Comparison of Postoperative Analgesic Efficacy Between Continuous Transversus Abdominis Plane Block, Lumbar Paravertebral and Epidural Blocks After Abdominal Surgeries                    
Abstract


Background: The study was done to assess postoperative analgesic efficacy of ultrasound guided continous transverses abdominis plane block, continuous lumbar paravertebral block and continuous lumbar epidural block in patients undergoing lower abdominal surgeries (unilateral inguinal hernia repair). We compared their analgesic efficacy over the first 48 hour postoperative, in a randomized, single blind study in 120 patients divided in four equal groups, 30 patients in each group. 


Methods: 120 patients were randomly assigned into four equal groups, 30 patients in each group. Group T received ultrasound guided transverses abdominis plane block with 20 ml of bupivacaine 0.25% followed by continuous infusion of bupivacaine 0.125% (0.1 ml / kg / hr) and group P received ultrasound guided continuous lumbar peravertebral block with bupivacaine 0.25% bolus dose 20 ml, followed by continuous infusion of bupivacaine 0.125% (0.1 ml / kg/hr). Group E received continuous lumbar epidural analgesia with bupivacaine 0.25 bolus dose 20ml, followed by continous infusion of bupivacaine 0.125% (0.1 ml / kg / hr) and group C received normal saline bolus dose 20 ml, followed by continuous infusion of normal saline (0.1 ml / kg/hr). General anesthesia was induced with fentanyl 1-2 (g/kg and propofol 1 – 3 mg/kg followed by atracurium 0.5 mg/kg. at end of surgical procedure, we activate regional block with recording of parameters in the postoperative period each patient was assessed for visual analogue scale (VAS) at rest and on movement, analgesic consumption, vital signs and presence of complications (nausea, vomiting, sedation), and postoperative patient satisfaction all data collected postoperatively by a blinded investigator at one, two, 6, 12, 24 and 48 hours postoperatively. 


Results: Postoperative analgesic efficacy is more in group E than group P and group T, the latter is least effective in pain control. Also in group E the postoperative analgesic consumption is lower than in group P and group T. Regarding complications as nausea and vomiting were more recorded in epidural than other two groups. 


Conclusion: Regarding postoperative analgesic efficacy, continuous lumbar epidural block is more effective than continuous paravertebral and continuous transverses abdominis plane block, but regarding complications, there were higher incidence in epidural group than other two groups. 
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Introduction 

Major open abdominal surgeries, such as liver and bowel resection, gastric bypass and gynecological surgery results in moderate to severe pain in the acute postoperative period especially in the first 48 hours despite the use of traditional systemic analgesic techniques, such as patient controlled analgesia, intramuscular or intravenous opioids and multimodal analgesia of opioids combined with NSAIDs, acetaminophen, Ketamine and neuropathic agents(1). Regardless of opioid use, pain scores remain high in the first 72 hours after surgery with coughing and mobilization. In addition, the use of opioids may result in presumed side effects such as nausea, vomiting, sedation and hypoventilation, which can burden patients recovery(2).  


Regional anesthesia and analgesia can be used to markedly decrease postoperative pain scores and decrease the utilization of systemic opioids. Local anesthetics can be deposited at the peripheral nerve (transversus abdominis plane), the nerve root (paravertebral) and neuraxis (epidural) level. These sites will selectively block nerve conduction and result in different profiles of analgesia and side effects(3).  Ultrasound (US) guided peripheral nerve block have been reported extensively within the anesthesiology literature and have tried effective than the standard Landmark techniques(4). Epidural analgesia can be a helpful technique of pain management at numerous situations. It fascilitates could also be clinically further subdivided into anterior, posterior and lateral spaces(5). The spinal nerve within the paraverebral area are submerged within the paravertebral fatty tissue. Paravertebral fascia connect the paravertebral space with the epidural space medially and controlateral paravertebral space. The paravertebral block may be a selective block of the nerve roots at the chosen levels through direct infiltration of the local anesthetic into the spinal nerve and also the medial extention through intervertebral foramina(6). 


The transverse abdominis plane (TAP) block designed to provide anesthesia to anterior abdominal wall nerves (T6 to L1). It absolutely was initial represented in 2001 by Rafi as traditional Landmark technique using the lumbar triangle of petit. Local anesthetic is injected between the internal oblique and transverse abdominis muscle just deep to fasical layer superficial to it(7). TAP block was shown to decrease the postoperative opioid consumption, increase the time to initial request for any other analgesia and provid more effective control of pain, however reducing opioid related undesired effects as postoperative nausea, vomiting and sedation(8).  The use of ultrasound has allowed anesthesia providers to do the block under direct visualization with greater accuracy. The TAP block is a simple procedure that  can used as adjuvant for postoperative pain control in surgeries involving T6 to L1 distribution(9).          
Patients and Methods

After obtaining approval from Benha University Hospital research ethics committee and written informed consent from the patients, we included 120 patients of ASA physical status I, II and III scheduled for lower abdominal surgeries (unilateral inguinal hernia repair) in a randomized, single – blind study. We excluded patients with a history of allergy to used drugs or chronic pain, age < 18 years old or > 60 years old, coagulopathy, morbid obesity (BMI > 40 kg/m2). Patients were randomly allocated into four groups (group P) (n = 30) patients received ultrasound guided continuous lumbar paravertebral block with bupivacaine 0.25% bolus dose 20ml, followed by continuous infusion of bupivacaine 0.125% (0.1ml/kg/hr), (Group T) (n = 30) patients received ultrasound guided transverse abdominis plane block with 20ml of bupivacaine 0.25% followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr), (Group E) (n = 30) patients received continuous lumbar epidural analgesia with bupivacaine 0.25% bolus dose 20ml followed by continuous infusion of bupivacaine 0.125% (0.1 ml/kg/hr) and (Group C) (n = 30) patients in this group received saline injections paravertebrally (n = 10), in the TAP (n = 10) and epidurally (n = 10). The volume of saline delivered to each group was identical to that suggested for each individual block. 


Randomization was done by random number list which generated by online program randomization numbers were concealed in opaque envelops which were opened by the study investigator. The patients and staff providing postoperative care were blinded to group arrangement. All study patients received standard pre and intraoperative monitoring. General anesthesia was induced with fentanyl 1-2 (g/kg and propofol 1-3 mg/kg followed by atracurium 0.5 mg/kg to facilitate endotracheal intubation all patients were artificially ventilated, and maintenance of anesthesia was achieved by the inhalation of isoflurane / air / O2 mixture and atracurium 0.1 mg/kg as maintenance dose every 30 minutes till the end of the procedure. Insertion of lumbar paravertebral catheter / lumbar epidural catheter was done before induction of general anesthesia, while the transverses abdominis plane block was performed under general anesthesia. 


In paravertebral group, standard regional anesthesia tray was prepared with the following : sterile towels, gloves, 20 ml syringes with local anesthetic, 25 – gauge needle for skin infilteration, an 18 gauge 8 cm epidural needle (perifix. B. BRAUN Melsungen AG). Syringe pump (Fresenius Kabi) and GE LOGIQP5 ultrasound machine (with 5 – 12 MHz Probe and Colour Doppler Imaging Capability). In sitting position after skin sterilization and protection of ultrasound probe with a sterile probe cover, a 5 – 8 MHz curved array ultrasound transducer probe placed over a spinous process in the mid-line in a longitudinal fashion to identify lumbar paravertebral space. The probe then moved 2 – 3 cm laterally from the midline, to visualize transverse processes and the wedge shaped paravertebral space. The best views of paravetebral space were obtained with slight oblique tilt of the transducer. 


Once the best image of the space was captured. 4 – 6 ml of local anesthetic (lidocaine 1%) was infiltered subcutaneously an 18 gauge 8 cm epidural needle was utilized to identify the space, the needle tip advanced under direct vision. Correct position was confirmed by saline injection and observation of paravertebral space distention. A 20 gauge multipores epidural catheter (B. Braun) was inserted 4 cm beyond the needle tip after the catheter secured in place and negative aspiration, a test dose of 4 ml of lidocaine mixed with epinephrine 1 : 200 : 000 was given. 


In TAP block group, after skin sterilization and protection of ultrasound probe with sterile probe cover, ultrasound linear array probe was placed to abdomen transversally in the midaxillary line between costal margine and the iliac crest (the triangle of petit). After three muscle layers were clearly seen, an 18 gauge 8 cm epidural needle inserted in a sagital plane approximately 3 – 4 cm medial to the probe (in – plane technique). The probe was moved slightly anterior to visualize skin puncture and superficial course, then probe moved gradually posterior to the midaxillary line position, following the needle to correct position in transverse abdominis plane 1 ml of local anesthetic was injected to open the plane followed by injection of the 20 ml of bupivacaine 0.25%. A multipore 20 G epidural catheter was inserted where 3 – 5 cm of the catheter was left inside the plane, then the catheter taped to the skin.                      


In lumbar epidural group, low frequency (5 MHz) curved array probe was placed 3 – 4 cm lateral to midline in parasagittal plane (Ps) then probe moved from lateral to medial direction toward the median sagittal plane. The laminae of the lumbar vertebrae appear as "sawteeth" pattern. The interposing gaps denote the paramedian interlaminar spaces, through which the following structures were visualized in the following arrangement from superficial to deep : ligamentum flavum, epidural space, posterior dura mater, anterior dura, posterior longitudinal ligament and posterior vertebral body. Once sagittal plane examination completed, the probe rotated 90 degrees into transverse orientation an centred on the midline. Superficial hyper echoic line with a coustic shadowing beneath appear on the screen which represent the tip of spinous process, sliding the probe in candal or cephalic direction provide interlaminar view of the vertebral canal contents depending on the angle at which spinous process project and the width of inter-spinous space, the transducer with tilted cephalad to optimize vertebral canal image. The tilt (inclination) of the transducer and the depth of the epidural space is measured, mark the interspace on the skin and the insertion point infiltered with lidocaine 1% remove all the gel with dry gauze and then proceed for placement of epidural catheter using an 18 gauge 8 cm epidural needle and a 20 gauge multipores catheter inserted 5 cm beyond the loss of resistance after securing the catheter and negative a spiration, a test dose was given with 4 ml of lidocaine 1% mixed with epinephrine 1 : 200,000. 


After surgery and extubation, the patients were transferred to the recovery room and infusion started plus standardized analgesic regimen consisting of regular I.V paracetamol 1 g every 6 hours combined with morphine (5 mg) given when pain score equal to or greater than 4. If any catheter was in effective (pain not controlled) in recovery area, then we  re-site it, if patient continued to complain of pain following resiting of catheters, we remove the catheter and start pain control with a patient controlled analgesia (PCA) device containing morphine and this considered case failure and excluded from the study.  


The visual analogue scale (VAS), morphine consumption, nausea vomiting and drowsiness were assessed by an investigator in the PACU at 0, 1, 2, 6, 12, 24 and 48h postoperatively. All patients were asked to give scores of their pain at rest and on movement (knee flexion) at each time point. Pain severity was measured using visual analogue scale (VAS, 10 cm line in which 0 cm = no pain and 10 cm = worst pain imaginable). 48 hours after surgery, patients were asked to document their satisfaction with postoperative pain control regimen using scoring system                     (1 = satisfied, 2 = cannot answer, 3 = dissatisfied). 

Visual analogue scale (VAS) and 48h morphine consumption is the primary outcome measure in this study. While, vital signs and side effects associated morphine consumption were the secondary outcome. 


Statistical analyses were performed using a standard statistical program (SPSS version 16). Quantitative data were presented as mean ( standard deviation, and analyzed by using one way ANOVA test, while qualitative data were presented as numbers and percentages and analyzed by using chi – square test, p – value < 0.05 was considered statistically significant, p – value < 0.01 was considered statistically highly significant. 

Results 


Demographic data showed no difference regarding age, ASA physical status, body mass index (BMI) or duration of surgery between groups (Table 1). 

Table (1):  Demographic data and duration of surgery in all groups. 
	
	Group C

(30)

Mean ±SD
	Group T (30)

Mean ±SD
	Group P 

(30)

Mean ±SD
	Group E 

(30)

Mean ±SD
	F test
	p- value

	Age
	41.3±9.98
	39.07±10.49
	40.40±10.86
	40.83±7.90
	0.29
	0.84

	ASA
	1.7±0.70
	1.43±0.68
	1.73±0.69
	1.73±0.69
	1.33
	0.27

	BMI
	32.04±4.79
	32.34±4.93
	33.6±4.72
	34.43±4.46
	1.66
	0.18

	Duration of surgery
	78.33±9.44
	77.3±11.87
	76.17±10.74
	78.17±11.27
	0.25
	0.86


C= Control group, T = Transversus abdominis plane block, P = Paraventebral block, E = Epidural block, Data presented as mean ( SD. P – value < 0.05 = significant,            P – value < 0.01 = highly significant. 

VAS was measured at rest and on patient's movement (Knee Flexion), at PACU, 1,2,6,12,24 and 48 hours postoperatively (Table 2). 

Table (2): Visual analogue scale in all groups during 48 hours postoperative. 
	Postoperative visual analogue scale
	Group C  (30)

Mean ±SD
	Group T 

(30)

Mean ±SD
	Group P

1.33
	Group E    

(30)

Mean ±SD
	F test
	p- value

	PACU rest
	3.97±0.96
	3.53±1.04
	3.67±0.88
	3.73±1.11
	0.98
	0.41

	PACU mov
	4.5±0.94
	4.17±1.34
	4.33±1.32
	4.23±1.5
	0.38
	0.77

	VAS 1h rest
	3.63±0.93
	3.13±0.82a
	3.07±0.64a
	2.63±0.81abc
	7.76
	0.001**

	VAS 1h mov
	3.97±1.22
	3.37±1.33a
	3.47±0.90
	2.97±1.0a
	4.02
	0.009**

	VAS 2h rest
	3.13±0.78
	2.63±0.67a
	2.40±0.50a
	2.03±0.41abc
	17.34
	0.001**

	VAS 2h mov
	3.5±1.31
	3.07±1.26
	2.77±0.68a
	2.5±0.97ab
	4.70
	0.004**

	VAS 6h rest
	3.20±0.81
	2.33±0.66a
	2.35±0.51a
	2.07±0.52a
	17.49
	0.001**

	VAS 6h mov
	3.23±1.22
	2.53±1.25a
	2.70±0.65
	2.47±0.97a
	3.27
	0.024*

	VAS 12h rest
	3.17±0.83
	2.63±0.67a
	2.47±0.57a
	2.53±1.01a
	4.90
	0.003**

	VAS 12h mov
	3.27±1.20
	2.70±1.34
	2.67±0.71
	2.80±1.13
	1.85
	0.14

	VAS 24h rest
	3.33±0.88
	2.87±0.97a
	2.63±0.62a
	2.20±1.06ab
	8.27
	0.001**

	VAS 24h mov
	3.73±1.29
	3.30±1.42
	2.93±0.79a
	2.70±1.09ab
	4.48
	0.005**

	VAS 48h rest
	3.13±0.78
	2.73±0.87a
	2.53±0.57a
	2.07±0.87abc
	9.69
	0.001**

	VAS 48h mov
	3.43±1.25
	3.10±1.37
	2.77±0.68a
	2.27±0.98ab
	6.10
	0.001**


Data presented as mean ( SD 
** highly significant 

* significant

Our study shows significant differences between groups as regard VAS at rest and on movement at all postoperative times except at PACU time Figure (1). 
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Fig.(1): VAS values at rest and on patient's movement.

During the first 48 hours in the post-operative period, the total analgesic consumption by morphine boluses used in each group (When VAS ( 4) despite the maximum rate of bupivacaine infusion, rescue analgesia 5mg bolus of morphine was intravenously administrated to achieve pain relief was repeated every 4 hours as needed, this showed high significant difference between groups (P – value < 0.001). As expressed as mean ( SD, in group C 14.83 ( 2.78, in group T it is 11.17  ( 3.64, in group P it is 7.5 ( 3.41 and in group E it is 7.17 ( 3.4               (Figure 2). 
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Fig.(2):  Total  analgesic consumption (morphine mg/24h)


All methods of block provided sufficient degree of patient satisfaction, while only 50% of control group patients showed that they were satisfied (Table 3). 

Table (3): Total pain rescue analgesic consumption during 48 hours and patients satisfaction. 

	
	Group C

 (30)
	Group T (30)
	Group P

 (30)
	Group E 

(30)
	Test


	p- value

	Total morphine
	14.83±2.78
	11.17±3.64a
	7.50±3.41ab
	7.17±3.40ab
	F test=35.24
	0.001**

	Satisfied 
	15(50.0)
	23(76.7)
	24(80.0)
	26(86.7)
	X2= 11.93
	0.008**

	Can’t answer 
	4(13.3)
	5(16.7)
	4(13.3)
	3(10.0)
	FET= 0.68
	0.98

	Dissatisfied 
	11(36.7)
	2(6.7)
	2(6.7)
	1(3.3)
	FET= 15.17
	0.001**


** Highly significant 


The mean arterial pressure (MAP), its levels were slightly higher in control group than others. Group P,T show no significant difference from baseline values, except for slight decrease in group P, but in group E, there was significant decrease in MAP from first hour after bolus dose till end of the study. No significant changes during the study period between groups regarding heart rate, but in group E, heart rate was significantly lower than baseline during the study. 


As regarding complications during the study in all groups, in group C, nausea was 11 patients (37%), vomiting were 5 patients (17%) and drowsiness were 5 patients (17%). IN group T, 7 patients (23%) had nausea and vomiting in 1 patients (3%) and drowsiness in 3 patients (10%). In group P, nausea occurred in 8 patients (27%), vomiting in 2 patients (6%) and drowsiness in 3 patients (10%). In group E, nausea was 9 patients (30%), vomiting in 3 patients (10%) and drowsiness in 2 patients (6%). With no statistically significant difference between groups regarding complications.     

Discussion 

Postoperative pain, particularly once poorly controlled, could produce a range of acute (i.e., adverse physical responses) and chronic effects (i.e. chronic pain, delayed long term recovery). Poor postoperative pain control can lead to many negative outcomes such as hypertention, cardiac arrhythmias, myocardial ischemia, immobility, deep venous thrombosis, poor wound healing and reduce alveolar ventilation(10). Many choices are available for postoperative pain control, including regional analgesic techniques (i.e. peripheral and neuraxial) and systemic analgesics (NSAIDs and opioids). Addition of different analgesics that act at different nervous system sites and by different mechanisms leading to additive and / or synergistic effect with lowered adverse effects, that is what is recently called multimodal analgesia(11).    


This study was carried out at Benha University; to compare efficacy of ultrasound guided transverses abdominis plane block, contiuous lumbar paravertebral block and lumbar epidural block on post – operative analgesia and complications in patients undergoing abdominal surgeries, in which 120 patients were included in prospective single blinded randomized clinical study in the form of four groups 30 patients in each group. The main targets of this study were visual analogue scale (VAS) for pain at rest and on movement postoperatively and measuring the mean morphine consumption in 48 hours. The secondary targets include vital signs in the form of heart rate, mean arterial blood pressure and respiratory rate at PACU every 15 minutes in the first hour then after two hours, 6 hours, 12, 24, 48 hours postoperatively, time of operation and complications (nausea, vomiting, sedation). 


As regard visual analogue scale (VAS) and mean morphine consumption. Current study showed significant differences between groups and control as regard VAS and these was increased mean morphine consumption in the fist 48 hours postoperatively in group T compared with group P and group E, this is in agreement with Pankaj N Surange(12) who compared continuous lumbar paravertebral with continuous epidural block, they found that both routes were effective in postoperative pain control and didn't significantly differ, the same with Messina et al.(13), who compared epidural versus paravertebral blockade in thoracic surgery. They founded no significant differences in VAS score between groups at any time point but values were lower in epidural than paravertebral group at 6, 24, 48 hours postoperatively.       

Two other studies(14, 15) were in consitent with our study, first found that no difference in pain intensity before and after respiratory physiotherapy in the epidural and paravertebral group, the second documented no difference in postoperative pain in days 1 – 3 betrween the two groups. Tornero-Campello G.(16), who compared intravenous PCA with morphine, TEA and TAP block in laparoscopic high anterior resection, recorded that cumulative opioid use was significantly lower for the epidural group at all time points up to discharge than PCA group and up to 72h significantly lower than for TAP group but length of hospital stay was longer in TEA group (6 days) than in TAP group (4 days). Lin Y-N et al.(17) showed higher morphine consumption postoperatively in patients received TAP block than those received paravertebral block. 


Federico et al.(18) found statistical significance in VAS in favour of paravertebral group in relation to epidural group when comparing analgesia in patients undergoing thoracotomy. But this mostly due to higher local anesthetic concentration in paravertebral group and the length of surgery was 108.6 minutes for PA group and 141.3 minutes for EA group (P < 0.0001). Our results also not consistent with Debreceni study(19) who compared continuous paravertebral and epidural analgesia following thoracotomy and recorded the lower pain score in continuous epidural than continuous paravertebral in the early postoperative period (up to 12h postoperatively only) but this can explained by the large volume. Inected into epidural space (0.2 ml/kg). Others who(20) studied different regional techniques for inguinal hernia repair, comparing TAP block (continuous bupivacaine infusion 0.25% at rate 8 ml/hr) and paravertebral block (continuous infusion of 0.125% bupivacaine at rate 8ml/hr). They observed similar analgesic efficacy can be achieved with both blocks and either technique can be used for unior bilateral abdominal surgery to achieve satisfactory analgesia in combination with paracetamol, NSAIDs and morphine PCA. This can explained by lower concentration bupivacaine in paravertebral group than TAP block group besides increased failure rate of catheter insertion with paravertebral group than with TAP group. Also Niraj et al.(21) studied the patients undergoing laparoscopic bowel resections, the 70 cases randomized to be treated with continuous TAP block or continuous epidural analgesia, they found no difference at 24h during conghing postoperative in the median VAS and no difference in tramadol consumption between groups. 


As regard the mean arterial pressure (MAP), its levels are slightly higher in control group than others group P, T show no significant difference from baseline values, except for slight decrease in group P, but in group E, there is significant decrease in MAP from the first hour after bolus dose till end of the study. No significant changes during the study period between groups regarding heart rate, but in group E, heart rate were significantly lower than baseline during the study. This can be explained by sympathetic blockade with epidural analgesia besides sedation and lower VAS score in lumbar epidural than other groups, also in group P these is unilateral sympathetic block compared to bilateral block in group E. A systemic review and met- analysis(22) from eight trials studied analgesic safety and efficacy of thoracic epidural and paravertebral analgesic during thoracotomy, found that TEA associated with significantly higher hypotention than PVB in both intra and postoperative period. Other two studies(23, 18) comparing epidural and TAP analgesia in 44 patients undergoing laparotomy surgeries, TAP group showed a less reduction in mean blood pressure and reduce the frequency of hypotention than in epidural group due to epidural group sympathetic block. Santhosh and Rajendran(24), found no significant difference in MAP between two groups and no fall in blood pressure after first hour. This can explained by; only 8ml bolus of 0.25% bupivacaine after end of surgical procedure and patient not receive opioid analgesic intraoperatively while intraoperative analgesia maintained only with N2O.      

As regarding complications during the study in all groups, in group C, nausea was 11 patients (37%), vomiting were 5 patients (17%) and drowsiness were 5 patients (17%). In group T patients (23%) had nausea, and vomiting in1 patient (3%) and drowsiness in 3 patients (10%). In group P, nausea occurred in 8 patients (27%), vomiting in 2 patients (6%) and drowsiness in 3 patients (10%). In group E nausea was 9 patients (30%) vomiting in 3 patients (10%) and drowsiness in 2 patients (6%). With no statistically significant difference between groups regarding the complications a meta analysis(25), analyzed side effects as nausea, vomiting, hypotention and pulmonary complications. Found that PVB compared to EPI resulted in significantly less incidence of urinary retention, nausea, vomiting and hypotention. 

Conclusion

Continuous lumbar epidural block is more effective in postoperative analgesia when compared to continuous transverses abdominis plane block and continuous paravertebral block, but regarding complications (hypotention, nausea and vomiting) there were higher incidence of complications in patients received epiduralanalgesia than in other groups, however TAP block can be alternative postoperative analgesic technique for patients in which epidural and paravertebral blocks are contraindicated.   
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										Total morphine		14.83		11.17		7.5		7.17
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										PACU mov		4.5		4.17		4.33		4.23
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