrasound machine (ALOKA CO., LTD, TOKYO, 
JAPAN) with a high-frequency linear ultrasound transducer, and the adductor canal, with the 
superficial femoral artery and vein within, was identified. Once the needle tip was located in 
the adductor canal, 1-2 ml of normal saline was injected to confirm the position of the 
needle then the perineural medication (20 ml 0.25% bupivacaine plus 0.5 mcg/kg 
dexmedetomidine or 20 ml 0.25% bupivacaine plus 1 ml normal saline) was injected 
anterior to the artery and deep into the sartorius muscle.  

- Postoperative care: The patient was observed at least 60 minutes in the PACU. Heart rate 
(HR), arterial blood pressure (BP) and SpO2 were monitored continuously for the 1st hour 
after the ACB, and then 6-hourly for the next 24 hours. If hypotension (defined as mean 
arterial pressure <80% basal value) occurred, the patient was treated with 6 mg ephedrine 
intravenously and 250 ml intravenous crystalloid in 10 minutes. If bradycardia (HR <60 
bpm) occurred, the patient was treated with 0.6 mg atropine intravenously. If desaturation 
(SpO2 <90%) occurred, the patient was treated with oxygen cannula 3 LPM. Nausea and 
vomiting score (3-point descriptive verbal scale, 0=no, 1=nausea, 2=retching or vomiting) 
was also assessed at 6, 12, 18 and 24 hours postoperatively and the highest score during the 
period was recorded. If the symptom was persisted more than 15 minutes or the patient 
requested, 4 mg ondansetron intravenous was given. Sedation score was assessed using 
Ramsey score (If awake: 1=anxious, agitated, restless, 2=cooperative, oriented, tranquil, 
3=responsive to commands only, If asleep: 4=brisk response to light glabellar tap or loud 
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auditory stimulus, 5=sluggish response to light glabellar tap or loud auditory stimulus and 
6=no response to light glabellar tap or loud auditory stimulus) at 6, 12, 18 and 24 hours 
postoperatively and the highest score during the period was recorded. If excessive sedation 
occurred (Ramsay score >4), the oxygen cannula 3 LPM was given and the patient was 
closely observed. The quadriceps motor strength and the TUG test were assessed by a 
blinded physiotherapist at 48 hours after the ACB. The patient satisfaction was also assessed 
by a blind team member at 48 hours after the ACB. 

- Postoperative pain management: At PACU the patients were connected with the PCA 
devices allowing to control pain by themselves. The PCA device contained 100 ml of 
morphine 1 mg/ml with the setting of morphine bolus dose 1 ml, no background infusion, 
lockout interval 6 minutes. and 1 hour-limit 10 mg. Time to 1st rescue dose and morphine 
consumption in 24 hours were recorded. If no contraindication, 500 mg paracetamol 2 tabs 
oral were taken q 4-6 hours in all patients. NRS pain score was also assessed at rest and on 
movement immediately after the ACB, and then 6-hourly for the next 24 hours and the score 
was recorded.  

- If postoperative delirium or postoperative cognitive dysfunction occurs, the outcomes that 
cannot be collected, were considered as the missing data. 
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Study Flow Chart  
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure  2  The study flow 
  

Data collection 
- Demographic data 

- age, gender, weight, height 
- ASA physical status 

Eligible participant scheduled for elective total knee arthroplasty 

Informed consent  

Preoperative data collection: demographic data, NRS pain score, quadriceps motor strength, 
TUG test and trained to use PCA 

Group C: Adductor canal block with 20 ml   
                 of 0.25% bupivacaine 

  plus 1 ml normal saline 

- Pre-hydration with 500 ml intravenous crystalloid was given.  
- SB was performed (lateral recumbent position, 27-gauge needle, at the L3-4 space) with 

15 mg bupivacaine (3.0 ml of a 0.5% hyperbaric solution)  
 

Randomization  

- Total knee arthroplasty was performed. 
- Intra-articular infiltration with the cocktail solution of 20 ml 0.5% bupivacaine, 1 mg 

epinephrine and 500 mg tranexamic acid 
- Intraoperative data collection 

Group D: Adductor canal block with 20 ml   
                 of 0.25% bupivacaine plus  
                  0.5 mcg/kg dexmedetomidine 

Postoperative data collection 
- 1st rescue analgesic duration 
- Morphine consumption 24 hours 
- Postoperative NRS pain score at rest and on 

movement at 0, 6, 12, 18, 24 hours 
- Quadriceps motor strength 
- Timed Up & Go (TUG) test 
- Patient satisfaction 
- Adverse outcomes 

Postoperative data collection 
- 1st rescue analgesic duration 
- Morphine consumption 24 hours 
- Postoperative NRS pain score at rest and on 

movement at 0, 6, 12, 18, 24 hours 
- Quadriceps motor strength 
- Timed Up & Go (TUG) test 
- Patient satisfaction 
- Adverse outcomes 
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- baseline mean arterial pressure and heart rate 
- preoperative pain score 

- Intraoperative data 
- operative time, Anesthesia time  
- blood loss, Intravenous fluid 
- tourniquet, Drain 

- Assessment of primary outcome  

- 1st rescue analgesic duration: 1st rescue analgesic duration was defined as the duration 
from the end of the ACB to the time which the patient received the 1st dose of morphine 
from PCA device.  

- Assessment of secondary outcome  

- Morphine consumption: Total morphine consumption was defined as the sum of the 
PCA morphine doses administered during the first 24 hours after the end of the ACB. 

- Postoperative pain score: Postoperative pain was assessed by a blinded team member 
using a numerical rating scale (NRS). The NRS range from 0 (no pain) to 10 (worst 
imaginable pain). Pain was estimated immediately after nerve block then was evaluated 
in the resting state and on movement at 6, 12, 18, and 24 hours after the ACB. 

- Quadriceps motor strength: The quadriceps motor strength was assessed by a blinded 
physiotherapist preoperatively and then at 48 hours after the end of the ACB using 
Lafayette handheld dynamometer. 

- Timed Up & Go (TUG) test: The TUG test was assessed by a blinded physiotherapist 
preoperatively and then at 48 hours after the end of the ACB. 

- Patient satisfaction: The patient satisfaction (3-point descriptive verbal scale, 0=not 
satisfied, 1=satisfied, 2=better than expected) was assessed by a blind team member at 
48 hours after the ACB. 

- Adverse outcomes: Monitor continuously for the 1st hour after the ACB, and then 6-
hourly for the next 24 hours. 
▪ hypotension (define as mean arterial pressure <80% basal value)  
▪ bradycardia (heart rate <60 bpm)  
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▪ desaturation (SpO2 <90%) 
▪ nausea and vomiting (3-point descriptive verbal scale, 0=no, 1=nausea, 2=retching 

or vomiting)  
▪ sedation: Ramsey score (If awake: 1=anxious, agitated, restless, 2=cooperative, 

oriented, tranquil, 3=responsive to commands only, If asleep: 4=brisk response to 
light glabellar tap or loud auditory stimulus, 5=sluggish response to light glabellar 
tap or loud auditory stimulus and 6=no response to light glabellar tap or loud 
auditory stimulus)   

                                                                                                                                                                                                                                                                                       
Data Analysis 
- The results were analyzed using SPSS v22 (SPSS, Inc., Chicago, IL, USA). 
- Descriptive statistics were used for the baseline characteristics of the two groups.  

- Continuous data were presented as mean and standard deviation for normally distributed 
data test by Shapiro-Wilk test, and as median and interquartile range (Q1 and Q3) for 
non-normally distributed data. 

- Categorical variables were presented as the frequency and percentage. 
- Between-group comparisons 

- The Student's t-test was used for between-group comparisons of means 
- The non-parametric test was used for between-group comparisons of medians 
- The Chi-square test was used for between-group comparisons of proportions 
- Kaplan-Meier survival analysis with log-rank test was used for comparisons of time to 

1st rescue dose. 
- Generalized estimating equation analysis (ordinal logistic) was used for between-group 

comparisons of NRS pain score at rest and on movement over time. 
- Per-protocol analysis was used for all outcomes and P-value < 0.05 was considered to 

indicate a statistically significant difference. 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 17 

Ethical Considerations  
1. The research proposal had been approved by the Institutional Review Board of Faculty of 

Medicine, Chulalongkorn University and the Ethical Committee of Rajavithi hospital.  
2. Individual invitation to participate in the study was performed by research assistants or 

investigators who were not attending personnel to the patients.  

3. Participant had been informed and asked to sign consent before entering research 
protocol. The investigators gave individuals a period of time to make decision and 
answered their questions. Participant had right to withdraw from study at any time. 

4. Patients undergo total knee arthroplasty mostly are elderly patients. Elderly patients are 
vulnerable subjects. If they were unable to give informed consent, their agreement was 
supplemented by the permission of their legal guardians or other appropriate 
representatives.  

5. The study process was more than minimal risk. If any serious complication occurred, the 
participant was treated promptly and excluded from the study.  

6. The patient’s data were collected and recorded in an electronic database using codes to 
maintain patient confidentiality.  

7. Results of the study were presented in general, not as individual data. 

8. No conflict of interest of this study. 
 
Limitation 

This study design was a randomized controlled trial. We tried to deal with controlling the 
confounding factors in Rajavithi hospital. We chose only 2 of 4 arthroplasty orthopedists who 
performed the same surgical technique so generalizability would be limited to this surgical 
technique. 
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CHAPTER 4   RESULTS 
 
 
 Patient recruitment and flow through the protocol are described in the consolidated 
standards of reporting trials (CONSORT) diagram. (Figure 3) Two patients were excluded from 
the study due to not meeting the inclusion criteria and declination to participate. Therefore, 60 
patients were randomized into 2 groups. (30 in group C and 30 in group D). In perioperative 
period, two patients in group C were excluded from the study due to protocol violation where 
the patients did not receive intraarticular cocktail solution and two patients in group D were 
excluded from the study due to disagreement to continue and protocol violation where the 
patient did not receive intraarticular cocktail solution. Finally, 28 patients in group C and 28 
patients in group D were able for data analysis.  
 There were no differences between group in demographic data including age, gender, BMI, 
ASA, preoperative pain score and intraoperative data including duration of anesthesia, duration 
of surgery, baseline HR, baseline MAP, intraoperative fluid, intraoperative blood loss, 
tourniquet used, and drain used. (Table 1)  
 The Kaplan-Meier survival curve was shown in Figure 4. There were 2 patients in group C 
that did not request any additional morphine in 24 hours. The time to median 1st rescue dose of 
morphine was not different between both groups (group C: 196 minutes [95% CI: 68.951, 
323.049], group B: 184 minutes [95% CI: 132.143, 235.857], and P-value=0.112). Postoperative 
morphine consumption in 24 hours was not different between both groups (group C: 6.5 [4, 10], 
group D: 9 [3.25, 14.50] and P-value=0.245) and postoperative pain score assessed in the form 
of NRS (1-10) at rest and on movement also showed no significant differences at all points of 
follow up between groups (P-value=0.829 and 0.888, respectively). (Table 2) 
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Figure  3  The Consolidated Standards of Reporting Trials (CONSORT) diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Assessed for eligibility (n=62) 

Excluded (n=2) 
- Not meet the inclusion criteria (n=1) 
- Declined to participate (n=1) 

Analysed (n=28) 
- Excluded from analysis (n=0) 

Lost to follow-up (n= 0) 
Discontinued intervention (violent 
protocol) (n=2) 

Allocated to intervention group C (n=30) 
- Received allocated intervention (n=30) 
- Did not receive allocated intervention   
  (n=0) 

Lost to follow-up (n=0) 
Discontinued intervention (violent 
protocol) (n=1) 

Allocated to intervention group D (n=30) 
- Received allocated intervention (n=29) 
- Did not receive allocated intervention  
  (Declined to participate) (n=1) 

Analysed (n=28) 
- Excluded from analysis (n=0) 
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Table  1  Patient demographics and intraoperative data 
 
 

Group C 
(N=28) 

Group D 
(N=28) 

P-value 
 

Demographic data 
  Age (year) 
     (Min, Max) 
  Gender 
     M 
     F 
  Weight (kg) 
  Height (cm) 
  BMI (kg/m2) 
  ASA physical status 
     I 
     II 
     III 
  Preoperative pain score 
     At rest 
     On movement 
Intraoperative data 
  Duration of anesthesia 
  Duration of surgery 
  Baseline HR (beat.min-1) 
  Baseline MAP (mmHg) 
  Intraoperative fluid (ml) 
  Intraoperative blood loss (ml) 
  Tourniquet 
     Yes 
     No 
  Drain 
     Yes 
     No 

 
69.11  6.57 

(59, 85) 
 

5 (17.86) 
23 (82.14) 

66.49   13.99 
155.14    9.64 
27.36  4.36 

 
1 (3.57) 

20 (71.43) 
7 (25.00) 

 
0 (0, 0) 

6.5 (4, 8) 
 

110 (100, 133.75) 
75 (70, 85) 

74.36  11.88 
107.93  16.43 

1200 (1000, 1500) 
100 (20, 187.5) 

 
10 (35.71) 
18 (64.29) 

 
17 (60.71) 
11 (39.29) 

 
69.46  6.60 

(55, 80) 
 

4 (14.29) 
24 (85.71) 

64.42    8.57 
155   5.50 

26.71  3.24 
 

1 (3.57) 
21 (75.00) 
6 (21.43) 

 
0 (0, 0) 
6 (5, 8) 

 
110 (101.25, 130) 

80 (70, 83.75) 
75.96  15.44 

108.36  15.88 
1100 (1000, 1300) 

100 (30, 200) 
 

8 (28.57) 
20 (71.43) 

 
17 (60.71) 
11 (39.29) 

 
0.840a 

 
0.716b 

 
 

0.507a 
0.946a 
0.527a 
0.951b 

 
 
 
 

0.927c 
0.589c 

 
0.980c 
0.574c 
0.664a 
0.921a 
0.231c 
0.882c 
0.567b 

 
 

1.00b 
 

Value are expressed as mean ± SD, median (Q1, Q3) or number of patients (%)    
a P-value based on Student’s t-test, b P-value based on Chi-square test, and c P-value based on Mann-Whitney U test 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 21 

Figure  4 The time to 1st rescue dose 

     
 

Table  2  Postoperative pain outcome 
 Group C  

(N=28) 
Group D  
(N=28) 

P value 

Morphine consumption in 24 h (mg) 
NRS at rest 
   after ACB  
   at 6 h 
   at 12 h 
   at 18 h 
   at 24 h 
NRS during movement 
   after ACB 
   at 6 h 
   at 12 h 
   at 18 h 
   at 24 h 

6.5 (4, 10) 
 

0 (0, 0) 
2 (0, 3) 
2 (0, 4) 

2 (0, 3.75) 
0.50 (0, 2.75) 

 
0 (0, 0) 

3 (2.25, 5) 
3.50 (2, 7) 
3.50 (2, 5) 
3 (1, 4.75) 

9 (3.25, 14.50) 
 

0 (0, 0) 
3 (1, 5) 

2 (0.25, 4) 
1 (0, 2) 

0.50 (0, 2) 
 

0 (0, 0) 
5 (3, 6.75) 
3.50 (3, 5) 

3 (2, 5) 
3 (2.25, 4.75) 

0.245a 
0.829b 

 
 
 
 
 

0.888b 
 

Value are expressed as median (Q1, Q3)      
a P-value based on Mann-Whitney U test, and b P-value based on Generalized estimating equation analysis (ordinal logistic) 
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There were two patients in group C and two patients in group D that the effects of spinal 
anesthesia had already worn-off and they felt some pain at their operative site at the time of 
performing the ACB. So, subgroup analysis (subgroup NRS  3 and subgroup NRS  4) of the 
patients from the NRS pain score assessed immediately after ACB was performed. The time to 
median 1st rescue dose of morphine and 24-hr morphine consumption was still not different 
between group C and group D in 2 subgroups as shown in Table 3 and Table 4.  

 
Table  3  Subgroup of pain score after adductor canal block and the time to 1st rescue dose 

 The time to 1st rescue dose (min) P-value 
NRS after ACB  3   0.075 
   Group C (n = 26) 267 (153.32, 380.68)  
   Group D (n = 27) 188 (147.29, 228.71)  
NRS after ACB  4   0.157 
   Group C (n = 2) 11  
   Group D (n = 1) 6  
Value are expressed as median (95% CI) and P-value based on Log-rank test 

 
Table  4  Subgroup of pain score after adductor canal block and 24-hr morphine consumption  

 Postoperative morphine consumption 
in 24 hours (mg) 

P-value 

NRS after ACB  3   0.175 
   Group C (n = 26) 6 (4, 8.5)  
   Group D (n = 27) 9 (3, 15)  
NRS after ACB  4   0.221 
   Group C (n = 2) 20.5   
   Group D (n = 1) 9  
Value are expressed as median (Q1, Q3) and P-value based on Mann-Whitney U test 

 
Comparing the time to median 1st rescue dose of morphine between patients having NRS  3 

(group NRS  3) and patients having NRS  4 (group NRS  4) after ACB was also performed. 
The time to median 1st rescue dose of morphine was significantly longer in group NRS after ACB 
 3 compared to group NRS after ACB  4 (group NRS  3: 199 min [95% CI: 160.28, 237.72], 
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group NRS  4: 11 min [95% CI: 3, 19.00] and P-value=0.000) but postoperative morphine 
consumption in 24 hours was not different between groups (group NRS  3: 7 mg [Q1, Q3: 4, 11], 
group NRS  4: 10 mg and P-value=0.109) as shown in Table 5. 

 
Table  5  Pain score after adductor canal block, the time to 1st rescue dose and 24-hr morphine 
consumption 

 NRS after ACB  3 
(N=53) 

NRS after ACB  4 
(N=3) 

P-value 

The time to 1st rescue dose (min) 
Morphine consumption in 24 hours (mg) 

199 (160.28, 237.72) 
7 (4, 11) 

11 (3, 19.00) 
10 

0.000a 
0.109b 

Value are expressed as median (95% CI) and median (Q1, Q3)  
a P-value based on Log-rank test and b P-value based on Mann-Whitney U test 

 
    One patient in group C and one patient in group D cannot be assessed for postoperative 
quadriceps motor strength and TUG test. Therefore, 27 patients in group C and 27 patients in 
group D were able for ambulation ability data analysis as shown in Table 6. There were no 
significant differences in TUG test between both groups at preoperative (group C: 21.21 min 
[17.08, 39.99], group D: 24.19 min [17.36, 32.10] and P-value=0.849) and at 48-hour 
postoperative (group C: 70.19 min [59.66, 98.61], group D: 81.89 min [49.12, 118.75] and P-
value=0.966). When comparison to the preoperative evaluation, both groups had significantly 
extended time of postoperative TUG test. The preoperative and 48-hour postoperative 
quadriceps motor strength were also similar between groups (group C: 16.68 torques [13.61, 
21.54], group D:  19.15 torques [14.58, 20.56] and P-value=0.647; group C: 12.83 torques [9.46, 
16.56], group D: 12.86 torques [8.08, 17.12] and P-value=0.441, respectively). Our study found 
that the median 48-hour postoperative quadriceps strength was 83.67% and 78.72% of 
preoperative baseline in group C and group D, respectively. 
 The incidences and treatments of adverse events including hypotension, bradycardia, nausea 
and vomiting, excessive sedation and desaturation showed no statistical differences between 
groups. The patient satisfaction rates of group C and group D also showed no statistical 
differences (group C: 2 [2, 2], group D: 2 [1.25, 2] and P-value=0.754) and no patient in both 
groups was dissatisfied the postoperative pain control. (Table 7) 
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Table  6  Ambulation ability outcome 
 Group C  

(N=27) 
Group D  
(N=27) 

P-value 

Quadriceps motor strength 
(torque) 
   Preoperative 
   Postoperative at 48 h 
TUG test (min) 
   Preoperative 
   Postoperative at 48 h                             

 
 

16.68 (13.61, 21.54) 
12.83 (9.46, 16.56) 

 
21.21 (17.08, 39.99) 
70.19 (59.66, 98.61) 

 
 

19.15 (14.58, 20.56) 
12.86 (8.08, 17.12) 

 
24.19 (17.36, 32.10) 

81.89 (49.12, 118.75) 

 
 

0.647 
0.441 

 
0.849 
0.966 

Value are expressed as median (Q1, Q3) and P-value based on Mann-Whitney U test 

 
Table  7  Adverse events, treatments and patient satisfaction  

Group C  
(N=28) 

Group D  
(N=28) 

P-value 

Hypotension 
Received ephedrine  
Bradycardia 
Received atropine 
Nausea and vomiting score 
    During 0 - 6 h 
    During 6 - 12 h 
    During 12 - 18 h 
    During 18 - 24 h 
Received ondansetron 
Excessive sedation  
Desaturation 
 
Patient satisfaction score 

1 (3.70) 
1 (3.70) 

0 (0) 
0 (0)  

 
27 (96.43)/0 (0)/1 (3.57) 
27 (96.43)/0 (0)/1 (3.57) 
27 (96.43)/0 (0)/1 (3.57) 

28 (100) /0 (0)/0 (0) 
1 (3.70) 

0 (0) 
0 (0) 

 
2 (2, 2) 

0 (0) 
0 (0) 
0 (0) 
0 (0) 

 
25 (89.29)/2 (7.14)/1 (3.57) 

28 (100) /0 (0)/0 (0) 
26 (92.86)/2 (7.14)/0 (0) 
27 (96.43)/0 (0)/1 (3.57) 

4 (14.82) 
0 (0) 
0 (0) 

 
2 (1.25, 2) 

1.000a 
1.000a 
N/A 
N/A 

 
0.322b 
0.317b 
0.585b 
0.317b 
0.352b 
N/A 
N/A 

 
0.754b 

Value are expressed as number of patients (%) and median (Q1, Q3)   
a P-value based on Chi-square test, and b P-value based on Mann-Whitney U test 
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CHAPTER 5   DISCUSSION 
 
 

Adductor canal block (ACB), an alternative form of peripheral nerve block (PNB), is almost a 
pure sensory nerve block that has been recently introduced as a method capable of providing 
analgesia with preserving quadriceps muscle strength after TKA(1-4).  Various perineural 
adjuvants have been studied with the aim of enhancing the duration and the quality of local 
anesthesia in single-shot ACB(9-12).  

Dexmedetomidine, a short-acting alpha-2 agonist, enhances the duration of local anesthetic 
block when combined with local anesthetics(13, 29). The effect of perineural dexmedetomidine is 
mainly peripheral and it may exert its analgesic effects by maintaining hyperpolarization of 
nerve fibers and blocking synaptic transmission(13).  

Although ACB is almost a pure sensory nerve block, it still affects the motor function of 
vastus medialis muscle. So, we chose the low concentration as 0.25% of bupivacaine that was 
widely used in the previous study. The range of volume of local anesthetics used in the previous 
study for adequate spreading in the adductor canal was about 15-30 mL so our study used volume 
20 mL of 0.25% bupivacaine(7, 22, 25, 30).   

Careful consideration was given to the dose of dexmedetomidine because the application of 
dexmedetomidine caused some neurotoxicity in a dose-dependent manner and low dose 
dexmedetomidine is neuroprotective and suppresses both inflammatory response and neuronal 
death in neonate rats(16). The present study used the low-dose of dexmedetomidine (0.5 mcg/kg), 
the low dose of clinical use, for adding to 0.25% bupivacaine 20 mL because we concerned that 
most of our participants were elderly patients(31).  

The findings of the present study did not support our hypothesis that single-shot ACB with 
perineural 0.5 mcg/kg dexmedetomidine plus 0.25% bupivacaine 20 mL (group D) is better than 
single-shot ACB with 0.25% bupivacaine 20 mL (group C) in term of postoperative analgesia 
following TKA. The time to median 1st rescue dose of morphine, 24-hr morphine consumption 
and postoperative pain score at rest and on movement were not different between groups.  
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The study of Kampitak W et al reported that combining local infiltrate analgesia (LIA) to 
single-dose ACB with 0.5% levobupivacaine 20 mL had a significantly longer time for 1st rescue 
dose (491 min vs 143 min, P-value=0.04)(25). The present study had shorter the time to median 1st 
rescue dose (group C: 196 min). Compared to the study of Kampitak W et al, our study also 
combined LIA to single-shot ACB but we used different concentration and type of local 
anesthetics for ACB (group C: ACB with 0.25% bupivacaine 20 mL), and used only oral 
paracetamol not NSAIDs additional to PCA morphine(25). In addition, there were also different 
mixtures used for LIA. The present study used a mixture of 0.5% bupivacaine 20 mL, epinephrine 
1 mg and tranexamic acid 500 mg, while the study of Kampitak W et al used a mixture of 0.5% 
levobupivacaine 20 mL, morphine 5 mg, adrenaline 0.3 mg in saline solution in a total volume of 
100 mL(25). These things may the cause of the shorter median time to 1st rescue dose in our study. 

Regarding the addition of perineural dexmedetomidine, unlike our study, Goyal R et al. 
demonstrated that addition of dexmedetomidine 0.25 mcg/kg and 0.5 mcg/kg to 0.75% 
ropivacaine 10 mL (dilute to 20 mL per side) can provide longer duration of analgesia, lesser 
tramadol consumption and lesser pain on movement than 0.75% ropivacaine 10 mL alone (dilute 
to 20 mL per side) in dose-dependent manner in ACB after simultaneous bilateral TKA(22).  The 
present study used the same dose of dexmedetomidine (0.5 mcg/kg) but we did not find any 
benefit concerning postoperative analgesia. Compared to the study of Goyal R et al, our study 
combined LIA to single-shot ACB and used oral paracetamol as basic regimen. These things may 
lead to obscure analgesic effect of low dose of perineural dexmedetomidine. The 24-hr morphine 
consumption of both groups that was not high (group C: 6.5 mg [4, 10], group D: 9 mg [3.25, 
14.50]), also indicated a good analgesic efficacy. 

There were two patients in group C and two patients in group D that the effects of spinal 
anesthesia had already worn-off and they reported some pain at their operative site at the time of 
performing the ACB in this study. Subgroup analysis (subgroup NRS  3 and subgroup NRS  4) 
of the patients from the NRS pain score assessed immediately after ACB was performed but we 
found no difference of the time to median 1st rescue dose of morphine and 24-hr morphine 
consumption between group C and group D in both subgroups. So, the present study combined 
the patient in group C and group D, and split up into 2 groups (group NRS  3: patients having 
NRS after ACB  3, group NRS  4: patients having NRS after ACB  4) then compared the time 
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to median 1st rescue dose of morphine and 24-hr morphine consumption between these 2 groups. 
The present study found that the time to median 1st rescue dose of morphine was significantly 
longer in group NRS after ACB  3 compared to group NRS after ACB  4 (group NRS  3: 199 
min [95% CI: 160.28, 237.72], group NRS  4: 11 min [95% CI: 3, 19.00] and P-value=0.000) 
but 24-hr morphine consumption was not different between groups (group NRS  3: 7 mg [Q1, 
Q3: 4, 11], group NRS  4: 10 mg and P-value=0.109). These results can be inferred that patients 
with moderate pain levels or higher immediately after ACB needed an analgesic faster than those 
with mild pain, but the amount of morphine needed within 24 hours was not different. However, 
there were very few patients in group NRS  4. To study this relationship, a large enough sample 
size is required. 

Even if patients with adductor canal blocks may have greater preservation of quadriceps 
strength compared to patients with femoral nerve blocks, the study of Jaeger et al. reported that 
the median quadriceps strength of patients receiving adductor canal catheter was 52% of 
baseline(32). More over decreased quadriceps strength after TKA can be expected even when a 
block is not performed at all(33). Our study found that the median 48-hour postoperative 
quadriceps strength was 83.67% and 78.72% of preoperative baseline in group C and group D, 
respectively. Compared to the study of Jaeger et al., the present study performed a single-shot 
ACB, not a continuous ACB via catheter. 

In the study of Goyal R et al., the addition of dexmedetomidine to local anesthetics resulted 
in the patients walked more steps but comparable quadriceps motor strength (22). The present 
study also found no differences in preoperative and 48-hour postoperative quadriceps motor 
strength and TUG test between groups. The TUG test, unlike the stepped walk, is the time used to 
walk in the same distance. The median 48-hour postoperative TUG test (group C: 70.19 [59.66, 
98.61], group D: 81.89 [49.12, 118.75]) was longer than preoperative baseline (group C: 21.21 
[17.08, 39.99], group D: 24.19 [17.36, 32.10]) in both groups. These may due to decreased 
quadriceps strength and the use of walking aids in early postoperative period. However, there 
were high rates of patient satisfaction with low adverse event rates in both groups. 

All ACB were performed by anesthesiologists with considerable experience in ultrasound-
guided peripheral nerve block. However, the success of the block was not determined after the 
bolus injection because the ACB was performed immediately postoperatively that spinal 
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anesthesia was still not wear-off in most patients. Although every outcome measurement can be 
assessed except postoperative quadriceps motor strength and TUG test in 2 patients (1 in group C 
and 1 in group D) due to surgical condition, the present study did not assess the cognitive function 
that can affect the clinical judgment in elderly patients. The present study chose only 2 of 4 
arthroplasty orthopedists who performed the same surgical technique so generalizability would be 
limited to this surgical technique. These may be considered as limitations of the study.  

To our knowledge, the present study is the first study that evaluate the analgesic efficacy of 
dexmedetomidine as the perineural adjuvant with bupivacaine for the ACB following TKA. 
Further studies with higher total dose of dexmedetomidine may be required to establish the 
efficacy of ACB with dexmedetomidine as the perineural adjuvant after TKA.  
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CHAPTER 6   CONCLUSIONS 
 
 

The addition of 0.5 mcg/kg dexmedetomidine to 0.25% bupivacaine 20 mL is not better than 
single shot ACB with 0.25% bupivacaine 20 mL regarding postoperative analgesia and 
ambulation ability following TKA. However, there were high rates of patient satisfaction with 
low adverse event rates in both groups. 
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Appendix 1 Case record form 
 

CASE RECORD FORM 

STUDY TITLE 
 

ประสิทธิภาพการฉีด dexmedetomidine ร่วมกับ bupivacaine รอบ

เส้นประสาท ในการท า adductor canal block ต่อผลการระงับปวดหลัง

ผ่าตัดเปล่ียนข้อเข่า: การศึกษาเปรียบเทียบแบบสุ่ม 
 

Analgesic efficacy of perineural dexmedetomidine with bupivacaine in 

adductor canal block for post total knee arthroplasty: a randomized 

controlled trial 

 

I am confident that the information supplied in this case report form is complete  

and accurate data.    

I confirm that the study was conducted in accordance with the protocol and any 

protocol amendments and that written informed consent was obtained prior to the 

study. 

 

Investigator’ Signature: ………………………………………………. 

      Date of Signature: ………………………………………………. 

CRF Version 1.0 date 11 November 2018 
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DEMOGRAPHIC DATA  

1. Age:                                                Years 

2. Gender:                                         □1 Male          □2 Female 

3. Weight:                                          . kg 

4. Height:                                           . m 

5.  ASA physical status:           □1 Class I     □2 Class II         □3 Class III    

6. Preoperative NRS pain score:       Rest              Movement   
7. Preoperative pain medication:      ……………………………………………………….. 

INTRAOPERATIVE DATA  

1. Date of surgery:                              /  / 20 (DD/MM/YYYY) 

2. Anesthetic time:                             Start::          End:: (24 hours format)  

                                                       Duration:  mins                                                       

3. Surgical time:                                 Start::          End:: (24 hours format)  

                                                       Duration:  mins                                                       

4. Baseline HR & MAP:                      HR: beat.min-1        MAP:  mmHg   

5. Operative side:                              □1 Right           □2 Left 

6. Tourniquet:                                    □1 Yes           □2 No 

7. Drain:                                             □1 Yes           □2 No 

8. Intraoperative fluid:                         ml 

9. Intraoperative blood loss:               ml    

10. Intraarticular mixture:                     □1 Tranexamic acid:  mg 

      □2 Epinephrine:  mg      □3 0.5% Bupivacaine:  ml     □4 ………. 
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INTERVENTION DATA 

1. Date of block:                                 /  / 20 (DD/MM/YYYY) 

2. Time of block:                                Start::      End:: (24 hours format)  

OUTCOME: PAIN 

1. 1st rescue analgesic:                     Date: /  / 20 (DD/MM/YYYY) 

                                                                      Time:: (24 hours format) 

                                                                      Duration:  mins 

2. Morphine consumption in 24 h:     mg 

3. Postoperative NRS pain score:                 Rest                    Movement 

- after ACB:                                                                   

- at 6 h:                                                                         

- at 12 h:                                                                       

- at 18 h:                                                                       

- at 24 h:                                                                       

 

OUTCOME: PATIENT SATISFACTION 

      Patient satisfaction at 48 h:                □0   not satisfied                       

                                                                 □1   satisfied 

                                           □2   better than expected 
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OUTCOME: AMBULATION ABILITY 

1. Quadriceps motor strength: (using Lafayette handheld dynamometer) 

- Preoperative:                                 . torque 

- Postoperative at 48 h:                   . torque 

- Knee to malleolus - 5 cm length:  . cm 

2. TUG test: (The time it takes a person to stand up from a chair, walk a distance of 3 m, and return to the chair) 

- Preoperative:                                 mins       secs      

                                   □1 without aids   □2 with aids  

                             □3 cannot evaluate   

- Postoperative at 48 h:                    mins       secs 

                                                      □1 without aids   □2 with aids 

                             □3 cannot evaluate 
 

 

COMPLICATIONS 

1. Nausea and vomiting: (0 = no nausea and vomiting, 1 = nausea, and 2= retching or vomiting) 

record the highest score during each duration 

- During 0-6 h:                                  score   

- During 6-12 h:                                score   

- During 12-18 h:                              score   

- During 18-24 h:                              score   
- Received Ondansetron:                 □1 No                       □2 Yes _ _ _ _ doses         
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COMPLICATIONS 

2. Sedation: using Ramsey sedation scale (If awake: 1=anxious, agitated, restless, 2=cooperative, 

oriented, tranquil, 3=responsive to commands only, If asleep: 4=brisk response to light glabellar tap or 
loud auditory stimulus, 5=sluggish response to light glabellar tap or loud auditory stimulus and 6=no 
response to light glabellar tap or loud auditory stimulus) record the highest score during each duration 

- At 6 h:                                             score   

- At 12 h:                                           score   

- At 18 h:                                           score   

- At 24 h:                                           score   
- Received oxygen therapy:             □1 No                      □2 Yes 

3. Hypotension: (defined as mean arterial pressure <80% basal value) occurred, the patient was treated with 6 

mg ephedrine intravenously and 250 ml intravenous crystalloid in 10 minutes 

- Hypotension:                                  □1 No                      □2 Yes 
- Received ephedrine:                      □1 No                      □2 Yes _ _ _ _ doses          

4. Bradycardia: (heart rate <60 bpm) occurred, the patient was treated with 0.6 mg atropine 

intravenously 

- Bradycardia:                                  □1 No                       □2 Yes 
- Received atropine:                        □1 No                       □2 Yes _ _ _ _ doses     

5. Desaturation: (SpO2 <90%) occurred, the patient was treated with oxygen canula 3 LPM. 

- Desaturation:                                  □1 No                      □2 Yes 
- Received oxygen therapy:             □1 No                      □2 Yes 
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Appendix 2 Postoperative order for PCA morphine 24 hours 
 

Order for PCA morphine สำหรับ 24 ชั่วโมงแรกหลังผ่าตดั 
งานวิจัยเรื่อง ประสิทธิภาพการฉีด dexmedetomidine ร่วมกับ bupivacaine รอบ
เส้นประสาท ในการทำ adductor canal block ต่อผลการระงับปวดหลังผ่าตัดเปลี่ยนข้อ
เข่า: การศึกษาเปรียบเทียบแบบสุ่ม 

พบปัญหาติดต่อ   พ.ญ. วชิรา  อุดมพรมงคล   โทร   081-9330391   
 

One day order Continuous order 

 -    5% D/N/2   1,000 cc iv drip 80 cc/hr  
      ครบ 24 ช่ัวโมง ค่อย off  
- ห้ามปลดเคร่ือง PCA ก่อน 24 ชั่วโมง

หลังผ่าตัด 
- ห้ามสั่งยาแก้ปวด Opioids ชนิดอื่น ๆ 
      ขณะใช้เคร่ือง PCA 
-  ยาชนิดอื่นที่ต้องใช้นอกเหนือยาแก้ปวด   

 ใช้ได้ทุกชนิดตามภาวะโรคเดิมของผู้ป่วย 
 -    Observe V/S q 1 hour   
      If RR < 10/min ปลุกผู้ป่วย, รายงาน  
      แพทย์เตรียม Naloxone 1 amp พร้อมใช้ 
 -    CPM 1 amp iv prn q 6 hours for  
      pruritus 
 -    Ondansetron 4 mg iv prn q 6 hours    
      เมื่อผู้ป่วยร้องขอยาแก้คล่ืนไส้อาเจียน หรือ 
      มีอาการคล่ืนไส้อาเจียนนานกว่า15 นาที  
 -    If sedation score > 4, พิจารณา                  
      on oxygen canula 3 LPM, close  
      observe 

-    Paracetamol 2 tablets ⊙ every 6  
     hours 
-    PCA setting 
     Concentration morphine 1 mg/ml 
     Bolus dose 1 ml  
     Lockout interval 6 minutes 
     1-hr limit 10 ml     
-    ถ้ามีอาการปวดให้กด PCA morphine 

ได้ตามความต้องการ 
-    ตามวิสัญญีแพทย์ หรือวิสัญญีพยาบาล 

ในกรณีเคร่ือง PCA ขัดข้อง และเม่ือครบ 
24 ชั่วโมง เพื่อมา record ค่า และเก็บ
เคร่ือง PCA  

-    ประเมิน nausea and vomiting score, 
pain score และ sedation score ผู้ป่วย 

      ณ เวลา    6 ช.ม. หลัง block =………น. 
                  12 ช.ม. หลัง block =.……น. 
                  18 ช.ม. หลัง block =……น. 
                  24 ช.ม. หลัง block =……น.     
     ตามแบบ CRF ท่ีแนบไว้แล้ว 
 

ช่ือผู้ป่วย แพทย์เจ้าของไข้ 
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Appendix 3 Certificate of Approval from Ethic Committee, Rajavithi Hospital 
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Appendix 4 Certificate of Approval from Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University 
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Appendix 5 Information sheet approved by Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University 
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Appendix 6 Consent form approved by Institutional Review Board, Faculty of Medicine, 
Chulalongkorn University 
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