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SUMMARY
Epidural analgesia provides excellent analgesia for open renal surgery but may not always be suitable. We hypothesised that a combination of PVB with patient controlled morphine analgesia would provide comparable analgesia to epidural blockade. 51 patients presenting for open renal surgery were enrolled in this randomized controlled, single blinded clinical trial. Patients were randomized to receive either epidural analgesia (n = 25), or PVB analgesia with patient controlled intravenous morphine (n = 26). Epidural analgesia reduced pain scores at rest at 1, 2, and 4 hours (p < 0.05), at 6 hours (p = 0.01) and 12 hours (p = 0.0016). On movement, Epidural analgesia reduced pain scores at 1 and 2 hours (p < 0.05) 4, 6 and 12 hours, (p < 0.001), 24 and 48 hours (p < 0.05). Epidural analgesia provided superior analgesia compared to PVB analgesia with patient controlled analgesia in patients presenting for open renal surgery.

Word Count: 151
INTRODUCTION

Despite significant advances in surgical technique and laparoscopic equipment, patients still present with extensive disease that require an open renal procedure. The incision, whether in the flank or upper abdomen, is always associated with significant postoperative pain [1]. A multimodal postoperative pain treatment regimen that provides high quality analgesia with minimal side effects is ideal. Epidural analgesia is the gold standard for laparotomy [2,3] and hence open renal procedures, but may not be available either due to the patient’s characteristics or due to staff or equipment shortages. Where epidural analgesia is not available or contra-indicated, high amounts of opioid analgesia, is usually required. However the heavy use of opioids can result in significant adverse effects, including sedation, nausea and vomiting [4]. These, coupled with the reactive pleural effusion on the side of surgery, contribute significantly to respiratory morbidity [5]. Epidural analgesia may result in vasodilatation, leading to increased postoperative haemodynamic instability, motor block and increased nursing workload [6]. Alternative approaches, which reduce the requirement for strong opioids postoperatively, are needed.
Paravertebral analgesia has been used successfully for many procedures from cholecystectomy to abdominal vascular surgery [7-9]. Recent reviews conclude that PVB analgesia may be superior to epidural analgesia in maintaining respiratory function following thoracotomy [10-12]. These findings prompted us to commence a trial comparing epidural and PVB analgesia for open renal surgery. We compared continuous epidural analgesia with PVB analgesia coupled with patient controlled intravenous morphine, in patients presenting for open renal surgery in a prospective, randomized, controlled, single blinded clinical trial.

This study was designed to test two hypotheses. Our first hypothesis was that the continuous paravertebral blockade, when used as part of a multi-modal analgesic regimen, would provide postoperative analgesia that was not inferior to epidural blockade in the first 24 hours following open renal surgery.  Our second hypothesis was that a multi-modal regimen incorporating paravertebral blockade would result in improved postoperative haemodynamic profile compared to epidural analgesia.
METHODS
After obtaining approval by the Hospital Ethics Committee and the Irish Medicines Board, and written informed patient consent, we studied 51 patients, of ASA physical status I-III, between 18 and 80 years of age. They were scheduled for open renal surgery, and were recruited to a prospective, randomized, single blinded, controlled clinical trial. Patients were excluded if there was a contraindication to neuraxial blockade, local infection at the site of block insertion, relevant drug allergy, concurrent use of MAOIs or use within 2 weeks prior to surgery, sepsis, severe kyphoscoliosis, previous thoracic vertebral surgery, uncontrolled hypertension or diabetes mellitus, severe liver or cardiac disease or inability to comprehend the pain scoring system or complete the respiratory assessments. 

The patients were randomized in batches of ten, to receive either epidural analgesia (Group E, n = 25) or PVB analgesia with patient controlled intravenous morphine (Group P, n = 26). The allocation sequence was generated by a random number table, and group allocation was concealed in sealed, opaque envelopes, which were not opened until patient consent had been obtained. The patients were blinded to group assignment. Baseline respiratory assessments comprising spirometry and peak expiratory flow rates (PEFR), were performed at the time of recruitment into the study. 

All patients received premedication with diazepam one hour preoperatively. In the anaesthesia room ECG, NIBP, SpO2 monitors were placed. Intravenous and arterial access was established and the epidural and paravertebral blocks were performed prior to induction of anaesthesia by one study investigator (OF). Patients received an additional 1-2mg Midazolam IV with supplemental oxygen if required and placed in the sitting position. Those patients allocated to the Epidural group had an epidural was sited at T8-9 or T9-10 using an aseptic technique and loss of resistance to saline (Portex Minipack 18G, United Kingdom). A test dose of 3ml 2% lignocaine was given to rule out intrathecal or intravenous placement of the catheter, and the patient was returned to the supine position. 10ml 0.25% Levobupivacaine was then given epidurally over 5 minutes. 

Those patients allocated to the Paravertebral group had similar monitors placed and assisted to the sitting position. The skin was prepared, and a point 2.5cm lateral to the midline, at T3 and T5 was marked on the side of surgery. The injection at T5 was performed first. The skin was anaesthetized with 5ml of 2% lignocaine and adrenaline 1:100,000. Using an 18G Tuohy needle, (Portex Minipack 18G, United Kingdom), the transverse process was touched, and walked off inferiorly. A loss of resistance to saline indicated the paravertebral space. A test dose of 4ml of lignocaine 2% and adrenaline 100,000 was given. Following the negative test dose, 10ml of 0.5% levobupivacaine was injected. The same technique was repeated at T3, walking off the inferior boarder of the transverse process. The test dose was given again, followed by a loading dose of 10ml 0.5% levobupivacaine. A catheter was then advanced until 4cm lay in the paravertebral space. The catheter was secured and the patient was returned to the supine position. 

All patients then received a standardised general anaesthetic with standard monitoring. Anaesthesia was induced with IV fentanyl (1 – 1.5 µg.kg-1 to a maximum of 100 µg) and propofol (3-5 mg.kg-1), and maintained with O2/air in Sevoflurane. Muscle relaxation was achieved with vecuronium, and the trachea was intubated. Further monitoring included ETCO2, peripheral nerve stimulation and temperature monitoring.  Once the patient was positioned and surgery had commenced, the Epidural Group received an epidural infusion of 0.125% levobupivacaine with Fentanyl 2mcg/kg at 10-15ml/hr. The Paravertebral Group received a paravertebral infusion of 0.18% levobupivacaine at 10ml/hr. All patients received paracetamol 2g and ketamine 0.1mg/kg intravenously. Patients in Paravertebral Group received morphine 0.15mg/kg titrated throughout the procedure. Intraoperative data collection included demographic data, hemodynamic parameters, local anaesthetic used, the duration of surgery, blood loss, fluids and vasopressor consumption. 

Following completion of the surgical procedure, patients were transferred to the post anaesthesia care unit (PACU). Both groups received regular paracetamol 1g every six hours intravenously for the next 72 hours. The Epidural Group continued the epidural infusion (levobupivacaine 0.125%, Fentanyl 2mcg/ml) at 10-15ml/hr for 72 hours. The Paravertebral group continued the paravertebral infusion (0.18% levobupivacaine) at 10-12ml/hr and also received patient controlled intravenous morphine in the PACU, (bolus 1mg, lockout 5min, 38mg 4 hour maximum). Rescue morphine analgesia was available for any patient in the Epidural Group in the PACU who had inadequate analgesia, while the epidural was adjusted. An investigator blinded to group allocation assessed the presence and severity of pain using a verbal analogue scale (VAS) of 0 to 10. All patients were asked to score their pain at rest and on movement (cough). Nausea was measured using a categorical scoring system (none=0; mild = 1; moderate = 2; severe = 3). Sedation scores were assigned by the investigator using a sedation scale (awake and alert=0; quietly awake= 1; asleep but easily roused = 2; deep sleep = 3). The patient was deemed to have been nauseated or sedated if they had a nausea or sedation score > 0 at any postoperative time point. The block distribution in both groups was assessed using ethyl chloride cryoanalgesic spray to detect altered cold sensation. Rescue anti-emetics were offered to any patient who complained of nausea or vomiting.  These assessments were performed at 1, 2, 4, 6, 12, 24, 48 and 72 hours after admission to the PACU. Physiotherapists performed respiratory assessments comprising peak expiratory flow rate (PERF) and incentive spirometry during daily therapy at 24, 48 and 72 hours postoperatively. 

The primary outcome measure in this study was 24-hour morphine consumption. Secondary outcome measures included VAS scores, 72-hour morphine consumption, and side effects associated with morphine consumption.  For the purposes of sample size calculation, we assumed that, for PVB blockade to be deemed to provide equivalent analgesia, the 24-hour postoperative morphine requirement could not be greater than 20% higher compared to patients receiving epidural blockade. Based on initial pilot studies we projected a mean 24-hour morphine requirement of 10mg with a standard deviation of 5mg in the epidural group. We calculated that 50 patients would be required per group for an experimental design incorporating two equal sized groups, with = 0.05 and 0.2. We planned to conduct an interim analysis for futility once 50 patients had been enrolled into the study. The study would be terminated in the event that the analysis of 24-hour morphine consumption demonstrated that morphine consumption was 20% higher in the PVB group, with a p value < 0.01. This interim analysis, carried out following recruitment of the 51st patient, demonstrated that morphine consumption was significantly (P < 0.01) greater in the group that received epidural analgesia, disproving the primary hypothesis. The study was terminated at this point and the analysis of the data completed.
All statistical analyses were performed using a standard statistical program (Sigmastat 3.5, Systat Software, San Jose, CA, USA). Demographic data were analyzed using Student’s t or Fisher’s exact tests as appropriate. The data were tested for normality using the Kolmogorov-Smirnov normality test. Repeated measurements (pain scores, nausea scores) were analyzed by repeated measures ANOVA where normally distributed, with further paired comparisons at each time interval performed using the t test. For non-normally distributed data, between group comparisons at each time point were made using Wilcoxons rank sum test. Categorical data were analyzed using the (2 analysis or Fisher’s exact test. The time to first request for morphine was analyzed using the log rank test. Normally distributed data are presented as mean ± standard deviation (SD), non-normally distributed data are presented as median (interquartile range), and categorical data are presented as raw data and frequencies. The  level for all analyses was set as P < 0.05, and the Bonferroni correction for multiple comparisons was utilized where appropriate.

RESULTS

Fifty-one patients were entered into the study, 25 were randomized to undergo Epidural blockade, and 26 were randomized to undergo Paravertebral blockade. The groups were comparable in terms of age, weight and height, procedure, fluid and vasopressor requirements [Table 1]. In all patients, the epidural blockade or PVB was achieved without complication. The epidural catheters of five patients dislodged on the second postoperative day. Two patients declined to have the epidural re-sited, two epidurals were re-sited successfully but it was not possible to re-site the last epidural. One PVB dislodged on the first postoperative night and that patient declined to have it re-sited. Their data is included in the statistical analysis.

Postoperative Analgesia Profile: The paravertebral block regimen provided poorer quality postoperative analgesia compared to epidural analgesia, disproving our primary hypothesis. Specifically, epidural blockade significantly reduced postoperative cumulative morphine consumption at all postoperative times [Figure 1A]. Epidural blockade also significantly reduced interval morphine consumption at all time intervals compared to the PVB regimen [Table 2, Figure 1B]. In addition, epidural blockade significantly reduced postoperative VAS scores at rest at 1, 2, 4, 6, and 12 hours, but not at the later time points [Figure 2A]. Epidural blockade significantly reduced postoperative VAS scores on movement over the first 48 hours [Figure 2B]. 
Haemodynamic Profile: The PVB regimen resulted in a more stable postoperative haemodynamic profile compared to epidural analgesia [Figure 3], thus proving our secondary hypothesis. Specifically, postoperative mean arterial blood pressures were higher at all postoperative time points in the PVB group compared to Epidural analgesia [Figure 3A]. There was no difference between the groups in heart rate at any postoperative time point [Figure 3B]. There was no significant difference in the intraoperative haemodynamic profile between the groups [Figure 4]. Specifically, there were no differences between the groups regarding heart rate or blood pressure pre- or post induction of anaesthesia or at any hourly time point following surgical incision [Figure 4]. Of interest, cumulative intravenous fluid administration was significantly greater in patients that received the paravertebral blockade at 24, 48 and 72 hours postoperatively [Table 3]. In contrast, there was no effect of group allocation on postoperative urine output [Table 3].
Respiratory Profile: There was no difference between groups regarding the postoperative respiratory profiles at any time point [Table 4]. Specifically, there were no differences in respiratory rates, inspired oxygen concentrations, arterial oxygen saturations, spirometry, or peak expiratory flow rates.

Side-Effect Profile: There was a significant effect of both group allocation and time on postoperative sedation scores, with scores higher in patients that received the PVB regimen at 1 and 2 hours postoperatively, but not at the later time points [Table 5]. In contrast there was no between group difference in nausea or itch scores at any postoperative time point [Table 5]. There was an increased incidence and severity of leg weakness in patients that received epidural analgesia in the first 12 postoperative hours, but not at the later time points. The distribution of sensory block is shown in Figure 5. In the Epidural group, 27% of patients had no detectable block at 48 hrs and 36% had no detectable block at 72 hrs postoperatively. In the Paravertebral group, 48% had no detectable block at 48 hours, and 63% had no detectable block at 72 hours despite comfortable analgesia. 

DISCUSSION

Epidural analgesia remains the gold standard analgesia technique for major abdominal surgical procedures, including open renal surgery [2,3]. The surgical incision for renal surgery can vary depending on the pathology involved, from a small lateral incision to a large subcostal anterior incision, with or without thoracostomy tube. Recent reviews of regional analgesia following thoracotomy concluded that PVB and epidural blocks provided equivalent analgesia, but the PVB allowed for superior respiratory function with an added benefit of an absence of motor block [10-14]. The risk profile for both blocks is similar but epidural blockade can be complicated by epidural hematoma, a rare though potentially devastating complication [15]. Despite regular updates on international guidelines on the management of anti-coagulant and anti-platelet agents when performing regional anaesthesia, increasing numbers of patients present for surgery still taking these and other anti-platelet agents. The risk of complications of newer drugs may not be fully elicited. Some institutions also have a limit regarding staff training or equipment in order to monitor epidural analgesia safely and as such there may be a limit in the number of patients with central neuraxial analgesia at a particular time. These reasons prompted us to wonder whether PVB would provide similar analgesia to epidural blockade for open renal surgery.

Our study clearly demonstrates the superiority of epidural analgesia for open renal surgery with significantly reduced VAS scores at rest and on coughing, [Figure 2]. The operations varied from pyeloplasty to nephrouretrectomy, and the surgical incision was either lateral or a subcostal inverted ‘L’incision, performed by four urologists. 

The site for PVB was worked out systematically. During piloting, we found that a PVB below T6 provided adequate intraoperative analgesia but inadequate postoperative analgesia after 24 hours, as the sensory block fell to the L1 dermatome. The block was not amenable to manipulation by either bolus dose or patient positioning, unlike epidural analgesia. A PVB block and catheter at T3 provided adequate postoperative analgesia, but inadequate intraoperative analgesia. Hence we chose a two level technique at T3 and T5. Due to the angulation of the thoracic spinous process, when palpating T5 and walking inferior to the corresponding transverse process, one is actually inferior to the transverse process of T6.  This level was suitable for the incision chosen by our urologists. Close communication with surgeons is paramount in deciding what level to block. 

We also found that a high concentration of local anaesthetic was required to maintain analgesia unlike that following thoracotomy or breast surgery. We ran infusions of Levobupivacaine 0.18% at 10ml/hr; the maximum recommended dose for levobupivacaine, and all patients had a sensory block between T4 and L1 for at least 60 hours. The block was not as dense as that of an epidural block, but on close examination all patients reduced sensation to the cryoanalgesic spray, and the patients had comfortable abdominal wall analgesia.

Despite an adequate sensory abdominal wall block, the PVB patients still complained of visceral pain, especially on movement. The sensory supply to the kidney is derived from the renal plexus, which receives autonomic sympathetic supply from the celiac plexus, the aortorenal ganglion, the aortic plexus and the least splanchnic nerve [16]. The plexus is also innervated by a branch of the vagus nerve [16]. During PVB blockade, this autonomic supply is not completely blocked, as although there is a unilateral block, the sympathetic nervous system has extensive communication superior, inferior and across the midline, and once activated, acts as a unit, unlike epidural analgesia where there is bilateral neuraxial sympathectomy. The autonomic supply may be the responsible for our patient’s visceral pain and could have been addressed by injecting local anaesthetic around the renal artery prior to its ligation [17]. The parasympathetic supply may also be responsible for pain via the vagus but this may not be as easily targeted during renal surgery. The contribution of the vagus may be less important than that of the sympathetic supply because for example following laparotomy for bowel surgery with effective epidural analgesia, the vagus nerve is preserved, and the patient is pain free. It would seem that manipulation the sympathetic nervous system contributes to analgesia. This is consistent with observations during randomized controlled trials comparing the landmark Transversus abdominis Plane (TAP) block with placebo [18-20]. During these studies, the analgesia with the single injection TAP block persisted for 48 hours, longer than the duration of action of the local anaesthetic. Subsequent magnetic resonance image contrast studies demonstrated rostral spread of the injectate to the paravertebral area [21-23]. We can only conclude that the analgesia achieved was due to a sympathectomy in the paravertebral area. This analgesia is consistent with the duration analgesia achieved with sympathetic nerve blocks performed in the chronic pain setting [24,25]. The contribution of the sympathetic nervous system, specifically the stellate ganglion block, to acute pain is a novel approach to analgesia and is being tested in our institution. 

Paravertebral analgesia is experiencing a revival as a consistent, safe analgesia choice especially for breast and thoracic surgery and it may reduce the chance of progression to chronic pain in breast surgery patients [26-29]. Despite failure to provide comparable analgesia to epidurals for open renal incisions, the combination of PVB with opioid PCA, or even bilateral PVBs is an option for a patient for whom central neuraxial analgesia is not suitable. 

There were limitations in the study specifically regarding patient and data collector blinding. The patients in group P, had two infusion pumps, one PVB and one PCA, and the patients in group E only one. Unfortunately, due to limited resources, we were unable to provide placebo regional anaesthesia and PCA pumps. Likewise, brief assessment of the sensory block by the data collector revealed a pattern consistent with PVB or epidural analgesia.

In conclusion, epidural analgesia provides superior postoperative analgesia compared to continuous PVB blockade with patient controlled opiate analgesia in patients presenting for open renal surgery.
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TABLES


Table 1: Baseline Patient Characteristics

	Group
	Epidural

(n = 25)
	Paravertebral

(n = 26)

	Age (yr)

Male 


Female


Body mass index (kg/m2)
	62.2 ± 14.9

14 (56%)

11 (44%)

28.8 ± 3.5
	55.7 ± 17.7

11 (42%)

16 (58%)

25.7 ± 3.8

	Duration of Surgery (min)
	147 ± 44
	145 ± 34

	Operation (n, %):

     Simple Nephrectomy 

     Radical Nephrectomy

     Pyelopasty

     Nephreuretrectomy

     Pyelolithotomy

	2   (8%)

15 (60%)

4   (16%)

2   (8%)

2   (8%)
	3  (11%)

13 (50%)

7  (27%)

2 (8%)

1 (4%)

	Estimated Blood Loss (ml)

Intraoperative Fluids Administered (ml)

Intraoperative Packed Red Cells (unit)
	635 ± 854

2528 ± 1212

0.3 ± 0
.9
	407 ± 288

2654 ± 485

0 ± 0.2

	Intraoperative Ephedrine administered (mg)


Intraoperative Phenylephrine Administered (mg)
	6 [0, 15]

765 [175, 1370]
	6 [0, 11]

200 [0, 763]



	Notes: Continuous data are presented as mean  ± SD or as median [interquartile range]. Categorical variables as presented as number and proportion. There were no significant differences between groups. 


Table 2: Postoperative Analgesia Requirement 

	Group
	Epidural

(n=25)
	Paravertebral

(n= 26)

	Mean 72h Morphine Requirement (mg ± SD)
	21.3 ± 39.7
	83.2 ± 51.8‡

	Interval Morphine Requirements (mg ± SD)

             0-2 hours


2-4 hours


4-6 hours


6-12 hours

            12-24 hours

            24-48 hours

            48-72 hours
	0.4 ± 1.3

0.7 ± 2.3 

0.4 ± 1.4

0.2 ± 0.8

2.1 ± 7.1

6.8 ± 15.7

7.9 ± 15.9 
	2.7 ± 2.9‡

2.4 ± 3.1 *

2.7 ± 4.1†  

6.3 ± 7.4‡

16.7 ± 14.1‡

28.9 ± 20.0‡

17.7 ± 16.2 *

	Notes: Categorical variables are presented as number and proportion; continuous variables are presented as mean and standard error.  

*  P < 0.05 (Epidural vs Paravertebral)

†  P ≤ 0.01 (Epidural vs Paravertebral)

‡ P ≤ 0.001 (Epidural vs Paravertebral)


 Table 3: Postoperative Fluid Balance

	Group
	Epidural

(n=25)
	Paravertebral

(n= 26)

	Cumulative Fluids Administered (mg ± SD)


PACU


2 Hours


4 Hours


6 Hours


12 Hours


24 Hours


48 Hours


72 Hours
	136.6 ± 79.8 

252.6 ± 78.8 

535.2 ± 127.6

777.3 ± 222.5

1671.6 ± 234.0

4646.2 ± 895.6

7524.1 ± 984.8

10627.6 ± 1335.2
	186.9 ± 156.5

343.9 ± 187.2*

608.8 ± 236.9

940.9 ± 397.5 

2019.9 ± 896.4

5682.1 ± 1321.2*

8930.8 ± 1515.0*

11881.5 ± 1834.4*

	Cumulative Urine Output: (mg ± SD)


            PACU



2 Hours


4 Hours


6 Hours


12 Hours


24 Hours


48 Hours


72 Hours
	125.4 ± 102.8 

211.2 ± 136.9 

410.4 ± 236.2 

603.8 ± 351.5 

1191.9 ± 542.2 

3083.8 ± 1090.0 

5903.6 ± 2276.4

8668.4 ± 2848.0
	146.5 ± 159.0 

246.7 ± 231.2 

452.7 ± 322.5 

592.9 ± 324.5

1082.1 ± 382.3 

3559.0 ± 1322.4

6231.1 ± 2402.0 

9037.3 ± 2616.4

	Notes: Continuous variables are presented as mean and standard error.  PACU; Postoperative anesthesia care unit.

*  P < 0.05 (Epidural vs Paravertebral)

†  P ≤ 0.01 (Epidural vs Paravertebra)

‡ P ≤ 0.001 (Epidural vs Paravertebra)


Table 4: Postoperative Respiratory Profile

	Group
	Epidural

(n=25)
	Paravertebral

(n= 26)

	Incidence of Hypopnea (resp rate <10, %)
   
	8%
	15%

	Mean Respiratory Rate (mg ± SD)


              PACU



2 Hours


4 Hours


6 Hours


12 Hours


24 Hours


48 Hours


72 Hours
	15.3 ± 2.9 

16.1 ± 5

15.6 ± 4.2

16.0 ± 3.1 

16.1 ± 4.0 

17.4 ± 3.9 

16.6 ± 3.1 

17.0 ± 3.0
	15.3 ± 3.7

14.7 ± 3.4

14.7 ± 5.04 

14.8 ± 3.7 

15 ± 3.21 

16.0 ± 2.8

16.3 ± 2.2

16.8 ± 2.4 

	Spirometry (ml)

      Baseline

      24 hours

      48 hours

      72 hours
	2237±416

1454±600

1587±530

1656±441
	2307±318

1420±520

1617±607

1786±558

	PEFR (L/min)

      Baseline

     24 hours

     48 hours

     72 hours
	379±122

184±69

211±87

234±80
	369±124

197±82

212±85

242±93

	Notes: Continuous variables are presented as mean and standard error.  

PACU; Postoperative anesthesia care unit. PEFR; Peak expiratory flow rate

*  P < 0.05 (Epidural vs Paravertebral)

†  P ≤ 0.01 (Epidural vs Paravertebra)

‡ P ≤ 0.001 (Epidural vs Paravertebra)


Table 5: Postoperative Sedation and Nausea Scores 

	Group
	Epidural

(n=25)
	Paravertebral

(n= 26)

	Incidence of Sedation (%)
	84%
	77%

	Sedation Scores: (Median, IQR)

        PACU

       2 hours

      4 hours

      6 hours

     12 hours

     24 hours

     48 hours

     72 hours
	1 (0, 1)


0 (0, 1)


1 (0, 1)


0 (0, 1)


1 (0, 1)


0 (0, 0)


0 (0, 0)


0 (0, 0)

	1 (1, 2)

1 (1, 2)

1 (0, 2)

0 (0, 1)

0 (0, 2)

0 (0, 1)

0 (0, 0)


0 (0, 0)


	Incidence of Itch (%)

Itch severity Scores: (Median, IQR)

     PACU

     2 hours

     4 hours

     6 hours

   12 hours

   24 hours

   48 hours

   72 hours
	28%

0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)

	36%

0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


	Incidence of PONV (%)

Nausea Scores: (Median, IQR)

      PACU

     2 hours

     4 hours

     6 hours

   12 hours

   24 hours

   48 hours

   72 hours
	28%

0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)

	23%

0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


0 (0, 0)


	Notes: Categorical variables are presented as number and proportion, continuous variables are presented as mean and standard error.  Abbreviations: TAP, transverses abdominis plane; IQR, Interquartile range; PACU, Postoperative anesthesia care unit.

*  P < 0.05 (Epidural vs TAP Block)

†  P ≤ 0.01 (Epidural vs TAP Block)

‡ P ≤ 0.001 (Epidural vs TAP Block)
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