Intra-articular Continuous Infusion of Ropivacaine, Tramadol Combination Improves Postoperative Outcome of Total Knee Arthroplasty 

Abstract 


Objectives: Assessment the postoperative pain relieving effect of continuous intraarticular (IA) ropivacine/ tramadol infusion as against infusion of ropivacine alone after total knee arthroplasty. 


Patients and Methods: Sixty patients with arthrosis were randomly assigned into three groups: Control group (group C), which didn't receive IA medications, Ropivacine group (group R), which received continuous IA infusion of ropivacine alone; and the combination group (group RT), which received a continuous IA infusion of ropivacine and tramadol at a rate of 6 ml /h for 72 h postoperatively. The IA infusion was delivered through multipored catheter for 72 h, postoperative pain was assessed using visual analogue pain scale (VAS), if the pain score was equal to or greater than 4, intravenous meperidine was administrated as supplementary analgesic. The total dose of analgesic supplementation, angle of knee joint flexion, and hospital stay length were recorded. 


Results: Capacity to accomplish better degree of knee joint flexion was significantly higher in the combination group (group RT) compared with the other two groups, with significant better flexion infavour of the ropivacine group (group R) compared with the control group (group C). At 2h postoperatively, the mean pain score were significantly higher in the control group compared with patients who received IA analgesia and in the ropivacine group versus ropivacine/ tramadol group. The number of requests and total dose of analgesic requirements were significantly higher in the control group compared with patients who received IA analgesia and in the ropivacin group versus ropivacine / tramadol group. In the IA groups there was a positive significant correlation between angle of knee flexion and pain scores. 


Conclusion: Continuous IA ropivacine / tramadol infusion safely decrease postoperative pain scores and analgesic requirement with significantly improved range of joint movement. 
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Introduction 

After Total knee arthroplasty pain control remains a great challenge. The immediate postoperative pain management is of great importance to allow earlier rehabilitation and decrease the risk of postoperative complications. Recently, periarticular anesthetics infiltration has become commonly used, but with controversial outcome. Some studies have shown no effectiveness in pain control or rebound pain "transient effects". Continous intra-articular infusion technique has been emerged to improve these transient effects(1). Tramadol is a drug with opioid and (2 adrenergic receptor agonist activity(2).  So, it isn't a single mechanism analgesic, it produce modulation on central monoaminergic pathways, inhibiting the neuronal uptake of serotonin and nor adrenaline besides a u-oipoid agonist activity(3). 


It is also postulated that tramadol have a local anesthetic effects that is not opioid receptor related(4). Pain management with multimodal analgesia with additive or synergestic effects became more popular aiming to achieve good pain control immediately postoperatively while allowing for early mobilization and hospital discharge(5). The current prospective comparative study aimed to evaluate the postoperative analgesic effect of intra-articular continuous ropivacaine / tramadol infusion against infusion of ropivacaine alone after total knee arthroplasty.  


Arthroplasty surgeries convey numerous worries for both surgeons and anesthetists. First, patients who require arthroplasty surgeries are generally geriatric patients who are disable or immobilized or who have been experiencing moderate excruciating movement since years. Second, these patients for the most part have extra morbidities, which may delay their postoperative recovery(6). 

A part of prime significance is the immediate postoperative pain, which forces both physical and mental burden, preventing patients from attempting to move their joints and henceforth prolonging the duration of postoperative care and delaying rehabilitation(7). 


Numerous pain relieving modalities were proposed for administration of postoperative pain in patients undergoing arthroplastic surgery. Remeand et al.(8) reported that after total hip arthroplasty, intravenous ketamine had a morphine – sparing effect, facilitated rehabilitation at 1 month, and up to 6 months after surgery decrease in postoperative chronic pain. Sundarathiti et al.(9) found that optimal analgesia with fewer side effects and greater patient satisfaction obtained with continuous femoral nerve block. Andersen et al.(10) documented the effectiveness of wound infiltration analgesia with ropivacaine in bilateral total knee arthroplasty in early postoperative pain management. 


Fu et al.(11) detailed that an intra-articular injection of mixed pain relieving drugs made out of bupivacine, morphine and beta methasone decreased the requirement for morphine and offered better pain control without evident risks following total knee arthroplasty. Garcia et al.(12) found that postoperative intra-articular injection of morphine allowed a longer period without analgesic requirement and decreased their utilization in the first 24h compared with placebo. 
Patients and Methods

The current controlled prospective comparative study was conducted at departments of anesthesia and orthopaedic surgery, Benha University Hospital, between September 2013 and May 2016. After approval of Research Ethics Committee, sixty patients with primary knee arthrosis and assigned for total knee arthroplasty were enrolled in the study and all patients gave informed written consent after detailed explanation of the procedure. Patients with psychological or neurological diseases that may interfere with assessment, those with orthopaedic diseases other than knee arthrosis and those with allergy or contraindication for study drugs were excluded from the study.


Patients were randomly divided into three equal groups (n = 20) using sealed envelopes: control group (group C), which included patients who did not receive intra-articular medications, the ropivacaine group (group R) which included patients who received continuous intra-articular infusion of ropivacaine alone; and the combination group (group RT), which included patients who received continuous intra-arthricular infusion of a combination of ropivacaine and tramadol. 


Cefotaxin (2 gm) was given intravenously before surgery. All surgeries were conducted under spinal anesthesia. All patients had undergone implantation with the cemented Nex – Gen 1 LPs with a patellar component (Zimmer Inc., Warsaw, Indiana, USA). Vacum drainage tube was applied after release of ischemic tourniquet and confirmation of haemostasis afterwards, a multipore catheter  and abacterial filter was inserted by the surgeon to secure equal distribution of infusion fluid throughout the joint cavity. 


After closure of the wound, the vacuum drainage system was activated till drainage of the joint cavity was completed, then the system was inactivated and analgesic infusion was started in the ropivacaine group, 5 ml of ropivacaine (7.5 mg.ml-1) was diluted with 5 ml saline to achieve 3.75mg.mL-1 concentration, and 5 ml of this diluted ropivacaine (18.75 mg) solution was infused for 45 minutes by mean of syringe pump during locking of the vacuum system, then the vacuum system was activated for 15 minutes to withdraw the infused fluid, and blood if present, out of the joint cavity; the procedure was repeated hourly for 72 hours. In the combination group each tramadol ampoule contining 100mg/2ml was dilated with normal saline to 20ml so that each ml contained 5 mg of tramadol. The infusion fluid was prepared from 5 ml of diluted ropivacaine (18.75 mg) and 1 ml of diluted tramadol (5 mg); this 6 ml solution was infused for 45 minutes by means of syringe pump during locking of vacuum system as in the ropivacaine group. 


Analgesic infusion was started in the samer order for the third postoperative day, 10 – point visual analogue scale (VAS) was used to assess postoperative pain with 0 indicating no pain and 10 indicating the worst intolerable pain. 


Postoperative pain was treated using paracetamol (1 gm intravenously every 8 h) in all patients. Pain intensity was assessed by VAS score. If VAS score equal to or greater than 4, meperidine (10 mg) was repeatedly administrated intravenously until score was < 4. Then all patients were provided with a PCA device programmed to deliver mepridine (meperidine bolus of 5mg, a lock – out of 6 minutes, and a maximum of 50 mg/h) as rescue medication for 72 h after surgery. The daily range of joint motion was assessed as knee flexion angle – that is, the angle formed by the leg and the thigh. The frequency of side effects such as catheter site infection, nausea, vomiting and constipation was recorded, the length of hospital stay was also recorded. 

Statistical Analysis

The data were presented as mean ( SD and ranges. Results were analyzed using Wilcoxon ranked test for unrelated data (Z – test) and the WZ- test. Possible correlation were evaluated using pearson; correlation coefficient (r). Statistical analysis was carried out using the SPSS for windows statistical package (version 15, 2006; SPSS Inc., Chicago, Illinois, USA). 

Results 


Flow chart of participants during the study shown in figure 1. 

        
Figure (1): Shows participant flow of the participants during our study.

Sixty patients completed the study, 33 had left and 27 had right arthrosis. No significant difference between groups regarding duration of symptoms (P > 0.0 5) and demographic data (Table 1).
Table (1): Patients' demographic data and duration of symptoms

	
	Control group 
	Ropivacaine group
	Combination group

	Age (years)
	73.5 ( 8.9
	73.3 ( 9.2
	74.5 ( 8.4

	Gender (M : F)
	7 : 13
	6 : 14
	8 : 12

	Weight (Kg)
	85.9 ( 3.6
	86.3 ( 4.7
	87.2 ( 3.7

	Height (cm)
	167 ( 4.8
	167.4 ( 4.7
	166.8 ( 4.8

	Duration of symptom (years)
	12.6 ( 3.7
	13.7 ( 3.5
	12.8 ( 3.8


Data are presented as mean ( SD. Gender presented as numbers


There was no significant difference between studied groups regarding duration of surgery, amount of daily drain age and hospital stay (Table 2). 


During the first three postoperative days, all patients showed progressive increase in the range of motion. In the combination group, the angle of knee joint movement was significantly (P < 0.05) better than the other two groups. In the ropivacaine group there was significant wider scale of motion than control group (Table 2). 

Table (2): Patients' operative and postoperative data

	
	Control group 
	Ropivacaine group
	Combination group

	Duration of surgery (min)
	67 ( 11.3
	67.8 ( 12.4
	68.3 ( 12.5

	Scale of motion(0)
	Day 1
	106 ( 14.9
	85 ( 14.6*
	71.5 ( 14.2*(

	
	Day 2
	92 ( 14.8
	74.9 ( 14.7*
	66.6 ( 12.8*(

	
	Day 3
	78.5 ( 12.2
	63.8 ( 11.9*
	53.5 ( 12.5*(

	Amount of drainage (ml)
	Day 1
	93 ( 25.6
	94 ( 33.5
	95 ( 29.1

	
	Day 2
	25.8 ( 11.6
	29.7 ( 8.1
	28.4 ( 10.8

	Hospital stay (days)
	6.5 ( 1.3
	6 ( 1.6
	6.7 ( 0.8


Data are presented as mean  ( SD.   * Significant vs. the control group. 

( Significant vs. the ropivacaine group. 

At 2h postoperative (time zero), first evaluation of pain score, he mean pain was significantly lower in the combination group than the other two groups, with significantly lower scores in favour of ropivacaine group than control group.  


At 2h, 35 patients requested for analgesia: 6 in the combination group, 9 in ropivacaine group and 20 in the control group, with significantly lower frequency in the combination group compared with the other two groups, with no significant (P > 0.05) difference in favour of the ropivacaine group. 

There was progressive decline in pain scores in all studied patients with significantly lower scores in groups of intra-articular medications compared with the control group and a non significant difference in favour of the combination group till 12h postoperatively. 


At 24, 48 and 72h, the mean pain scores were significantly lower in intra-articular medications groups compared with the control group, with significant difference in favour of the combination group (Table 3). 

Table (3): Patients' pain data
	
	Control group 
	Ropivacaine group
	Combination group

	VAS
	2h PO
	6.6 ( 1.4
	4.86 ( 1*
	3.7 ( 0.8*(

	
	4h PO
	5.1 ( 1.3
	2.65 ( 1.3*
	2.55 ( 1.5*

	
	8h PO
	3.9 ( 2.2
	2.9 ( 1.2*
	2.3 ( 0.8*

	
	12h PO
	4.2 ( 1.4
	2.66 ( 1.3*
	1.9 ( 1.2*

	
	24h PO
	3.7 ( 1.6
	2.8 ( 1.3*
	1.91 ( 1.2*(

	
	48h PO
	4.5 ( 1.6
	2.5 ( 1.2*
	1.66 ( 0.8*(

	
	72h PO
	3.4 ( 1.5
	1.8 ( 1.1*
	1.5 ( 0.6*(

	Number of request of rescue analgesia (time)
	5.4 ( 1.18
	3.5 ( 0.9*
	1.88 ( 0.57*(

	Total dose of meperidine 
	268 ( 59
	172 ( 31*
	91.9 ( 32.6*(


Data are presented as mean ( SD. PO, postoperative; VAS, visual analogue pain scale. 

* Significant vs. the control group. 


At 72 h postoperatively, the number of analgesic requirements and total dose of mepridine consumed were significantly higher in control group than other groups who received intra-articular analgesia, with significantly higher requirements and higher total mepridine dose in ropivacaine group compared with the combination group (Table 3). 

At 72 h postoperative, in the intra-articular medication groups there was significant positive correlation (r = 0.376, p = 0.017) between pain scores and angle of flexion of knee joint.  No signs of local or systemic infections were noted in any of the patients, and wound healing was considered normal by the surgeon and no complications related to the procedure or medications were reported. 
Discussion


Postoperative pain management in total knee arthroplasty patients, proved effectiveness of intra-articular analgesia as shown by significant decrease in pain VAS scores recorded throughout 72h after surgery, in patients who didn't receive intra-articular analgesia (group C). Patients who received intra-articular analgesia showed a significantly wider range of knee joint motion compared with control group (group C), with significantly wider range of joint motion recorded in the (group RT) compared with the (group R) alone, this support the beneficial effect of intra-articular analgesia. 


In agreement with these results, Dobrydnjov et al.(13) reported that after total knee arthroplasty continuous infusion of ropivacaine intra-articularly decrease the pain severity compared with extra-articular infusion of ropivacaine during first exercises and therefore improve mobilization up to 24h postoperative. 


Chen et al.(14) found in patients undergoing total hip arthroplasty, bupivacaine 0.5% continuous intra-articular infusion at 2ml/h doesn't provide sustained postoperative pain relief. This difference may be due to homogenous distribution of the fluid throughout the joint cavity which provide  better pain relief and this could be referred to the use of a catheter with multiple pores and the larger volume used in our study.      


In arthroplastic patients adequate postoperative analgesia and pain control will permit rapid patient movement with a markedly increasing range of joint motion, thus inducing mitigation of patient anxiety and relief of emotional stress with subordinate quiet, peaceful postoperative course and easy rehabilitation. 


A trial by Kottka et al.(15) comparing placebo with injection of Lornoxicam, Levobupivacaine or magnesium sulphate intra-articular after knee arthroscopic surgery documented that injection of all intra-articular medications allowed better pain relief and early rehabilitation compared with placebo. 


Proportionate with the use of intra-articular analgesic medications, Sensthilkumaran et al.(16) and Eroglu et al.(17) found that, after anterior circulate ligament reconstruction addition of morphine to intra-articular levobupivacaine provide marked decrease in analgesic requirement in the postoperative period. Also Ayoglu et al.(18) and Cekic et al.(19) reported the effectiveness of co-administration of tramadol and ketamine intra-articularly in reducing postoperative daily analgesic requirements compared with either administration alone or with local anesthetic.         


These advantageous impacts of intra-articular analgesic medications could be ascribed to direct effect of analgesic used on target tissue; however, considering the use of ropivacaine for both groups, so, promoted analgesic effect of the combination group could be due to the effect of tramadol. Furthermore, taking into consideration the weak absorption through joint cavity tissues, so tramadol effect mostly due to local not systemic effect. 


Tsai et al.(20)  showed that there is inhibition of spinal somatosensory evoked potential in rats in a dose dependent and reversible manner that is not affected by naloxone when tramadol directly applied on somatic nerve. They concluded that tramadol exert local anesthetic effect on peripheral nerves.  


Liu and Wang(21) found that A118G polymorphism of mu-opioid receptor gee resulting in amino acid substitution which associated with functional effects and response to opioid treatment. This gave an explanation for varied effects of opiates. 


The obtained results and review of literature allowed us to conclude that continuous intra-articular tramadol / ropivacaine infusion safely reduced postoperative pain scores and decrease analgesic requirements with significantly improved range of joint movement.   

References 

1- Guo D, Cao XW, Liu JW, Ouyang WW, Pan JK and Liu J. Continuous intra-articular infusion anesthesia for pain control after total knee artroplasty : study protocol for a randomized controlled trial. http:///www.trials/journal.com/content/15/1/245. 
2- Power I, Barratt S. Analgesic agents for the postoperative period. Nonopioids. Surg Clin North Am 1999; 79 : 275 – 295. 

3- Rafa RB, Friderichs E, Reimann W, et al. Opioid and non-opioid components independently contribute to the mechanisms of action of tramadol, an atypical opioid analgesic. J Pharmacol Exp Ther 1992; 260 – 275 – 285. 

4- Pang WW, Huang PY, Chang DP, Huang MH. The peripheral analgesic effect of tramadol in reducing propofol injection pain : A comparison with lidocaine. Reg Anesth Pain Med 1999; 24 : 246 – 249. 
5- Jin F, Chung F. Multimodal analgesia for postoperative pain control. J Clin Anesth 2001, 21 : 524 – 539. 

6- Imasogie NN, Singh S, Watson JT, Hurtey D, Morley – Forster P. Ultra-low dose naloxone and tramadol/ acetaminophen in elderly patients undergoing joint replacement surgery: a pilot study. Pain Res Manage 2009; 14 : 103 – 108. 
7-  Eren M, Koltka K, Koknel Talu G, Asik M, Ozyaln S. Comparison of analgesic activity of intraarticular lornoxicam, bupivacaine and saline after knee arthroscopy. Agri 2008; 20 : 17 – 22. 
8- Remeand F, Le Tendre C, Baud A, Couvret C, Pourrat X, Favard L, et al. The early and delayed analgesic effects of ketamine after total hip arthroplasty: a prospective, randomized, controlled, double – blind study. Anesth Analg 2009; 109 : 1963 – 1971. 
9- Sundarathiti P, Ruananukul N, Channum T, Kitkunasathean C, Mantay A, Thammasakulsiri J, Sodsee W. A comparison of continuous femoral nerve block (CFNB) and continuous epidural infusion (CEI) in postoperative analgesia and knee rehabilitation after total knee arthroplasty (TKA). J Med Assoc Thai 2009; 92 : 328 – 334. 
10- Andersen LQ, Husted H, Kristensen BB, Otte KS, Gaarn-Larsen L, Kehlet H. Analgesic efficacy of subcutaneous local anaesthetic wound infiltration in bilateral knee arthroplasty : a randomized, placebo – controlled, double blind trial. Acta Anaesthesiol Scand 2010; 54 : 543 – 548. 
11- Fu P, Wu Y, Wu H, Li X, Qian Q, Zhu Y. Efficacy of intra-articular cocktail analgesic injection in total knee arthroplasty –a randomized controlled trial. Knee 2009; 16 : 280 – 284. 
12- Garcia JB, Barbosa Neto JO, Vasconcelos JW, Ferro LS, Silva RC. Analgesic efficacy of the intra-articular administration of high doses of morphine in patients undergoing total knee arthroplasty. Rev Bras Anestesiol 2010; 60 : 1 – 12. 
13- Dobrydnjov I, Anderberg C, Olsson C, Shapurova O, Angel K, Bergman S. Intraarticular vs. extraarticular ropivacaine infusion following high – dose local infiltration analgesia after total knee arthroplasty :a randomized double blind study. Acta Orthop 2011; 82 : 692 – 698. 
14- Chen DW, Hsieh PH, Huang KC, Hu CC, Chang YH, Lee MS. Continuous intra-articular infusion of bupivacaine for postoperative pain relief after total hip arthroplasty: a randomized, placebo – controlled, double – blind study. Eur J Pain 2010; 14 : 529 – 534. 
15- Koltka K, Koknel – Talu G, Asik M, Ozyalcin S. Comparison of efficacy of intraarticular application of magnesium, levolevobupivacaine and lornoxicam with placebo in arthroscopic surgery. Knee Surg Sports Traumatol Arthrosc 2011; 19 : 1884 – 1889. 
16- Senthilkumaran S, Tate R, Read JR, Sutherland AG. Intra-articular morphine and bupivacaine for post-operative analgesia in anterior cruciate ligament reconstruction : a prospective randomized controlled trial. Knee Surg Sports Traumatol Arthrosc 2010; 18 : 731 – 735. 
17- Eroglu A, Saracoglu S, Erturk E, Kosucu M, Kerimoglu S. A comparison of intraarticular morphine and bupivacaine for pain control and outpatient status after an arthroscopic knee surgery under a low dose of spinal anaesthesia. Knee Surg Sports Traumatol Arthrosc 2010; 18 : 1487 – 1495. 
18- Ayoglu H, Altunkaya H, Bayar A, Turan IO, Ozer Y, Ege A. The effect of intraarticular combinations of tramadol and ropivacaine with ketamine on postoperative pain after arthroscopic meniscectomy. Arch Orthop Trauma Surg 2010; 130 : 307 – 312. 
19- Cekic B, Geze S, Erturk E, Akdogan A, Eroglu A. A comparison of levobu – pivacaine and levobupivacaine – tramadol combination in bilateral infraorbital nerve block for postoperative analgesia after nasal surgery. Ann Plast. Surg 2012; [Epub ahead of print]. 
20- Tsai Y, Chang P, Jou I. Direct tramadol application on sciatic nerve inhibits spinal somatosensory evoked potentials in rats. Anesth Analg 2001; 92 : 1547 – 1551. 

21- Liu YC, Wang WS. Human mu-opioid receptor gene A118G polymorphism predicts the efficacy of tramadol/acetaminophen combination tablets (ultracet) in oxaliplatin – induced painful neuropathy. Cancer 2012; 118 : 1718 – 1725. 
Enrollment





Assessed for eligibility (n = 73)





Randomized (n=63)





Excluded (n = 10)


- Not meeting inclusion criteria (n = 9)


- Refused to participate (n = 1).





Allocation





Group C (n = 20)


-Received allocated intervention  (n = 20).


-Didn't receive allocated intervention (n = 0)





Group RT (n = 22)


-Received allocated intervention  (n = 22).


-Didn't receive allocated intervention (n = 0)





Group R (n = 21)


-Received allocated intervention  (n = 21).


-Didn't receive allocated intervention (n = 0)





Follow - up





- Lost to follow up (n = 0)


- Discontinued intervention (n = 0) 








-Lost to follow up (n = 0)


- Discontinued intervention (n = 2)


( ICU admission (chest pain) (n = 1).


( ICU admission (disturbed consions level (n = 1)








-Lost to follow up (n =0)


-Discontinued intervention (n =1).


( ICU admission (chest pain) (n = 1). 





Analysis





Analysed (n = 20)


-Excluded from analysis (n = 0)





Analyzed (n = 20)


-Excluded from analysis (n = 0)





Analyzed (n = 20)


-Excluded from analysis (n = 0)








PAGE  
- 5 -

