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Abstract 

Post-operative pain management is a key element of enhanced recovery after surgery (ERAS) 

during elective surgery. This PhD program focused on the new myo-fascial blocks in managing 

peri-operative pain. The program also focused on simplifying the description of performing 

the regional block under ultrasound guidance, including illustrated diagrams with coloured 

images. This thesis is composed of five chapters:  

Chapter 1 - Literature search on new fascial plane blocks.  

Chapter 2 - Anatomical and ultrasound description of two trans-muscular quadratus 

lumborum block (TQL) approaches and its application in abdominal surgery, and clinical use 

of these new techniques at L2 or L4 levels with catheter insertion for post-operative analgesia 

in open abdominal surgery.  

Chapter 3 - A prospective randomized study comparing the ultrasound guided TQL catheter 

technique with a surgical pre-peritoneal catheter for post-operative analgesia in abdominal 

surgery. To investigate the incidence of acute kidney injury (AKI) in this surgical population, 

we retrospectively studied AKI during the peri-operative period.  

Chapter 4 - Comparison of ultrasound guided erector spinae plane (ESP) block versus wound 

infiltration (WI) for post-operative analgesia in laparoscopic colonic surgery in a prospective 

randomised study. This chapter also includes an observational study of plasma ropivacaine 

levels after an ESP block.   

Chapter 5 - Conclusion and future directions for perioperative pain management strategies in 

colonic surgery. 
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Introduction 

Post-operative acute pain can occur due to surgical trauma with a possible inflammatory 

reaction. Post-operative pain management is one of the key elements of Enhanced Recovery 

After Surgery (ERAS) in any elective surgery. Having pain management strategies in place may 

help to minimise pain which could potentially speed postoperative recovery, resulting in a 

reduced length of patient stay. Shorter hospital admissions may also reduce hospital costs. 

Pain has traditionally been managed with systemic opioids until regional analgesia was 

introduced [1]. Inserting a thoracic epidural catheter for analgesia is invasive and has the 

potential for rare neurological complications [1]. Peripheral nerve blocks such as transversus 

abdominis plane (TAP) block have gained popularity in peri-operative pain management for 

reducing opioids allowing early recovery for elective colorectal patients [2]. Over the last five 

years newer posterior fascial blocks such as the trans-muscular quadratus lumborum (TQL) 

and erector spinae plane (ESP) blocks have further assisted in reducing opioid use and patient 

length of stay [3,4]. Further research is warranted on the safety of these local anaesthetic (LA) 

infiltrations and their mechanism of action. There are descriptions of these new TQL and ESP 

blocks on cadavers and their use in a few studies [3,5,6]. Nevertheless, there are currently no 

randomized trials on their use in patients undergoing major colorectal surgery patients. 

Furthermore, the mechanism of action and the description of the ultrasound technique for 

the TQL block are not clear.  

This PhD program focused on the efficacy and safety of these new fascia blocks for peri-

operative pain management, as an important aspect of enhanced recovery after surgery. This 

program also focused on simplifying the description of the block under ultrasound guidance, 

including illustrated diagrams with coloured images. We included an assessment of cost-

efficacy for the TQL block. ESP block single bolus injection has been proven to be beneficial as 

a part of multimodal analgesia in surgeries involving the thorax and abdomen [3,6-9]. 

Levobupivacaine, ropivacaine (ROP), and bupivacaine were used in these case studies at 

various concentrations and volumes. Information on the pharmacokinetics of local 

anaesthetic (LA) drugs injected into the ESP space in patients undergoing laparoscopic 

abdominal surgery is not known. Wound infiltration and preperitoneal block studies have 

shown the benefits of analgesia in abdominal surgeries [10-14]. Surgeons routinely perform 
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wound infiltration or pre-peritoneal block and I wanted to compare this to the new fascial 

blocks. Karmakar et al. reported the pharmacokinetic profile of a thoracic para vertebral 

injection of local anaesthetic [15] but no studies were reported on the ESP block. Our aim was 

to study the safety profile of ESP block by analysing ropivacaine levels. The overarching aim 

of the study was to determine the post-operative pain and safety outcomes of these various 

techniques for major abdominal surgery in the colorectal population. 
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Chapter 1- Literature review on new fascial plane blocks 

Purpose: the primary aims of this review are to summarize and critique the state of the 

science on new fascial plane blocks by analysing previous conducted research studies.  

Introduction: Problems noted in the search were: no clinical trials in the colorectal surgery 

population, including drug dosing and safety of drug. The other issues were complex 

description of the quadratus lumborum block including ultrasound imaging. The questions 

focused were: what is the description of the block in terms of imaging, needle technique and 

sonoanatomy interpretation. Does it have real benefit of pain relief after major surgery? Is it 

superior to existing analgesic techniques? There is lot of evidence in support of ESPB in 

thoracic surgery but no such evidence in abdominal surgery. Will it play analgesic role in 

postoperative period? 

At the commencement of this project in 2016-17 available literature on fascial blocks was 

limited. A literature search was undertaken on new fascial plane blocks including wound 

infiltration, pre-peritoneal catheter for analgesia and pharmacokinetics of local anaesthetics 

in erector spinae block.  

Methods: The area of search was mainly limited to use of these blocks for post-operative 

analgesia in abdominal surgery. Eligibility: Surgeries included in TQL were open abdominal 

and laparoscopic surgeries in erector spinae block. Age limit was for adults above 18 years 

and surgical population was for abdominal surgery. Data items were: local anaesthetic use 

and analgesia intervention point post-operative period with outcome for post-operative 

analgesia. 

The literature was searched through PubMed, Web of science ScienceDirect, Scopus, Embase, 

and Google Scholar using the following combinations of various search terms: Quadratus 

lumborum, transmuscular, blocks, local anaesthetic, Ultrasonography, Ultrasound, Local 

Anesthesia, Anesthesia, Local, analgesia, Pain, Post-operative and Nerve Block. All types of 

publication were searched for the time period January 1974 to current. Peer-reviewed case 

reports, case series, prospective studies, and letters to the editor in English, French, Swedish, 

Farsi, Turkish, and Japanese were also retrieved. Reports published and posted between 

January 2012 and February 2018 were also included. 
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For pre-peritoneal catheter analgesia the literature search was through Embase, Epub Ahead 

of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid 

MEDLINE(R) <1946 to Present. The search strategy used a combination of various search 

terms: preperitoneal catheter infusions, continuous preperitoneal, preperitoneal continuous, 

pre-peritoneal catheter. Similar search was used for wound infiltration techniques for postop 

-analgesia. 

The erector spinae plane (ESP) block literature search was performed using Embase, Epub 

Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid 

MEDLINE(R) <2000 to Present. Since this newly developed ultrasound-guided facial block was 

first discovered in 2016 the contribution to the literature for ESP block was limited when this 

project was commenced in 2017. 

Traditionally systemic opioids were used as analgesics for post-operative pain until neuraxial, 

spinal and epidural techniques were introduced. As spinal and epidural techniques are in 

proximity to neurological structures, for safety reasons various peripheral regional analgesic 

techniques were introduced including fascial plane blocks. This chapter describes the 

literature on new fascial plane blocks with a short history of older techniques of pain relief 

compared with current ones.  

Results: There were one cadaver study, 14 case reports, and only two randomised controlled 

trials reporting on the use of TQL block. After the ESPB initial report on novel analgesia 

technique, under previous studies there were 6 case reports on its use in abdominal surgery, 

a radiological study, and a cadaveric study. The literature review study details for both blocks 

shown in flow chart (See fig 1). Since there was minimal literature and block anatomical 

description was not clear, original authors were contacted at the conference workshop to 

understand it. This also allowed opportunity to get more skills on the technique of the block. 

As there were small numbers, no risk bias or quality of evidence grade tool was used. 
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Fig 1 showing the flow chart of the new fascial blocks review 

Previous 
studies:  

Identification of new studies via data base& registers Identification of new studies via 
other methods 

Studies 
included 
in 
previous 
version of 
review 
n=4 

Records identified from 
Database (n=724)       
Register n= 2          
 

Records removed before    
Screening Duplicates n=24 
Records ineligible 629 
Others n=57 

Records identified from  
Websites n=0 
Organisations n =0 
Citation searching n=0 

Reports 
included 
in 
previous 
version of 
review 
n=20 
 Record screened n=726               Record excluded n=712 

Records included n=14  
 

Reports sought for retrieval n=0 

Reports assessed for eligibility n= 26  Reports excluded n=6  Reports assessed for eligibility 
n=0 
 

New studies included in review n=14 
Reports of new studies included n=20 
Total studies included in review n=58 

 

Systemic use of opioids: The first record of post-operative analgesia was the use of opium in 

1784 [1] and later for laparotomy in 1816 [2]. The first use of patient-controlled analgesia 

(PCA) with an opioid was described by Sechzer in 1967 [3]. Apart from immediate side effects 

of nausea vomiting, itching, ileus and respiratory depression, opioid misuse and diversion is 

of major concern [4]. A multimodal approach along with regional analgesia has reduced opioid 

side effects and improved pain scores [5]. 

Regional analgesic techniques: Although intravenous, subcutaneous, and intramuscular 

routes of opioid administration remain important methods of post-operative pain relief, great 

advances have been made with the introduction of regional techniques such as spinal and 

epidural injections and infusions.  

Spinal analgesia: The first deliberate use of spinal morphine for post-operative analgesia 

reported in 1909 [6]. In 1973 studies demonstrated opioid receptors in the brain and then in 

1977 in the spinal cord [7,8]. Unfortunately, the intrathecal morphine had side effects such 

as pruritus, nausea, vomiting, urinary retention, and respiratory depression. An intrathecal 
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mixture of bupivacaine and morphine was associated with less post-operative opioid 

consumption but has no other advantages over systemic opioids [5]. 

Epidural: Use of epidural analgesia was described by Jean Sicard [9]. The use of epidural 

opioids for post-operative pain relief gained acceptance and several studies in the early 1980s 

confirmed its efficacy [10-14]. There is also concern of rare but serious neurological side 

effects, hence there is an increasing trend towards peripheral regional nerve blocks [15]. 

Recent meta-analyses show that the previous benefits of post-operative epidural analgesia 

may be less promising today when compared to the newer, and less invasive, alternatives 

[15]. 

Ultrasound guided regional nerve blocks: The advent of ultrasound has provided real-time 

visualisation and targeting of major nerves and even the epidural space, where previously 

these were located with landmark-based "blind" techniques (e.g. loss of resistance, 

paraesthesia) [15]. Ultrasound is safe and more efficient, and has provided access to  newer 

regional anaesthetic techniques, that are reported to be effective in post-operative pain 

management in combination with a multimodal analgesic regimen [15]. The emergence of 

new fascial plane blocks and their use along with multimodal analgesia appears promising in 

abdominal surgery, but more research is needed.  

Transversus Abdominis Plane (TAP) block: TAP was used extensively, but there has been a 

decline in its use due to its lack of covering visceral pain and therefore being only moderately 

effective [16]. The current scientific evidence is lacking to definitively identify the surgical 

procedures, dosing, techniques, and timing that provide optimal analgesia [17]. Meta-

analyses have demonstrated the effectiveness of TAP blocks in reducing morphine use and 

pain in abdominal surgery, despite being limited by a relatively short duration of analgesia 

[18-21]. A network meta-analysis reported both the efficacy of TAP blocks at 24 hours after 

surgery, and their reduced efficacy in the longer term, demonstrated by a lack of benefit over 

the systemic opiate group at 48 hours [22].  

Quadratus lumborum and erector spinae plane block: Ultrasound-guided quadratus 

lumborum (QL) block, a variant of the traditional transversus abdominis plane (TAP) block, 

may be another option for post-operative pain control. The quadratus lumborum is a deep 
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muscle of the back that originates from the iliac crest and iliolumbar ligament and inserts onto 

the 12th rib and transverse processes of the L1–L4 vertebrae.  

In 2007, Rafael Blanco et al. described the injection of local anaesthetic (LA) into the QL for 

postoperative pain management in abdominal surgery [23]. Unlike the TAP block, injection of 

local anaesthetic occurs more posteriorly at the junction of the external oblique and internal 

oblique aponeurosis and the QL muscle. 

While optimal positioning of the QL block is yet to be fully defined, Blanco et al. have shown 

that when the injection is performed between the latissimus dorsi and QL muscles, more 

reliable paravertebral spread occurs [23]. The ability to provide extensive abdominal wall and 

visceral analgesia (T7–L1) is believed to be the secondary spread of local anaesthetic within 

the paravertebral space [24,25]. Blanco et al. performed a randomized controlled trial 

comparing a single shot injection of local anaesthetic versus saline injection in the QL for 

abdominal surgery and showed a significant decrease in postoperative opioid consumption 

and dynamic pain scores [24]. 

Blanco’s original approach to QL block suggested deposition of local anaesthetic at the antero-

lateral border of the QL, naming this QL block type 1 [23]. However, another potential site of 

injection, QLB type 2, is posterior to the QL muscle, between the QL and the transversalis 

fascia [25]. Chakraborty et al. have also performed a successful blockade by inserting a 

perineural catheter between the QL and the transversalis fascia [26]. Borglum et al. suggested 

that an ultrasound-guided trans-muscular approach through the QL muscle, and injection of 

local anaesthetic between the QL and psoas major, may be safer and more efficacious when 

compared with the initial technique of depositing local anaesthetic into the anterolateral 

border of the QL muscle [27].  

Therefore, we aimed to study the efficacy of the trans-muscular approach. This posterior 

approach advocated by Borglum also allows for the ability to use the Shamrock sign (Under 

ultrasound, the QL muscle is seen as a ‘superior leaf’ of the Shamrock at the apex of the 

transverse process of L4, erector spinae muscles make up the posterior leaf, psoas major 

muscle makes the anterior leaf and the transverse process represents the stem connecting 

the 3 leaves) for a safe and reliable method of injecting local anaesthetic near the 

paravertebral space. Along with single shot injections of local anaesthetic, catheters have 
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been placed at various sites for the QL block. Murouchi et al. reported QL Block analgesic 

effects and pharmacokinetics of LA after Laparoscopic Surgery [28].  

Various techniques such as QL blocks (previously described as posterior TAP blocks) have 

been developed [29] to improve the effectiveness of TAP blocks. This ultrasound-guided 

technique provides numerous options for the relief of post-operative pain. Among the 

regional analgesia techniques QL block is one of the most recent and promising peripheral 

regional nerve blocks [30]. Within the QL block, trans-muscular quadratus lumborum (TQL) 

block, and erector spinae plane (ESP) block were effective in their initial reports [27,31,32]. 

Few studies reported an ultrasound-guided trans-muscular approach through the QL muscle, 

and the injection of local anaesthetic between QL and psoas major may be safer and more 

efficacious [24,33-35]. 

A recent systemic meta-analysis reported 27 studies on QL block [36]. Out of the 27, 12 were 

for laparoscopic procedures and the remainder for open procedures [24,37-61]. TQL block 

was reported in three trials using ropivacaine [40,42,45]. This review concluded that QL block 

reduced postoperative opioid consumption with minimal adverse effects, and it was a valid 

option for post-operative analgesia after abdominal and hip surgeries [36].   

A newly developed ultrasound-guided fascial block called erector spinae (ESP) plane block 

was first discovered in 2016 [32]. The literature on it was limited when this project 

commenced [62,63]. At that time most of the clinical studies were related to the thoracic 

region [62,64]. Cadaveric studies were performed to study the extent of LA spread within the 

ESP [65,66]. The data on its use in abdominal surgery was limited to case reports with no 

prospective randomised trials [63,67]. Pharmacokinetics studies were undertaken for 

ultrasound-guided transversus abdominis plane block and in the thoracic paravertebral block 

[68,69] but plasma ropivacaine level estimation was not performed with this new fascial 

block. Our aim was to explore the pharmacokinetic profile of local anaesthetics used in the 

ESP block. Recently, there have been studies on ESP block as a novel method demonstrating 

promising outcomes in improving enhanced recovery parameters and minimising opioid 

administration in open abdominal surgery [70-72]. A systemic review published in February 

2022 included seven randomised trials (RCT) and 56 other articles [73]. On their analysis 

opioid requirement and time to first analgesic request was significantly reduced in the 

ultrasound guided ESP block group, but pain scores, nausea, and vomiting did not differ 



19 
 

significantly after pooling the results of the block and no block studies [74-78]. There were no 

reports of serious complications related to ESP block. A study reported analgesic benefits in 

percutaneous nephrolithotomy [77]. A major limitation of this meta-analysis is that there was 

a limited number of matched clinical trials focused on ESP block in pain control after 

abdominal surgeries and a heterogeneity of the structure of the published results. Most of 

the current research has focused on its use in thoracic and trunk surgery.  

Preperitoneal and wound infiltration techniques: Colorectal surgery has seen a major shift 

from open to laparoscopic techniques in recent years. Compared to open surgery, 

laparoscopic colorectal surgery results in similar visceral acute post-operative pain, whereas 

the parietal component of post-operative pain is significantly different, resulting in an overall 

lower pain intensity on mobilization [79,80]. Pain relief with continuous wound infusion was 

equal to thoracic epidural analgesia for 72 h after open colorectal surgery [81]. However, 

evidence regarding laparoscopic surgery is lacking. Similarly, pre-peritoneal local anaesthetic 

infiltration or infusion was effective as an analgesic and minimised the post-operative period 

opioid requirement in colorectal surgery [82]. Ozer et al. have shown that the catheter is 

important for the infiltration of LA into the pre-peritoneal space [83]. The LA inhibits the local 

inflammatory response to the injury, which sensitizes nociceptive receptors and contributes 

to pain and hyperalgesia [83]. Fustran et al. found similar benefits of continuous wound 

infusion [84]. Bertoglio compared pre-peritoneal continuous wound infusion to epidural 

infusion with variables of opioid consumption and pain scores that were non-inferior to 

epidural analgesia after colorectal surgery [85]. It is comparable to epidural in post-operative 

analgesia as an alternative method [86]. Paladini, in a narrative review, included 51 trials on 

abdominal surgery investigating the safety, efficacy, and current perspectives of continuous 

wound infiltration for post-operative pain management in different surgical settings [87]. 

Regardless of the heterogeneity of results, a general reduction in pain intensity and in opioid 

consumption was observed [87]. Another systematic review and meta-analysis by Mungroop 

et al. [88] analysed 29 RCTsls to explain the different location of wound catheters (i.e., 

preperitoneal vs subcutaneous). They observed pre-peritoneal wound catheters were 

superior to subcutaneous and comparable to epidural analgesia [88,89]. Wound Infiltrative 

techniques are less invasive alternatives as stand-alone or as a part of multimodal regimens. 

Wound infiltration techniques are simple and safe. A study on peritoneal LA infusion found 
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reduced opioid consumption, improved pain relief and appeared safe, without any, local or 

systemic, side effect [90]. 
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Chapter 2 - Anatomical description and diagrammatic illustration of the new 

technique and its clinical application 

Introduction.   

There is limited anatomical and clinical data on ultrasound guided TQL approaches. This 

makes it difficult for a clinician to interpret ultrasound imaging at the same time as correlating 

the anatomical structures when performing real time injection or drug dissemination. In 

addition to this the images of performing blocks at L2 and L4 levels are different. This is 

particularly important in relation to the proximity of the visceral organs such as the kidneys 

and perinephric fascia. We endeavoured to produce clear description and imaging as an 

educational tool and guide to perform this block. Ultrasound guided anatomical details are 

obtained with high resolution pictures with a professional clinical photographer to 

demonstrate an innovative approach of the needle placement in this new regional analgesia 

technique. A professional illustrator was acquired from the Adelaide School of Medicine to 

illustrate the above technique. This chapter will focus on the anatomical and ultrasound 

description of two trans-muscular quadratus lumborum block approaches at lumbar level and 

its application in abdominal surgery. 
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Background 

Currently there is limited description of imaging of L4 transmuscular quadratus lumborum 

block to NYSORA web site. The L4 level quadratus lumborum block may not achieve higher 

segmental analgesia. Having higher lumbar level like L2 may have such advantage and we 

wanted to utilise this approach developing innovative description of imaging and apply 

clinically.  

Methods/Design 

MEDLINE, EMBASE, CINAHL searched for studies that involved any lumbar approaches to 

trans-muscular quadratus lumborum block. 

Discussion 

The new imaging will aid in easy understanding and application of needle placement and thus 

minimise risk of any visceral damage. It may be used as an educational tool in performing 

regional anaesthesia in lumbar region. 

Abstract 

The transmuscular quadratus lumborum (TQL) block is one of the recently evolved myofascial 

blocks utilised in abdominal surgery. It involves injecting local anaesthetic into the fascial 

plane anterior to the thoracolumbar fascia. This block has previously been described with a 

transverse oblique paramedian approach at the L2 level in the sitting position. We describe a 

TQL block at the same level in the lateral position using a transverse posterolateral approach 

to provide analgesia for patients undergoing abdominal surgery. We elaborate on these two 

approaches of TQL block at the L2 level, in relation to the anatomy, sonoanatomy and 

technical aspects. 

 

INTRODUCTION 

The trans-muscular quadratus lumborum (TQL) block is one of the recently evolved myofascial 

blocks utilised in abdominal surgeries. It involves injecting local anaesthetic (LA) into the 

fascial plane anterior to the thoracolumbar fascia (TLF). Borglum and his colleagues first 

described the ultrasound-guided TQL block [1] at the level of the fourth Lumbar vertebra (L4). 



34 
 

It is also termed as the anterior quadratus lumborum block because it involves injecting the 

LA at the anterior aspect of the quadratus lumborum (QL) muscle. In comparison, to achieve 

sensory block covering the entire abdominal wall, a four-point transversus abdominis plane 

block would be necessary [2]. Bilateral TQL can provide similar analgesia. Due to presence of 

surgical drains at the flank level and poor visualization of anatomical structures at this 

position, Dam and her colleagues later used the transverse oblique paramedian (TOP) 

approach at L2 level in sitting position [3]. After encountering side effects such as leg paresis 

with Borglum’s L4 approach, we attempted TQL block at a higher level (L2 transverse process) 

with patients in lateral position, using a transverse posterolateral (TPL) approach in 

abdominal surgery [4-6].  In this brief review, we elaborate these two approaches of TQL block 

at L2 level, in relevance to the anatomy, sonoanatomy and technical aspects.  

ANATOMY 

Myofascial blocks around the QL plane are based on the anatomy of the thoracolumbar fascia 

(TLF). It is a tubular connective tissue structure formed by the binding aponeuroses and fascia 

layers, which, by enveloping the back muscles, connects the anterolateral abdominal wall 

with the lumbar paravertebral region [7] (insert fig 1 here). On its medial side, the TLF is 

attached to the thoracic and lumbar vertebrae and continues cranially as the endothoracic 

fascia. The TLF divides into 3 layers (anterior, middle, and posterior) around the muscles of 

the back. The posterior layer is posterior to the erector spinae muscles; the middle layer is 

sandwiched between the erector spinae and QL muscle (and is thus posterior to the QL); and 

the anterior layer is anterior to QL muscle. The anterior layer also blends medially with the 

fascia of the Psoas Major and blends laterally with the transversalis fascia. Injection between 

the anterior layer and QL can spread cranially under the lateral arcuate ligament to the 

endothoracic fascia and reach the lower thoracic paravertebral space posterior to the 

endothoracic fascia [8].  

Technical description  

TPL TQL approach: This approach can be performed pre-, intra- and postoperatively. We focus 

on block performance at the end of the surgical procedure before extubating the patient with 

the therapeutic aim of enhancing postoperative analgesia [4]. It can be done unilaterally or 

bilaterally depending on the type of the incision. It is performed in the lateral decubitus 
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position with the block side upwards. On the lower side a wedge is placed between the rib 

cage and the iliac crest to make the QL muscle prominent. To improve visualisation, 

anaesthetic assistants would need to retract the rib cage and the iliac crest to increase the 

gap. A curved low frequency probe 2-5 Hz is placed transversely between the iliac crest and 

the costal margin in the posterior axillary line. The structures visualised are the abdominal 

muscles, psoas muscle, peritoneum, kidney and QL muscle (insert fig 2a here). After 

identifying the QL an 18 gauge Tuohy needle (with the tip pointing upwards) is introduced in 

plane and medial to the transducer probe and advanced posterior to anterior through QL 

muscle. Fig 2b shows the needle pathway view of L2 level ultrasound-guided transmuscular 

quadratus lumborum block image. Hydro-dissection is carried out while the needle is above 

the L2 transverse process till it passes through the QL muscle. This will help to identify the 

muscle plane and reach the anterior TLF. The kidney is very close to the QL muscle, which is 

separated from it by perinephric adipose tissue and the posterior layer of renal fascia. The LA 

is injected in the myofascial plane between the QL muscle and the anterior TLF, close to the 

psoas muscle, where a tactile feel of layer penetration may also be appreciated. The hydro-

dissection with the Tuohy needle can avoid entry into the peritoneal cavity or perinephric 

area. After a test dose of 5ml saline, 20ml of 0.5% ropivacaine is given in 5ml aliquots after 

aspiration. This is followed by the catheter insertion.  

In our view, the risk of puncture of intra-abdominal structures such as the kidney can be 

minimised by careful tactile feel of fascia, visualisation of the needle tip, the use of a blunt 

Tuohy needle, and hydro-dissection. We believe the risk is likely to be reduced by taking these 

measures. 

TOP TQL approach: This is a transverse oblique paramedian approach of the TQL block, with 

the patient in a sitting position. The original sources used the hypo-echoic shadow of the 

transverse processes as the primary proxy endpoint marker for injection [3]. The cephalad 

border of the iliac crest and the spinous processes of the lumbar vertebral column are 

palpated and marked on the skin. A curvilinear transducer 2-5 MHz is placed with a transverse 

oblique and paramedian orientation approximately 3 cm lateral to the L2 spinous process 

(insert fig 3 here). The transducer is first shifted cephalad or caudad to identify the L2 

transverse process and the adjoining QL muscle. The needle is then inserted in plane from the 
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medial end of the transducer and advanced in plane laterally to enter the inter fascial plane 

between the quadratus lumborum and psoas major muscles and LA is injected. 

 

 

 

 

Pearls 

 

• Performing TQL block at higher level (L2) will 

minimise the chance of the lower lumbar nerve 

roots blockade (femoral nerve). These roots 

are likely to get blocked if the injection point is 

close to the psoas muscle at L4 level, which is 

in close proximity where the nerve roots join 

to form the femoral nerve 

• Hydro dissection above the L2 transverse 

process to the anterior thoraco-lumbar fascia 

can avoid entry into the peritoneal cavity or 

perinephric area, thus preventing damage to 

the vital structures in the vicinity 

• Use of blunt (Tuohy) needle and tactile feel of 

fascial click may be a safer technique than the 

use of a sharp needle 
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Fig 1 showing the anatomy of Thoraco-lumbar fascia at L2  

 
EO = external oblique, IO = internal oblique, TA = transversus abdominis, PNF= perinephric 
fascia, ATF = anterior thoracolumbar fascia, QL = quadratus lumborum muscle, TQL = site of 
Trans-muscular quadratus lumborum block at L2, ES = erector spinae, MTF = middle 
thoracolumbar fascia, PTF =posterior thoracolumbar fascia, PM = Psoas muscle 

 

Fig 2 a TPL (transverse posterolateral) TQL L2 approach showing transverse probe 

placement, in plane needle placement and ultrasound image TA = transversus abdominis, 

QL = quadratus lumborum muscle, ATF = anterior thoracolumbar fascia 
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Fig 2 b. Needle pathway view of L2 level ultrasound-guided transmuscular quadratus 

lumborum block image 

 

 

Fig 3 TOP (transverse oblique posteromedial) TQL L2 approach showing transverse oblique 

Probe placement, in-plane needle placement and ultrasound image 
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DISCUSSION  

This short communication describes two recently developed variations of the TQL approach 

at the L2 level, with illustrated anatomy and related probe and needle positions to assist in 

understanding the sonoanatomy and performance of these blocks in abdominal surgery.  

A comparison between the TPL and TOP approaches is given in table 1(insert table). It should 

be noted that the endpoints in both approaches are similar, i.e. the myofascial plane between 

the QL muscle and the anterior TLF, close to the psoas muscle. Dam et al., using the 

transverse-oblique posteromedial (TOP) approach in a cadaver model, reported medial 

spread of dye limited to the lateral part of the psoas fascia and cranial spread into the thoracic 

paravertebral space [8]. It was noted in this cadaver study that injectate administered at the 

myofascial QL plane at L2 level could reach lower thoracic up to the T10 thoracic paravertebral 

space and T9-12 ventral rami. There was no spread of injectate into the psoas major muscle 

or the lumbar plexus, and a consistent spread of injectate into the thoracic paravertebral 

space and the thoracic sympathetic trunk was noted. This could possibly reduce both somatic 

and visceral pain although, as yet data are limited in this regard. This, and the favourable 

results reported in recent limited case series in major abdominal surgery, demonstrating 

cranial spread, without the occurrence of lumbar roots blockade  [4-6,9], make this approach 

appropriate in intra- and retroperitoneal abdominal surgery; either as a single sided (e.g. 

nephrectomy) or double sided (e.g. bowel surgery) block. 

The needle skin entry points differ between a more posteromedial (TOP) and posterolateral 

(TPL) approach. Also, the patient position differs with Dam et al. advocate a sitting position 

and we suggest a lateral position with a wedge under the patient to enable better access. 

Both, in their early publications, suggest applying the block post-operatively. However, from 

a pain management point of view, having a regional anaesthetic block in situ during surgery 

will be more advantageous. Other advantages include being able to use the block in patients 

who are unable to sit up, such as whilst anaesthetised or immediately post-operatively in the 

post-anaesthesia care unit or intensive care unit.  

From a patient comfort and safety perspective, inserting the catheter(s) prior to surgery 

would be preferable to doing it either with the patient sitting up in PACU or moving the 

patient in one lateral position, and subsequently in the other, while still anaesthetised. 
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Unfortunately, no major clinical studies have been reported on this approach.  

In a case series of TPL for abdominal surgeries, a dermatomal spread as high as T6 was 

achieved [6]. It is unclear to what extent this technique covers intra-abdominal visceral pain. 

A randomised trial is underway in our institution exploring its further benefits in open major 

abdominal surgery.  

Till now, there has been a single case series comparing the needle position at the anterior 

aspect of the QL muscle, between the L2 and L4 levels approach [6]. Anecdotally we have not 

observed lower limb weakness, but this was not formally studied. LA spread to the lumbar 

plexus is a possibility. We found no other adverse events at the L2 level.  

However, data is limited as to demonstrate the differences between these approaches 

[6].Further studies should elaborate the role of TQL in open upper gastrointestinal and 

colorectal surgeries using TQL at L2 level (higher) and for pelvic surgery at lower (L3 L4) level. 

 In conclusion, based on anatomical considerations and the limited clinical data available, 

both ultrasound guided TQL approaches (TPL and TOP) at L2 level have theoretical 

advantages. However, these would need to be confirmed in prospective studies.  
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Introduction:  

Quadratus Lumborum Block (QLB) is a technique of injecting local anaesthetics around 

quadratus lumborum muscle to achieve pain relief after abdominal surgeries. This block can 

be performed injecting at either the lateral, posterior, anterior or intramuscular aspects of 

the Quadratus Lumborum (QL) muscle for post-operative analgesia. Nomenclature on types 

of QLB keeps changing [1]. An ultrasound guided Transmuscular Quadratus Lumborum (TQL) 

block, which involves needle passing through the Quadratus Lumborum (QL) muscle and 

injecting the LA into the anterior aspect of fascia; interspace between the QL and psoas 

muscle. It’s also called the QLB3  [2]. There have been case reports on the use of single and 

continuous QLB block in abdominal surgery as an alternative analgesic technique in paediatric 

and adult patients [3-5]. There is a general paucity of literature on continuous use of TQL 

block in adults for major abdominal surgery [6,7]. We have previously reported on the 

effectiveness of the anterior approach or TQL block performed at L4 resulting in transient 

paraesthesia of the leg in one case [6].  In view of this issue, we performed the same block at 

higher level (L2) without adverse effect. So far, no studies examined the analgesic effect of 

TQL catheters placed at different levels utilising anterior approach for major abdominal 

surgery. The aim of this study was to evaluate the efficacy of these blocks at two levels in 

open midline incision surgery. The primary objectives were to assess analgesic use and 

dynamic pain scores in recovery on day one and two. The secondary objectives were to assess 

dermatomes and any adverse effects related to catheter use. 
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Methods:  

Ten consecutive patients (7 males, 3 females) undergoing elective open abdominal surgery 

with any midline incision were recruited in 2016 at The Queen Elizabeth Hospital. Patients 

unable to provide consent and allergic to fentanyl, Ropivacaine and oral opioids were 

excluded. Human Research Ethics Committee approval was obtained. All patients underwent 

a standard general anaesthetic with endotracheal intubation and were administered 

intermittent doses of Fentanyl for analgesia. The patients were placed in a lateral position 

following the surgical procedure and prior to extubation to insert the QLB catheters under 

ultrasound guidance using a 2-5 MHz frequency curved probe (SonoSite X-Porte, Sonosite Inc, 

Bothell, Washington, USA). A lower approach (L4) was used in five patients, where the probe 

was placed transversely in the posterior axillary line and moved towards L4 transverse process 

(iliac crest level).  In the remaining five patients the probe was placed close to L2 level of the 

transverse process (see Fig1). After identifying the QL muscle above the transverse process, 

an 18gauge Touhy’s needle was introduced at the respective transverse process, in a posterior 

to anterior direction, in plane through the QL muscle by saline hydro dissection to reach the 

anterior thoracolumbar fascia (Fig 2 and 3 show the sonoanatomy). A bolus of 20ml of 

Ropivacaine 0.5% was administered followed by bilateral catheter insertion directing 

cephalad to the depth of 3-4cm, to infuse, Ropivacaine 0.2% at 5ml-8 ml/ hr each side for 48 

hrs. Patients were also administered multi-modal analgesia with 1 gm Paracetamol 6hrly, 

Dexamethasone 8mg and Fentanyl PCA. Parameters measured by acute pain service were 

dermatomal levels, pain scores on cough and total analgesia used in the 48 hours post-

surgery.  

 

Results:  

Table 1 provides demographic details along with the level of the block performed, 

dermatomal levels, analgesia used and pain scores (NRS) on cough in PACU until day two post-

operatively. The majority of patients had bowel surgery; none required ICU admission for 

ventilation. Mean pain score during recovery was slightly higher amongst patients who had 

the block at L2 when compared those at L4 (L2 v L4: 4.20 v 1.20). However, group differences 

were negligible at both time points (24 hours: L2 v L4: 5.4 v 5.0) (48 hours: L2 v L4: 5.6 v 5.6).  
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Mean fentanyl consumption over the 48 hours was 1024 and 1277 mcg for block performed 

at L2 and L4, respectively. Femoral nerve palsy and hypotension occurred when blocks were 

performed at L4; however, there were no adverse events at L2. There were no complications 

relating to catheter, infections, or systemic side effects to Ropivacaine during the study 

period. 

Discussion:  

In our study, continuous infusion of TQL block in abdominal open surgery had reduced pain 

scores; the higher-level (L2) approach resulted in fewer adverse effects such as hypotension 

and nerve palsy. This nerve palsy is possibly from the LA tracking to the lower lumbar roots 

and its close proximity to the lumbar plexus in psoas muscle. Unanticipated femoral nerve 

palsy was also reported after transversalis fascia block and QLB [8,9] and unexplained 

hypotension following this block has also been reported [10]. We chose to perform the QL3 

block based on Borglum’s study reporting anaesthesia from T7 to L1. This was supported by 

Carney et al study, which reported traces of contrast in the thoracic paravertebral space [11]. 

There are no such LA studies performed at L2 level. 

Ueshima reported, a single shot technique was found to be effective for almost 24 hours with 

dermatomes level up to T7 [12]. We achieved dermatomal level up to T8 but there is need for 

a technique that achieves cephalad block with catheters providing prolonged analgesia in 

open procedures. However, since T6 is ideal for an incision close to xiphoid, there may be 

room for improvement on cephalad spread in terms of bolus dosing and infusions. There are 

no specific guidelines on the bolus dosage to be given before catheter insertion, the precise 

catheter length to be inserted, nor whether a multi-holed catheter would provide more LA 

spread. However, the management of TAP block catheters has provided some insights since 

the transversalis fascia is an extension of TAP which is continuous with the QL muscle.  

TQL catheters have the advantage of analgesic benefit for both upper and lower abdominal 

surgery. With regards to injection technique, the lower iliac crest level at L4 and higher near 

L1 spine, near the 12th rib have been established as approaches to TQL block [2,13]. At the 

L2 level we would qualify for the in between (mid-level) TQL block. At this stage we are unsure 

whether high [13], mid or low level TQL technique is optimal, however, this series suggests 

that L2 (mid-level Rao’s technique) may have an advantage over the techniques at L4 in 
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preventing adverse effects. Larger studies and randomised control trials are warranted to 

establish the efficacy and safety of these techniques. This study is limited by the small case 

series.  

 

Conclusion:  

A TQL catheter placed either at L4 and L2 levels reduced postoperative pain scores and 

analgesic use after major abdominal surgeries. Absence of neurological adverse events in the 

L2 group may suggest its possible safety. More Controlled clinical trials are required to 

authenticate our results. 
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Table 1 showing the demographics, dermatomes, pain scores and analgesia used. 

 

 Age Sex ASA* TQL†  

block  

level 

Derma
tomal 
level 

Pain 
score
s 

PACU
‡ 

(0-10) 

Analg
esia 
in 
PACU 

(fenta
nyl in 
mcg)  

Pain 
scores 
Day 1 
(0-10) 

Pain 
score
s 

Day 2 

0-10 

Total 
Fentanyl 

Used 
48hrs 
(mcg) 

 

Type of surgeries 

1 69 Male 2 L4 T8-L1 0 0 5 4 310 Subtotal 
Gastrectomy 

2 77 Female 3 L4 T6-L1 1 160 5 5 1800 Reversal of 
Hartmann’s 

3 63 Female 3 L4 T8-L1 5 80 2 4 2300 Ext hemi 
colectomy 

4 42 Female 3 L4 T8-L1 0 0 7 6 900 Ext hemi 
colectomy 

5 68 Male 2 L4 T8-L1 1 60 5 8 1075 Right 
hemicolectomy 

6 60 Male 2 L2 T8-L1 0 0 5 5 500  Anterior resection 

7 62 Male 2 L2 T8-L1  7 100 5 5 170 Reversal of 
ileostomy  

8 50 Male 2 L2 T8-10 6 100 6 8 800 Left 
hemicolectomy 

9 62 Male 3 L2 T8-10 0 0 6 7 3000  Laparotomy bowel 
resection 

10 65 Male 3 L2 T8-L1 2 80 5 3 650 Low anterior 
resection 

*ASA=American society of anaesthesiologist, †TQL= Trans-muscular Quadratus lumborum 
‡PACU=Post anaesthesia care unit, mcg=microgram 
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Figure1 showing the Lumbar level skin markings with needle approached under ultrasound 
probe to perform TQL at L2 level 

 

 

 

Fig 2 showing the sonoanatomy of TQL block at L2 

 
Legends: TA= transversus abdominis, QL= quadratus lumborum muscle, ATF= anterior 
thoracolumbar fascia, PNF= perinephric fascia, TP= transverse process 
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Fig 3 showing the ultrasound guided TQL with LA injected at L2 level 

 
Legends: TA= transversus abdominis, QL= quadratus lumborum muscle, ATF= anterior 
thoracolumbar fascia, PNF= perinephric fascia, TP= transverse process 
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Abstract 

Following abdominal surgery both continuous local anaesthetic infusion through 

preperitoneal catheter (PPC) and Trans-muscular Quadratus Lumborum (TQL) block have 

been described for post-operative analgesia. This study compared the efficacy of continuous 

TQL block versus PPC for post-operative analgesia following laparotomy.  

Eighty-two patients between 18 and 85 years of age undergoing elective surgery were 

randomised to receive either PPC or TQL block.  In the PPC group after 20mls bolus of 0.375% 

ropivacaine infiltration at subcutaneous, sub-fascial and preperitoneal plane catheters were 

placed bilaterally.  In TQL group, under ultrasound guidance, an 18-gauge Tuohy’s needle was 

passed through QL muscle to reach its anterior aspect. A 20ml bolus of 0.375% ropivacaine 

was administered and catheters placed bilaterally. Both groups received an infusion of 0.2% 

ropivacaine at 5ml/h continued up to 48hrs along with a multimodal regime including regular 

paracetamol and a patient-controlled analgesia with fentanyl. The primary end point was 

post-operative pain score on a Numerical Rating Score (NRS, 0-10) on coughing. Secondary 

outcomes measured were NRS at rest, fentanyl usage until 48hrs, satisfaction scores and 

costs.  

 There was no difference in NRS at cough (p=0.24). In TQL group there was reduction in NRS 

at rest (p=0.036) and satisfaction scores on days 1 and 30 (p=0.004 p=0.006), nonetheless, 

fentanyl usage was similar.  The TQL technique incurred 574.64AUD more per patient than 

the PPC. In TQL group, the highest and lowest blocks observed in the recovery area were T4 

and L1, respectively. The TQL group achieved reduced pain scores at rest but at cough there 

was no difference. 

 

Introduction 

Myofascial blocks (ultrasound guided as well as under direct vision) such as the transversus 

abdominis plane (TAP) block have been advocated for post-operative analgesia for over a 

decade [1,2]. Although TAP blocks have been shown to provide somatic analgesia and 

reduced opioid consumption, two level TAP blocks are required to achieve analgesia for 

longer abdominal incisions [3] .  A surgical infiltration technique has been reported to provide 
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superior pain relief at rest and on coughing with reduced opioid consumption compared with 

a TAP block [4]. Preperitoneal catheter (PPC) analgesia compared to saline has been 

demonstrated to be effective in reducing opiate consumption and pain scores at rest and 

cough; and same variables were non-inferior to epidural analgesia after colorectal surgery [5-

9]. The mechanism of action is presumably blocking the nociceptive afferents of peritoneum 

[8].  

The ease of the PPC technique and the reduced complexity involved in managing the 

catheters postoperatively have been a great attraction, and many surgical protocols have 

incorporated this as a standard practice [9]. Trans-muscular Quadratus Lumborum (TQL) block 

is a recently described myofascial plane technique where the local anaesthetic is deposited 

adjacent to the QL muscle aiming to anaesthetise the thoracolumbar nerves via the 

mechanism of LA reaching the paravertebral space [10]. It has been shown to provide visceral 

analgesia in abdominal surgery with any type of incision, covering higher dermatomal levels 

(T7-L1) [10]. There are both paediatric and adult case reports of single and continuous TQL 

block for post-operative analgesia  [11-14].  

To date, there have been no studies examining the continuous TQL technique for post-

operative analgesia after major open abdominal surgery in adults. This study aimed to 

investigate whether continuous TQL had an analgesic advantage over the continuous PPC. We 

hypothesized that ultrasound-guided TQL block provide superior analgesia as reflected by 

improved Verbal Numerical Rating Score (NRS) for pain on movement and reduced opioid 

requirement in comparison with surgically guided continuous pre-peritoneal block. The 

primary outcome examined was postoperative dynamic pain scores, Verbal NRS (0-10) on 

cough. Secondary outcomes were rest pain, opioid usage, procedure related technical issues 

in relation to anatomy, time taken for catheter insertion, incidence of motor weakness, and 

overall satisfaction.  
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Methods 

Human Research Ethics Committee (The Queen Elizabeth Hospital) approval was obtained 

(reference number HREC/16/TQEH/176). This was a single centre trial conducted at The 

Queen Elizabeth Hospital with the main flow of patients recruited from the colorectal division 

of surgery from November 2016 to November 2018.  

Patients undergoing elective abdominal surgery with a midline incision (above and below 

umbilicus), between 18 and 85 years of age, with ASA grade 1-3, who had adequate English 

language skills were included after obtaining informed consent. Patients were identified in 

pre-admission clinic by the anaesthetist. Exclusion criteria were emergency surgery, allergy 

to local anaesthetic, pregnancy, chronic opioid medication of >30mg/day (morphine 

equivalent), mental handicap or psychiatric condition precluding adequate communication. 

The group allocation was by a simple randomization table using the user written Stata module 

“ralloc” [15]. This allocation was concealed by a sealed opaque envelope. The proceduralist 

could not be blinded; however, the patients were blinded to group allocation. On arrival in 

theatre, the chief investigator handed the box of envelopes to the attending nurse or 

anaesthetic colleague to assign participants for intervention. During the surgical procedure 

patients had standard monitoring with standardized general anaesthetic technique 

comprising propofol, rocuronium, oxygen, air, and sevoflurane.  For intra-operative analgesia, 

fentanyl was used via intermittent bolus.  

 Patients randomized to the pre-peritoneal catheter group received infiltration with 

ropivacaine (Naropin, AstraZeneca Pty Ltd, Sydney, NSW, Australia), which was performed by 

the surgeon. At the end of the surgery, all layers of the surgical incision were infiltrated with 

a 22-gauge, 40-mm needle under direct visualization. Ropivacaine (3mg/mg.kg-1 maximum 

up to 225 mg) was diluted with 40 ml of normal saline to a total volume of 60 ml, of which 20 

ml was infiltrated in the preperitoneal plane (see figure 1), 20 ml in the sub-fascial plane, and 

20 ml into the subcutaneous plane. Thereafter, the surgeon placed the catheter on the 

superior aspect of the incision in the pre-peritoneal region under direct vision. This was to 

facilitate the continuous infusion of 0.2% ropivacaine in the recovery room and ward until 48 

hours.  
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In the TQL group, at the end of the surgery, in a lateral position the chief investigator, under 

ultrasound guidance visualised the QL muscle with a curved transducer probe (Sonosite X-

Porte, SonoSite Inc. Bothell, WA). Under aseptic precautions, an 18-gauge Tuohy’s needle was 

used in plane, posterior to anterior, through QL muscle to reach the anterior aspect of the QL 

muscle and below the anterior thoraco-lumbar fascia, (near the peri-nephric fascia) see figure 

2. This was confirmed by injecting saline, followed by a bolus dose of 20 ml of 0.375% 

ropivacaine, and a catheter was placed in the plane. The same technique was repeated on the 

other side.  

The time taken from the needle entry to the catheter insertion was noted in both groups by 

either an anaesthetic colleague or a nursing staff member. Each group of participants had one 

catheter on each side of the abdomen and each was connected to a continuous infusion 

device.  A continuous infusion of 0.2% ropivacaine at 5 ml/h was delivered by an elastomeric 

infusion device (‘On Q pain relief system’ Kimberly Clark, CA, USA.) in both groups for 48 hrs. 

Once the patients were stable enough to leave the PACU, they were discharged to the surgical 

ward.  The dermatomal segments of TQL block were assessed by ice by the recovery staff after 

one hour in the post anaesthesia care unit (PACU), and the rest of the study duration did not 

involve dermatomal assessment. Patients in both groups received paracetamol 1-gram QID 

(orally or IV) and a fentanyl PCA device (bolus 20 to 40 mcg; lockout time 5 min; no back-

ground infusion) as part of a multi-modal analgesic approach.  

Acute Pain Service (APS) personnel independently assessed post-operative pain scores and 

analgesia used in recovery and on days one and two. The APS team was not blinded as it was 

not possible to perform catheter care without this information. During the daily morning post-

surgery visit they assessed pain scores, followed up any side effects related to fentanyl or 

local anaesthetics and cared for the catheters. All results were recorded prospectively on a 

purpose-built data collection sheet and subsequently entered into a protected database. 

Postoperative pain was assessed using the 10 point self-report Numerical Rating Score (NRS) 

in PACU (0 and 1 hour) and at first and second postoperative days. The primary outcome was 

dynamic pain score, on coughing at the predetermined time points.  

Secondary end points were: rest pain scores, rescue analgesia fentanyl use, procedure related 

technical issues, duration of catheter insertions, and complications such as motor weakness 
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were noted. A 4 point ‘Likert’-scale for satisfaction of how well the pain managed on the scale 

of 4 (1. completely relieved; 2. relieved; 3. somewhat relieved; and 4. not relieved). This was 

used on post-operative day 2 and during a follow-up telephone call at one month by a 

research assistant to assess patient satisfaction with the analgesic technique used and any 

adverse events experienced.  The first flatus or bowel opening times and hospital discharge 

times were also recorded from electronically recorded surgical progress notes. Personnel and 

material costs were analysed for cost-benefit analysis. Financial information was obtained 

from pharmacy and nurse/business managers.  

Continuous data was analysed by the t-test (unequal variances) for normally distributed data 

(identified by moment analysis; skewness and kurtosis). Non-normally distributed data were 

analysed by the rank-sum test; categorical data by the Fisher exact test. As the numerical 

rating pain scores were repeated over time, a linear mixed model analysis (patient as random 

intercept, patient-time as random slope; unstructured covariance) was undertaken to identify 

any treatment differences [16]. Model specification was assured by residual analysis. Model 

based estimates and treatment contrasts were undertaken using the “margins” procedure of 

Stata™ [17]. The statistical analysis was blinded to group allocation. 

Based on our previous report [18], the peak cough pain score (Numerical Rating Scores for 

Pain; NRS-P; 0-10) was noted to be 5.0 (standard deviation, 3.0). As appropriate RCT’s for the 

use of QL blocks catheters have not been published, an approximate scenario was established 

for patient number: the total patient number (at 80% power) for a 2 point (40%) mean 

decrease in NRS-P was 72. On this basis, it was proposed to randomize 82 patients to the two 

treatment arms allowing for dropout.  

 

Results 

Only one patient had a breach of protocol (did not receive TQL) and none were lost to follow 

up (see Consort flow diagram Figure 3). Both the groups were comparable with respect to 

pre-operative status. Baseline and operative specifications are shown in Table 1. Pain scores, 

fentanyl usage and Likert satisfaction scores by treatment group, are shown in Table 2. There 

was no difference between the groups in terms of pain on coughing over time (p= 0.242) and 
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no interaction between therapy and time was noted (p=0.32). The TQL group showed a slight 

efficacy for pain at rest over time (p=0.036; two periods in PACU and at two time points in the 

ward) compared with PPC group.  Satisfaction scores were lower in the TQL group on days 2 

and 30, p=0.006 and 0.004 respectively.  The cost analysis showed, a 574.64 Australian dollars 

(AUD) difference in cost in favour of the PPC technique; the difference being in the additional 

material for TQL as well as the extra theatre utilisation time. No block related complications, 

such as vascular/visceral puncture or local anaesthetic toxicity were recorded. Catheter leaks 

were found in two patients in each group, and two patchy blocks (no uniform dermatomes 

distribution) were reported. Hypotension was comparable between the groups (Table 3), it 

was mild necessitating only fluid therapy without ICU admission.  In the TQL group the highest 

and lowest block observed was T4- and L1 respectively in the PACU. In 20 patients there was 

clear dermatomal spread; in the other patients it was not well defined. Ketamine was used 

for pain relief in one patient in each group. 

 

Discussion 

TQL-block provided a small but significant reduction in pain scores at rest both at PACU and 

postoperative day one and day two compared with the PPC group. Although dynamic pain 

scores may be a more important patient outcome than rest pain relief, these was similar in 

both groups.  

One possible reason for better analgesia at rest in the immediate postoperative period with 

TQL block may be the quicker onset with bolus injection and intra operative opioid effect. 

Although improvement in dynamic pain scores is vital for recovery of respiratory function, the 

small reduction in rest pain in the TQL group compared with the PPC group would also have 

offered a clinical benefit. Both somatic and visceral analgesia may be achieved by PPC and 

TQL which may reflect the modest amount of rescue analgesia used. The sympatholytic 

effects such as hypotension were mild and the frequency of this outcome and ileus was similar 

between the groups. We did not observe a profound sympathetic effect implying that the 

visceral component was probably spared. The moderate-high frequency of ileus, 29% with 

PPC and 18% with TQL (Table 1), is difficult to explain, as both groups were comparable with 

regard to rescue opioid used. It is likely therefore that LA agents injected through a catheter 
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into the pre-peritoneal space are able to act locally to block nociceptive afferents of the fascia 

of the abdominal muscles and the peritoneum. Both the fascia of the abdominal muscles and 

peritoneum are injured during laparotomy and contribute to postoperative pain and primary 

mechanical hyperalgesia [19,20]. The current mechanism of TQL is LA spread to the 

paravertebral space. Even though a cadaveric study reported dye spread to the thoracic 

paravertebral space and sympathetic chain, we did not observe any profound clinical effects 

related to this effect such as exaggerated hypotension [21]. However, the dermatomal cover 

observed from T4-L1 in the immediate postoperative period may indicate the possibility of LA 

reaching the paravertebral space and blocking the dorsal and ventral rami. Only one case had 

right leg weakness; this was temporary, and it was difficult to ascertain whether it was block 

related or procedure related with a prolonged duration in the lithotomy position. Even though 

no demonstrable dermatomal spread was evident in 50% of patients, they were clinically 

comfortable as evidenced by lower resting pain scores and opioid use.  

PPC was more cost effective in relation to consumables and medical assistance requirements. 

It was also technically simple and easier to perform without the requirement of ultrasound. 

The time taken from the needle entry to the catheter’s insertion was similar in both groups. 

Previous PPC practice included preperitoneal bolus and wound infiltration; in the PPC group 

this was modified to use an additional precise LA bolus injection into the sub fascial layers 

followed by continuous infusion. This minor change could be incorporated into our routine 

practice.  

There were several limitations of our trial. It was conducted in a single centre, was single 

blinded and our costings and current practice of PPC catheter insertion may not be applicable 

in other settings. Our optimistic postulate of a 40% mean decrease in NRS may have resulted 

in a Type 2 (false negative) error. Within the constraints of a postoperative analgesia study 

involving catheter intervention, attempts were made to reduce bias as much as possible. The 

proceduralist could obviously not be blinded. Allocation concealment was ensured by only 

assigning computer-generated group allocation after induction of the patient in the operating 

theatre. Given the different catheter positions between the groups, patient blinding existed 

only until arrival on the ward, as it was considered undesirable to place sham catheters. The 

acute pain team who assessed pain scores on the ward also could not be blinded, as it would 

not be possible to perform catheter assessment and care otherwise. Except for the two 
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catheter techniques, postoperative care and analgesia were standardised between the 

groups to reduce performance bias. We also ensured that statistical analysis was blinded to 

group allocation. Although we could not disprove our null hypothesis, true to academic 

principles we still pursued publication of this paper and thus helped to reduce reporting bias. 

In conclusion this prospective, single centre, randomised, open label study revealed a slight 

analgesic benefit (at rest) of the TQL group in the immediate post-operative period over the 

PPC technique. Both techniques were comparable in terms of pain scores during cough and 

rescue opioid requirement. No differences in complications were observed between the two 

techniques. In the TQL group, the highest and lowest block observed was T4 and L1, 

respectively (in the recovery area). Considering the invasiveness and expertise required for 

the TQL block, the PPC technique may be a cost-effective viable alternative for postoperative 

pain management after abdominal surgery. 
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Table 1 Patient Demographics and Details by Technique. Data are presented as mean (SD) 

or median (IQR [range]) for continuous measures, and n (%) for categorical measures. PPC 

denotes preperitoneal catheter; TQL, Trans-muscular Quadratus Lumborum; cm, 

centimetres; PACU, post anaesthetic care unit; mins, minutes; LOS, length of stay. 

 



64 
 

Table 2 Numerical Rating Scores for Pain (at rest and cough), Fentanyl use (µg) and Likert 

scores. Data are presented as mean (SD) or median (IQR).  

PPC denotes pre-peritoneal catheter; TQL, Trans-muscular Quadratus Lumborum; PACU, 

post anaesthetic care unit; µg, microgram. 
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Table 3 Complications. PPC denotes preperitoneal catheter; TQL, Trans-muscular 

Quadratus Lumborum  
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Figure 1 

Identification:  showing the pre peritoneal bolus infiltration under vision 
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Figure 2  

Identification: showing the lateral position with illustrate anatomy and sono anatomy with 

simulated needle path 

 

Abbreviations: TA - transversus abdominis 

QL - Quadratus lumborum muscle 

ATF - anterior thoraco-lumbar fascia 

PNF - perinephric fascia 

L2 TP - 2nd lumbar transverse process 
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Incidence of acute kidney injury during the perioperative period in the 

colorectal division of surgery - Retrospective study.  

Colonic surgery: perioperative evaluation of the acute kidney injury 

During the above colorectal surgery trial, there was incidental finding of few cases with 

worsening of pre-existing renal impairment and acute renal failure in the immediate 

postoperative period. This prompted us to investigate and procure data of this patient group 

for possible improvement in practice or prevention. After ethics approval, under the 

supervision of Prof Hewett a retrospective audit was conducted. 
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Introduction and background 

Acute kidney injury (AKI) commonly occurs following cardiac surgery but is also seen in 

colorectal surgeries [1]. This may have a detrimental impact on cost, length of hospital stay 

and mortality. Kidney Disease Improving Global Outcomes (KDIGO) defines AKI by an absolute 

increase in creatinine, ≥0.3mg/dL within 48 hours or by a 50% increase in creatinine from a 

baseline within 7 days, or a urine volume <0.5mL/kg/h minimum duration of 6 hours [1]. There 

have been several studies on AKI during the hospital stay in major abdominal surgery [2-4]. 

However, studies on AKI developed after colorectal surgery are limited [5-7]. The incidence is 

4.8-11.8% [7].  

The study aims to assess the kidney function from preoperative to postoperative period. In 

addition, it also evaluates the incidence and risk factors of AKI in the first 7days after surgery 

in a cohort of patients undergoing major colorectal surgery. Notable secondary outcomes 

include hypotension and reduced urinary output in the post-anaesthetic care unit (PACU), 

medical complications in hospital, in-hospital mortality, and time until discharge. 

Methods 

 Ethics approval was obtained from Central Adelaide Local Health Network Human Research 

Ethics Committee (Ref no HREC/18/CALHN/510). This retrospective single Centre study 

involved all open/laparoscopic colorectal procedures performed at The Queen Elizabeth 

Hospital from June 2016 to June 2018. The biochemical and patient data was collected from 

the hospital electronic system during this period.  

The patients who enrolled in this study were patients who had general anaesthesia with 

propofol, fentanyl and rocuronium with endotracheal intubation. They were aged 18 and 

above undergoing elective/emergency or laparoscopic/open procedures. Patients with no 

renal parameters, chronic kidney disease, transplanted kidney, renal replacement therapy, 

multiple surgeries in the same admission were excluded.  

Acquired kidney Injury (AKI) was defined as having a post-op to pre-op creatinine ratio≥1.5 or 

a glomerular filtration rate (GFR)≤0.8 at either Day 1 or Day 7 post-op. Medical complications 

were defined as cardiopulmonary compromise during hospital stay requiring ICU admission.  
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Statistical Analysis Plan: Sample size analysis was not performed at commencement of study. 

A Table 1 was constructed with descriptive statistics as appropriate.  Univariate binary logistic 

regressions were performed for AKI at Day 1 or Day 7 versus various potential predictors.  

Those potential predictors with P value<0.2 were included in an initial multivariable model, 

and backwards elimination was performed until all P values were less than 0.05. Cross 

tabulations were then performed for AKI versus operation variables, with associated Fisher’s 

Exact Tests or Chi Square Tests. The statistical software used was SAS 9.4 (SAS Institute Inc., 

Cary, NC, USA). 

Results 

Out of 779 patients 25 did not satisfy the inclusion criteria. Descriptive statistics of patient 

demographics and perioperative variables are demonstrated in Tables 1 and 2.  The incidence 

of AKI in our retrospective study was 6.9%. Odds Ratios (OR), 95% Cl, comparison and P values 

are presented in Table 3 and final multivariable binary logistic regression model in Table 4. 

There is a significant association between AKI at Day 1 or Day 7 and ASA category, adjusting 

for PACU decreased urine output (P value<0.0001). For every one unit increase in ASA 

category, the odds of developing AKI are multiplied by 2.7 (OR=2.7, 95% CI: 1.8, 4.0). If the 

patient has decreased urine output in PACU, their odds of developing AKI are 2.7 times that 

of patients with adequate urine output (OR=2.7, 95% CI: 1.1, 6.5). 

There is a significant association between AKI and diabetes (P= 0.0120). Similarly, this was 

also observed between AKI and hypertension (P=0.0200).  

Patients with diabetes and hypertension were almost twice more likely to develop an AKI as 

compared to non-diabetics and non-hypertensive with occurrence of AKI being (15% vs 7.4%) 

and (12.1% vs 6.6%) respectively.  

The 30-day mortality rate in patients with associated AKI was 7.7% compared with 2.2% in 

patients with no AKI. The median discharge time was found to be 3 days longer in patients 

with AKI (Median Interquartile range (IQR))=10 (5, 19.5) for patients with AKI and 7 (4,12) for 

patients without AKI) . 
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Discussion 

 This retrospective study showed significant association between AKI at Day 1 or Day 7 and 

PACU decreased urine output. AKI is associated with medical morbidity and mortality, 

prolonged hospital stay, and higher hospital costs [7].  

Hypertension was deemed a major risk factor evidential by the Kheterpal study [4]. Thirty-

day mortality after colorectal cancer (CRC) surgery ranged from 6.7% to 42% [4,8]. In our 

database, the 30-day patient mortality was 7.7% with AKI versus with 2.2% with no AKI. There 

was no difference in incidence of AKI in patients with heart failure, ischemic heart disease, 

hypercholesterolemia, chronic pulmonary airway disease or reflux disorders. 

 The incidence of AKI in our study was 6.9% as compared the 11.9% reported in Causey et al. 

[6]. Although there is difference in the rate of AKI in elective surgery (3.38%), emergency 

surgery (12.99%) was associated with 3.8 times higher rate of AKI [5]. We did not find any 

difference in rates of AKI in elective vs emergency surgery.  

Prolonged duration of surgery together with vasopressors use can potentially affect renal 

blood flow, however there was no increase in AKI rates in longer surgeries or with the use of 

vasopressors in our study.  Preoperative dehydration is associated with increased rates of 

postoperative AKI [9]. The preoperative use of concentrated glucose solutions in these 

patients has been reported to decrease postoperative complications in colorectal surgery [9]. 

Solanki et al. guidelines recommend the use of balanced salt solutions or albumin with the 

goal of adequate urine output for patients undergoing cytoreductive surgery [10]. Our study 

has not shown a difference in incidence of AKI based on the amount and type of fluids used 

however, our study was retrospective with no strict protocol on liberal or restrictive use of 

fluids.  Myles et al. reported the restrictive fluids regimen was associated with a higher rate 

of AKI [11].  

The pathogenesis of postoperative AKI is complex and is affected by patient, anaesthetic and 

surgical factors. Patients with mechanical ventilation can constitute an additional mechanism 

for increased fluid loss. Surgery increases catabolic hormones and cytokines, leading to 

increased antidiuretic hormone secretion, which results in water retention, impairing fluid 

electrolyte homeostasis [12]. Patients on long-term ACE inhibitor therapy are at a higher risk 
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of developing post-operative renal dysfunction due to the loss of ability of the renin–

angiotensin system to compensate for the decrease in renal perfusion [12]. Though renal 

blood flow may be decreased during pneumo-peritoneum, in our study there was no 

difference between laparoscopic and laparotomy incidence of AKI. 

Limitations 

Due to this being a retrospective study, there are many confounding factors such as the lack 

of data on antibiotic usage, NSAIDs and contrast during inpatient stay. Future research on this 

topic should be encouraged to consolidate the data on AKI and to find ways to improve 

outcomes in this patient population. 

Conclusion  

Patients undergoing colorectal surgery are at significant risk of developing AKI in the 

immediate postoperative period. Presence of medical complications is associated with AKI, 

including in-hospital mortality. Hence, monitoring during the intraoperative and immediate 

postoperative period to detect early signs of renal insufficiency is recommended.  
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Table 1. Demographic patient characteristics 

Patient Characteristics Frequency (%) 
Age – mean (SD) 56.8 (19.7) 
Female 395 (52.4) 
Weight – mean (SD) 78.2 (20.6) 
Comorbidities  
    Hypertension 251 (33.3) 
    Diabetes 117 (15.5) 
    IHD 55 (7.3) 
    Hypercholesterolemia 90 (11.9) 
    Hyperlipidaemia 31 (4.1) 
    COPD 41 (5.4) 
    GORD 137 (18.2) 
    Heart failure 9 (1.2) 
ASA category  
    1 140 (18.6) 
    2 303 (40.3) 
    3 261 (34.7) 
    4 46 (6.1) 
    5 2 (0.3) 
Pre-existing kidney disease  123 (16.6) 
Operation Type  
    Laparoscopy 410 (54.4) 
    Laparotomy 339 (45.0) 
    Lap to Laparotomy 5 (0.7) 
Operation Elective/Emergency  
    Elective 492 (65.3) 
    Emergency 262 (34.8) 

*IQR = Interquartile Range  
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Table 2 showing the biochemical, perioperative variables with complications and mortality 

Preop creatinine – Median (IQR*) 75 (63, 90) 
Postop D1 creatinine – Median (IQR) 70 (55, 88) 
Postop D7 creatinine – Median (IQR) 68 (53, 87) 
Preop GFR – Median (IQR) 88 (70, 90) 
Postop D1 GFR – Median (IQR) 90 (70, 90) 
Postop D7 GFR – Median (IQR) 90 (70, 90) 
Acquired Kidney Injury 52 (6.9) 
Intraoperative variables  
    Intraoperative hypotension 331 (43.9) 
    Vasoactive drug use 438 (58.1) 
    Bloods used 41 (5.4) 
    Intraop urine output – Median (IQR) 245 (140, 550) 
    Intraop urine output - adequate 208 (81.3) 
    Intraop urine output - low 48 (18.8) 
Fluids used  
    Colloid 3 (0.4) 
    Crystalloid 598 (79.7) 
    Crystalloid and colloid 148 (19.7) 
    None 1 (0.1) 
Volume of fluid used  
    0 6 (0.8) 
    1 357 (47.4) 
    2 220 (29.2) 
    3 114 (15.1) 
    4 27 (3.6) 
    5 14 (1.9) 
    6 7 (0.9) 
    7 5 (0.7) 
    8 1 (0.1) 
    9 3 (0.4) 
Volume of albumin used – Median (IQR) 1000 (500, 1000) 
PACU hypotension 48 (6.4) 
PACU decreased urine output 33 (4.4) 
Duration of surgery in Minutes – Median (IQR) 157 (97, 239) 
Postoperative complications 253 (33.6) 
Medical complications 289 (38.3) 
In Hospital mortality 22 (2.9) 
Discharge time in Days – Median (IQR) 6 (2, 11) 

*IQR = Interquartile Range  

 

Table 4. Final Multivariable binary logistic model of AKI at Day 1 or Day 7 versus significant 
predictors 
 

Predictor Comparison Odds Ratio (95% CI) Global P value 

ASA category (continuous)  2.71 (1.82, 4.03) <.0001 

PACU decreased urine output Yes versus No 2.65 (1.08, 6.50) 0.0334 
 
 



81 
 

Table 3 Univariate binary logistic regression results for AKI at 1 Day or 7 Days versus various 
predictors 

Predictor Comparison Odds Ratio (95% CI)* Comparison  
value 

Global P 
value 

Pre-ex st ng k dney d sease Yes vs No 1.41 (0.72, 2.73)   0.3128 

Sex Ma es vs Fema es 1.02 (0.58, 1.81)   0.9381 

Hypertens on Yes vs No 1.95 (1.10, 3.46)   0.0218 

D abetes Yes vs No 2.21 (1.18, 4.15)   0.0138 

IHD Yes vs No 1.81 (0.77, 4.25)   0.1743 

Hypercho estero em a Yes vs No 1.39 (0.65, 2.98)   0.3946 

Hyper p dem a Yes vs No 0.87 (0.20, 3.77)   0.8468 

COPD Yes vs No 2.48 (1.04, 5.95)   0.0410 

GORD Yes vs No 0.97 (0.47, 2.00)   0.9344 

Heart fa ure Yes vs No 5.48 (1.33, 22.59)   0.0186 

Operat on type Laparotomy vs 
Laparoscopy 

2.09 (1.12, 3.90)   0.0205 

E ect ve emergency Emergency vs 
E ect ve 

1.20 (0.66, 2.21)   0.5482 

Intraop ur ne output Low vs Adequate   0.95 (0.31, 2.95)   0.9330 

Intraop hypotens on_ Yes vs No 1.48 (0.83, 2.62)   0.1814 

Vasoact ve drug use Yes vs No 2.30 (1.13, 4.68)   0.0220 

F u ds used Co o d vs 
Crysta o d/Co o d 

3.82 (0.33, 44.45) 0.2839 0.1243 

 Co o d vs Crysta o d 6.20 (0.55, 70.15) 0.1407  

 Crysta o d/Co o d vs 
Crysta o d 

1.62 (0.87, 3.01) 0.1254  

B oods used Yes vs No 1.17 (0.40, 3.44)   0.7703 

PACU hypotens on Yes vs No 2.35 (1.03, 5.34)   0.0413 

PACU decreased ur ne Yes vs No 3.93 (1.67, 9.27)   0.0017 

Postoperat ve comp cat ons Yes vs No 2.38 (1.33, 4.25)   0.0034 

Med ca  comp cat on Yes vs No 2.56 (1.40, 4.68)   0.0023 

In Hosp ta  morta ty Yes vs No 7.41 (2.92, 18.84)   <.0001 

Age  1.04 (1.02, 1.06)   0.0003 

We ght  1.00 (0.98, 1.01)   0.8549 

ASA category  2.84 (1.92, 4.22)   <.0001 

Durat on of surgery  1.00 (1.00, 1.00)   0.5871 

Durat on of anaesthes a  1.00 (1.00, 1.00)   0.5470 

Vo ume f u d used  1.11 (0.91, 1.36)   0.2847 

Intraop ur ne output  1.00 (1.00, 1.00)   0.6794 

Vo ume a bum n used_  1.00 (1.00, 1.00)   0.1111 

D scharge t me   1.04 (1.02, 1.07)   0.0015 
 
*Mode ng the probab ty that AKI = “Yes” 
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Chapter 4- Efficacy and safety of the ultrasound guided Erector Spinae Plane 

block in abdominal surgery 

Comparison of Ultrasound guided Erector Spinae Plane block (ESPB) versus 

wound infiltration (WI) for postoperative analgesia and estimation of blood 

levels of ropivacaine in laparoscopic colonic surgery- Prospective randomized 

study.  

A comparison of ultrasound guided bilateral single injection shot Erector Spinae Plane blocks 

versus wound infiltration for post-operative analgesia in laparoscopic assisted colonic 
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Abstract 

Background: both wound infiltration (WI) with local anaesthetic and erector spinae plane 

block (ESPB) have been described for post-operative analgesia after abdominal surgery. This 

study compared the efficacy of WI versus ESPB for post-operative analgesia after laparoscopic 

assisted colonic surgery. 

Methods: Seventy-two patients between 18 and 85 years of age undergoing elective surgery 

were randomised to receive either WI or ESPB. In the WI group a 40 ml bolus of 0.5% 

Ropivacaine, infiltrated at the ports and minimally invasive wound at subcutaneous and fascia 

layers. In the ESPB group at T8 level, under ultrasound guidance, a 22-gauge nerve block 

needle was passed through the Erector Spinae muscle to reach its fascia. Similar dose, divided 

into two equal volumes, was injected at each side. Both groups had a multimodal analgesic 

regime, including regular Paracetamol, dexamethasone, and patient-controlled analgesia 

(PCA) with Fentanyl. The primary end point was a post-operative pain score utilising a verbal 

Numerical Rating Score (NRS, 0–10) on rest and coughing in the post anaesthetic care unit 

(PACU) and in the first 24 h. Secondary outcomes measured were: opioid usage, length of stay 

and any adverse events. 

Results: There was no significant treatment difference in PACU NRS at rest and coughing (p-

values 0. 382 and 0.595respectively). Similarly, there were no significant differences in first 

24 h NRS at rest and coughing (p-values 0.285 and 0.431 respectively). There was no 

significant difference in Fentanyl use in PACU or in the first 24 h (p- values 0.900 and 0.783 

respectively). No difference found in mean total Fentanyl use between ESPB and WI groups 

(p-value 0.787). 

Conclusion: Our observations found both interventions had an overall similar efficacy. 

Trial registration: The study was registered with the Australian New Zealand Clinical Trial 

Registry (ACTRN: 12619 00011 3156). 

Keywords: Ultrasound, Erector Spinae Plane, Post-operative analgesia, Local anaesthetic 
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Background 

The Erector Spinae Plane block (ESPB) was first described by Forero, in 2016 [1]. Initially, the 

block was performed for thoracic and breast surgery and its use has now been reported for 

abdominal surgery [2-4]. This block has gained popularity in the last 5 years, as one of the 

options for post-operative pain relief after abdominal surgery [2-4]. Both single bolus 

injection and catheter technique has proven to be beneficial as a part of multimodal analgesia 

in surgeries involving the thorax and abdomen [5-8]. The technique involves injecting local 

anaesthetic (LA) into the myofascial plane beneath the fascia covering the Erector Spinae 

muscle using real time ultrasound guidance. This approach is gaining popularity mainly due 

to its simplicity in performance. It is simple to visualise the para spinal muscles at the mid 

thoracic, about 3 cm lateral to the midline. Clinical trials reported to be effective in use of 

ESPB in laparoscopic cholecystectomy [9-11] but not in laparoscopic colonic surgery.  

The purpose of this study was to assess the efficacy of single injection ESPB performed for 

post-operative analgesia in laparoscopic assisted colonic surgery. Efficiency was assessed by 

comparing pain scores. We hypothesized that ultrasound guided ESPB is superior to wound 

infiltration performed at the end of surgery in providing superior pain relief without major 

side effects. 
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Methods 

The study was conducted at The Queen Elizabeth Hospital (TQEH), part of Central Adelaide 

Local Health Network (CALHN) between January 2019 and September 2020. The study was 

registered with the Australian and New Zealand Clinical Trials Registry 

(ACTRN12619000113156 date 24/01/2019). Institutional Human Ethics and Research 

Committee (HREC/18/ CALHN/456) approval was obtained, and all patients provided prior 

informed consent for their participation in the study.  

The primary end point was post-operative pain score utilising a verbal Numerical Rating Score 

(NRS, 0–10) on rest and coughing in PACU and during the first 24 h (worst NRS on rest and 

coughing). Secondary outcomes measured were opioid usage until 24 h post-operatively, 

length of stay (days) and clinical determinants of adverse effects.  

Patients with an American Society of Anesthesiologists Physical Status 1–3, greater than 18 

years of age, and undergoing elective laparoscopic colonic surgery, were recruited for the 

study to receive either ESPB or WI at the end of surgery and before extubation. Patients were 

excluded if they had communication barriers, sensitivity, or allergy to local anaesthetics, were 

pregnant, had a preoperative daily use of opioids equivalent to 10 mg/day of morphine or 

above or if the procedure could not be performed laparoscopically. The study was designed 

with the groups randomised to the intervention allocation based on a computer-generated 

sequence.  

All patients received a standardized general anaesthetic technique and monitoring. They were 

administered intermittent intravenous fentanyl as intra-operative opioid analgesia. At the 

end of procedure, before extubation, an ESPB was performed by an experienced anaesthetist, 

or the WI was performed by the surgical fellow/ consultant. 

An in-plane approach in the lateral position was used under ultrasound guidance for the ESPB. 

T8 level was confirmed by counting the spinous process from T1 down to T8. Using a 6- to 15-

MHz high-frequency linear probe (Sonosite X-Porte, SonoSite Inc. Bothell, WA, USA), the 2 

muscle layers of the posterior spine anatomy, namely trapezius and erector spinae (ES) 
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muscles, were visualized slightly cephalad to the T8 transverse process. The 22-gauge 

Stimuplex (Pajunk, Geisingen, Germany) nerve block needle tip was placed deep to the ES 

muscle, beneath the fascia in a cephalad to caudal direction. Needle position was confirmed 

by a 3 ml normal saline test dose under ultrasound guidance to observe linear spread lifting 

the ES muscle. Ropivacaine (AstraZeneca Pty Ltd., Sydney, NSW, Australia) dissemination was 

confirmed lifting the ES muscle in real time under ultrasound guidance from start to 

completion of injection. A dose of 40 ml of 0.5% Ropivacaine (200 mg), divided into two equal 

volumes, was injected at each side. In the WI group 40 ml of 0.5% Ropivacaine was injected 

at the surgical ports and into the minimally invasive wound. In the PACU and subsequently in 

the wards for 24 h (time from PACU), patients were observed and questioned for signs and 

symptoms of local anaesthetic systemic toxicity (LAST), such as perioral numbness, tingling 

sensation, tinnitus, metallic taste, muscle twitching, and convulsions. Sensory block was 

assessed by recovery staff after surgery in PACU using a cold test on either side of the anterior 

abdomen between xiphi-sternum and pubic symphysis (dermatomes T6-L1).  

All patients had a pre-operative electrocardiogram (ECG) and a repeat ECG was to be 

performed if any signs and symptoms of LA toxicity were observed. Patients were 

administered Paracetamol 1 g QID (orally or IV) and received a single dose of Dexamethasone 

8 mg intra-operatively as part of a multimodal analgesic approach. A Fentanyl PCA device 

(bolus 10 to 40 mcg based on age; lockout time 5 min; no background infusion) was provided 

as rescue analgesia. The difference in PCA usage was used as an indication of efficacy of the 

analgesic techniques. The primary endpoints measured were NRS for Pain at rest and on 

coughing in PACU at 0 and I hour and in the postoperative ward at 24 h. Other end points 

were Fentanyl use in PACU and first 24 h, any rescue medication used, procedure related 

technical issues, potential side effects or complications in relation to the technique used and 

length of stay (days). Data was entered in excel by the research assistant at the trial centre, 

who has blinded the statistician for group allocation.  

Statistical analysis 

Continuous measures are presented as means with standard deviations and medians with 

interquartile ranges, based on the normality of their distribution. Categorical measures are 

presented as frequencies and percentages. Group comparisons on baseline characteristics 
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were assessed using Student’s T-test, a Wilcoxon Rank Sum test, Pearson’s Chi-square statistic 

or Fisher’s Exact Test as required, and linear mixed-effects models were used to compare pain 

and fentanyl use between ESP and WI groups, across time periods, adjusting for repeated 

measurements over time. Linear regressions were also used for two fentanyl outcomes. All 

tests are two-tailed and assessed at the 5% alpha-level. The statistical software used was SAS 

9.4 (SAS Institute Inc., Cary, NC, USA). 

Sample size 

As RCTs for the use of ESPB in laparoscopic colonic surgery have not been published, an 

approximate scenario was established to obtain the required patient numbers. Calculations 

were based on the primary outcome (pain scores) and it was determined that a clinically 

meaningful difference between groups would be 2.5 points on the NRS. Assuming constant 

variance and a standard deviation of 3 points, a sample of 24 patients per group was required. 

The sample was inflated to 36 patients per group to account for intra-patient correlations 

arising from repeated measures. Thus, a total of 72 patients were required. 

Randomisation 

The randomisation schedule was generated by the Clinical Trials Division of the Pharmacy 

Department at The Queen Elizabeth Hospital. To ensure equal distribution of the intervention 

arm, randomisation was done in specific blocks to pre-determined numbers known only to 

the clinical trials division. A simple randomisation table was created by computer software 

(computerised sequence generation). This allocation was concealed by a sealed opaque 

envelope. The proceduralist was unable to be blinded; however, the patients were blinded to 

group allocation. The person analysing the data was also blinded. 

Results 

Seventy-two patients were recruited. Five patients did not complete the study and 67 were 

included in the analysis. These five patients excluded from analysis had a breach of protocol 

and none were lost to follow up (see Consort flow diagram Fig. 1). Table 1 shows the patient 

demographics in each group. Wound infiltration time was significantly lower than ESPB (p = < 

0.01), otherwise both the groups were comparable with respect to pre-operative status and 
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operative specifications are shown in Table 1. No block related complications, such as 

vascular/visceral puncture or local anaesthetic toxicity were recorded. None of the patients 

had well defined dermatomal spread in the ESPB group in PACU. Only one patient had patchy 

spread. Table 2 shows the pain scores and fentanyl use with mean and standard deviation by 

technique and time period, mean differences, 95% confidence intervals (CI) and comparison 

and global P values. There were no significant differences between the groups on intra-

operative fentanyl use or total fentanyl use. There were also no significant differences 

between the groups for rest or cough pain scores or cumulative fentanyl use in PACU or on 

day one (refer to Table 2). The mean differences between ESPB and WI groups for rest and 

cough pain ranged from − 0.6 to − 0.3 were not significant. Table 3 shows the complications. 

There was no difference in the complication incidences between the groups. Technically, we 

did not have any failures but had slight difficulty in three obese participants in the ESPB group 

requiring 120 mm needles to reach the plane. None of the patients had any sign or symptoms 

of LAST in the 24- h study period. However, 3 patients developed tachycardia after 48hrs 

which was related to low haemoglobin requiring transfusion and anastomotic leak requiring 

intervention. One patient developed bradycardia (50/ min) in the ESP group at 24 h on the 

ward, but remained stable. The average theatre time for (LA loading and 

checking/positioning/setup ultrasound equipment) was 20 min for ESP group compared to 10 

min in WI group. 
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Discussion  

The main outcome of the study was that we found no treatment- related differences in NRS 

pain scores at rest and coughing in PACU or day one between the groups. There was no 

statistically significant difference found in mean total fentanyl use between ESPB and WI 

groups. There were no differences in adverse events or length of stay between the groups. 

Though we hypothesised that ultrasound-guided ESP block is superior to wound infiltration in 

providing superior pain relief, this was not confirmed by our findings. Technically, we did not 

have any failures but had slight difficulty in three obese participants in the ESPB group 

requiring 120 mm needles to reach the plane. Complications related to LAST were not 

observed. Only one patient in the ESPB group had bradycardia at 24 h on the ward but 

remained haemodynamically stable with unremarkable ECG. Tulgar et al. found 3 mild cases 

of LAST in ESPB patients [12]. However, as stated, the patients in our study did not show any 

such symptoms. There were two patients in WI group who developed bradycardia, one in the 

PACU and the other outside the 24 h study period, both with unremarkable ECGs. 

We performed ESPB at T8 level, however we did not observe any clinical effects on 

dermatome sensory distribution on the anterior aspect of the chest. We used 20 ml of 0.5% 

ropivacaine each side and it is possible that this may be an inadequate volume leading to poor 

sensory block. The optimal volume may range from 20 to 30 ml [13]. Tulgar et al. in their case 

series performed ESPB at T8 level for laparoscopic surgeries and reported its analgesic 

benefits but failed to report sensory block [8]. 

Similarly Chin et al. performed ESPB at T7 level in four patients undergoing laparoscopic 

ventral hernia repair and reported reduced pain scores in the first 24 h and oral morphine 

consumption [5]. They reported dermatome spread from T6 to T12 in one of their patients. 

In our study, though patients achieved analgesia, we did not observe any dermatomal sensory 

block. We are unable to explain this finding. Peng et al., described that the ESPB has 

characteristics of differential blockade [14]. Analgesia without motor block along discernible 

cutaneous sensory block has been described [14]. A review on dermatomal analysis of case 
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reports revealed variable results of ESPB dermatomal spread [15]. Due to its unpredictable 

dermatomal spread more clinical trials are required to assess this. A recent narrative review 

reports that the mechanism of ESPB is from the direct effect of LA via physical spread and 

diffusion to ESP and adjacent tissue compartments [16,17]. It also highlights the 

unpredictability and variability that result from myriad factors [16,17]. This limited LA spread 

may be due to the mechanical barrier of the intertransverse ligament, intertransversalis 

muscle, and/or superior costotransverse ligaments in the thoracic paravertebral space [18]. 

Only intertransverse and superior costotransverse ligaments are found in the thoracic region 

posing a possible obstacle [19]. Some authors reported benefits of technical refinements of 

ESPB such as double injection technique, multiple level injections and injecting near the 

costotransverse ligament in breast procedures, to improve LA diffusion into the paravertebral 

space [20-22]. There are no published trials on these new approaches for performing ESPB in 

abdominal surgery. Future clinical trials on this should be considered. A metanalysis on ESP 

found reduction in postoperative opioid consumption compared to control [23]. However, 

this study had significant heterogeneity. 

 There were a few limitations of our trial: It was conducted in a single centre, was single 

blinded and practice of WI may not be applicable in other settings. As there were no RCTs, 

sample size calculation was not possible prior to commencement of this study. We were 

optimistic in requiring a 2.5 points difference in pain scores between the groups. 

Nevertheless, given our findings, even using a minimally clinically important difference (MCID) 

of only 1 point as suggested by Myles et al. [24] may not have changed our overall outcomes. 

However, a substantially lower MCID would have made our study with current numbers 

underpowered. The volume we used (20 ml) may be low, higher volumes may produce more 

extensive physical spread.  

In conclusion, this prospective, single centre, randomised, open label study revealed that both 

WI and ESPB techniques were comparable in terms of pain scores and rescue opioid 

requirement during the first 24 h post-operatively. There were no differences in 

complications observed between the two techniques. As the ESPB appears to be more 

invasive, and requires expertise, local anaesthetic wound infiltration remains a more practical 

and relatively simple technique in laparoscopic colonic surgery. 
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Table1 Patient demographics and details by technique.  

 

Data are presented as mean (SD) or median (IQR) for continuous measures, and n (%) for categorical 

measures. ESP denotes Erector Spinae Plane; WI denotes wound infiltration; PACU: post anaesthetic 

care unit; mins: minutes; LOS:  length of stay. 

*independent t-test P value, Wilcoxon Rank Sum Test P value, Chi-Square P value or Fisher’s Exact 

Test P value as appropriate. 
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Table 2. Results for linear mixed-effects and linear models of pain variables versus 

interaction of technique and time period, adjusting for repeated measurements over time.  

 

*The comparison is ESPB vs WI. ESPB denotes Erector Spinae Plane block; WI denotes 

wound infiltration; PACU: post anaesthetic care unit; CI: confidence interval. ** Total 

fentanyl used is the amount used during PACU and day one. 

 

Table 3 Complications.  

 ESP WI 
Fisher’s Exact 

Test p-value 

 N=33 N=34  

Ileus  3 (33%) 6 (67%)     0.48 

Aspiration Pneumonia 1 (50%) 1 (50%) 1.00 

Hypotension 1 (100%) 0 (0%) 0.49 

Atelectasis 1 (50%) 1 (50%) 1.00 

 

Data presented as n (%). ESP denotes Erector Spinae Plane; WI denotes wound infiltration.  
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Plasma ropivacaine levels after ultrasound-guided erector spinae plane block 

and wound infiltration in laparoscopic colonic surgery - an observational 

study. 

Summary 

The erector spinae plane block (ESPB) is a novel technique involving injection of local 

anaesthetic (LA) below the erector spinae muscle in the para spinal region. The plasma 

concentrations of LA after this procedure have not been reported previously. The aim of this 

study was to assess the plasma concentrations of ropivacaine injected after ESPB and 

compare this with the blood concentration achieved with a similar volume of LA administered 

by wound infiltration (WI) for laparoscopic colorectal surgery. 

Statement of Authorship 

Title of paper Plasma ropivacaine levels after ultrasound-guided erector 

spinae plane block and wound infiltration in laparoscopic 

colonic surgery- an observational study. 

Publication status published 

Publication details Kadam VR, Ludbrook GL, Hewett P, Westley I. Plasma 

ropivacaine levels after ultrasound-guided erector spinae plane 

block and wound infiltration in laparoscopic colonic surgery - An 

observational study. Indian J Anaesth. 2022;66(3):231-232.  
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Background 

Currently there are no trials on plasma ropivacaine levels estimation in erector spinae block. 

There is limited data on the local anaesthetic pharmacokinetics in this regional nerve block.  

Our aim was to estimate total ropivacaine levels in the initial 20 patients of this larger 

randomised trial in the immediate postoperative period. The pharmacokinetic profile will may 

establish its safety of the current local anaesthetics used in the fascial nerve blocks. 

Abstract: Plasma concentrations of ropivacaine in adults in Erector spinae plane block 

(ESPB) is not reported. We report our study results on plasma total ropivacaine levels on a 20-

patient cohort. The aim was to define the pharmacokinetic profile of ropivacaine following 

singe shot ESPB and wound infiltration (WI) groups after laparoscopic colonic surgery. A dose 

up to 3 mg/kg (200mg) diluted to 0.5%, up to 20 mL per side, was administered bilaterally. 

Similar dose was administered in the WI group. Arterial blood samples were collected 5min 

prior and, 10, 60, and 180 min following ropivacaine injection and observed for any adverse 

side effects. After elimination of error only 17 patients were included for analyses. The 

mean+/SD total ropivacaine dose/kg administered in the ESPB and WI groups were 

2.43±0.22mg/kg and 2.67±0.25mg/kg respectively. In the ESPB group the total ropivacaine 

levels ranged from 0.05 to 2.22 µg/ml. The highest mean (SD) total concentration in the ESP 

group was observed at 10 minutes, it was 1.37 +/- 0.72 µg/ml. The highest individual peak 

concentration observed within the ESPB cohort was 2.22 µg/ml. In the WI group, the total 

ropivacaine levels ranged from 0.05 to 2.33 µg/ml. The highest mean (SD) total concentration 

in the WI group was observed at 60 minutes, it was 0.88 (0.42). Neither ESPB nor WI exhibited 

any symptoms of toxicity.  

Published letter: 

The erector spinae plane block (ESPB) is a new peripheral regional block that has been used 

for a wide variety of clinical settings [1-3]. The pharmacokinetics of ropivacaine have been 

well described following wound infiltration but there is paucity of data on plasma 

concentrations following EPSB [4,5]. Hence, we conducted a study to measure the plasma 

levels of ropivacaine in patients receiving EPSB and wound infiltration. The study patients 

were part of a bigger trial assessing the analgesic effect of ESPB vs wound infiltration (WI) in 
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laparoscopic colorectal surgery. After Human Ethics and Research Committee 

(HREC/18/CALHN/456) approval, the study was registered with the Clinical Trials Registry. 

The aim was to assess the safety of single shot ESPB and WI by estimating the total 

ropivacaine levels. Patients aged between 18-85 years, of American Society of 

Anesthesiologists physical status I-III, undergoing elective laparoscopic colonic surgery were 

included. Patients with sensitivity or allergy to local anaesthetics were excluded. 

Twenty adult patients were randomised through computer generated sequence to receive 

standard general anaesthesia followed by bilateral ultrasound-guided ESPB or WI for 

postoperative analgesia prior to extubation.  In ESPB group, a high-frequency linear probe of 

6- to 15-MHz (Sonosite X-Porte, SonoSite Inc. Bothell, WA, USA), was used to visualise the 

erector spinae (ES) muscles, slightly cephalad to the T8 transverse process. A 22-gauge 

Stimuplex ®(B-Braun Medical, Bethlehem, PA, USA) nerve block needle was inserted deep to 

the ES muscle beneath the fascia in a cephalad to caudal direction. Drug dissemination was 

confirmed by visualizing lifting of the ES muscle in real time. Ropivacaine (AstraZeneca Pty 

Ltd, Sydney, NSW, Australia) diluted to 0.5%, up to 3 mg/kg (not to exceed 200 mg) was 

administered bilaterally, up to 20 mL per side. In the WI group, the surgeons injected a 

similar dose in the laparoscopic port-sites and into the minimally invasive wound. Arterial 

blood samples were collected 5min prior and, 10, 60, and 180 min following ropivacaine 

injection. Patients were observed for signs and symptoms of local anaesthetic systemic 

toxicity (LAST) for the next 24 hours. After calibration, total ropivacaine levels were assayed 

using high performance liquid chromatography-tandem mass spectrometry. 

 The demographic profile was similar in both the groups. The overall mean [+/- standard 

deviation (SD)] ropivacaine doses administered in the ESPB and WI groups were 198+/- 

3.7and 192mg+/-7.3 respectively. In the ESPB group the highest mean (+/- SD) and highest 

individual peak concentrations were 1.65 +/- 0.37 µg/ml and 2.22 µg/ml respectively. In the 

WI group, the highest mean (SD) and the highest individual peak concentration were 0.91 

and 2.33 µg/ml respectively. The peak levels were reached earlier in the ESPB (10min) group 

than in the WI group (60min), probably reflecting a faster vascular absorption near the 

posterior muscle. The mean (SD) with 95%Confidence Intervals at 10 mins in ESPB and 60 

min in WI were 1.65 +/- 0.37 µg/ml [1.28-2.02] and 0.91 +/- 0.36 µg/ml [0.55-1.2] 

respectively [Figure 1]. In the  Griffiths et al. [6]  study, the total venous plasma 
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concentrations of ropivacaine following transverse abdominis plane block exceeded the 

widely quoted toxic threshold of 2.2 µg/ ml (4.3µg/ ml of arterial equivalent) in 12 out of 

30patients [6]. Levels in the current study did not exceed the toxic threshold. In another 

study, the highest arterial total ropivacaine levels observed after thoracic paravertebral with 

2mg/kg ropivacaine was 2.47 µg/ml at 7.5 min. [7]. The highest concentrations following 

paravertebral block were achieved at a time frame similar to our ESPB group. However, our 

levels were very low (2.47 vs 1.65 µg/ml). As the ropivacaine levels following ESPB is yet to 

be established, our data may provide some information to guide future trials. The 

limitations of the study were small sample size, a ceiling dose of ropivacaine (200 mg) and 

the unavailability of free fraction levels.  

To conclude, mean total ropivacaine levels following a single injection of EPSB or WI are well 

below toxic thresholds, if the total dose is limited to less than 3mg/kg, and are unlikely to 

cause any adverse effects. 

Acknowledgements: The authors acknowledge A/prof Roelof M.A.W. van Wijk, A/prof 

Venkatesan Thiruvenkatarajan and Prof Sanjib Adhikary for their help in reviewing and 

editing of the article. 
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Figure 1: Showing the mean total ropivacaine levels over the time course in Erector spinae 

plane block and wound infiltration groups. Blue diamond shape represents time points for 

ESPB = Erector spinae plane block and orange square for WI = wound infiltration group. Error 

bars (+/-) represent 95% confidence intervals. 
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Chapter 5- Conclusion and Future directions for perioperative pain for colonic 

surgery 

Fascial plane blocks have been used for the last decade. Almost every year there is a new 

peripheral regional block  added to the growing list of regional anaesthesia techniques such 

as transversus abdominis plane block, rectus sheath block, quadratus lumborum block, 

erector spinae plane block, pectoralis block, and serratus anterior blocks. The use of 

ultrasonography in clinical practice has facilitated the extensive application of transversus 

abdominis plane and rectus sheath blocks, as well as the more recent novel techniques of 

quadratus lumborum and erector spinae plane block [1].  

Innovative analgesic techniques, and multimodal approaches are essential in addressing the 

challenges of post-operative pain in the recovery of our patients. Results of the randomised 

open label study comparing trans-muscular quadratus lumborum (TQL) group to 

preperitoneal catheter (PPC) group revealed comparable pain scores during cough and rescue 

opioid requirement. There was no difference between the groups in terms of pain on 

coughing over time and no interaction between therapy and time. The PPC technique was 

more cost-effective compared to TQL.  

Similarly, a prospective, single centre, randomised, open label study compared erector spinae 

plane (ESP) block to wound infiltration (WI), revealing that both WI and ESPB techniques were 

comparable in terms of pain scores and rescue opioid requirement during the first 24 h post-

operatively. There were no differences in complications observed between the two groups. 

The strengths of these regional blocks include adequate pain relief, minimised opioid use, and 

opioid related side effects, as well as reduced hospital length of stay. These analgesic 

techniques are also devoid of motor or sensory complications. There is occasional failure of 

obtaining an adequate regional block and analgesic inadequacy requiring systemic opioids. 

Both ultrasound-guided analgesic techniques require skills and expertise in ultrasound and 

needle technique. The mechanism of the TQL and ESP blocks are still not clear. There is more 

research required in this area and its application in colonic surgery.  

A systemic review reported that TQL block reduces post-operative opioid consumption with 

minimal adverse effects. TQL block appears to be an applicable option for post-operative 
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analgesia after abdominal surgeries [1]. In other systemic reviews it has been shown to reduce 

opioid use post-operatively and enabled early mobilization compared with placebo [2]. More 

evidence is needed comparing TQL with other standard comparators.  

Despite achieving expertise in regional analgesia there are many factors beyond analgesic 

methods to achieve optimal patient outcomes. Benefits of dynamic pain relief may only be 

realized if additional aspects of peri-operative care, such as the use of minimally invasive 

surgery, approaches to reduce stress responses, optimizing fluid therapy and enhancing post-

operative nursing care with early mobilization, and oral feeding are utilized [3,4]. 

Many experts now consider the erector spinae plane block an alternative analgesic option to 

thoracic epidural analgesia and paravertebral blocks, especially where these techniques are 

contraindicated. This block has a good safety profile with very few reported complications [5].  

Similarly, in some laparoscopic procedures ESP block invariably resulted in improved post-

operative pain control and decreased breakthrough analgesic requirement [6]. We 

hypothesized that ultrasound guided ESP block for laparoscopic procedures was superior to 

wound infiltration in providing post-operative pain relief. However, we found no significant 

differences between the groups for rest or cough pain scores, or cumulative fentanyl use in 

PACU or on day one. This is contradictory to other published studies. So far, there are only 

limited systemic reviews or studies on ESP block in abdominal surgeries. The evidence of pain 

relief is supported in thoracic procedures but we may need to await more data in abdominal 

procedures. A systematic review in paediatrics reported low-quality evidence that erector 

spinae plane block exhibits superior analgesia compared to no block in children [7]. Due to 

the limited data, evidence regarding the comparison with other regional blocks remains 

unclear. Future large-sized and well-designed randomized controlled trials are needed [6].  

Neuraxial block or peripheral nerve blocks may play a key role in the prevention of chronic 

post-operative pain in the peri-operative period by modulating pain signalling created by a 

surgical incision [8]. Historically, studies on any new regional anaesthetic block focussed on 

extent and duration of analgesia and opioid consumption. In the future regional block studies 

will not only need to measure pain relief for 24hours, but also other outcome measures such 

as functional recovery, patient reported assessments (physical, mental, social health), and 

outcomes over a longer time horizon than 24–48 hours [8]. Multimodal analgesia with 
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regional fascial blocks will also need to be assessed regarding possible prevention of chronic 

post-operative pain [9]. Though many studies were published on ESP block they show 

heterogeneity and lack in quality [10].  

RCTs investigating on ESP block, lack reporting on meaningful patient-centred outcomes 

[11,12]. The recent systematic review and consensus statement from the Standardized 

Endpoints in Perioperative Medicine (StEP) initiative on patient comfort states that at least 

one of six standardized end points should be used in trials assessing “patient comfort” such 

as regional anaesthesia studies [13]. Chin and Barrington, suggested patient centred 

outcomes in ESP block, but there is still no agreement on what outcomes should be evaluated 

[12]. This evaluation may apply to any other regional anaesthesia technique, hence more 

future clinical trials are required. With regards to opioid crisis, pain management is moving 

towards non-opioid options. A regional block application in post-surgery will significantly 

reduce opioid use. More clinical trials of these blocks are needed as analgesic role, which may 

enhance its benefits in anaesthesia and pain medicine.  
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Appendices 

Appendix A  

Presentations at national and international meetings 

The student presented studies at the national conferences run by Australian Society of 

Anaesthetists, ANZ College of Anaesthetists and Australian pain society. The research related 

to this doctoral programme was supported to present at the international conferences. The 

main one was ASRA (American Society of Regional Anaesthesia) and ESRA (European Society 

of Regional Anaesthesia).  

Dr Vasanth Rao Kadam, Dr Ming Tong, Dr Lee Taylor. Continuous Trans muscular Quadratus 

Lumborum Block catheter technique for post-operative pain relief in upper abdominal surgery- 

Case report. E-poster moderated oral presentation at the Australian and New Zealand College 

of Anaesthetists and Faculty of Pain Medicine ASM 2016 held at the Aotea Centre, Auckland, 

New Zealand from April 30 – May 4. 

Rao Kadam V. Various approaches to Continuous trans muscular quadratus lumborum block 

catheter technique for post-operative pain relief in major abdominal surgery. Presented as e-

Poster at the 35th Annual ESRA congress 2016, 7-10 Sept Maastricht Netherlands. 

Vasanth R. Kadam. Ultrasound guided anterior quadratus lumborum block l2 level safe 

approach for post-operative analgesia for laparotomy- case report.  E-Poster presented at the 

36th Annual ESRA Congress held in Lugano, Switzerland | September 13-16, 2017. 

Vasanth Rao Kadam, John Currie. Continuous Erector Spinae plane block for Video Assisted 

Thoracotomy in critically ill patient-case report. E-poster and moderated oral presentation at 

the 16th Annual Pain Medicine Meeting, November 16-18, 2017, Lake Buena Vista, Florida. 

Vasanth R. Kadam, Medhat Wahba. Use of Erector Spinae Block in Open Abdominal Surgery 

and Cancer Pain. Case Reports. Oral Presentation presented at the 2018 World Congress on 

Regional Anesthesia and Pain Medicine. April 19-21, 2018, New York, New York 
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Vasanth R. Kadam. A randomised controlled trial examining the analgesic efficacy of the 

erector spinae plane block (ESPB) vs the wound infiltration technique in laparoscopic colonic 

surgery (preliminary report) was accepted at “World Congress on Pain Research & 

Management” during March 26-27, 2020 at Barcelona, Spain (due to pandemic it was 

cancelled). 

V. Rao Kadam, G. Ludbrook, R. M. van Wijk, P. Hewett, V. Thiruvenkatarajan, S. Edwards, P. 

Williams, S. Adhikary. Comparison of Ultrasound guided Erector Spinae Plane block (ESPB) 

versus wound infiltration (WI) for postoperative analgesia in laparoscopic colonic surgery- 

Prospective randomized study. Presented as poster at the 2022 Australian Pain Society 42nd 

Annual Scientific Meeting, held at the Hotel Grand Chancellor, Hobart, from the 10 - 13 April 

2022. 

Appendix B  

Grants awarded during candidature 

Rao Kadam V, Van Wijk RM, Moran JL, Thiruvenkatarajan V, Williams P. 

ANZCA research committee awarded 2018 Novice investigator Grant to support project on 

Comparison of Trans-muscular Quadratus Lumborum (TQL) block catheter technique with 

surgical pre-peritoneal catheter for postoperative analgesia in abdominal surgery- 

Prospective randomized study to a total amount of $15,618 for two calendar years. 

 

Appendix C  

Other Achievements during the candidature 

After presentation of the QL Block papers, Completed part 2 exam of the European society of 

Regional Anaesthesia and Acute Pain Management (EDRA) in 2017 at Lugano Switzerland. 

Successfully achieved this Diploma, which encouraged me to continue my regional analgesia 

research work. 
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Appendix F 

Protocol on Acute Kidney Injury in the colorectal division of surgery - Quality 

assurance audit           













134 
 

Appendix G Published papers

 



135 
 

 



136 
 

 



137 
 

 



138 
 

 



139 
 

 



140 
 

 



141 
 

 



142 
 

 



143 
 

 



144 
 

 



145 
 

 



146 
 

 



147 
 

 



148 
 

 



149 
 

 



150 
 

 



151 
 

 



152 
 

 



153 
 

 



154 
 

 



155 
 

 



156 
 

 



157 
 

 



158 
 

 



159 
 

 



160 
 

 



161 
 

 



162 
 

 

 




