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Original Application

The following application to UCC (university College Cork) for MD by Thesis was
approved on March 2014 (Start date- October 2013, end date - September 2015).

Improving the safety, efficiency and efficacy of neuraxial blockade through enhanced

operator performance.

This study will be based at the Department of Anaesthesia and Intensive Care, Cork
University Hospital. It will also utilize the expertise at a number of other locations,
namely National Maternity Hospital (NMH,Holles Street,Dublin) and Adelaide and
Meath hospital, incorporating National Childrens Hospital (AMNCH, Tallaght).

Dr.Gabriella lohom, Consultant Anaesthetist and Lecturer in Anaesthesia and

Intensive Care Medicine, University College Cork / Cork University Hospital.

Dr.Peter Lee, Consultant Anaesthetist and Lecturer in Anaesthesia and Intensive Care

Medicine, University College Cork / Cork University Hospital.

Prof.George Shorten, Professor of Anaesthesia and Intensive Care Medicine,

University College Cork / Cork University Hospital.

Objectives of the proposed work

Successful outcome of a procedural skill depends on three major factors - patient,
operator and equipment. Patient factors (especially anatomical) in most cases are
non-modifiable. The objective of this thesis is to enhance operator performance by
applying the advancements in training methodology and equipments to improve
efficiency, safety and efficacy of neuraxial blocks. Specific aims were met with

following studies.



Improving efficiency

Study 1 - To develop and validate a metric based assessment tool for epidural

catheter placement.
Improving safety

Study 2 - To study a methodology to improve the accuracy of palpated landmarks for
administering spinal anaesthesia to reduce risk of entering sub arachnoid space at or

above L2-3 interspinous space.
Improving efficacy

Study 3 - To look for anatomical correlation between neuraxial ultrasound images

and MRI of lumbar spine.

Study 4 - To compare real-time ultrasound guidance versus conventional landmark

guided approach to perform spinal anaesthesia.

Deviations from original thesis

The work carried out differ from that described (above) in the original application in

the following ways:
On November 10 th, 2014, the application to change from MD to PhD was approved.

As an extension of study 1, an additional study (study 1a) was performed to examine
the effect of performance-based progression training of provision of labour epidural

analgesia on clinical outcome.

Study 4 was not undertaken; in its place, a formal comparison (study 4a) was carried
out of i. a modified form of real-time, ultrasound-guided vs ii. a pre-procedure
ultrasound guided paramedian approach to performance of spinal anaesthesia in

parturients.

As an extension of study 4a, an ultrasound guided paramedian approach at the L5-S1

interspace was examined for clinical benefit (study 4b).



After preparatory work for Study 1 and 4, it became clear that there was an
opportunity to make a substantially greater research contribution with the potential
for a corresponding greater increase in impact. Specifically, the opportunity to
conduct the first “end to end” study on proficiency based progression training and
possibility of further refining the pre-procedure ultrasound guided paramedian
technique. Based on this opportunity and the corresponding greater body of work to
be undertaken, | elected to apply for a change from MD to PhD by thesis. This
application was approved by UCC on November 10 th, 2014.

Please refer to Chapter 2,3 4,5 and 6 in which studies will be described in detail.

The first additional study (study 1a) was be an extension of the metrics based
assessment tool that was developed in study 1. The objective was to study the impact
of training using a metrics-based tool on clinical performance and patient outcome.
The addition of this study meant that each aspect of proficiency based progression
(procedure characterisation, validation, training and patient outcome) will be studied
for a single procedure in continuity. This makes this the first “end—to—end” study on
proficiency based training pathway for a procedural skill. If proven successful, this
pathway could form the blueprint for future procedural skills training across all

medical specialities.

The planned study on real time ultrasound-guided spinal anaesthesia (study 4) was
modified to paramedian ultrasound-guided spinal anaesthesia (study 4a). After the
initial pilot cases of real time ultrasound guided spinal anaesthesia, it has trasnspired
that this technique was more difficult and cumbersome than anticipated. Hence we
decided to study a modification: paramedian real time spinal anaesthesia with pre-

procedure ultrasound (study 4a).

The second additional study (study 4b) was an extension to study 4a. During the
course of study 4a, we observed a possibility to further improve the efficiency of pre-
procedural ultrasound guided paramedian technique. As the study was the first of its

kind, we felt it was appropriate to further refine the procedure.



Objectives of the thesis following changes

The overall objective is unchanged, namely to improve safety, efficiency and efficacy
of neuraxial blockade through enhanced operator performance. Specific aims were

adjusted as follows,
Improving efficiency

Study 1 - To develop and validate a metric based assessment tool for labour epidural

catheter placement.

Study 1a - To study the effect of metrics based performance based progression

training in provision of labour epidural analgesia on clinical outcome.
Improving safety

Study 2 - To study a methodology to improve the accuracy of palpated landmarks for
administering spinal anaesthesia to reduce risk of entering the sub arachnoid space

at or above the L2-3 interspinous space.
Improving efficacy

Study 3 - To examine corresponding i. neuraxial ultrasound images and ii. Magnetic
Resonance Imaging (MRI) of lumbar spine for clinically relevant association and

correlation(s).

Study 4a - To compare conventional landmark-guided midline versus pre-procedure

ultrasound guided paramedian techniques in spinal anaesthesia.

Study 4b - Comparison of conventional landmark guided midline versus pre-

procedural ultrasound guided paramedian at L5-S1 technique for spinal anaesthesia.

Background and Significance

Neuraxial anaesthesia (spinal and epidural anaesthesia) constitutes an indispensable
component of modern anaesthetic practice and is one of the most commonly
performed regional anaesthesia techniques. The first recorded case of spinal

anaesthesia was performed using cocaine in 1898 by Augustus Bier?. Since then it has

4



been extensively used to facilitate surgery involving lower limbs, pelvis and lower
abdomen. Neuraxial blocks are also the preferred anaesthetic technique for
caesarean sections?. As of 2014, caesarean section constitutes 18.6% of the deliveries
conducted worldwide.?> More than 80% of the caesarean sections worldwide are
performed under neuraxial anaesthesia®”’. It is also the current gold standard for
labour analgesia with 30% - 60% of labouring women receiving epidural analgesia for
labour® ®1°, Any advancement in clinical research to improve the safety, efficiency
and efficacy of neuraxial techniques will impact millions of patients (parturients and

foetuses/neonates) worldwide.

Neuraxial anaesthesia and analgesia offers numerous benefits compared to general

11 reduction in

anaesthesia which includes (but not limited to): better analgesia,
overall morbidity and mortality (up to 30% in all types of surgery and up to 11% in
patients undergoing intermediate to high risk non cardiac surgery),*?'* reduction in
post-operative respirator complications,’® reduction in the rate of blood
transfusion,!® reduction in post-operative paralytic ileus *” and reduced surgical site

infection.'® There are early encouraging data on association of epidural analgesia

with reduction in cancer recurrence.1®-2

Numerous advancements have been made in the field of neuraxial blocks since 1900,
involving needle design and pharmacology. This thesis focusses on two particular
advances — proficiency based progression training of procedural skills and neuraxial

ultrasound.

Deaths due to medical errors is the third leading cause of death in United States.
More than 250,000 patients die every year due to medical errors.?? A significant
proportion of medical errors (up to 44%) are related to related to procedural skills .23
High profile cases such as Bristol?* and the Bundaberg Hospital cases?®, Institute of
medicine (IOM) report?® on medical errors and medical malpractice claims analysis
in the USA?® and Belgium?’ have all highlighted the fact that a lack of technical
competence is a major cause of medical error. In spite of the enormous importance

of procedural skills, especially in procedure-rich specialities like anaesthesia and
5



surgery, training and assessment of procedural skills has been largely
underdeveloped. There is no formal system currently for either training in or

assessment of procedural skills in Medicine.

Training for procedural skills is largely based on the Halstedian apprenticeship model
from the early 1900’s. For example, trainees learning to perform epidural
anaesthesia do so by “practicing” on patients under the direct supervision of seniors
(consultants or senior registrars)?®. Learning a complex and high risk skill by
performing procedures on patients is far from ideal. ?° Furthermore, with a global
trend towards reduced working hours for trainee physicians, the number of clinical

learning opportunities for trainees is decreasing.

Assessment of procedural skill is still subjective. Robust systems exist to evaluate the
knowledge aspects of a trainee’s education but no such system exists to objectively
evaluate a trainee’s procedural skills. Educators rely on self-reported log books and
informal supervisor feedback to evaluate these important skills. There is a clear need
for a paradigm shift in the way we train and assess our trainees in procedural

skills.30.31

In a recent review of Irish postgraduate education (Training 21t Century Clinical
Leaders, July 2014) Prof. Imrie recommended a move away from the current time-
based model of medical education to an outcome-based approach organised around
competencies. Similar recommendations were made in an Institute of Medicine
report on post graduate training in USA - “Graduate Medical Education That Meets
the Nation's Health Needs” (July 2014).3 The University of Ottawa has already
launched the first competency-based medical education (CBME) for anaesthesia

residents in 2015.32

Simulation training has been around for many years used extensively in aviation and
military and has many advantages compared to conventional training (Table 1.1). Its
uptake in medical profession is gradually gaining momentum. We are currently
witnessing a paradigm shift from “see one, do one, teach one” approach to “see one,

simulate one, do one” approach.3? Review of simulation studies in anaesthesia over



a decade (2001-2010) has shown that simulation training in anaesthesia is now
widely accepted. Although simulation training offers many benefits in procedural skill
training, there is still limited evidence to show the transfer of trained skills or positive
impact on quality and safety of patient care.3* There is also insufficient evidence on

the effects of simulation training on patient outcomes.333>3¢

Table 1.1: Advantages of simulation training 3’

Ability for repetitive practise
Opportunity for feedback

Simulate rare events

Simulate events with varying severity

No patient risk

o v B W NP

Learning experience in controlled environment

The thesis aims to address the above limitations by the use of “Proficiency based
progression” (PBP) training curriculum. PBP differs from current simulation training
methods in that it combines simulation training with proficiency benchmarks. The
first study on proficiency based simulation training was performed by Seymour NE 38
which was followed by multiple other studies3°4!. Studies on acquiring arthroscopic
Bankart skill set have shown that it is superior to traditional and simulator enhanced
training methods.*? In PBP, the trainees are not allowed to progress to the next
training stage until they demonstrate “proficiency” in a simulated setting on par with
experts in the field. This “proficiency” benchmark is derived from mean performance
score of experts who are evaluated based on validated metrics that characterise the
procedure. This concept has been explored in the last decade and is increasingly
gathering recognition. We aim to apply this training methodology to improve
efficiency of novices in labour epidural catheter placement and to evaluate its effect

on patient outcomes.



The hypothesis of this study is to answer the question “Does development, validation
and application of metrics-based proficiency based simulation training improve
clinical performance and clinical outcome compared to conventional training in
provision of labour epidural analgesia”. This hypothesis is based on three
assumptions. First, that proficiency based progression training (PBP) is better than
conventional training for procedural skills.*' Second, better performance in virtual
reality (VR) simulator will be translated into better operating room (OR) performance
(VR to OR).3® Third, that better procedural skills in the operating room lead to
improved patient outcomes.*® Although these assumptions have been tested
individually for various procedures, this will be the first study where we will test the
overall hypothesis is tested in an “end-to-end” study that examines the process from

training to patient outcome.

The implication of completing such an end-to-end study is demonstration of proof of
concept and feasibility of this approach to validation of procedural training generally.
We believe this will offer a blueprint for procedural training across all medical
specialties and cause a paradigm shift to the approach of training and assessment of

procedural skills.

In neuraxial blocks, advancements in equipments was largely in the area of
improvement in needle designs.** The actual technique of performing a neuraxial
block (spinal and epidural) as a landmark guided technique, has changed little from

the time of initial description.

Ultrasound guidance has greatly improved and augmented the practice of regional
anaesthesia. A recent Cochrane review on ultrasound guidance for peripheral nerve
blocks*® concluded that the use of ultrasound resulted in a superior block success,
reduced need for supplementation and lower incidence of vascular punctures
compared to a peripheral nerve stimulation technique. The use of ultrasound in
neuraxial blocks is a recent development. Although the utility of ultrasound for
neuraxial scanning was explored as early as 19804, it was not until early 2000 *”

>4that it came to wider use. Neuraxial ultrasound is challenging due the presence of
8



bony spinal canal and the depth of the target tissue (sub-arachnoid space and
epidural space), both of which limit the usefulness of ultrasound beam. This makes it
an advanced skill to master relative to superficially situated peripheral nerve blocks.
The reasons behind poor neuraxial ultrasound views are not fully elucidated yet.
Hence in study 3, we aimed to use MRI data to enhance our understanding of the
reasons underlying the inconsistent and limited images obtained when performing

ultrasound of neuraxis.

Use of ultrasound to facilitate neuraxial block can be done in many ways. It can be
done as a pre-procedural examination to delineate the underlying spine anatomy or
it can be used to provide a real time guidance to administering spinal or epidural
anaesthesia. Use of real time ultrasound guidance is largely limited to case reports.>>
>7 With currently technology, its use is limited by the requirement for wide bore
needles and the technical difficulties associated with simultaneous ultrasound
scanning and needle advancement.>® Pre-procedure ultrasound provides information
to aid the performance of neuraxial block: interspinous level, midline, depth of the
epidural and or sub-arachnoid space, angle of needle insertion, optimal needle point

entry etc. Its use improves the precision and efficacy of neuraxial techniques.>

The ability of neuraxial ultrasound to identify the interspinous space was used to
improve the safety of neuraxial blocks. Interspinous level at which spinal anaesthesia
is administered is a surrogate marker for potential spinal cord injury.®® As neuraxial
ultrasound identifies interspinous space more accurately compared to palpation®%-63
(with training up to 90% accuracy can be achieved®?) we utilised this to improve the
accuracy of palpated landmarks for performing spinal anaesthesia in patients
undergoing caesarean section. We specifically sought to use ultrasound guidance to
improve the accuracy of palpated landmarks (as opposed to using ultrasound solely
to identify the landmarks) for several reasons. Firstly, millions of spinal anaesthetics
are being performed for caesarean sections across the world, especially in developing
and third works countries, where the access to ultrasound for neuraxial scanning is
limited. A study designed to improve safety by routine ultrasound, even if it is

effective, may not reach everyone. Secondly, as neuraxial ultrasound is an advanced



scanning procedure, even in developed countries, it involves a steep learning curve
which might make widespread adoption challenging. Finally, the cost and time
involved to facilitate the routine use of ultrasound in a busy obstetric setting might

not be practical.

Number of passes and attempts are used as markers to assess the efficacy of
administration of neuraxial blocks. Multiple passes and attempts while administering
neuraxial anaesthesia are associated with a greater incidence of post dural-puncture
headache, paraesthesia and neuraxial hematoma.®*®” The use of pre-procedural
ultrasound increases the first pass success rate for spinal anaesthesia in patients with
difficult surface anatomic landmarks®® but not when routinely used in all patients.®®
Also, studies on pre-procedural ultrasound-guided spinal techniques are limited to a
midline approach using a transverse median view (TM). The para-sagittal oblique
(PSO) view consistently offers better ultrasound view of the neuraxis compared to TM
views. We attempt to address both of these issues by a) routine use of pre-procedure
neuraxial ultrasound b) use of para-median approach to performing spinal
anaesthesia guided by pre-procedural ultrasound. The aim with both these
interventions is to decrease the number of passes and attempts needed to achieve a

successful dural puncture, thereby improving the efficacy of the block.

Study Design

Although neuraxial blocks are done in wide variety of clinical scenarios, labour
epidural catheter placement was chosen to study the impact of training methodology
on efficiency. This was due to a couple of reasons. First, trainees learn this in the early
part of their training, typically within the first two years. Second, trainees perform
large number of epidurals in a relatively short span of time. Both these factors make

this an ideal procedure in which to study the effect of a training methodology.

In the initial phase of the study procedure-specific metrics for labour epidural
analgesia were developed (study 1). This was carried out in a series of meetings

between experts who identified, characterised and defined the procedure. The

10



metrics developed were then assessed for construct validity (the degree to which the
test terms identify the quality, ability or trait it was designed to measure) and
concurrent validity (in which the relationship between the test scores and the scores
on another instrument purporting to measure the same construct are related). This
was done by scoring videos of experts and novices performing labour epidural

catheter placement based on metrics developed.

The next phase of the study involved a randomised control study to look at the impact
of proficiency based training on patient outcomes (study 1a). This was done by
randomly allocating the trainees in to two groups. One group received conventional
training and the other group received proficiency based training. Data was collected
from the first 10 epidurals performed by the trainees following the training. The

primary outcome was pre-defined failure of epidural analgesia.

Direct injury to the spinal cord is a devastating complication of neuraxial blockade.
Although rare, the outcome can be debilitating.?° Spinal anaesthesia administered at
or above L2-3 interspinous level can be used as a marker to identify “near miss” cases
of spinal cord injury. This is very relevant in pregnant patients who undergo spinal
anaesthesia for caesarean section. The incidence of spinal cord injury arising from
direct injury by spinal needle is relatively high in this population .*° Hence this patient

population was selected for this particular study.

The aim of this study (study 2) was to improve the accuracy of palpated landmarks to
reduce the incidence of spinal anaesthesia done at or above L2-3 interspinous level.
In a randomised controlled study, trainees chose two different landmarks to identify
the appropriate interspinous space depending on the group to which they were
allocated. Once an interspinous space was selected, the use of neuraxial ultrasound
enabled identification of the interspinous space. The primary outcome measure was
the number of spinal anaesthetics administered at or above the L2-3 interspinous

space.

11



Number of attempts and passes has been used to quantify efficacy of neuraxial
blocks.”® Lower limb joint replacement surgeries are usually performed under spinal
anaesthetic. Older age profile of this patient population group makes the
administration of spinal anaesthesia difficult.”* Thus they are an ideal cohort in which

to study the effect of interventions to improve efficacy of neuraxial blocks.

Ultrasound has been increasingly used to aid neuraxial blocks.>® The final three
studies focuses on application of this technology to reduce the number of passes

needed to achieve a successful dural tap.

In study 3, the aim was to look at the anatomical correlation between neuraxial
ultrasound image and MRI of lumbar spine. Patients more than 18 years of age,
scheduled for MRI lumbar spine were included in the study. The patients had their
MRI scan performed following which neuraxial ultrasound imaging of lumbar spine
was performed on the same day. The ultrasound images were categorised in to good,
intermediate or poor view based on the visibility of ligamentum flavum/ duramater
complex. The correlation between the ultrasound images and predetermined
anatomical parameters on MRI were then analysed. This study will shed more light

on reasons behind poor ultrasound imaging.

Following this, in study 4a, our aim was to look at paramedian approach to spinal
anaesthesia aided by pre-procedural ultrasound. In this randomised control study,
patients scheduled for elective lower limb joint arthroplasties were randomised into
receiving either conventional midline spinal anaesthesia or pre-procedure
ultrasound guided paramedian approach guided spinal anaesthesia with the aim to
reduce the number of passes needed to achieve successful dural tap. During the
course of this study, we observed a trend towards smaller number of passes in L5-S1
interspinous space within the paramedian group. This formed the basis for study 4b
in which we looked specifically at pre-procedure ultrasound guided paramedian
spinal anaesthesia at L5-S1 interspinous space compared to conventional midline
approach. This was done in the same population having lower limb joint

arthroplasties performed under spinal anaesthetic. This was done in the same
12



population group having lower limb joint arthroplasty performed under spinal
anaesthetic. Both these studies were designed to improve the efficacy of
administering spinal anaesthesia by potentially reducing the number of passes

needed to achieve successful dural tap.
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Abstract

Procedural skills of medical practitioner is closely related to patient outcomes. There
is currently no widely accepted approach towards training and assessment of
procedural skills. Proficiency based progression methodology (PBP) of training for
procedural skill has consistently resulted in reduction of errors during operative
performance. We hypothesized that development and validation of a metric based
objective assessment tool, followed by its implementation via PBP methodology will
decrease the failure rate of epidural analgesia during labour compared to simulation

only training methodology.

Detailed procedure specific metrics for labour epidural catheter placement was
developed by based on consensus opinion by three experts. Construct validity and
concurrent validity of the assessment tool was established. The assessment tool
along with proficiency criteria obtained during the validation phase was then
incorporated in to PBP training methodology using simulator. 17 novice anaesthetic
trainees were randomised into either group P (PBP methodology) or group S
(simulation only methodology). Following training, data from the first ten labour
epidural performed was obtained from each trainee. Primary end point was to
compare epidural failure rate between the two groups based on pre-defined criteria.
Secondary end point was to look at impact of training on clinical performance,
patient satisfaction, comparison of proportion of trainees with more than one failure

between groups and number of failure per trainee between groups.
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A total of 74 metrics were developed and validated. The inter-rater reliability (IRR)
metrics based assessment tool was 0.88. A total of seventeen trainees were recruited
of which eight trainees were randomised to group S and six trainees to group P.
Epidural analgesia failure rates in 140 patients receiving epidural analgesia
subsequently administered by these trainees was compared. Baseline characteristics
of trainees and demographic variables of the patients were similar between both
groups. PBP training reduced the incidence of epidural failure by 46.3% compared to
simulation only group (epidural failure in group S= 28.7%, epidural failure in group P
= 13.3%, Chi square test, p=0.04). The proportion of patients who experienced pain
during uterine contraction at 60 minutes from the time of epidural needle insertion
was also greater in Group S (25% , 20/80) than in Group P ( 10% , 6/60)(Chi square

test p = 0.03). Other parameters were similar between the two groups.

Procedure specific metrics developed for labour epidural catheter placement
discriminated the performance of experts and novices with IRR of 0.88. PBP training
with simulation based on metrics developed reduces epidural failure rates by 46%
when compared to simulation only training. This model for evidence based training

may be of benefit applied to other procedures.
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Introduction

Medical errors account for as many as 250,000 deaths in the US every year.! A
significant proportion of such errors (44% by one estimate) are related to procedural
skills .2 Certain procedural skills have been shown to be strongly associated with
meaningful patient outcomes.? Although it is accepted that training should be based
on achievement of specific competencies, no widely accepted approach to the

training and assessment of procedural skills exists at present.

Training for procedural skills remains largely based on the apprenticeship model
developed during the early 1900’s*. Educators rely on self-reported log books and
informal supervisor feedback to evaluate these skills. Learning a complex and high
risk procedural skill on patients is far from ideal.> With the global trend towards
reduced working hours for trainee physicians, the number of clinical learning
opportunities for trainees is decreasing. There is a clear need for a paradigm shift in
the way that doctors are trained and assessed in the performance of procedural

skills.®”

Currently various techniques exist to assess procedural skills in anaesthesia®. For
epidural catheter placement, task specific check lists, global rating scales and
cumulative sum techniques have been developed and validated.®° These techniques
attempt to i. achieve better qualitative outcome (based a subjective assessment) or
ii. rely on some form of self-reporting. The resulting limitation in objectivity
undermines two critical characteristics of the assessment namely i) inter-rater

reliability and ii) facility to provide meaningful feedback to the learner.

We hypothesized that a detailed characterization of a procedural skill (epidural
catheter placement for labour analgesia) could inform development of an
assessment tool, proficiency standards and an effective training programme which ,
compared with standard training, would result in superior clinical outcome (effective
analgesia). If successful and feasible, this “end to end” approach could provide a
model for procedural training generally. We refer to the approach to training
employed in this study as proficiency based progression (PBP); it is based on specific

unambiguously defined objective metrics and require a learner to achieve proficiency
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in each step or phase of the procedure before progressing to the next.''2 PBP has
been used successfully for procedural skill training in surgery 2 and has begun to be

applied to anaesthetic procedures.

Our hypothesis was based on three assumptions. First, proficiency based progression
training (PBP) is superior to conventional training for procedural skills.> Second,
superior performance in a simulated setting will “transfer” to superior performance
in a clinical setting.'® Third, superior procedural skills in the delivery suit will lead to
improved patient outcomes (effective epidural analgesia).> Although these
assumptions have been tested individually for various procedures, this will be the

first study in which the overall hypothesis has been tested.

Methodology

With institutional ethical approval (September 2013) and having obtained written
informed consent from all participants (anaesthetists and patients), the study was
conducted at Cork University Hospital and Cork University Maternity Hospital from
September 2013 to September 2016. It was registered with clinicaltrails.gov (study 1
-part 1 &2 -NCT2179879, study 1a - NCT02185079).

A group of three experts (MW,BOD,PL) in lumbar epidural catheter placement were
selected (an expert was defined as one who has performed more than 500 labour
epidural catheter insertions in the preceding 5 year period). They attended five face-
to-face meetings (each lasting for 120 -180 minutes). All the meetings were attended
by the experts and the same facilitator was present for all the meetings (KKS). During
these meetings, the experts identified, characterized and defined the procedure. The
expert group then proceeded to identify and define i. metrics or units of behaviour
to be measured which together constitute in a step-wise fashion how the procedure
is optimally performed and ii. errors or deviations from optimal procedure

performance as described previously.*?

Two video recordings of experts and two video recordings of novices (performing

epidural catheter insertion were recorded (see below for technique) for review
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during metric development meetings. Novices were defined as anaesthetic trainees
with fewer than two years of experience and who have performed fewer than 50

epidural catheter insertions in total.l’

The experts were requested to define each metric (procedural unit) in the procedure
objectively, specifically, and without ambiguity. A metric could be either a step in the
procedure or an error. A metric was included only if it they are observable on a head
mounted video recording of the procedure. Assessment outcomes were defined
dichotomously as “yes or no” answers i.e. that the metric (step or error) as defined
either had or had not occurred. For this particular procedure, all metrics were
recorded as errors. During this process, the experts were also requested to identify
“critical errors” which were defined as errors i) that are likely to result in significant
patient harm ii) jeopardize the whole procedure . All discussions during the expert

group meetings were audio taped for future reference.

On the completion of the metric development, the expert group independently
scored two videos of labour epidural catheter placement (one by a novice and
another by an independent expert) using the metrics based assessment tool
developed. Scores were compared and any reason for disagreement on rating
between experts on a specific metrics (error/critical error in this procedure) was
discussed. Further refinement of the individual items was made based on the
observations and a final list of metrics (errors and critical errors) was certified by the

expert group (appendix 1).

The metrics were then subjected to assessment for construct validity (a set of
procedures for evaluating a testing instrument based on the degree to which the test
terms identify the quality, ability or trait it was designed to measure) and concurrent
validity (the evaluation in which the relationship between the test scores and the
scores on the another instrument purporting to measure the same construct are
related). Videos of eight experts and eight novices, each performing two lumbar
epidural catheter placements for labour were video recorded following written

informed consent both from patient and anaesthetist. A wearable camera mounted
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glass (1280*720 p, 30fps, Ottera technology Itd, IE) was used for video recording from
first person point of view. No third person video recording was used. To be eligible
for use in validation, each videos was required to meet the following criteria: i) it
should capture the entirety of procedure from the pre-defined start point to end
point ii) the procedure should be completed in full by the study participant (novice

or expert) iii) it should allow evaluation of all the metrics (including errors).

The eligible videos were then anonymized and submitted to two independent
assessors (KH, O0S) who were blinded to the experience of the anaesthetist
performing the procedure. The assessors had not participated in the development of
the metrics. They were trained in evaluation of performance using the derived
metrics, global rating scale (GRS) and task specific checklist (TSCL) in a three hour
training session. This training session involved a face to face meeting with the
assessors in which detailed description of the metrics, TSCL and GRS were provided.
The assessors then scored sample videos independently. Any discrepancies in their
scores were discussed in detail. Training was given till inter-rater reliability of 0.8 or
above was maintained. Following this training, they reviewed the video recordings

and scored the performance based on metrics, GRS and TSCL.1°

This part of the study comprised a prospective, randomized, single blind control study
carried out at Cork University Maternity Hospital. An investigator contacted eligible
patients (all pregnant patients of 32 - 38 weeks registered for delivery at Cork
University Maternity Hospital) initially by telephone. If the patients were agreeable
to receive further information on the study, a detailed patient information sheet and
consent forms were provided to them. The patients also were provided with an
online link to access the study information via-

http://www.ucc.ie/en/assert/aboutthecentre/research/researchproject/. This was

hosted in University College Cork website. An investigator subsequently met with
patients during one of their antenatal visits, addressed any questions and, if the
patient was agreeable, written informed consent to participate in the study was

obtained. The participating consented trainees (anaesthesia trainees with fewer than
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two years of experience in anaesthesia and performed fewer than 50 epidural
catheter insertions in total) were randomly allocated to either group S (simulation
training group) or group P (PBP group). Random allocation was done using computer
generated random numbers and the allocations were enclosed in sealed envelopes.
This was opened prior to randomization of each trainee. The following baseline

information was collected from the trainee participants using a questionnaire:

1. Experience in anaesthesia (total experience in months)

2. Total number of epidurals attempted till date (based on estimates and not limited
to labour epidurals)

Total number of spinal anaesthetics performed till date

Use of corrective eye-glasses or contact lenses

Presence of colour blindness

o v &~ W

Date of most recent epidural performed/attempted (whether labour or not)

All participating trainees were required to complete a set of psychometric and
visuospatial tests to ensure homogeneity of the trainees namely: card rotation test,

cube comparison test, map planning test and Edinburg handedness inventory.16181°

Trainees in both groups were given access to common study material on labour
epidural analgesia prior to attendance at a training workshop (appendix 2, 3). An
assessment (MCQ) based on the material provided was done within two weeks of
provision of the material to trainees in group P. Trainees in Group P were required to
score a predefined pass percentage (80%) before they could proceed to the next
phase of training. If the score was not met, additional time was given for the trainees
to review the study material provided. No assessments were carried out at this stage
in group C. Within four weeks of receiving the study material, participants in both
groups attended a workshop consisting of didactic session and a simulation training

phase.

In group S, all participants received a didactic face to face presentation (standard
content specific to group S delivered by one of the clinical experts from the research

group) on performing labour epidural catheter placements which included all the
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metrics developed from the part 1 of the study. This didactic session of the workshop
was followed by simulation training phase during which the participants were given
instructions on how to use the epidural simulator (Manikin KKM43E, Cardiac services
2013, SISK healthcare group, UK). The same epidural simulator manikin was used for
both groups .They were allowed to practice in the presence of and with advice from
a clinical expert. The trainees were given access to an epidural simulator for a
maximum of four hours each day for two consecutive days. The actual duration of
simulator use was left to the discretion of the trainees. No assessment was done at

the end of their simulation training session.

During the didactic session in group P, all participants received a didactic face to face
presentation (standard content specific to group P delivered by one of the clinical
experts from the research group) on performing labour epidural catheter
placements. During this session every one of the seventy four metrics developed in
part 1 of the study was described in detail with the use of specific examples. Relevant
video recordings and examples from part 1 of the study was used to highlight how
errors happen in “real life” clinical situations. Following this, the trainees proceeded
to simulation training phase. In this phase, the trainees were initially given instruction
on how to use the simulator and then allowed to practice, hands-on, every metric of
epidural catheter placement from pre-defined start to end points (as identified in the
metrics based assessment tool in part 1 of the study) on the manikin. At each metric,
specific focused feedback was given on how to avoid errors/critical errors. Once the
trainee had clear understanding of all the individual metrics involved, they were
requested to demonstrate the procedure from the start to finish. Two assessors then
independently scored (based on metrics based assessment tool) the procedure
performed by the trainee on the manikin. Feedback on errors/critical errors (if any)
identified during the procedure were provided. This process was repeated till the
trainees were able to attain predetermined level of proficiency consistently. The level
of proficiency was based on i) not performing critical errors as identified during
development of metrics ii) overall error rate not more than the average (mean)
number of error made by experts as identified during validation (part 2 of the study).

Trainees in group P were not allowed to proceed to the next phase until they
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demonstrate proficiency in the above mentioned steps on two consecutive
assessments. The proficiency level was defined as performing no critical errors and a
total error count less than or equal to the mean error count of expert group obtained
during study 1 part 2. A copy of the list of metrics was provided to all the trainees in
group P. The number of attempts needed to achieve proficiency was noted for each

trainee.

Following the workshop (consisting of training session and simulation training phase)
both groups proceeded as part of the standard training module in obstetric
anaesthesia offered at CUMH to perform labour epidural catheter placements.
Outcome data were collected from the first 10 labour epidural catheter placements
performed by the trainees after the workshop. All participants performed the first of
these labour epidurals within two weeks of completion of the workshop or, in the
event that two weeks elapsed before the opportunity to do so arose, they underwent
re-training by participating in a repeat workshop (including both common training
session and simulation training phase) corresponding to the group they were

allocated.

The principle outcome of the study was proportionate epidural failure rate between
groups. Between group participant failure rates and proportions of groups made up
of participants with at least two failures were secondary outcomes. Successful
epidural analgesia was defined as one administered unaided by the trainee, without
clinical evidence of accidental dural puncture, which resulted in satisfactory
analgesia within 60 minutes from the time of first insertion of the epidural needle.
The presence of one or more of the following resulted in the attempt being deemed
a failure i) accidental dural puncture ii) supervisor takeover iii) patient experiencing
no or unsatisfactory pain relief from uterine contractions within 60 minutes form the
time of epidural needle insertion iii) the abandonment of the procedure. This was
documented by the midwife in the labour ward assigned to the patient. This midwife
was unaware of the to the study group to which the participating anaesthetist

belonged.
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Other secondary outcomes of the study were to assess the impact of training (“VR to
OR”) clinical performance (in order to assess the degree of transfer of training effect
to the clinical setting), patient satisfaction, comparison of proportion of trainees with
more than one failure between groups and number of failure per trainee between
groups. Transfer of training was assessed by evaluating video recording of placement
subset of procedures for which parturients had provided informed consent. Video
recordings were acquired using wearable camera mounted glasses (1280*720 p,
30fps, Ottera technology Itd, IE), similar to that used during the validation phase. As
for the validation phase, to be eligible for inclusion, i) videos were required to
capture the procedure continuously from the pre-defined start and end points ii) the
procedure be completed by trainee in full from start to finish iii) the video acquired
by the camera should enable evaluation of all the metrics including errors. The
eligible videos were then anonymized and submitted to two independent assessors
(AR, PC) who were blinded to the identity of the anaesthetist performing the
procedure and the group to which they belonged. The assessors who participated in
this phase were from different institutions (to that where the study was carried out)
and were not involved in the development or validation of the metrics. The assessors
were trained as described earlier until the IRR was 0.8 or greater. Patient satisfaction
with the quality of their labour analgesia was assessed by telephone calls following
delivery within a week. Patients were asked if they were satisfied with labour

analgesia received (answer — yes or no).

In addition to demographic data of the patients, the following clinical data were
collected: accidental dural puncture, presence of supervisor, requirement to re-site
the epidural catheter at any stage during labour, type of delivery, and analgesic
efficacy of drugs administered via the epidural catheter if used for instrumental

delivery or caesarean section.

Labour epidural failure rates according to criteria listed above for year 1 trainees is
25% based on estimates from previous studies.?’ Based on the magnitude of effect

of PBP training applied to other procedures''*> we sought a decrease in failure rate
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in interventional group to 5%. Based on alpha= 0.5 and beta = 0.8, we estimated that
a minimum sample size of 48 procedures per group was required. To allow for
dropouts and other contingencies, we recruited eight trainees per group, each of

whom would perform 10 consecutive procedures (80 procedures /group).

All parametric data were analysed for normality of distribution by visual inspection

of Q-Q plot and by test of normality (Kolmogorov — Smirinov).
Study 1 — part 2

Each video was scored by two assessors independently. The average of the two
scores was used as a final score (metrics, errors and critical errors) for the procedure.
Analysis of variance (ANOVA) was used to compare the error score between groups
and p value less than 0.05 was considered significant. For inter-rater reliability (IRR),
a proportion based on the number of agreements between assessors divided by total
number of metrics (i.e. proportionate agreement) was used. The merits of this
approach have been extensively discussed elsewhere 2. IRR > 0.8 was considered

acceptable.
Study 1a

Student’s t test was used to compare parametric continuous data. Non parametric
data were compared using Mann-Whitney U test. Chi-Square tests were was used to
compare categorical data. The video assessments were summarized and compared
as described above. SPSS v22 was used for statistical calculation (IBM, Armonk, New

York, NY, USA).

Results

There were 74 finalized metrics. For this particular procedure, all the metrics were
represented as either errors or critical errors. A total of 12 metrics were identified as

critical errors (appendix 2.7).
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Demographic and baselines characteristics of participants are summarised in Table

2.1.

Table 2.1: Study part 2- Baseline parameters

Demographic variables Novice Expert

Number of anaesthetist 5 6

Age in years — median (minimum, |27 (24-32) 53 (44 -57)
maximum)

Sex (M/F) 5/3 6/2

Anaesthesia experience in years— |1 22.5 (12-25)
median (minimum, maximum)

During the validation phase, 32 videos were acquired in total (16 expert, 16 — novice)
from which 13 expert videos and 9 novice videos met the criteria for inclusion in the
final analysis. Of the 10 videos that were excluded, one patient withdrew consent
after the video recording had been obtained; during three procedures the operator
removed the recording device prior to completion of the procedure; in six videos, the

camera did not capture all the procedural steps (Figure 2.1).

The remaining 22 videos were anonymized and analysed. The construct validity of
the different scales are presented in Table 2.2. In the metrics scale, the average
number of errors made by the expert group was 16 versus 20 in the trainee group.

The difference was statistically significant with p = 0.02 by one way ANOVA.

The GRS scores (but not TSCL) demonstrate construct validity i.e. differentiate
between expert and novice performance. The IRR values for the three different
scoring systems are summarised in Table 2.3; use of the metrics scale was associated

with greatest IRR, 0.88.
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Figure 2.1: Study 1 (part 1 & 2) — outline

Ve

Study 1 - part 1: Metrics development J

Expert (n=3) meetings to develop metrics

(5 meetings in total)

v

Final list of metrics n = 74 including
12 critical errors (appendix 1)

[ Study 1- part 2: Validation }

Total videos recorded n = 32

Excluded (n=10)

- One Patient withdrew consent post
procedure

— - Inthree videos, recording stopped
prior to completion of procedure

- Insix videos, details of the
procedure not captured

A

Final number of videos
included for analysis n = 22

v

Assessment completed by two
independent assessors based on
metrics developed, global rating
scale and Likerth scale checklist
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Table 2.2: Study 1 part 2- Assessment scales scoring

Assessment Trainees Experts P value
methods
Mean SD (ClI) Mean SD (ClI)

No of errors in | 20 1.59 16 4.6 0.02
Metrics

(18.83-21.27) (13.25-18.82)
Task specific | 46.9 2.3 48.8 2.7 0.23
check list score

(44.1-49.8) (46.3-51.3)
Global rating | 21.7 2.7 31.6 1.4 <0.001
scale score

(18.3 -25) (30.3-32.9).

Metrics — lower is better, TSCL and GRS - higher is better

Table 2.3: Study 1 part 2 -Assessment scale IRR

Assessment | IRR -Trainees IRR - Experts IRR - All procedures
methods combined
Mean | SD (Cl) Mean | SD (Cl) Mean | SD (Cl)

Metrics 0.86 0.02 0.88 0.06

(0.83-0.88) (0.85-0.92)
Task 0.77 0.08 0.83 0.05 0.81 0.07
specific (0.71-0.83) (0.81-0.87)
check list (0.78-0.84)
Global 0.15 0.12 0.46 0.14 0.33 0.2
rating scale

(0.06-0.25) (0.37-0.54) (0.25-0.42)
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A total of 17 trainees were recruited to participate in the study (Figure 2.2, Consort

flow chart).

Figure 2.2: Study 1a- Consort flow chart

[ Enrolment ]

Trainees meeting inclusion
criteria approached for study
consent (n=17)

A 4

Excluded (n=0)

Randomised (n=17)

Group C

[ Allocation ]

Group P

One trainee did not have
T  opportunity to perform
any epidurals after training

Two trainees did not have

opportunity to perform
any epidurals after training /

y

Total number of epidural catheter
placements performed n= 80

A 4

A 4

Lost to follow-up (n= 0)

A\ 4

Analysed (n=80)
+ Excluded from analysis
(n=0)

Total number of epidural catheter
placements performed n= 60

[ Follow-Up }

[ Analysis ]

A 4

Lost to follow-up (n=0)

A 4

Analysed (n=60)
+ Excluded from analysis
(n=0)
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Of these, one trainee from group S and one trainee from group P did not get an
opportunity to perform labour epidural catheter placements within two weeks of
participating in the workshop (due to local departmental roster changes) and were
not available for re-training. One trainee in group P, who did not get opportunity to
perform epidural for more than 2 weeks after the workshop, underwent retraining
four weeks after the initial workshop. But he still did not get the opportunity to
perform a labour epidural catheter insertion with a second two week window and
was not available for re-training. Eight trainees in group S and six trainees in group P

proceeded to perform labour epidural catheter insertions.

Baseline characteristics of the trainees were similar in the two groups (Table 2.4, 2.5).
Male and female rations were 8:1 in group S versus 3:4 in group P. Only one trainee
had colour blindness in group S and none in group P. The demographic parameters,
parity of participating parturients and type of delivery were similar in the groups

(Table 2.6, 2.7 and 2.8).

Table 2.4: Study 1a- Baseline parameters

Group S Group P

. P

Variables I
Median IQR Median IQR vaiue

Age 29 5.5 26 3 0.09
Experience in anaesthesia(in 17 7 18 6 0.92
months)
Total numb.er of ep'ldurals 16 175 10 13 0.29
performed prior to recruitment
Total number of spinal
anaesthetics performed prior to | 40 30 30 50 0.92
recruitment
No using glasses/contact lenses | 0 1 0 1 0.84
Most recent epidural
performed prior to recruitment | 7 7 7 7 0.76
(days)
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Table 2.5: Study 1a - Baseline psychomotor test

Variables Group S Group P P value
Median IQR Median IQR
Edinburgh 90 14.5 90 19 0.29
Handedness
Inventory
scores
Card rotation | 98% 0 95% 0 0.81
test score
Cube 90% 10 90 0 0.81
comparison
test scores
Map planning | 97% 0 97% 0 0.61
test scores
Table 2.6: Study 1a- Demographics
Demographics Group S Group P P value
Mean age in years ( SD) 31 (5) 31 (5) 0.58
Median weight in Kgs (25 th,75 | 70 (62,83) 68(62,80) 0.64

th percentile)

Median Height in cms (25 th,75 | 164 (160,169) | 164 (161,169) | 0.85
th percentile)

Median BMI (25 th,75 th|26.7(23,29.7) |25.1(23,28.7) |0.33
percentile)

All trainees in group P achieved proficiency following three trials on manikin during

the workshop. Data were collected during the first 10 procedures each participant

performed after completion of training. A total of 80 patients in group S, and 60
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patients in group P underwent epidural catheter insertion. Of these in group S, one
procedure was abandoned and supervisor take over occurred in eight procedures. In
group P, no procedures were abandoned and supervisor taker- over occurred in two

procedures.

Table 2.7: Study 1a - Parity

Groups Para0O(n) | Paral(n) | Para2(n) | Para3 (n) | Para4(n) | P value
Group S 39 29 8 3 1 0.21
Group P 35 12 10 3 0

Table 2.8: Study 1a - Type of delivery

Groups Normal Instrumental Caesarean P value
delivery (n) delivery (n) section (n)

Group S 52 15 13 0.97

Group P 38 12 10

The principle outcome, proportion of epidural failures - was greater in Group S
(23/80, 28.7%) than in Group P (8/60, 13.3 %) (p= 0.04, Chi square test, Figure 2.3).
The proportion of patients who experienced pain during uterine contraction at 60
minutes from the time of epidural needle insertion was also greater in Group S (25%

, 20/80) than in Group P ( 10% , 6/60)(Chi square test p = 0.03).

Only 20 of the participating parturients consented to undergo video recording. Of
these, 17 were acquired in group P (trainee no 1 = 10 videos, trainee no 7 = 3 videos,
trainee no 12 =2 videos, trainee no 13 = 2 videos) and four procedures in group S
(trainee no 6 = 3 videos, trainee no 10 = 1 video). Of these 11 acquired from group P
and only one video from group S met the criteria for inclusion. The total error score

(errors+ critical errors) based on metrics based assessment tool and IRR of the
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assessors are summarised in Table 2.9. As there was only a single recording in group
S, it was not possible to compare performances between groups. Hence a proposed

secondary outcome of the study could not be assessed.

Figure 2.3: Study 1a - Epidural failure rate
Epidural failure rate*

30
25
20

15

10 Chisquare, P =0.04

Epidural failure

HmGroupS ®GorupP

*Presence of any one of the following was considered as epidural failure i) accidental
dural puncture ii)supervisor takeover iii) patient experiencing no pain relief from

uterine contractions at 60 minutes post epidural needle insertion.

Table 2.9: Study 1a - Video assessments

Variables Group S Group P
Number of videos 1 11
Mean number of errors | 16.5 43(SD1.8
based on metrics
Cl3.1-5.5)
IRR 0.96 0.96( SD 0.02
C1 0.95-0.97)
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Comparison of proportion of trainees with more than one failure between groups

showed no difference (Chi square, p= 0.156) and number of failure per trainee

between groups were not different (Wilcoxon rank sum test, p=0.19). Other epidural

analgesia variables were similar in the groups (Table 2.10).

Table 2.10: Study 1a - Labour analgesia variables

labour analgesia —
n(%)

Variables Group S (n=80) Group P (n=60) P value
Accidental dural | 0 (0) 0(0) -
puncture — n (%)
Request for senior | 10 (12.5) 6 (10) 0.79
help - n (%)
Supervisor 8 (10) 2(3.3) 0.19
takeover - n (%)
Procedure 1(1.2) 0(0) 0.57
abandoned - n (%)
Patient not | 20 (25) 6 (10) 0.03
comfortable at 60
minutes - n (%)
Reciting epidural | 6 (7.5) 5(8.3) 0.55
at any stage - n (%)
Type of delivery - n | Normal — 52 Normal — 38 0.98
(%)

Instrumental — 15 | Instrumental — 12

LSCA - 13 LSCA - 10
Patient not | 11(13.7) 12 (20) 0.20
satisfied with
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Discussion

The development and validation precisely defined metrics and their integration
proficiency based progression (PBP) training (when compared to simulation only
training) resulted in a decrease in failure rates for provision of labour epidural
analgesia. The authors believe that the significance of this finding extends beyond
the procedure studied. For the first time three scientifically rigorous training oriented
steps have been applied in combination and in sequence to improve a clinical
outcome. These are i. procedure characterisation (in the form of unambiguously
defined metrics) ii. prospective establishment of construct validity for the resulting
characterization and iii. prospective randomized trial of the derived PBP training vs a
credible alternative in terms of a clinically meaningful outcome. We suggest that this
provides a model which could be applied with benefit to new and existing procedures

in medicine.

TSCL and GRS have been validated for assessment of epidural catheter insertion *°
and other procedural skills in anaesthesia.???* The metrics-based assessment
described in this study differ from these in two important ways. First, both TSCL and
GRS use Likert scales for assessment. This necessarily introduces an element of
subjectivity to the assessment and limits their usefulness to providing detailed,
specific feedback to the trainees.?®> The latter underpins effective formative

feedback, which is critically important to performance enhancement.

Second, the use of Likert scales tends to decrease the form of inter-rater reliability
most relevant to high stakes/risk procedural assessment, namely proportionate
agreement (IRR). Certain studies have reported IRR, quantified in the form of
correlation coefficients.?® Correlation coefficients demonstrate association and not
agreement.?! For an assessment tool, especially if used for high stakes assessment, a
high level of inter-observer agreement is essential. IRR when calculated as described
above proportionate provides an estimate of agreement between the assessors. In
this study, although TSCL demonstrated good IRR (score 0.81) but did not

differentiate between experts and novices. On the other hand, use of a GRS enabled
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differentiation between experts and novices but with a poor IRR score (0.33).
Metrics-based assessment was satisfactory both in terms of discriminatory ability

(establishing construct validity) and high IRR (score: 0.88).

This combination of objectivity and good IRR appears to support makes metrics-
based assessment as a suitable tool for both assessment and training of procedural

skills.

Patient outcomes are reported in only 0- 5% of medical education studies.?’3° In a
meta-analysis of simulation studies examining patient outcomes, simulation training,
when compared to no simulation training, demonstrated a trend towards benefit (OR
0.36, CI -0.06 to 0.78) which was not statistically significant (p= 0.09).3° A systematic
review on simulation training in anaesthesia arrived at a very similar conclusion i.e.
that simulation training was, at best, non-inferior to no simulation training.3!
Currently at least, there is limited evidence on the effectiveness of simulation

training for regional anaesthesia procedures.3?

PBP training differs from simulation only training in that the trainees are not allowed
to progress to the next training stage (of the procedure) until they demonstrate
“proficiency “in a previous stage in a simulated setting. The proficiency benchmark
applied (as described in this study) is defined using the quantified performance of
experts. This “proficiency” benchmark is derived from mean performance score of
experts who are evaluated based on validated metrics that characterize the
procedure. The first study on proficiency based simulation training was performed
by Seymour NE ¢ which was followed by multiple other studies mainly in surgical
domain.'»*>33 |n a recent study on acquisition of arthroscopic Bankart skill set by
Angelo et al,’3 three groups of trainees were compared. The first group underwent
traditional arthroscopy training, the second received training on a shoulder model
simulator (using a metrics based curriculum) and the third group underwent PBP
training (metrics based curriculum) with a simulator. The metrics used for the study
had been developed, stress tested and validated in advance.3* Participating senior

orthopaedic residents surgical skills were assessed on their performance using a
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cadaveric shoulder model. The study demonstrated that residents in the PBP group
made 56% fewer objective errors compared to those in the traditionally trained
group and 41% fewer errors compared to those in the simulation group (both
differences statistically significant). Similarly in a RCT on laparoscopic salpingectomy
skills acquisition, comparing PBP trained doctors combined with VR simulation versus
a control group, Larsen et al** demonstrated significant superiority in the PBP group.
It is notable that the operative time of the PBP-trained procedures was half of that

in the control group in PBP group (12 minutes vs 24 minutes, p <0.001).

The current study differs from others on PBP training in two important ways: first
the principle outcome was a meaningful clinical outcome (not just performance
quality) and secondly, the derivation of metrics, their validation and their application
to training was carried out as part of one continuous process, one we refer to as an
“end-to-end” trial. To our knowledge, this is also the first study in anaesthesia to use
PBP training methodology. We conclude that that PBP training of anaesthesia

trainees can lead to a substantial (46%) decrease in epidural failure rate.

Although no definition of epidural failure is widely accepted, reported failure rates
vary between 8 - 23%.3638 Thangamuthu et al?® used a Delphi methodology to
standardize the definition of epidural failure and retrospectively reviewed 2169
epidurals performed in the UK over a one year period. Epidural failure was deemed
to have occurred if one of the following was present: i) inadequate analgesia
reported at 45 minutes after epidural catheter placement ii) accidental dural
puncture iii) abandonment of the procedure iv) the epidural catheter needed to be
re-sited at any stage during labour v) patient dissatisfaction with the analgesia
provided at follow up. Using the standard definition, the incidence of epidural failure
rate was reported to be 26.8% in year two trainees and 17.4% in consultants. Patient
satisfaction is subjective and can depend on factors other than adequate pain relief.
Epidural catheter migration is known to occur either inwards (up to 13.7%) or
outwards (up to 22.2%).3° This might lead to deterioration in analgesia requiring re-
siting of an appropriately sited epidural catheter and may not be a consequence of

operator error. As our intention in this study was to objectively measure the initial
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failure rate associated with deficiencies in the procedure of catheter insertion, both

were excluded from the definition of failure rate we employed.

If our study definition of epidural failure was applied to Thangamuthu et al study?°,
the incidence of failure would have been 25.3% in year two trainees and 12.6% in
consultants (this is an approximation as Thangamuthu et al study?® recorded
abandoned and resiting as a single complication and hence we could not separate
them). The incidence of failure rate we report is consistent with that (i.e. 28.7%
failure in group S). The prospectively collected data reported in our study versus
retrospectively collected data from the previous study might account for the small
difference in failure rate. One interpretation of these findings is that the failure rate
of those who underwent PBP training (13.3%) was similar to that of consultants as
reported from previous study. Also, significantly more patients in group S had
inadequate analgesia (25%) compared to group P (10%). This outcome is important

as it is clinical and patient centered outcome.
Wearable recording device

This study utilized only wearable recording device (WRD) for the purpose of video
recording. No third person video recording was used. Wearable recording devices are
increasingly used in medical training.?%*! The use of devices such as Google Glass*’*°
and GoPro #*8 have been reported. This study has shown that the use of WRD is
feasible in a clinical setting and it has the potential for widespread application in the

field of procedural skill training.

One notable strength of this study is the fact that the entirety was conducted in the
setting of a busy tertiary referral maternity hospital. We believe that provides
support for the contention that PBP training based on carefully defined metrics is not
just an useful research methodology but a feasible approach to the training of

doctors in “real world” clinical settings.

The study does has certain limitations. First, the study did not succeed in measuring
one of its pre-defined secondary outcomes, namely procedure performance in the

clinical setting. Another difficulty we encountered was ensuring that the videos
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acquired as met the predefined criteria. The videos obtained of trainees in group P
demonstrated that the error rates were consistently and uniformly less than (i.e.
superior to) the benchmark level set prior to training. With advancement in
technology we believe some of the issues can be addressed in future studies. Head
mounted cameras from which the captured video can be viewed live on a mobile
phone are available and that may enable us to address this issue in the future. Even
though we could not evaluate the transfer of training (TOT) in our study, PBP training
methodologies previously have consistently reported high TOT using similar training
methodology.'*'>33 Hence we believe this study will not be any different. Further

work on this aspect of PBP as a practical training model is required and underway.

Second, this was a single centre study. The PBP training workshops were provided by
authors who were involved with development of metrics from development stage. It
remains to be seen if similar results can be replicated in other centers. Certain design
elements of the study were intended to minimise the potential for institutional or
investigator bias, namely: i) the metric definition were required unambiguous
descriptions of observable behaviors. This should enable specific feedback to be
given during training ii) proficiency benchmark criteria were unambiguous iii) none
of the assessors were involved with the development of metrics and they were from
different institutions but assessment data demonstrated good IRR. Finally, no
attempt was made to measure "skill of optimising epidural analgesia" e.g. timing,
dose and selection of agents for top ups etc. This ultimately will influence overall
quality of analgesia during labour; our focus was on initial achievement of

satisfactory analgesia.

Summary

Procedure specific metrics developed for labour epidural catheter placement
discriminated the performance of experts and novices with IRR of 0.88. PBP training
with simulation based on metrics developed reduces epidural failure rates by 46%
when compared to simulation only training. This model for evidence based training

may be of benefit applied to other procedures.
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Appendices

Data corresponding to the appendices (except Appendix 2.7) are provided in the

supplementary digital content accompanying this thesis in a folder named Chapter 2.

Appendix 2.1, 2.2, 2.7 are attached in this document below.

Visuospatial and handedness test labelled — Appendix 2.3

Study material for the workshop 1 - PDF document labelled Appendix 2.4

Study material for the workshop 2 — PDF document labelled Appendix 2.5

Multiple choice questions (MCQ'’s) for group P — PDF document labelled Appendix 2.6
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Appendix 2.1

Global rating scale (GRS)

Global-Rating Scale for Epidural Anesthesia

Preparation for 1
procedurs
Did not organze equipment
well. Has 1o stop
procedure frequently to
prepare equipment
Respect for tissue 1
Frequently used
unnecessary force on
tissue o caused damage
Time and motion 1
Many unnecessary moves
Instrument handling 1
Repeatedly makes tenfative
or awkward moves with
instruments
Flow of procedure 1
Frequently stopped
procedure and seemed
unsure of naxt move
Knowfedge of 1
procedure
Deficient knowledge
Overall 1
performance
Very poor

3 " 5

Equipment generally Al equipment neatly
organized. organized, prepared, and
Occasionally has to stop and ready for use
prepare ems.

3 “ 5

Careful handiing of tissue but handied tissues

inadverten! damage damage
3 B 5

Efficient time/motion but some Clear economy of movement

unnecessary moves and maximum efficiency
3 4 5

Competent use of instruments Fiusd moves with instruments
but cocasionally appeared and no awkwardness
stiff or awkward

3 4 5

Demanstrated some forward Obviously planned course of
planning with reasonable procedure with effortless
progression of procedure fiow from one move to the

next
3 4 5
Knew all important steps of Demonstrated famifiarity with
all aspacts of procedure
3 4 5
Competent Clearly superior

OVERALL, SHOULD THE CANDIDATE: ~ PASS
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Appendix 2.2

Task specific check list (TSCL)

Task-Specific Checklist for Epdural Anesthesia

Stages Performed

Not
Performed

Performed
Poorly

Well

| Ensures patient 5 positioned comfortably and safely m the muddle of the bed

2. Adjusts beaght of bed appropnately

3. Carefully prepares a stenle work surface

4 Pours antiseptic sofution (or has murse pour 1f) without copsamunating the epidural set

3. Washes hands and puts on gloves in a stenle fashioa

6. Optumally posttions him/herself for the procedure

7. Prepares the sken at the back widely and aseptically (shnprep _3)

8 Allows soluion fo dry

9. Neatly lays out and prepares all necessary equpment {needles. synnges. local

anesthetic)

10. Asks paeat 1o arch her back

11. Places drape over patient s back m a stenle fashion

12, Landmarks site of myection afier palpating thac crests

13. Wans patsent of needle inserison

14 Tnfiltrates subcutaneons layers with local anesthetsc

13. Places epsdural p2edle with comract posiiomag of bevel

16. Inserts epadural n2zdle through skin. subcutaneous tissuz, and mto ligament before

attaching the synge

17. Attaches asr'saline filled synnge to the nzedle hub with needle well controlled

18. Braces hand's holdins the needle azamst pateent’s back m complete coatrol of the needle

19. Siowly advances needle through supraspmous and mierspinous higaments and mio
hgamentum flavem while applnng pressure on the phanger (contirmous or miermstient)

20, Igzatifies LOR and immedsately releases pressure oa the pluager

21. Notes depth of needle insertion before threading catheter

22, Waens patsent about possibls paresthesia dunag catheter threading

23 Detaches the synnge and threads the cathefer to a dzpth of 4-3 cm

24 Pulls the needle out while masiamng corvect catheter placement

23 Carefully aspirates from catheter

26. Injects test dose through flushed filter

27 Fxes the epidural catheter securely
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Metrics for labor epidural catheter placement (critical errors in red)

Start of procedure: Anaesthetist entering the room

End of procedure: Anaesthetist leaving the room after completion of the procedure

Metrics

[.  Initial patient interaction
II.  Positioning
M. Maintaining asepsis
IV.  Preparation and positioning of equipment
V.  Handling sterile epidural preparation field and disinfection of
epidural insertion site
VI.  Identifying appropriate interspinous space after fenestrated drape
VII.  Local infiltration
VIIl.  Needle insertion /Attachment of loss of resistance (LOR)
syringe/identifying LOR
a) Attachment of LOR syringe and advancement of needle
b) Attempts in first interspinous space
c) Subsequent attempts
IX.  Catheter insertion
X.  Test dose and securing the catheter

Xl.  Loading dose and assessment of block
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1 Does not explain the procedure

2 Does not explain risks involved

3 No verbal consent obtained

4 Patient not positioned at the edge of the bed
5 Patient not positioned in the middle third of the bed
6 Bed not flat and parallel to floor

Does not establish a clear working environment (eg: one or
more of the following things not done appropriately- dress
taped, CTG monitor belt moved away from field , IV lines and
monitor cables away from the working field)

8 Does not position the trolley within 90 degree arc

Does not attempt to identify the landmarks (palpates iliac crest
with both hands and identifies midline) prior to scrubbing

10 Does not check drug name and expiry with midwife

11 Does not use filter needle to draw up local anesthetic for test
dose or saline to be used for loss of resistance

12 Does not flush epidural catheter with filter attached(not
necessarily removing catheter from pack)

13 Does not prep the back appropriately (Betadine circular
motion from center Alcohol horizontal movements)

14 Failure to prep appropriate amount of area (A4 size)
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Does not give adequate time for antiseptic solution to act

15 (application of antiseptic to insertion of needle — 3 min for
betadine and 60 sec for chlorhexidine skin preparation stick)
16 Placing fenestrated drape without removing adhesive tape
both from center hole and top
17 Does not get a new drape if position of drape is to be adjusted
Identifying appropriate interspinous space after fenestrated
Vi Error
drape
18 Does not request patient to arch the back
19 Does not identify landmarks again(palpates iliac crest and/or
palpate midline) prior to local infiltration
20 Landmark reconfirmed > 5 times
VII: Local infiltration Error
91 Does not dry betadine (after 3 minutes) if still wet prior to
infiltration of local anaesthetic
22 Uses more than 5 ml of lignocaine for skin infiltration
53 Does not give adequate time for local anaesthetic to work ( 90
sec)
Needle insertion / Attachment of loss of resistance (LOR) syringe /
Vil op .
Identifying LOR
a) Attachment of LOR syringe and advancement of needle Error
24 Direction of insertion downward or? > 45 degree cephalad
25 Stylet of epidural needle not placed in sterile field
26 Connects loss of resistance syringe with more than half barrel
of air
b) Attempts in first interspinous space Error
27 More than 2 passes in the same direction
)8 Alteration in direction not limited to single plane in any new
pass
59 Second attempt in the same space without change of

angulation in either or both planes
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30 More than 5 minutes in same attempt

c) Subsequent attempts Error

31 Does not wait for local anesthetic to work

32 Does not prep again if drape is removed

33 Undertakes an attempt in an unprepared and unsterilized
interspace
On seeing blood in epidural needle, the anaesthetist proceeds

34 with the same needle without flushing with saline or changing
the needle

35 Injects more than 0.5 ml of air

36 Returns syringe to any place other than sterile field*

IX: Catheter insertion Error

37 Threads catheter during contraction

38 Inserts catheter with caudal angulation or direction

39 Does not stabilize needle while passing catheter

40 Pulls catheter back through needle

41 Advances needle over catheter at any point

42 Rotates epidural needle after catheter insertion

43 Inserts epidural catheter without mentioning paresthesia to
the patient

44 Does not place epidural needle back in sterile “TRAY”

45 Failure to aspirate catheter “gently” with 2 ml syringe prior to
fixing

146 Continues to administer local anaesthetic with blood in the
catheter
If there is blood in catheter does not perform one of the

47 following options — A) pull back by 1 cm and re aspirate up to
2 times. B)Pulls catheter out C) Flush catheter with saline up to
2 times

48 Injecting local anaesthetic to flush blood in catheter
If CSF in catheter is suspected does not perform one of the

49 following actions —  A) Take out the catheter. B) Useitas a

spinal catheter
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Proceeds to inject local anaesthetic dose of >5ml despite

50 .. Sy .
aspirating clear fluid in the epidural catheter
X: Test dose and securing catheter Error
51 Does not loop the catheter or use fixating device for taping
52 Tapes less than half way up the back
53 More than 3 ml of Test dose (2% Lidocaine ) administered
54 Administers test dose during contraction
Xl: Loading dose and assessment of block Error
55 Does not ask patient for symptoms for intravenous local
anesthetic prior to loading dose
Failure to assess possibility of inadvertent intrathecal injection
56 of local anaesthetic ( failure to ask or identify sensory/motor
symptoms prior to loading dose)
57 Does not check blood pressure prior to loading dose
58 Does not check the local anaesthetic solution used for loading
dose(name and expiry date)
59 Administers less than 10 ml to more than 20 ml of loading dose
60 Does not communicates with patient during loading dose
Fails to disconnect syringe containing local anaesthetic from
61 epidural apparatus following completion of administration of
loading/test dose
62 Failure to ensure that filter hub is kept sterile
63 Does not document BP prior to leaving the room
64 Anaesthetist leaves the room without hearing that the patient

is getting more comfortable during contractions
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Maintaining asepsis

Stage
Vi

Stage
Vil

Stage
Vil

Stage

Stage

Stage
Xi

65

Not bare below elbow except
wedding ring ( exception - if
wearing sterile apron)

66

Hand wash not done as per
guidelines (alcohol gel if no
visible contamination of hand
for 90 sec / scrubbing with
antiseptic soap)

67

Not maintaining asepsis during
donning of sterile gloves and/or
not changing sterile gloves if it is
contaminated during  the
procedure

68

Not observing and changing
equipment if it gets
contaminated

69

Fenestrated drape
contaminated and not replaced

70

Betadine solution cup/ sponge
holding forceps/Chlorhexidine
stick /gauze used to dry
betadine - left in sterile field
after use

71

Any equipment placed in
patient drape instead of the
sterile field*

72

Unsheathed needle placed
outside sterile “TRAY”**

73

Re-sheathing needle any time
during the procedure

74

Using sterile gloves in unsterile
area after completion of sterile
procedure without removing or
changing the gloves

*Sterile field — area within sterile drape used for epidural preparation

**Sterile plastic tray — plastic cup/tray within epidural preparation field
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Data corresponding to the study 1(part 1 and 2) — attached as excel sheet labelled

Appendix 2.8
1. Sheet 1 — Metrics scoring
2. Sheet 2 — TSCL scoring
3. Sheet 3 - GRS scoring
4. Sheet 4 - Total TSCL and GRS scores

Data corresponding to the study 1a — attached as excel sheet labelled Appendix 2.9

1. Sheet 1 - Baseline information
2. Sheet 2 — Patient outcome measurements

3. Sheet 3 — Video validation
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Abstract

Subarachnoid block (SAB) performed at levels higher than L3-4 interspinous space
may result in spinal cord injury. Our aim was to establish a protocol to reduce the

chance of SAB performed at or above the L2-3 interspinous space.

Having each provided written informed consent, one hundred and ten patients at or
greater than 32 weeks gestation scheduled for non-emergent caesarean section
under SAB were randomly allocated to group A or group B. In group A where
the intercristal line intersected an intervertebral space, then that space was
selected or, if it intersected a spinous process, the space immediately above was
selected for SAB. In group B, where the intercristal line intersected the
intervertebral space or a vertebral spinous process, the intervertebral
space immediately below was chosen. The level marked for SAB was identified using
2-5 MHz ultrasound probe by one of the four blinded investigators prior to

performance of SAB.

In group A, lumbar interspinous space at or above L2-3 was marked in 25 (45.5%)
patients compared to 4 (7.3%) in group B (p<0.001). Also 5/55 (9.1%) patients in
group A had interspace marked at L1-2 versus none in group B. There was no
difference between the groups in number of needle passes or attempts, degree of

onset of block at 5, 10 and 15 minutes or need for rescue analgesia.

In pregnant patients, if intercristal line intersects an interspinous space, a space

below should be chosen for SAB. Where it intersects a spinous process, the
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interspace below should be chosen. This significantly reduces the incidence of SAB

performed at or above L2-3.

Co-investigators for this study

1. Dr. Mairead Deighan, FRCA,
Obstetric Anaesthesia Fellow, National Maternity Hospital,
Holle’s Street, Dublin 2, Ireland.

2. Dr. Larry Crowley, FFARCSI,
Consultant Anaesthetist, National Maternity Hospital,
Holle’s Street, Dublin 2, Ireland.

3. Dr. Kevin McKeating, FFARCSI,
Consultant Anaesthetist, National Maternity Hospital,

Holle’s Street, Dublin 2, Ireland.
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Introduction

Spinal anaesthesia or sub-arachnoid block (SAB) is the commonest mode of
anaesthesia for caesarean section.? Permanent neurological complications
following spinal anaesthesia though uncommon can have devastating
consequences.>*>®8 Selecting an appropriate interspinous space is one of the

important steps to avoid spinal cord damage during SAB.

The intercristal line has been conventionally used to identify the lumbar interspace
through which to perform spinal anaesthesia. This may intersect the midline
anywhere between from L1-2 to L4-5. 910131415 There are considerable variations
(even within various anatomy and anaesthesia textbooks) as to the level at which the
intercristal line crosses the midline. 2% Currently, there is no consensus on selecting
an interspinous space based on intercristal line. Selection of interspace at, above or
below the intercristal line has been largely based on individual discretion. It has been
shown that experienced anaesthetists were able to correctly identify lumbar
interspace in only 29% of the patients.® In an obstetric population, 32-48.5% of the
attempts, neuraxial blocks were performed at a more cephalad level (a high as L1-2)
than originally intended.?'??> Importance of avoiding SAB at or above L 2-3 cannot be
overstated as, based on previous studies on the level of termination of spinal cord
and considering the angle of insertion of the needle, it is possible that the needle

inserted at L2-3 might reach the conus in 4 to 20% of the people.’

Our aim was to develop an objective guide for selecting an appropriate interspinous
space based on clinically palpated intercristal line. The hypothesis of the study was
that by selecting an interspinous space below the intercristal line, we should be able
to significantly decrease the incidence of SAB performed at or above L2-3 without
increasing the number of attempts, passes or failure rate of spinal anaesthetics in

pregnant patients.
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Methodology

Based on a study by Locks et al*> we estimated that, if SAB was performed at or above
the level of palpated intercristal line, the proportion of blocks performed at or above
L2-3 would be 44%. We hypothesized that, by consistently selecting an interspace
below the palpated intercristal line, one could decrease the incidence to less than
10%. A study with 55 patients in each arm required at least 80% power to detect a

difference between these proportions with a level of significance of 0.05.

Following National Maternity Hospital ethical committee approval, 110 pregnant
patients with gestational age more than 32 weeks undergoing category 3 or 4 (Lucas
classification) caesarean section under SAB and who consented for the study were
included. Patients with previous spinal surgeries, known spinous deformities and in
whom the anaesthetist could not palpate the spinous process or interspinous space

were excluded from the study.

This was a prospective, randomized, double blind control study with patients
randomized based on computer generated random numbers to either group A or
group B. The group to which the patients belonged was enclosed in a sealed
envelope and was seen only by the anaesthetist performing the SAB. Both the patient
and the anaesthetist performing the ultrasound were blinded to the study groups.
The anaesthetist who was normally assigned to the theatre performed the SAB. The
experience of the staff varied from trainee anaesthetist with more than 1 year of

experience to consultant anaesthetist.

In group A at the intercristal line if one encounters an interspinous space, SAB was
performed at the same level and if one palpates a spinous process, SAB was
performed in the interspinous space above it. In the group B if an interspinous space
was palpated at the level of intercristal line SAB was performed one interspace below

it and if a spinous process was palpated, the interspace below was chosen for SAB.

In the operating room all patients were positioned sitting up for SAB after applying
routine monitors and intravenous access. The patients were seated on the edge of

level operating table bed with feet supported by foot rest. The patients were
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requested to hug a pillow, flex their neck, back and hips. An assistant supported the
patient  with the positioning during the performance of the
block. The anaesthetist performing the spinal anaesthetic marked the site in the back
as per the study group. To identify the intercristal line, a standard protocol of using
both hands simultaneously to palpate the iliac crests and using thumb to identify the
midline at the same level was used. The anaesthetists were instructed to open the
sealed envelope and mark only the selected interspinous space on the back of the
patients (as per the group) with a skin marker prior to scrubbing. No other mark was

allowed to enable blinding of the investigators performing the ultrasound.

One of the four authors, all of whom have prior experience in neuraxial USG (with
each having performed more than 75 neuraxial ultrasound’s prior to the study),
blinded to the study group, performed ultrasound evaluation of the marked
interspinous space. Portable USG equipment with curved 2-5 MHz probe was used
(Venue 40, 4C-SC curvilinear probe, General Electric, GE Healthcare, 9900 Innovation
Drive, Wauwatosa, WI 53226 U.S.A. 888 526 5144). Initially a paramedian sagittal
oblique view was used and sacrum was identified first following which
the interlaminar space between L5 and S1 was noted. Subsequent interspinous
spaces were identified by counting the interlaminar spaces up from L5-S1. At each
interspace the interlaminar space was centred on the ultrasound screen and the
corresponding point on the skin at the middle of the long axis of the probe was noted.
The interspace corresponding to the skin marking was thus identified and
documented. If on scanning the interspace was found to be L1-2 or higher,
the anaesthetist performing SAB was advised to perform SAB at two interspaces
below it. The patient’s data were still included for analysis of primary outcome. The
interspinous level identified by the ultrasound was not conveyed to the anaesthetist

performing the SAB.

Full aseptic precautions were used for performing the SAB (anaesthetist scrubbed
with cap, mask, sterile gown and gloves). Lidocaine was used for skin infiltration.
25 g Whitacre spinal needle was used with introducer. Hyperbaric bupivacaine 0.5%

with or without intrathecal fentanyl (15 micrograms) and morphine (100
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micrograms) was administered to all patients. If more than one attempt was needed
for performing SAB the anaesthetist could choose the same interspace or a different
interspace for subsequent attempts which was left to their discretion. At any stage
attempts at or above L1-2 were not allowed. In addition to the initial level marked,

the final level at which the SAB was done was also noted.

The primary end point was the difference in marked interspace at or above L2-3
between the two groups. In addition to the interspace, demographic variables (age,
height, weight, BMI), gestational age, experience of anaesthetist, number of needle
passes (number of times the spinal needle was withdrawn to be redirected in the
same interspace without exiting the skin) and number of attempts (number of time

needle is withdrawn from the skin) were noted.

Also the presence or absence of paresthesia/radicular pain during needle placement
and injection ,dose of intrathecal bupivacaine and opioids used, level of block (loss
of cold sensation) at 5, 10 and 15 minutes were noted. The need for rescue analgesia
and conversion to general anaesthetic were noted as well. All patients who had
paresthesia or radicular pain were followed up between 12 to 24 hours post
procedure. In cases of persistent radicular symptoms the patients were further

evaluated and followed up as per department guidelines.

Patients were randomized using computer generated random numbers. Continuous
variables were inspected for approximate normal distributions by visualising
histograms. The primary analysis set consisted of the intention-to-treat (ITT)
population. Age and gestational age were normally distributed and were compared
with a 2-independent samples t-test. The distributions for weight, BMI and
anaesthetist experience showed some amount of positive skew and they were
compared using a Mann-Whitney U test. Categorical variables were compared
between groups using a Pearson Chi-square test. In the case where cell counts were
low, p-values were checked using Monte Carlo permutation. IBM SPSS v20 software

was used.
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Results

A total of 128 patients were approached to participate in the study. Ten patients
refused consent and 6 patients did not meet the inclusion criteria prior to
randomization. Out of the six patients, one patient was less than 32 weeks of
gestation, two patients had previous spinal surgeries and, in three patients, the

landmarks were not palpable prior to randomization.

The remaining 112 patients were randomized between the two groups. Two patients
were excluded from the group A following randomization as, in one patient, the
anaesthetist could not palpate spinous process after positioning and, in another
patient, the marked interspace could not be utilized as the patient had a tattoo at
that level. All the remaining 110 patients received the allocated intervention, were

followed up and the results included for analysis (Figure 3.1).

The demographic parameters, anaesthetist experience, parity and gestational age

were similar between the two groups (Table 3.1).

The primary end point of the study was the difference in proportions of interspaces
marked at or above L2-3. A total of 25/55 (45.5%) patients in group A versus 4/55
(7.3%) patients in group B had the levels marked at or above L2-3. The difference was
statistically significant (Chi?=20.65, p < 0.001). Also in group A, 5/55 (9.1%) patients
had the L1-2 interspace marked versus none in group B (Table 3.2). It should be noted
that, although the interspace marked was L1-2 in these patients, SAB was not
performed at that level. In these patients, the SAB was done 2 interspaces below the

marked interspace on the advice of the investigating ultra-sonographer.
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Figure 3.1: Consort flow diagram
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Table 3.1: Comparison of demographic variables, type of caesarean section and experience

of the anaesthetist between two groups.

Demographics

Control Group

Intervention
group

Age 33.96 (4.99) 33.84 (4.35)
Gestational Age 38.6 (1.5) 38.8 (1.3)
Height 164.3 (6.3) 163.9 (7.3)
Weight 81.8 (15.6) 83.3 (15.5)
BMI 30.4 (5.7) 31.1(5.7)
Para 0 9 (16.4%) 7 (12.7%)
Para 1 31 (56.4%) 27 (49.1%)
Para 2 9 (16.4%) 16 (29.1%)
Para 3 5(9.1%) 4 (7.3%)
Para 4 1(1.8%) 1(1.8%)
Category 4 50 (90.9%) 53 (96.4%)
Category 3 5(9.1%) 2 (3.6%)
Experience of anaesthetist 6.8 (5.4) 5.5(5.2)

Age in years, Gestational Age in weeks, Height in cms, Weight in kgs, BMI (Body Mass

Index) in kg/m?.Values in mean (SD) or n (%).
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Table 3.2: Comparison of interspinous levels marked between the two groups.

. Control Group Intervention group P
Interspinous space marked value
- n=55
n=55
L1-2 5(9.1%) 0 (0%)
L2-3 20 (36.4%) 4 (7.3%)
L3-4 27 (49.1%) 31 (56.4%) <0.001
L4-5 3 (5.5%) 14 (25.5%)
L5-S1 0 (0%) 6 (10.9%)

Values in n(%)

There was no difference between the groups in number of needle passes, number
of attempts, paresthesia, radicular pain or onset of block at 5, 10 and 15 minutes,
dose of intrathecal opioids or need for rescue analgesia (Table 3.3) . The number of
cases in which the anaesthetist was not able to perform a SAB at the marked
interspace and had to select a different space was similar between the two groups.
One patient in group A was converted to general anaesthesia due to intraoperative
bleeding and not due to failure of the SAB (Table 3.3). The structure palpated at the

level of intercristal line was similar between the two groups (Table 3.4).

As per the study protocol, 9 patients (16.4%) in the group A and 7 patients (12.7%)
in the group B had their SAB performed at a different interspace (above or below at
anaesthetist discretion) to that initially marked because of difficulty in performing
the block at the marked interspace. When this subgroup of patients were compared
with the rest of the study population no difference was noted in their demographics
(age, height, weight and BMI) or the experience of anaesthetist involved in the case

(Table 3.5).
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Table 3.3: Comparison of SAB variable between the groups.

SAB variables Control Group Intervention P
group value
Spinous process at intercristal line 36 (65.5%) 29 (52.7%) NS
Interspinous space at intercristal line 19 (34.5%) 26 (47.3%) NS
Number of needle passes 2.02 (1.38) 2.13(1.76) NS
Number of attempts 1.4 (0.71) 1.36(0.73) NS
SAB done different level 4(7.2%) 7(12.7%) NS
Paresthesia during SAB 6(10.9%) 4(7.3%) NS
Radicular pain during SAB 1(1.8%) 0 (0%) NS
0 . . .
Dose of 0.5% hyperbaric bupivacaine used 2.13 (0.14) 2.10 (0.14) NS
for SAB
!\lumber of patients who received 15 mcg 43 (78%) 45(81%) NS
intrathecal Fentanyl
Ngmber of patients who r.ecelved 100 49 (89%) 49 (89%) NS
microgram intrathecal Morphine
Block level above T5 in 5 minutes 47(85%) 48(87%) NS
Block level above T5 at 10 and 15 minutes | 55(100%) 55(100%) NS
Need for rescue analgesia 3 (5.4%) 3(5.4%) NS
Conversion to GA 1 0 NS

Values in mean(SD) or n(%) or n, Dose in ml
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Table 3.4: Structures palpated at the intercristal line

Structure palpated at

Group A Group B
intercristal line
L1 spinous process 0 0
L12 interspinous space 2 0
L2 spinous process 4 4
L23 interspinous space 14 14
L3 spinous process 5 17
L34 interspinous space 17 11
L4 spinous process 10 3
L45 interspinous space 3 4
L5 spinous process 0 2
L5-S1 interspinous space 0 0

Values in n

There were differences in the marked interspinous space and the interspinous space
in which the SAB was actually performed (Table 3.6). Significantly more patients in
the group A (n=22, 40%) when compared to group B (n=8, 14.5%) had their SAB done
at L2-3 (Pearson Chi-square test = 8.98, p = 0.003) indicating that the intervention

also reduced the proportion of SAB performed at or above the L2-3 level.
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Table 3.5: Comparison of patient subgroup with SAB done at selected level versus SAB done

at different level.

. SAB done at|SAB done at|P
Parameters Categories .
different level selected level value
Control 9 (16.4%) 46 (83.6%) NS
Group
Intervention 7 (12.7%) 48 (87.3%) NS
Normal 2 (14.3%) 12 (85.7%) NS
Overweight 3(7.5%) 37 (92.5%) NS
BMI categories
Obese 11 (19.6%) 45 (80.4%) NS
< 5vyears 9 (14.1%) 55 (85.9%) NS
] >5 & <12 years 6 (15.5%) 33 (84.6%) NS
Anaesthetist
experience
> 12 years 1(14.3%) 6 (85.7%) NS
Median(IQR) 3.8 (1.5-9.0) 4.0 (1.5-10.0) NS
Values in n(%)
Table 3.6: Level at which SAB was done
Level at which SAB
block was done Group A Group B
L2-3 22 (40.0%) 8 (14.5%)
L3-4 30 (54.5%) 27 (49.1%)
L4-5 3 (5.5%) 15 (27.3%)
L5-S1 0 (0%) 5(9.1%)

Values in n(%)
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Discussion

In pregnant patients, selecting an interspinous space below palpated intercristal line
significantly decreases the chances of SAB done at or above L2-3 and possibly
eliminates the risk of SAB done at L1-2 or above. This is the first study comparing two

different landmarks for performing spinal anaesthetic in pregnant patients.

Subarachnoid block (SAB) is preferably performed at or below L3-4 interspace to
avoid potential risk of spinal cord injury. In all seven cases of permanent cord injury
(6 obstetric and 1 surgical) reported by Reynolds et al’, SAB was performed at or
above L2-3 interspace. The spinal cord has been shown to end lower in women
with conus reaching upper part of body of L2 in 48% of women compared to only

27% in men.23

Palpated intercristal line and radiological intercristal line (Tuffier’s line) are different
entities. Palpated intercristal line is the most important landmark used to perform
SAB. There is very poor correlation between the interspinous levels at which palpated
and radiological intercristal lines cross the midline. In non-pregnant
patients, Chakraverty et al?* compared level of agreement between palpated and
imaged intercristal line. They found that 88% of the time palpated intercristal line
was one or more interspaces higher than radiological intercristal line. In pregnant
patients, the presence of hyper lordosis, exaggerated pelvic rotation, weight gain and
decreased ability to flex the spine makes the clinical estimate of interspinous space
even higher. So even when Tuffier's line (radiological intercristal line) most
commonly intersects at L4 spinous process or L4-5 interspace®, clinically palpated
intercristal line in pregnant patients is most likely to identify a higher interspinous

space.

Only three studies to date have been performed to identify the position of palpated
intercristal line in pregnant patients.’>141> The selected space corresponded to L2-3
or above in 33% to 51% of patients.}*1> The results from our study are similar with
palpated intercristal line corresponding to L2-3 and above in 45.5 % (25/55) of the
group A patients. In the group B only 7.3% (4/55) had levels marked at L2-3. The new

landmark is simple and reproducible with the additional strength being that it is
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based on palpated iliac crest without using ultrasound which makes the study more

applicable in day to day practice.

Ultrasound is not yet routinely used in clinical practice for performing neuraxial
blocks.?® The expertise needed to perform neuraxial ultrasound, the additional time
for scanning, cost, the need for equipment at the bedside, and the urgency to
perform SAB in certain patients (e.g. emergency caesarean sections) tend to increase
the likelihood that clinically palpated landmarks will continue to be used in majority
of cases for performing spinal anaesthesia. Hence it is imperative to try to improve

the accuracy of palpated landmarks.

It is also important to note that none of the patients in the group B had L1-2
interspace marked for SAB versus 4 in group A. In previous studies, performing SAB
at lower interspace has been associated with delay in onset of block height.?”28
Similar studies in pregnant patients have not been conducted. In our study no
difference was noted between the two groups in terms of the time of onset, level of
block or quality of analgesia. The need for supplemental analgesia was similar in the

two groups.

It is generally perceived that SAB might be difficult to perform at lower lumbar
interspinous spaces. No difference was noted in the number of attempts or number
of passes needed for SAB between the two groups in this study. Although the time
required to perform SAB was not recorded, the authors believe that it is unlikely to

show a difference in the absence of any difference in number of attempts or passes.

We did not find identify published studies which compared the position of intercristal
line in sitting versus lateral positions. But in a radiological study, Kim et al noted that
with full flexion of lumbar spine, the position of intercristal line in relation to spinous
process slightly moved caudally from L4 to L4-5.But remained in same level in 58.3%
of patients?. Clinically, one can assume that the position of intercristal line may not
differ significantly between sitting and lateral position. Also the ability of term

pregnant patients to achieve adequate flexion at the hips even in lateral position can
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be limited. Hence the results of the study can to a great extent extrapolated to lateral

position as well.

The study has limitations. Firstly, the new landmark still does not totally eliminate
the risk of SAB at L2-3 (7.3% in group B had L2-3 marked) but it reduces the incidence
by 38.2%. As discussed later, future studies with further refinement in the landmark

could possibly eliminate the risk of SAB done at L2-3 without the use of ultrasound.

Secondly ultrasound accurately identifies a spinous process or interspace in only 68-
76% of the time.3%32 Accuracy rates of 90% or higher is possible with training.3° All
four anaesthetists who performed ultrasound in this study had previous experience
in neuraxial ultrasound. Lumbarisation of sacral vertebrae and sacralisation of
lumbar vertebrae are likely to be missed by ultrasound of the spine as they can be

reliably identified only by X-ray433,

Thirdly the experience of the anesthetist performing SAB varied from one year to
greater than 10 years. Due to the prevailing practice at the institution(s) in which the
study was performed, the practitioners who performed SAB were not only those with
more experience. The variation in experience of the participating anaesthetists was
similar in the two groups; therefore we infer that the study reflected “real world”

practice.

Finally, there will always be inter-individual variability in terms of identifying what
level does the intercristal line crosses the midline. As it does not always cross exactly
at spinous process or inter spinous space a certain degree of clinical judgment is
needed!®. The randomization and the total number of patients in the study should

help to minimize the variations.

Close observation of the results offers options for future studies to further decrease
the risk of SAB done at L2-3. For the 4 patients in the group B in whom the level
marked was L2-3, the anaesthetist palpated a spinous process and marked the
interspinous space below it. So potentially if one selects 2 interspinous spaces below
a palpated spinous process at the intercristal line or selects one interspinous space

below if an interspinous space is palpated at the intercristal line it could further
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decrease the risk of SAB done at L2-3 or above. If this landmark is used the lowest
possible space that one might encounter will be L5-S1 (in all patients who had L5- S1
marked, the anaesthetist palpated an interspinous space and marked one space
below it). Also previous studies have shown that the palpated intercristal line was
never lower than L4-5 in pregnant patients!*!> which suggest that in addition to
decreased incidence of SAB at L2-3, with the new landmark there is a theoretical
possibility of not increasing the failure rates. Future studies with suggested new

landmarks could confirm our findings.

There are no studies comparing difference in palpated landmarks to identify
interspinous levels between pregnant and non-pregnant patient population. But due
to the reasons mentioned earlier (hyper lordosis, exaggerated pelvic rotation,
weight gain and decreased ability to flex the spine) clinically palpated intercristal line
in pregnant patients is most likely to identify a higher interspinous space and
therefore the results of the study might not be applicable in non-pregnant patients.
Future studies could also focus on other patient groups in whom SAB is commonly

used.

Summary

In summary in pregnant patients if one palpates the intervertebral space at the
intercristal line a space below should be chosen for SAB. Where a spinous process is
palpated the interspace below should be chosen. Doing so significantly reduces the
incidence of SAB performed at or above L2-3. Selection of a lower intervertebral

space did not lead to reduced block height or increase in failure rate of the block.
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Abstract

Ultrasound of neuraxis can be used to identify the best possible inter-spinous space
to perform neuraxial block. But the negative predictive value for poor views in
transverse median (TM) plane only 30%*. The aim of this study was to assess the
anatomical correlation between neuraxial ultrasound and magnetic resonance
imaging (MRI) at various lumbar interspinous levels and to identify limiting factors to

optimal neuraxial imaging by ultrasound.

Twenty one patients who underwent MRI of the lumbar spine proceeded to neuraxial
ultrasound by an experienced operator. Each lumbar interspinous space was graded
on ultrasound as good if both anterior complex (AC) and posterior complex (PC) are
visible, intermediate (either AC or PC visible) or poor (both AC and PC not visible) in
both the TM and paramedian sagittal oblique (PSO) plane. Pre-determined MRI
parameters were measured by readers blinded to sonographic findings at each inter-
spinal level: skin to posterior longitudinal ligament (PLL) distance, para-spinal muscle
thickness, subcutaneous fat thickness, ligamentum flavum thickness, absence or
fusion of ligamentum flavum in the midline, epidural fat thickness, thecal sac
diameter and facet joint degeneration. The correlation between neuraxial ultrasound

images and these MRI parameters observed were analysed.

Seventy-eight lumbar interspinous spaces were evaluated. Facet join degeneration
was significantly greater (p= 0.004) in the TM poor view group. Adjusted logistic
regression model for poor view in the TM plane was positively associated with facet
joint degeneration and body mass index. The odds of obtaining a poor view in TM

plane was 7 times higher (95% Cl 1.7-28.9, p=0.007) in the presence of facet joint
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degeneration. None of the other variables had significant association with poor
neuraxial view in the TM plane. Poor views in PSO plane did not correlate with any of

the variables measured on MRI.

Facet joint degeneration is a major contributing factor to poor neuraxial ultrasound
views in the TM plane. Poor visualisation of AC and PC on ultrasound might be due
to one of the two reasons: i) The ultrasound beam is not able to reach the target or
ii) The target structure is absent or defective. Our study has shown that former,
rather than the latter is the more plausible explanation in most cases with cause

being artefactual rather than structural.

Co-investigators for this study

1. Dr. Hong Kuan Kok, - FFRRCSI, FRCR, EBIR.,
Department of Radiology, Tallaght Hospital, Dublin.
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Email — robwhitty@gmail.com
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Introduction

Good visibility of ligamentum flavum-dura complex (Posterior Complex — PC) and
posterior longitudinal ligament (Anterior Complex — AC) in neuraxial ultrasound has
been shown to be a predictor of successful neuraxial block. The use of ultrasound in
neuraxial blocks is also limited by a poor negative predictive value (approximately
30%?), limiting its clinical value in patients deemed to be at risk of a technically

difficult.

Poor visualisation of ligamentum flavum-dura mater complex may be due to one of
the two reasons — attenuation of the sonographic beam by anatomic structures such
as ligament calcification, facet joint hypertrophy, narrow interspinous spaces etc and
absence or anatomic alteration of the structure such as seen in surgical

laminectomies, absence or gaps in ligamentum flavum.

Distinguishing these possible contributors have practical implications depending on
the neuraxial procedure performed. If a poor view is obtained because of
sonographic attenuation, it might translate to difficulty in performing the neuraxial
block. By contrast, if it is due to absence of the target structure, it may still be possible
to successfully perform a spinal anaesthetic or dural tap depending on the block
intended. Hence, it is relevant to look for anatomical reasons behind poor neuraxial

ultrasound views.

The aim of this study is to assess the anatomical correlation between neuraxial
ultrasound and magnetic resonance imaging (MRI) of the lumbosacral spine at
various lumbar interspinous levels and to identify factors contributing to poor

neuraxial ultrasound imaging.

Methodology

A prospective cross-sectional study was performed in a tertiary university hospital.
Ethical committee approval was obtained from local ethics committee and informed
written consent was obtained from all participants. All patients over the age of 18
years who underwent MRI of the lumbosacral spine were eligible for inclusion.

Exclusion criteria included patients with previous spinal surgery, gross spinal
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deformities and BMI >40. Both MRI and neuraxial ultrasound were performed

sequentially on the same day.

Imaging was performed with patients supine, on a 1.5T MRI system (Symphony,
Siemens AG, Erlangen, Germany) using a circularly polarised spinal array coil. T1 and
T2-weighted sagittal and selected T2-weighted axial sequences through the
lumbosacral spine were obtained. Images were reviewed in consensus by two
experienced radiologists (HKK and WCT) on a dedicated PACS workstation (Syngo
Studio Advanced V36A, Siemens AG, Erlangen, Germany). Measurements were
performed on T2-weighted sagittal sequences (TR 3930.0 ms, TE 99.0 ms, matrix 320
x 288, slice thickness 4.0 mm) and included the oblique subcutaneous fat thickness,
interspinous distance, thecal sac diameter and posterior longitudinal ligament
thickness. Further measurements were performed on T2-weighted axial sequences
(TR 6570.0 ms, TE 95.0 ms, matrix 320 x 165, slice thickness 1.5 mm) at all available
levels including epidural fat thickness, distance from the skin surface to the posterior
longitudinal ligament, thecal sac diameter, ligamentum flavum thickness, midline
fusion of ligamentum flavum and paraspinal muscle thickness. In addition, the
presence or absence of facet joint degenerative change was graded. Both readers

were blinded to ultrasound findings.

Ultrasound scanning of the lumbar interspinous spaces was performed on the same
day with curvilinear 2-5 MHz probe (P07576, SonoSite Inc, Bothell, WA, 98021, USA).
Ultrasound scanning was done by one of the three experienced operators (RW, KKS,
MM) each with experience of >100 neuraxial ultrasounds. Scanning was performed
with patients in the sitting position with both feet supported by a foot stool. Patients
were requested to hug a pillow and arch their back. At each lumbar interspinous level
(L1-2 to L5-S1) the best possible transverse median (TM) and paramedian sagittal
oblique view (PSO) of AC and PC were obtained. The images were recorded for
subsequent review. Two authors (KKS and MM) independently graded the images.

They were then graded based on the visibility of AC and PC. When both AC and PC
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were clearly visible, it was graded as good (Figure 4.1). If either AC or PC was not
clearly visible, it was graded as intermediate (Figure 4.2a, 4.2b). When both AC and
PC was not visible, it was graded as poor (Figure 4.3). Readers were blinded to MRI
findings. If there was a disagreement in the image grading between the two
observers, the third observer (RW) was requested to review the images. Decision on

the image grading was made in consensus.

Figure 4.1: Good view in TM plane

Neuraxial ultrasound images and MRI parameters were analysed. Continuous data
was analysed for normality using the Shapiro-Wilk test. Students t-tests were used
to compare normally distributed continuous data. Three variables were normally
distributed — skin to posterior longitudinal ligament (PLL) distance, thecal sac
diameter and para-spinal muscle thickness. All other variables were not normally
distributed. Nonparametric data were compared by Mann-Whitney U test and
categorical data were compared using chi-square test. Logistic regression was used
to analyse the degree of correlation between the variables that differed significantly
between groups. Statistical analyses were performed using SPSS (Version 20, IBM

Corporation, Armonk, NY).
90



Figure 4.2a: Intermediate view TM plane — LF only

Figure 4.2b: Intermediate view TM plane — PLL only
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Figure 4.3: Poor view TM plane

Results

Twenty-one patients were included in the study and a total of 78 interspinous spaces were
evaluated with ultrasound and MRI. Table 4.1 shows the baseline demographics of study

participants.

Table 4.1: Demographics

Parameter Mean (range: minimum- | Standard deviation
maximum)

Age (in years) 52.5(33-87) 12.4

Height(in cms) 161.6 (149 — 182) 9.6

Weight (in Kilograms) 78.9 (60-110) 11.7

BMI 30.1(23.5-34.6) 3
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The female to male ratio in the study population was 1:2. MRI data was not available
for all interspinous levels. The L3-4, L4-5 and L5-S1 interspaces were evaluated in all
21 patients, L2-3 was evaluated in seven interspaces and L1-2 in eight interspaces.

The distribution of TM and PSO views are shown in Figure 4.4 and Figure 4.5.

Figure 4.4: Dstribution of TM view

1 2 3
TM USG view 1=good.2=int.3=paar

Figure 4.5: Distribution of PSO view

60.0%

Percent

1 2 3
PSO view 1=good,2=int,3=poor
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Comparison of continuous variables between poor TM views versus others (good and
intermediate views in TM plane) are presented in Tables 4.2 and 4.3. Age (median 47
vs 54 years, p =0.016), weight (median 77 vs 80 kg, p=0.03) and BMI (29.1 vs 32.1

kg/m2,p = 0.01) were higher in patients with poor ultrasound views.

Table 4.2: Comparison of MRI variables (continuous and parametric) within TM poor view.

Poor view in TM orientation (Yes =1,No=0)
0 1 P
Parameters value(student
t test)
Standard Standard
Mean L. Mean L.
Deviation Deviation
Skin-PLL (mm) 77.2 14.4 78.6 16.6 0.76
Para-spinal - muscle | ;. 13.2 49.1 13.1 0.16
thickness (mm)
Thecal sac diameter | 5 | 23 12.7 25 0.55
(mm)

Facet joint degeneration was significantly greater (p= 0.004) in TM poor view group
(Figure 4.6). Failure of midline ligamentum flavum fusion was seen in only 2 of 78
levels (one at L3-4 and L4-5 respectively in one patient). There was no difference
(p=0.35) between the two groups (TM poor view versus good/intermediate views).
The adjusted logistic regression model for poor view in TM plane was positively
associated with facet joint degeneration and BMI (Table 4.4). The odds ratio of
obtaining a poor view in TM plane is 7.0 (95% Cl 1.7-28.9, p=0.007) in the presence
of facet joint degeneration. In contrast poor view in PSO plane did not have any

significant correlation with any of the variables identified on MRI.
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Table 4.3: Comparison of MRI variables (continuous and nonparametric) within TM poor

view
Poor view in TM orientation
Parameters No=0 Yes=1 P value
Median ( IQR) Median (IQR)
Age (in years) 47 (43-58) 54 (51-68) 0.016
Height (in cms) 160 (154-166) 164 (152- 166) 0.860
Weight (in Kgs) 77 (69-80) 80 (77-89) 0.029
BMI 29.1 (27.6 - 32) 32.1(29.7-33.2) |0.011
Subcutaneous fat (mm) 32 (19.6-39.7) 35.6(18.8-39.8) | 0.590
Ligamentum flavum thickness 2.6(2.1-3.1) 3(2.2-3.2) 0.320
(mm)
(Erfl'r:‘)”a' fat pad thickness | ¢ ) 3 ;) 43(2.7-7.2) 0.550

Figure 4.6: Distribution of facet joint degeneration between TM poor view versus

others
Foor (Yes
=1 ,Mo=0)
50.0%— Wo
(S f
p= 0.004 (Chi-
square test)
40.0%
E .
S 300%
2
@
o
20.0%
10.0%
0.0%—

1

Facet joint denegration (no =0, yes = 1)
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Table 4.4: Logistic regression for predicting poor view in TM plane

Variables in the Equation

95% C.l.for
EXP(B)
B S.E. Wald | df | Sig. | Exp(B) | Lower | Upper
Step BMI 275 113 5887 |1 |.015|1.317 | 1.054 1.645
1a
Facet 14952 | 721 |7325|1 |.007|7.086 | 1713 |28.973
degeneration
Constant -10.963 3.585 9.350 |1 | .002 | .000

a. Variable(s) entered on step 1: BMI, Facet degeneration

Discussion

Spinal ultrasonography is challenging due to the anatomic nature and layout of the

spine. As the ultrasound beam passes through the bony spinal cage, it is subjected to

multiple artefacts which significantly limits the ability of ultrasound beam to visualise

the structures within the canal. Two such artefacts might be relevant in helping us

understand the role played by facet joint degeneration in causing poor ultrasound

view: i) refraction shadowing ii) scattering (Figure 4.7).

Figure 4.7: Refraction shadowing and scattering

X Scattered wave
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Reflected/refracted wave
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At the margins of a structure with different acoustic impedance compared to the
tissue around it and with a highly curved surface (in this case degenerated facet joint
and ligamentum flavum with soft tissues surrounding it) an artefact called lateral
shadowing %3 (or retraction shadowing®) appears. After reflection of the beam,
marginal waves get also refracted at the edges of the structure, therefore no sound
beam returns to the probe; as a consequence, a shadow near each lateral border of
the structure may appear. Sound is refracted as it passes from one medium to
another. Thus the direction in which it travels changes when it passes through a
boundary at an angle less than 90 degrees. This can lead to subtle misplacement of
structures and some degradation of image quality when the angle of incidence is

particularly acute.

Another phenomenon is scattering. This occurs when the reflecting surface
(degenerated facet joint) is very small compared to the sonographic wavelength, and
echoes are reflected through a wide range of angles, consequently reducing their
detected intensity. Also the beam are distorted after contact with an irregular surface

thereby interfering with the beams reflected from nearby structures.

Both these phenomena result in degradation of image quality from structures deep
to the irregular bony surface of degenerated facet joint. This is more relevant to
images produced in TM plane where the facet joint is in the same plane as the inter-
spinous space (Figures 4.8 and 4.9). Poor neuraxial ultrasound views in our study was
strongly associated with facet joint degeneration. However, this does not necessarily
mean that there space is so narrow to allow US beam penetration or that the LF is

deficient or absent. This might explain the high false negative rates of TM view.!

This might also explain the fact that PSO view did not have any correlation with facet
degeneration. In PSO view, the ultrasound beam passes through the laminae and is

less subjected to the various artefacts described (Figure 4.10).
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Figure 4.8: Facet joint position in TM plane

Figure 4.9: Lateral view of Facet joint position in TM plane
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Figure 4.10: PSO plane and facet joint

This study did not find any relation between non fusion of LF in the midline and poor
views. The most probable reason was the very low incidence of the gaps detected in
this study population. Presence of gaps in the midline due to failure of fusion of LF
has been reported previously in the literature. In a cytomicrotome study on 38
cadavers by Hogan et al®, it was shown that there was a variable incidence of LF gaps
in lumbar region. Lirk et al in his study on 45 cadavers documented the incidence of
ligamentum flavum gaps in the lumbar region as follows: L1L2 —22.2%, L2L3 - 11.4%,
L3L4 -11.1%, LAL5 — 9.3% and L5-S1 — 0%. In our study the incidence was 0% at L1L2,
L2L3, L5-S1 and 4.7 % (1/21) at L3L4 and L4L5 — a lot less than predicted.® In this
study, on both instances when LF was not fused in midline, ultrasound did not
visualise LF-dura complex. In L3-L4 level, the TM view was poor and in the L4-L5 level,
the view was intermediate with only PLL visible. This difference may be due to the
fact that cadaveric studies might have overestimated its incidence. Integrity of
epidural fat, thecal sac and epidural veins cannot be preserved once the tissues are

dissected as the delicate balance of pressures between them are disrupted.? For
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example, the ligamentum flavum is usually held under tension and retracts when cut
which might create gaps that might not exists otherwise.” & Also, the incidence of LF
gaps are reported to be higher in cervical and high thoracic regions compared to

lumbar regions.®

In a previous study in obstetric patients, Lee et al have shown that patients with
accidental dural punctures have abnormal ligamentum flavum (LF) on neuraxial
ultrasound compared to patients who did not have accidental dural puncture.l® They
described LF as abnormal if the hyperechoic line (LF-dura complex) was either absent
or grossly discontinuous. LF gaps was suggested as one of the possible reasons for
abnormal appearing LF on ultrasound in the study. Low in-vivo incidence of LF gaps
at the lower lumbar levels, as evidence by this study, does not explain the high
percentage of abnormal LF in patients with previous unintended dural puncture in
their study (71% vs 17%). But facet joint degeneration is strongly associated with
asymmetrical thickening of LF which might explain some of their findings.!! For the
reasons described later, facet joint degeneration can make administration of
neuraxial block difficult at any given level and difficulty might explain the reason

behind accidental dural puncture.

Skin- PLL distance made no difference to the ultrasound views. Similarly anatomical
factors such as para-spinal muscle thickness, subcutaneous fat, epidural fat and

ligamentum flavum thickness did not have any influence on the quality of view.

The next obvious question is why does presence of facet joint degeneration makes
the administration of neuraxial block difficult? In addition to the fact that facet joint
degeneration can by itself narrow the window available for the passage of needle
between the spinous process, the answer might lie in the factors that are closely
associated with facet joint degeneration. Those include: increasing age,'*'3
degenerative disc disease,'*'® narrowing of intervertebral space, increase in L1-5
lumbar lordosis, pelvic incidence, sacral slope,'” associated bucking and hypertrophy
of LF, LF calcification *® and spinal canal stenosis.’® Hence facet joint degeneration

can acts as a surrogate marker for a number of structural changes that happen in
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spine, almost all of which might make the administration of neuraxial block difficult

in a given inter-spinous space.

On the other hand, PSO view do not capture the facet joint degeneration and hence

its use in predicting the ease of administration of neuraxial block is limited.*

This study has a number of limitations. The small cohort size may have underpowered
our ability to detect correlations with the measured parameters. The use of MRI for
lumbosacral anatomic assessment also limits detection of ligamentous calcification
which is a recognised contributor to difficult neuraxial access. With regards to facet
joint degeneration, previous studies have shown that in the presence of MRI, CT is
not needed for assessment of degeneration. 3¢ Compared to degeneration of joint,
calcification of interspinous ligaments/ supraspinous ligaments/ligamentum flavum
cannot be accurately identified by MRI. But the incidences of such calcifications are
low ranging between 2.4% to 6.7%.%° Imaging positions also differed between MRI
(supine) and ultrasound (sitting with back arched) which may have limited direct
comparability between findings. Measurements in the intervertebral disc height and
dural sac diameter changes between supine and sitting position.?1?2 The magnitude
of postural changes are small and will have minimal effect on the outcome of this

study.

Summary

Facet joint degeneration is a major contributing factor to poor neuraxial ultrasound
views in TM plane. As discussed earlier, poor visualisation of ligamentum
flavum/duramater complex might be due to one of the two reasons: i) The ultrasound
beam is not able to reach the target or ii) The target structure is absent or defective.
This study has shown that former, rather than the latter is the more plausible
explanation in most cases with cause being artefactual rather than structural. Future
studies on improving the neuraxial imaging should focus on postural changes to move
the facet joint away from the path of the beam e.g. flexion and lateral rotation. This
method has been studied before for neuraxial ultrasound in thoracic regions.?? In
future the role of such manoeuvres to improve the neuraxial ultrasound imaging

could be explored in interspinous spaces with poor visibility.
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Appendix

Data corresponding to Chapter 4 is provided in the supplementary digital content in

excel file located in folder labelled Chapter 4.

Appendix 4.1.xls - Sheet 1- MRI US data
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Chapter 5 (study 4a) - A comparison of conventional landmark guided
midline versus pre-procedure ultrasound - guided paramedian

techniques in spinal anaesthesia

Abstract

Background

Multiple passes and attempts while administering spinal anaesthesia are associated
with a greater incidence of post dural-puncture headache, paraesthesia and spinal
hematoma. We hypothesised that the routine use of pre-procedural ultrasound-
guided paramedian technique for spinal anaesthesia reduces the number of passes
required to achieve enter the subarachnoid space when compared to the

conventional landmark-guided midline approach.
Methods

After local ethics approval, 100 consenting patients scheduled for elective total joint
replacements (hip and knee) were randomised into group C (conventional) and group
P (pre-procedural ultrasound guided paramedian technique) with 50 in each group.
The patients were blinded to the study group. All spinal anaesthetics were
administered by a consultant anaesthetist. In group C, spinal anaesthetic done via
midline approach using clinically palpated landmarks. In group P, pre-procedural
ultrasound scan was used to mark the paramedian insertion site and spinal

anaesthetic was performed via paramedian approach.
Results

The average number of passes (defined as the number of forward advancements of
the spinal needle in a given inter-spinous space, i.e. withdrawal and redirection of
spinal needle without exiting the skin) in group P was approximately 0.34 times that
of group C and this difference was statistically significant (p = 0.01). Similarly, the
average number of attempts (defined as the number of times the spinal needle was

withdrawn from the skin and reinserted) in group P was approximately 0.25 times
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that of group C (p = 0.0021). Group P on an average took 81.5 (99% Cl 68.4 to 97
seconds) seconds longer compared to group C to identify the landmarks (p = 0.0002).
All other parameters including grading of palpated landmarks, time taken for spinal
anaesthetic injection, peri-procedural pain scores, peri-procedural patient
discomfort VAS score, conversion to general anaesthetic, paresthesia and radicular

pain during needle insertion were similar between the two groups.

Routine use of paramedian spinal anaesthesia in the orthopedic patient population
undergoing joint replacement surgery, guided by pre-procedure ultrasound
examination, significantly decreases the number of passes and attempts needed to

enter the sub-arachnoid space.
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Introduction

Spinal anaesthesia is widely performed using a surface landmark based ‘blind’
technique. Multiple passes and attempts while administering spinal anaesthesia are
associated with a greater incidence of post dural-puncture headache, paraesthesia

and spinal hematoma.'?

Real time and pre-procedural neuraxial ultrasound techniques have been used to
improve the success rate of spinal anaesthesia. The use of real time ultrasound-
guided spinal anaesthesia has to date been limited to case series and case reports.®
8 Its use may be limited by the requirement for wide bore needles and the technical
difficulties associated with simultaneous ultrasound scanning and needle
advancement. ° The use of pre-procedural ultrasound has been shown to increase
the first pass success rate for spinal anaesthesia only in patients with difficult surface
anatomic landmarks.'® No technique has been shown to improve the success rate of

dural puncture when applied routinely to all patients.*!

Studies on pre-procedural ultrasound-guided spinal techniques are limited to a
midline approach using a transverse median view (TM). The parasagittal oblique
(PSO) view consistently offers better ultrasound view of the neuraxis compared to TM
views.'2 However no studies have been conducted to assess whether these superior

PSO views translate into easier paramedian needle insertion.

We hypothesised that the routine use of pre-procedural ultrasound-guided
paramedian spinal technique results in less number of passes required to enter the
subarachnoid space when compared to the conventional landmark based midline

approach.

Methodology

This was a prospective, randomised, controlled study performed from February 2014
to May 2014. Following approval by the Clinical Research Ethics Committee of Cork
Teaching Hospitals (ref no: ECM 4(j) 04/02/14), all consented patients scheduled to
undergo elective total knee or total hip arthroplasty under spinal anaesthesia were

included in the study. A written informed consent was obtained from all patients
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participating in the study. Patients with contraindications to spinal anaesthesia
(allergy to local anaesthetic, coagulopathy, local infection and indeterminate

neurological disease) were excluded from the study.

The patients were randomised using random number generating software (Research
Randomizer Version 4.0) to undergo either conventional landmark-guided spinal
anaesthesia (group C) or pre-procedural ultrasound-guided paramedian spinal
(group P). Group allocation was concealed by enclosing the codes in a sealed opaque
envelope and seen by the attending anaesthetist immediately before performing the
procedure. In both groups, spinal anaesthesia was performed by one of three
consultant anaesthetists (FL, PL, Gl), each having performed more than 75 neuraxial
ultrasound scans prior to the study. On arrival to the anaesthesia induction room
baseline monitoring (non-invasive blood pressure, pulse oximetry and 3 lead ECG)
and intravenous access were established. Patients in both groups were then
positioned sitting on a level trolley with feet resting on a foot rest. They were given
a pillow to hug and requested to maintain an arched back posture with an assistant
holding the patient to aid positioning. No sedation was given prior to or during

administration of spinal anaesthesia.

In group C, the anaesthetist palpated the landmarks after positioning and graded the
ease of palpation on a 4 point scale (easy, moderate, difficult or impossible) as
described in previous studies.'? The selection of interspinous space was left to the
discretion of the anaesthetist. Strict asepsis was followed throughout the procedure

with anaesthetist scrubbed prior to procedure, wearing mask and sterile gloves.

The skin was prepped with 2% Chlorhexidine (Chloraprep 3 ml applicator, CareFusion
Corporation, San Diego, CA 92130,USA) following which 2-5 mL of 1% lidocaine was
used to infiltrate the skin. The anaesthetist performing the spinal technique was
allowed to choose the appropriate needle length (90 or 119 mm 25 G -Whitacre
needle, Becton, Dickinson and Company, Franklin Lakes, New Jersey, 07417-1880,
USA), gauge (25G or 22G), depth and angle of insertion. The type and dose of local
anaesthetic injected for spinal anaesthesia was at the discretion of the attending

anaesthetist. After completion of spinal anaesthetic injection, and positioning the
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patient in the lateral decubitus position, ultrasound was used to identify the

interspinous level at which the injection was administered.

In group P, a portable ultrasound unit (SonixTablet, Peabody, MA, USA) with a
curved 2-5 MHz probe was used for initial pre-procedural marking. A
paramedian sagittal oblique view of the neuraxis was obtained and the sacrum was
identified, following which the interlaminar space between L5 and S1 was noted.
Subsequent interspinous spaces were identified by counting the
interlaminar spaces in a cranial direction. The interspinous space at which the
clearest image of the anterior complex (ligamentum flavum dura complex- LFD) and
posterior complex (posterior longitudinal ligament- PLL) was obtained, was selected.
At the selected interspace, and with the probe positioned to obtain the clearest
ultrasound image, a skin marker was used to mark the midpoint of the long border
of the probe and the midpoints of the short borders of the probe (Figure 5.1). The
medial angulation of the probe was also noted to guide the insertion of the spinal

needle.

At the same horizontal level as the midpoint of the long border of the probe, the
midpoint of the line drawn between the two short border midpoints of the probe
was used as paramedian insertion point for the spinal needle (Figure 5.2). A
transverse median (TM) view at the same level was also obtained and the midline
was marked. This marking was used to aid the medial angulation of the spinal needle
(Figure 5.2). Both PSO and TM views were graded as good (both LFD and PLL visible),

intermediate (either LFD or PLL visible) and poor (both LFD and PLL not visible).*?

Following skin marking, care was taken to make sure that the needle entry site was
free of ultrasound gel prior to needle insertion. In group P, the anaesthetist did not
palpate the landmarks for grading until the spinal injection was complete. Spinal

anaesthesia was performed in the same aseptic manner as mentioned earlier.

In both groups the anaesthetists were given the option to use alternative methods if
unsuccessful after three attempts. For patients in group C, another interspinous
space could be used or ultrasound employed. For patients in group P, a midline

approach or a conventional landmark palpation technique could be used.
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Figure 5.1: Skin marking with probe

A- Skin markings with probe positioned to get the best possible parasagittal oblique view (PSO)
of neuraxis B- Midpoint of long border of probe marked in Transverse median view (TM). LFD

—Ligamentum flavum dura complex, PLL — Posterior longitudinal ligament.

Figure 5.2: Paramedian skin entry point

Needle entry point shown after skin markings. It is marked at the intersection of the lines
joining midpoint of long border of probe and short border of the probe marked during PSO
view. The midpoint of long border of probe in TM view was used to aid the medial angulation
of the needle in addition to probe angle in PSO view. MP-Midpoint, LB — Long border, SB —
Short border.

The outcomes were noted by a single observer (KK) for all patients. Due to the nature

of the study, the observer could not be blinded to the groups. In addition to
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demographic details from the patients (age, sex and height), type of surgery and
history of lumbar spine surgery was recorded. History of difficult neuraxial block was
also recorded in both groups. This was obtained from previous anaesthetic records.
Our hospital uses a standardized electronic anaesthesia record which requires
description of the grade of difficulty of spinal performance as ‘Easy’, ‘Difficult’ and
‘Failed’. Only previous documented evidence by anaesthetist noting the difficulty in
the procedure (spinal, epidural or combined spinal epidural anaesthesia) was

included.

A timer was used to record the various time intervals. Time for identifying landmarks
in group C was defined as time from which the anaesthetist started palpating to
identify the landmarks to completion of the process as declared by the anaesthetist.
In group P, it was defined as time from which the ultrasound probe was placed on
the skin to the anaesthetist declaring that the markings are completed. Time taken
for performing spinal anaesthetic was defined as time taken from insertion of
introducer needle to completion of injection. The number of passes (defined as the
number of forward advancements of the spinal needle in a given interspinous space
i.e. withdrawal and redirection of spinal needle without exiting the skin) and number
of spinal needle insertion attempts (defined as the number of times the spinal needle
was withdrawn from the skin and reinserted) were noted.'° The number of passes
and attempts were recorded either until the completion of spinal anaesthetic or until

the anaesthetist converted to an alternate technique.

Incidence of radicular pain, paraesthesia and blood in the spinal needle was also
noted. All patients who experienced paraesthesia or radicular pain were followed
over the next 24 hours and any patients with persistent symptoms were further
evaluated as per department protocol. The use of long needle i.e. 119 mm 25 G
Whitacre needle (Becton, Dickinson and Company, Franklin Lakes, New Jersey,

07417-1880, USA) was also recorded.

In both groups following administration of spinal anaesthesia, patients were
positioned on either left or right lateral position depending on the site of surgery and

the type of Bupivacaine used (plain or hyperbaric). After positioning and prior to
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administration of sedation, patients were asked for their peri-procedural pain scores
(patients were specifically asked to rate the pain in their back felt during
administration of spinal anaesthesia) measured using an 11 point verbal rating scale
(0=no pain, 10=most pain imaginable) and peri-procedural discomfort scores
measured using an 11 point verbal rating measured (0=no discomfort, 10=most
discomfort imaginable). Level of block (loss of cold sensation tested with ethyl
chloride spray) was noted 15 minutes after spinal anaesthetic injection. Type and
dose of sedation (midazolam with or without propofol infusion) was left to the

discretion of the anaesthetist.

The primary outcome was the difference in number of passes between the two

groups.

Secondary outcomes included the following,

1. Number of spinal needle insertion attempts

2. Time for identifying landmarks

3. Time taken for performing spinal anaesthetic

4. Level of block

5. Incidence of radicular pain, paraesthesia and blood in the spinal needle.
6. Peri-procedural pain

7. Peri-procedural discomfort score

Based on previous study we assumed that the average number of passes per spinal
anaesthetic for an experienced anaesthetist would be 3.3 +/- 3.1 (mean +/- SD).13 We
hypothesised that by using pre-procedural paramedian spinal the number of passes
could be reduced to 1.3. A total of 38 patients in each group would have been needed
to achieve a power of 0.8 and type 1 error of <0.05. We randomised 50 patients per
group to allow for dropouts. All data were analysed based on intention to treat. Data
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were analysed for normal distribution using the Shapiro—Wilks test. Categorical data
were analysed using the Chi-square test or Fisher’s exact test as appropriate.
Normally distributed parametric data were analysed using Students-t test. All tests

were two-tailed.

For non-normally distributed count data (passes and attempts) that cannot have a
value of zero and had negative binomial distribution, zero truncated negative
binomial regression was used to examine the group effect. For other variables that
were non-normally distributed, especially if the data could not be approximated by
log-normal distribution, bootstrap independent samples test was applied as it is
considered a better approach compared to Z-score procedure %, Results for time
variables were based on 5000 bootstrap samples. For the variable dose of intrathecal
bupivacaine, the 99% confidence interval was based on 5000 bootstrap samples;
variances in some samples were zero therefore the p-value was estimated from 1000

bootstrap samples.

Time variables were reported with 10™ and 90" percentile to provide information on
the spread. Student t-test for unequal variance (Welch method) gave 99% confidence
interval within 1.5 seconds for time taken to identify landmarks and 16.2 seconds for

time taken for spinal anaesthetic administration when compared to bootstrap.

For patient characteristic variables and primary outcome variable, a two-tailed p
value <0.05 was considered significant and 95% confidence interval (Cl) were
reported. For all other outcome variables, a two-tailed p value <0.01 was considered
statistically significant and 99% Cl were reported. SPSS version 20 and STATA 12.1

were used for statistical analysis.

Results

A total of one hundred patients were assessed for suitability. All patients approached
gave their consent to take part in the study, and 50 were randomised to each group.
All patients received the allocated intervention. No patients were lost to follow up

and data acquisition was complete (Figure 5.3). In one patient spinal injection was
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Figure 5.3 Consort flow chart

Patients meeting inclusion

criteria approached for study
consent (n= 100)

Excluded (n=0)

v

Randomised (n=100)

Allocated and received
intervention (n=50)

|

Lost to follow-up (n=0)

|

Analysed (n=50)
+ Excluded from analysis
(n=0)

|

Allocated and received
intervention (n= 50)

l

Lost to follow-up (n=0)

|

Analysed (n=50)
+ Excluded from analysis
(n=0)
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performed in the lateral position due to a vasovagal episode following local

anaesthetic infiltration. This patient’s data was included in the analysis.

The distribution of demographic data of the patients (age, sex and height), type of
surgery, history of lumbar spine surgery, history of difficult dural tap and grading of
palpated landmarks was similar between the two groups with the exception of
weight (Table 5.1). The mean weight in group C was 84.8 kilograms (SD =14.4) versus
78.1 kilograms (SD= 17.8) in group P (p= 0.04) but there was no difference in BMI

between the two groups.

The mean number of passes (the primary outcome variable) in group C was 8.2 (SD
12.3) versus 4 (SD 4) in Group P (Table 5.2). The average number of passes in group
P was approximately 0.34 times that of group C and this difference was statistically
significant (p = 0.01). The average number of attempts in group P was approximately
0.25 times that of group C (p = 0.0021). Due to the distribution (negative binomial)
and type (count) of data, we used a zero truncated, negative binomial regression
model and hence one should be mindful of the small sample size (n= 100) when

interpreting the results.

On comparing variables for successful dural puncture (Table 5.3) , 84% of patients in
group P had successful dural puncture on first attempt compared to 60% in group C
(Chi-square test, p = 0.0075). On subgroup analysis of number of passes at each level
in group P, L5-S1 had the tendency towards smaller number of passes (mean 2+/-1)
compared to L4-5 (mean 4.27+/- 4.1) and L3-4 (Mean 5.15 +/- 5.01) although not

statistically significant (p = 0.15).

There were no evidence of differences between the three anaesthetists in terms of
number of passes (zero truncated binomial regression, p= 0.97, LR Chi? = 0.06) or

attempts (zero truncated binomial regression, p= 0.36, LR Chi? = 0.83).
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Table 5.1: Patient characteristics in Group C and Group P

anaesthetic

Group C Group P Levene’s Test for
Variables mean (sd) mean (sd) Equ.allty of p-value®
Variance
[+) [+)
n (%) n (%) p-value
Age (years)” 65.2 (11.4) | 63.4(14.1) |0.03 0.48
Weight (kg)" 84.8 (14.4) |78.1(17.8) |0.17 0.04
Height (m) 1.68 (0.08) | 1.98(0.14) |0.08 0.12
BMI (kg m?) 30.14 (4.7) | 28.57(4.5) |0.99 0.09
Male 26 (52) 20 (40) - 0.23
Type of surgery
THR 20 (40) 28 (56) -
TKR 28 (56) 20 (40) - 0.29*
B/L TKR 2(4) 2 (4) -
Previous lumbar
spine surgery 3(6) 0(0) )
Previous history of
difficult spinal | 4 2) 0(0) )

#P-values(2-tailed) correct to 2 decimal places had the same value for equal (T-test)

and unequal variances (Welch’s Test);

*Shapiro-Wilks Tests of Normality: Age Group C (p= 0.01), Weight Group P (p=0.04)

* Fisher’s Exact Test
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Table 5.2: Analysis of number of needle passes and number of attempts

*Zero Truncated Negative Binomial Results

Group C | Group P
Variables

mean mean _

® Exp | Confidence Interval | P-value
(sd) (sd)
(B) Exp (B)

Number of

8.2(12.3) | 4.0(4.0) |-1.07 |0.34 |95%C.l(0.15079) |0.01
passes
*Number of | 1.98 0
attempts | (1.66) 1.28(0.7) [-1.39 [ 0.25 | 99% C.1.(0.077,0.79) | 0.0021

# Number of attempts (secondary outcome variable), the significance was set at

p<.01, and 99% Confidence intervals were calculated

*The distribution of the number of passes and number of attempts was highly

skewed and all values exceed 1, therefore the Zero truncated Negative Binomial

(STATA) was used to compare the two groups. A patient in the Paramedian Group,

has expected Number of Passes equal to exp(-1.07) (i.e. = 0.34) times that of a patient

in the Conventional Group (p=0.01), ie fewer passes are expected in the Paramedian

Group. Similar analysis applies for attempts.
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Table 5.3: Successful dural puncture rates for selected number of attempts and passes in

Group Cand Group P
Successful Dural | G0uP C Group P Confidence P-value
puncture N (%) N (%) Interval 2-sided
] 95% C.I. (-30.4,
First Pass 20 (40%) 14 (28%) 6.4) 0.21
I 95%  C.l. (-
0, o,
Within 2 passes | 23 (46%) 25 (50%) 15.6,23.6) 0.69
. 99% C.I. (1.7,
First Attempt 30 (60%) 42 (84%) 16.3) 0.0075
Within 2 . . 99% C.. (-3.4,
attempts 37 (74%) 45 (90%) 35.4) 0.04

Alternative techniques were employed in six patients in group C (technique used -
ultrasound guided paramedian spinal) and two patients in group P (technique used -
midline approach by conventional palpation). There was no significant difference
between the two groups in requirement for alternative techniques (Fisher’s Exact
test, p = 0.27). Despite the use of alternative techniques, dural puncture could not
be achieved in three out of the six patients in group C. The two patients in group P,
in whom alternative technique was used, successful dual puncture was achieved in

both the patients.

It took the operator on average 81.5 seconds longer (99% Cl 68.4 to 97 seconds) to
identify the landmarks in group P than in group C (p = 0.0002). The dose range of
intra-thecal bupivacaine was between 14 mg to 18 mg. Other parameters were
comparable between the groups (Table 5.4, 5.5). All five patients in the study who
had radicular pain or paraesthesia during needle placement were followed up for 24

hours post-surgery and none of them had persistent symptoms.

Of the five patients in group C who required general anaesthesia (GA), failure to

perform spinal anaesthesia was the reason in three patients. Of the other two
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patients who required GA, one had pain on incision and one developed abdominal

pain during the surgery. Of the four patients in group P who needed GA, three

patients reported pain on incision, and one patient became difficult to sedate 30

minutes into the surgery. The interspinous level at which the spinal was performed

was significantly different between the two groups with p = 0.0025 (Table 5.6). Four

patients in group C had their spinal performed at L2-3 versus none in group P (Fisher’s

exact test; p=0.05). There was no difference within the quality of ultrasound views

(Table 5.7) and number of passes or attempts for both TM (p = 0.49, p= 0.19) and

PSO (p=0.43, p = 0.32) views.

Table 5.4: Spinal anaesthesia variables 1

Group C Group P
Variables p value
n (%) n (%)
Easy 30 (60) 30 (60)
Grading of | Moderate 15 (30) 17 (34) )
palpated - 0.78
landmarks Difficult 5(10) 3(6)
Impossible 0(0) 0(0)
Type of | Heavy 20 (43) 19 (38) 065
Bupivacaine Plain 27 (57) 31 (62)
Paresthesia during insertion of spinal
1 3 -
needle (n)
Radicular pain during insertion of spinal
1 0 -
needle (n)
Blood in spinal needle (n) 2 0 -
Long spinal needle used (n) 3 2 -
Failure to perform spinal anaesthetic (n) | 3 0 -
Conversion to GA (n) 5 4 -

*Fisher’s exact test
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Table 5.5: Spinal anaesthesia variables 2

Bootstrap Independent Samples Test”

score

Group C Group P
P-CMean | 99% p-value
mean . .
Variable th anth mean Difference | Confidence )
(10%,907) — (se) Interval 2-taild
B (10th,90t")
N=50 Lower, Upper
N=50
Time taken for | 14.6 96.1 81.5(5.21) | 68.4,97.1 0.0002
identifying landmarks
(seconds) (9.1,24.8) | (58.1,133.9)
Time taken for spinal 169.9 97.8 -66.0 -161.5, 11.0 0.09
injection (seconds) (46.1, (41.1, 189.4) (35.31)
558.7)
Dosg of intrathecal N=50 -0.50, 0.62 0.78*
Bupivacaine (mg) N=47 0.06 (0.22)
16.40
16.34
(15.0, 17.5)
(15.0,17.7)
Group C Group P Mann-Whitney U Test
Variable Median Median p-value
(Q1,Q3) (Q1,Q3)
Peri-procedural  Vas | 3.0 3.0 0.59
scores of pain at
injection site (1.8,5.0) (1.0,4.3)
Peri-procedural 10.0 10.0 0.28
patient discomfort VAS | (8.0,10.0)
(8.0, 10.0)

*For time variables, 5000 bootstrap samples taken.* For variable Dose of intrathecal

bupivacaine 5000 bootstrap samples were taken and variances in some samples were

zero therefore the p-value was estimated from 1000 bootstrap samples.
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Table 5.6: Interspinous level at which dural puncture was done and block height

Variables Group C Group P p value
L2-3 4 0
Interspinous level at | |34 22 13
which dural puncture 0.0025*
was done (n) L4-5 19 26
L5-S1 2 11
T5 2 2
T6 4 3
Dermatome level of | T/ 2 2
loss of cold sensation | 1g 12 14
15 minutes post spinal 0.69*
anaesthetic injection LK 1 2
(N) T10 14 10
T12 10 11
L1 1 6

*Fisher’s Exact test

Table 5.7: Distribution of quality of ultrasound views (PSO and TM views) in group P

Group P US views Number of views — n (%)
Grade 1 30 (60%)
Grade 3 0 (0%)
Grade 1 10 (20%)
TM view Grade 2 24(48%)
Grade 3 16 (32%)
Discussion

The use of pre-procedural ultrasound-guided paramedian spinal technique resulted
in a greater than 50% reduction in the number of passes required for success
compared to a conventional

landmark-based midline approach in patients

undergoing total hip or total knee arthroplasty. In addition, a pre-procedural
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ultrasound-guided paramedian spinal technique significantly reduced the number of
attempts, and increased the first attempt success rate in achieving dural puncture.
The number of passes was greater in our control group compared to the referenced
study.!® This might be due to a number of reasons. First, the patient population was
different. Mean age and BMI in our study was 65.2 years and 30 respectively versus
56.2 years and 23.8 in the referenced study. Second, in the study by Kim et al, the
number of passes was self-reported whereas in our study it was recorded by an
independent observer. This is important as it has been shown that the self-reported

number of passes is always lower than the actual number of passes.®

To date, routine use of pre-procedure ultrasound in the general adult or obstetric
populations has not been shown to improve the number of passes or attempts
needed to achieve successful dural puncture.' 7 We observed a reduction in
number of passes required to enter the sub-arachnoid space due to the following

probable reasons.

First, our population group had an average age of 64.3 years (SD = 12.8). Spinal
anaesthesia has been shown to be more difficult in an older population compared to

a general adult population.®

Second, we used a paramedian approach to the neuraxis (guided by ultrasound)
which has not been studied so far. In the presence of interspinous ligament
calcification and an inability to achieve adequate flexion (both of which are common
in elderly), this paramedian approach might be valuable. It has also been shown that
both the length and width of the lumbar spinous process increases significantly with
ageing which further narrows the interspinous space available for midline
approach.'® The interlaminar space is least affected by changes due to ageing and
offers a potential window for spinal anaesthesia. The same reasons explain why the
PSO view consistently yields a clearer image of LFD and PLL compared to TM view.!*
20,21 Although a paramedian approach for epidural catheter placement has been
shown to have technical advantages compared to the midline approach,?? previous
studies on landmark guided paramedian versus midline approach to spinal
anaesthetic have yielded mixed results.?3 2% 2> |t is conceivable that the advantages
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of the paramedian approach were more pronounced in our orthopedic population

group.

Third, we used both the probe angle and midline marking to aid paramedian insertion
of the spinal needle. Using a midline approach the needle angle is only guided by the
operator remembering the angle of the probe. As even small changes in angle of
insertion of needle and entry point can cause significant changes to where the tip of
the needle finally ends up, we believe the addition of another skin marking at the

midline to guide the angle of the needle might have played an important role.

Finally, the studies that showed no difference on routine scanning looked at first pass
success rates between the two groups (success at first attempt and first pass). We
chose to look specifically at the number of passes required in each group. We believe
using only first pass success rates may potentially miss important differences

between the groups.

Establishing landmarks took on average 81.5 (99% Cl 68.4 to 97.1) seconds longer in
group P. In a study by Chin et al using similar end points, the ultrasound group took
240 seconds longer.1° The difference might be due to the fact that in their study
scanning was done in patients with difficult surface landmarks and it involved
marking three interspinous spaces. Our study population included all patients and
we marked only one interspinous space as we wanted it to reflect real time practice.
In the same manner we did not find a difference in the time taken to perform spinal

anaesthetic probably reflecting the routine use in all patients.

The study does have limitations. First, neither the observer nor the attending
anaesthetists were blinded to the study group. The fact that the ultrasound group
would have skin markings and the difference in the direction of needle insertion
would make the blinding very difficult. A potential for bias cannot be excluded.
Second, the procedure is heterogeneous with multiple factors affecting the number
of passes including individual anaesthetist preference and style of practice, and the
number of attempts and/or time taken before using alternate methods. This reflects

daily clinical practice. Having a single anaesthetist perform all procedures might limit
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the differences due to the aforementioned reasons but it might be subjected to
individual bias and lack of validation. Third, neuraxial ultrasound has limitations. TM
views for a midline approach to dural puncture have a positive predictive value of up
to 85% but a negative predictive value of just 30%.}2 Also ultrasound views are
generally more difficult to acquire in elderly due to anatomical changes (facet
hypertrophy, interspinous and supraspinous ligament calcification). 28 In addition,
the necessity to remember the angle of approach of the needle and the inaccuracies
of skin markings can further decrease its utility in patients with a longer distance

between skin and dura mater.

Summary

Use of paramedian spinal anaesthesia in an elderly orthopaedic population, guided
by pre-procedure ultrasound examination, significantly decreases the number of

passes and attempts needed to reach sub-arachnoid space.

Spinal anaesthesia is still largely a blind procedure. An ultrasound beam may prove a

better tool compared to a needle in locating the target.
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Appendix

Data corresponding to Chapter 5 is provided in a excel sheet in the supplementary
digital content located in the folder Chapter 5.

Appendix 5.1.xls — sheet 1 — PM spinal US study
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Chapter 6 (study 4b) - A comparison of conventional landmark-guided
midline versus ultrasound-guided L5-S1 paramedian techniques in

spinal anaesthesia — a randomized control study

Abstract

Introduction

Ultrasound guided paramedian approach to performing spinal anaesthesia has only
recently been explored. We hypothesised that the routine use of pre-procedural
ultrasound-guided paramedian spinals at L5-S1 interspace could reduce the number
of passes required to enter the subarachnoid space when compared to the

conventional landmark-guided midline approach.

Methods

After local ethics approval, 120 consenting patients scheduled for elective total joint
replacements (Hip and Knee) were randomised into either group C (conventional) or
group P (pre-procedural ultrasound guided paramedian L5-S1 technique) with 60 in
each group. The patients were blinded to the study group. Midline approach with
palpated landmarks was used in group C whereas in group P, L5-S1 paramedian

approach was facilitated by pre-procedure ultrasound.

Results

The distribution of demographic data of the patients (age, sex, weight and height),
type of surgery, history of lumbar spine surgery and history of difficult dural tap were
similar between the two groups. A patient in the paramedian group L5/S1 had an
expected number of passes equal to 1.195 times (95% Cl 0.57, 2.47) that of a patient
in the conventional group (P = 0.63), i.e., similar number of passes were expected in
both groups. A patient in the paramedian group L5/S1 had an expected number of
attempts equal to 1.079 times (99% Cl 0.41, 2.8) that of a patient in the conventional
group (P = 0.84), i.e., a similar number of attempts were expected in both groups.

The first pass success rates (1 attempt and 1 pass) was significantly greater in group
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C compared to group P (43% vs 22%, p = 0.02, table 3). Patients in group P had difficult

surface landmarks compared to group C (P = 0.04).

Routine use of paramedian spinal anaesthesia at L5-S1 interspace, guided by pre-
procedure ultrasound, in patients undergoing lower limb joint arthroplasties did not
reduce the number of passes or attempts needed to achieve successful spinal

anaesthesia.

Co-investigators for this study
1. Anne-Marie Leo, FFARCSI.,
Clinical fellow,
Hospital for Sick Kids, Toronto, Canada.
2. Gabriella lohom, M.D, Ph.D,
Consultant Anaesthetist, Senior Lecturer,
Cork University Hospital and University College Cork, Ireland.
3. Frank Loughnane, FFARCSI.,
Consultant Anaesthetist,
Cork University Hospital, Wilton, Cork, Ireland.
4. Peter) Lee, FFARCSI, M.D.,
Consultant Anaesthetist,

Cork University Hospital and University College Cork, Ireland.
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Introduction

Spinal anaesthesia is conventionally performed using a landmark-guided midline
approach. Various modifications have been described to reduce the morbidity 1
related to repeated attempts and passes. These include a pre-procedure ultrasound-
guided midline approach®, real-time ultrasound-guided approach’?, landmark-
guided paramedian approach®?'? and pre-procedure ultrasound-guided paramedian
approach!*%, Ultrasound is beneficial only in patients administered a single shot
spinal anaesthetic who have difficult surface landmarks or abnormal anatomy. There

is insufficient data to support the routine use of ultrasound in all patients 17,

In our previous study on patients undergoing lower limb joint replacement surgery,
pre-procedural ultrasound-guided paramedian approach, performed routinely in all
patients, significantly reduced the number of passes and attempts required for
success.’*. On sub group analysis, we observed a non-significant trend towards a
lower number of passes in the L5/S1 interspace compared to other inter-vertebral
spaces, using a paramedian approach. L5-S1 had the least number of passes (mean

2+/-1) compared to L4-5 (mean 4.27+/- 4.1) and L3-4 (Mean 5.15 +/- 5.01).

Anatomically the L5/S1 interspace is the widest interlaminar space and is least
affected by a patient’s inability to flex. 82° . Previous case reports on landmark-
guided techniques have suggested high success rate with the paramedian approach

at L5/S1 level (Taylor’s approach) 113,

Hence we hypothesised that by selective targeting of the L5/S1 interspinous space
with ultrasound, we should be able to further refine the paramedian approach. The
aim of the study was to compare conventional midline approach at any interspinous

level to a pre-procedure ultrasound-guided L5/S1 paramedian approach.

Methodology

This was a prospective, randomised, controlled study conducted in a university
teaching hospital in Ireland between July 2014 and June 2015. The trial was
registered with clinicaltrials.gov (ID — NCT02189681) following approval by the

clinical research ethics committee of Cork teaching hospitals. All consented patients
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scheduled to undergo elective total knee or total hip arthroplasty under spinal
anaesthesia during the study period were included. A written informed consent was
obtained from all patients in the study. Patients with contraindications to spinal
anaesthesia (allergy to local anaesthetic, coagulopathy, local infection and
indeterminate neurological disease) were excluded from the study.

The patients were randomised using random number generating software (Research
Randomizer Version 4.0 ) to undergo either conventional landmark-guided spinal
anaesthesia (Group C) or pre-procedural ultrasound-guided L5/51 paramedian spinal
(Group P). Opaque sealed envelopes were used to conceal the allocation. The
envelope was opened by the attending anesthetist immediately before performing

the procedure. Patients were not informed about their group allocation.

In both groups, spinal anaesthesia was performed by one of three consultant
anesthetists (FL, PL, Gl), each having performed more than 100 neuraxial ultrasound
scans prior to the study. After application of standard monitoring (non-invasive blood
pressure, pulse oximetry and three-lead ECG) and obtaining intravenous access, the
patients were positioned sitting on a level trolley with feet resting on a foot rest. An
assistant supported the patient to aid positioning and the patients were asked to
maintain an arched back position during scanning and during performance of spinal

anaesthesia.

In group C, the anaesthetist selected the preferred interspace and graded the ease
of palpation after positioning on a 4 point scale (easy, moderate, difficult or
impossible) as described in previous studies®. There was no restriction on the
interspace selected for this group. Asepsis was maintained and the anaesthetist
scrubbed prior to procedure, wearing mask and sterile gloves. The skin was prepared
with 0.5% Chlorhexidine spray ( CareFusion Corporation, San Diego, CA 92130,USA)
following which 1% lidocaine (2-5 ml) was used for skin infiltration. A 25G Whitacre
spinal needle (Becton, Dickinson and Company, Franklin Lakes, New Jersey, 07417-
1880, USA) was used initially in all patients. The procedural anaesthetist chose the
length (90 mm length or 119mm). Patients in each group received 3.5 ml of 0.5%

hyperbaric bupivacaine for spinal anaesthesia. After completion of spinal anaesthetic
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injection the patient was placed in lateral decubitus (with operating side in
dependant position). Ultrasound scan was then done to identify the level at which

dural tap was performed.

In group P, a 2-5 MHz curvilinear probe (SonixTablet, Peabody, MA, USA) was used
for initial pre-procedural marking. The sacrum was identified first in parasagittal
oblique view following which the interlaminar space between L5 and S1 was noted.
This space was selected for all patients. At this interspace, and with the probe
positioned to obtain the clearest ultrasound image with the interspace in the middle
of the screen, a skin marker was used to mark the midpoint of the long and short
borders of the probe. The medial angulation of the probe was also noted to guide
the insertion of the spinal needle. At the same horizontal level as the midpoint of the
long border of the probe, the midpoint of the line drawn between the two short
border midpoints of the probe was used as paramedian insertion point for the spinal
needle. A transverse median (TM) view at the same level was also obtained and the
midline was marked. This marking was used to aid the medial angulation of the spinal

needle (Figure 6.1and 6.2).

Following skin marking, the injection site was cleared of any residual ultrasound gel
prior to needle insertion. The spinal anaesthesia was performed as described for the
control group. In group P, the anaesthetist palpated and graded the landmarks
immediately after the administration of spinal anaesthetic in sitting position. This

was done to minimise bias if palpation were to occur prior to scanning.

In both groups, after three unsuccessful attempts, the anaesthetists were allowed to
use alternative methods when felt necessary. For patients in group C, another
interspinous space could be used or ultrasound employed. For patients in group P, a
midline approach or a conventional landmark palpation technique could be used.
Outcomes were measured by two observers (KK, AML) for all patients. Due to the
nature of the study, these observers were not blinded to the groups. Time for
identifying landmarks in group C was defined as time from which the anaesthetist
started palpating to identify the landmarks to completion of the process as declared
by the anaesthetist. In group P, it was defined as time from which the ultrasound
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probe was placed on the skin to the anaesthetist declaring that the skin markings

were completed.

Figure 6.1: Skin markings with probe

A- Skin markings Probe positioned to get the best possible parasagittal oblique view
(PSO) of neuraxis B- Midpoint of long border of probe marked in Transverse median
view (TM).

Figure 6.2: Paramedian skin entry point shown after skin markings

It is marked at the intersection of the lines joining midpoint of long border of probe and
midpoint of short border of the probe marked during PSO view. The midpoint of long border
of probe in TM view was used to aid the medial angulation of the needle in addition to probe

angle in PSO view. MP-Midpoint, LB — Long border, SB— Short border.

Time taken to perform spinal anaesthesia was defined as the time from insertion of

introducer needle to completion of injection. The number of passes, defined as the
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number of forward advancements of the spinal needle in a given interspinous space
(i.e. withdrawal and redirection of spinal needle without exiting the skin) and the
number of needle insertion attempts (defined as the number of times the spinal
needle was withdrawn from the skin and reinserted) were noted. The number of
passes and attempts were recorded either until the completion of spinal anaesthetic

or until the anaesthetist converted to an alternate technique.

Incidence of radicular pain, paraesthesia and blood in the spinal needle hub was also
noted. All patients who experienced paraesthesia or radicular pain were followed
over the next 24 hours and patients with persistent symptoms were managed as per

local department protocol.

In both groups following administration of spinal anaesthesia, patients were
positioned on either left or right lateral position depending on the site of surgery.
After positioning and prior to administration of sedation, patients were asked for
their peri-procedural pain scores measured using an 11 point verbal rating scale
(0=no pain, 10=most pain imaginable) and peri-procedural discomfort scores
measured using an 11 point verbal rating measured (0= no discomfort, 10=most
discomfort imaginable). Level of block (loss of cold sensation to ethyl chloride spray)
was noted 30 minutes after the local anaesthetic injection. Type and dose of sedation

(Midazolam +/- Propofol infusion) was left to the discretion of the anaesthetist.

The primary outcome was the number of passes in the two groups. Secondary
outcomes included the number of spinal needle insertion attempts, first pass success
rates (1 attempt and 1 pass), time for identifying landmarks, time taken to administer
spinal anaesthetic, level of block at 30 minutes, incidence of radicular pain,
paraesthesia and blood in the spinal needle, peri-procedural pain, and peri-

procedural discomfort.

In a pilot observational study done in our department, the average number of passes
per spinal anaesthetic for an experienced anaesthetist was noted to be 6.4 +/- 8.6

(mean +/- SD). We hypothesised that by using pre-procedural paramedian spinal at
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L5-S1 level, the number of passes could be reduced to two. A minimum of 60 patients
in each group would therefore be needed to achieve 80% power to detect a
difference with a less than 0.05 chance of type 1 error. We randomised 60 patients

to each group. All data were analysed on an intention-to-treat basis.

Data were visually inspected for normality and Shapiro-Wilks test was done to check
for normal distribution. Categorical data were analysed using the Chi-square test/
Fisher exact test as appropriate. Normally distributed parametric data were analysed
using two-tailed Students t- test. Non-parametric data were analysed using the Mann
Whitney U test. Zero truncated negative binomial regression was used for count data
(passes and attempts). P value of <0.05 was considered significant. For primary
outcome variables 95% Cl was reported and for other variables 99% Cl was reported.
SPSS version 20 (Property of IBM © Copyright IBM Corporation 2000, 2013) and
STATA (1996 — 2016 Statacorp LP) were used during statistical analysis.

Results

One hundred and twenty patients consented to take part in the study and 60 patients
were randomised to each group (Figure 6.3). In one patient in group P, spinal
anaesthetic was not attempted due to poor visualisation of anatomy in ultrasound
and palpated landmarks were impossible to locate. This patient received a general
anaesthetic. Sixty patients in group C and 59 patients in group P were included in the
final analysis. No dropouts or incomplete data acquisition was noted. No patients
were lost for follow up (Figure 6.3). The distribution of demographic data (Table 6.1)

was similar between the groups.

The average number of passes and attempts were similar between the groups
(Table 6.2). The distribution of the number of passes and number of attempts was
highly skewed and all values exceeded 1 (Figure 6.4 and 6.5); therefore, the zero
truncated negative binomial (STATA) was used to compare the 2 groups. A patient in
the paramedian group L5/S1 had an expected number of passes equal to 1.195 times
(95% CI 0.57, 2.47) that of a patient in the conventional group (P = 0.63), i.e., similar

number of passes were expected in both groups. A patient in the paramedian group
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L5-S1 had an expected number of attempts equal to 1.079 times (99% Cl 0.41, 2.8)
that of a patient in the conventional group (P = 0.84), i.e., a similar number of
attempts were expected in both groups. The first pass success rates (1 attempt and
1 pass) was significantly greater in group C compared to group P (43% vs 22%, p =

0.02, Table 6.3).

Figure 6.3: Consort flow sheet

Enrolment

Patients meeting inclusion
criteria approached for study
consent (n=120)

Excluded (n= 1) - spinal not
——*| attempted due to grossly
distorted landmarks

Y

Randomised (n=119)

l Allocation l

Allocated and received Allocated and received
intervention (n=60) intervention (n=59)
Lost to follow-up (n=0) Follow-Up Lost to follow-up (n=0)

| |

Analysed (n=60) Analysed (n=59)
+ Excluded from analysis : + Excluded from analysis
(n=0) Analysis (n=0)
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Table 6.1: Patient characteristics in Group C and Group P

anaesthetic (n)

Group P-L5- | Levene Test for
Group C S1 | f T-Test
. Equality o
Variables mean (sd) mean (sd) Variance p-value
((2-tailed)®
p-value
Age (years) 68.2 (10.3) 65.3 (9.7) 0.76 0.11
Weight (kg) 86.1(13.9) 82.8 (18.9) 0.02¢ 0.15¢
Height (m) 1.67 (0.09) 1.66 (0.10) 0.20 0.80
BMI (kg m™2) 30.6 (4.7) 30.1 (6.4) 0.02¢ 0.42°
Variables Group C Group P Chi-Square
Test
o, o,
n (%) n (%) p-value
Male 30 (50) 28 (48) 0.72
THR 38 (63) 29 (48)
Typeof | o 22 (37) 30 (30) 0.14¢
surgery
B/LTKR | 0(0) 1(2)
Pn.ewous lumbar 2(3) 1(2) o
spine surgery
Previous history of
difficult spinal | 1 (2) 1(2) —_

BMI = body mass index; THR = total hip replacement; TKR = total knee replacement;

B/L = bilateral. 2P values (2-tailed) correct to 2 decimal places had the same value for

equal (t test) and unequal variances (Welch test). "Shapiro-Wilk tests of normality:

age group C (P = 0.02), LnWeight group C (P = 0.03). ‘Test base on natural log

transformed data. 9Fisher exact test.
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Table 6.2: Analysis of number of needle passes and number of attempts

Variables Group C | Group P - | Zero Truncated Negative Binomial Results
L5-S1

n, mean

(sd) n, mean (sd)
Number of | n=60 n=59 B Exp | Confidence Interval | p-
needle passes (B) Exp (B) value
until spinal

6.13 6.95 (7.46)
anaesthesia or

(8.76) 0.178 95% C.1.(0.577, | 0.63
decision to use

1.195 2.477)

alternate (1, 31)
method (1, 43)
(min,max)
*Number of | n=60 n=59
attempts  until
spinal

2.00 2.07 (2.06) 0.076 99% C.l.(0.416, | 0.84
anaesthesia or

(2.15) 1.079 2.797)
decision to use
alternate (1, 11)
method (1, 15)
(min,max)

# Number of attempts (secondary outcome variable), the significance was set at

p<.01, and 99% Confidence intervals were calculated (Cl = confidence interval).
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Figure 6.4: Comparison of number of passes between the groups
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Figure 6.5: Comparison of number of attempts between the groups
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Table 6.3: Successful dural puncture rates

Group C Group P | Differe | Confidence Interval | p-value
. L5-S1 nce . .
n (%) o %) - Lower %, Upper %
" o

Spinal n=60 n=59
Anaesthesia on:
First pass 26 (43) 13(22) |21 95% C.l. (4.9, 37.7) 0.02
Within 2 passes 31(52) 23(39) | 13 95% C.I. (-5.1,30.4) | 0.16
First attempt 38(63) |39(66) | -3 99% C.I. (-25.3, 19.8) | 0.75
Within 2 attempt | 45 (77) 45(76) |1 99% C.I. (-19.6, 20.4) | 0.96

It took an average of 93 seconds longer (99% Cl 79.5, 106.7p <0.0002) for landmarks
to be established in group P compared to group C (Table 6.4). Other parameters were
comparable between the groups (Table 6.4, 6.5 and 6.6) with the exception of

grading palpated landmarks.

Alternative techniques were employed in three patients in group C (technique used
- ultrasound guided paramedian spinal) and five patients in group P (technique used
- midline approach by conventional palpation). Despite the use of alternative
techniques, dural puncture could not be achieved in two patients in group C and one
patient in group P. All nine patients in the study who had radicular pain or
paraesthesia during needle placement were followed up for 24 hours post-surgery

and no patient had persistent symptoms.

Of the two patients in group C who required general anaesthesia (GA), spinal
anaesthesia could not be performed in one patients and the second patient did not

have any measurable block post administration of spinal anaesthetic. Of the three
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patients in group P who needed general anaesthesia, in one patient the spinal could

not be performed and in two patients the block level was inadequate. A non-

parametric Mann-Whitney U test (U=1890.5, P=0.32) showed that the distributions

of sensory block level at 30 minutes were similar (U=1890.5, P=0.32) in Group C and

Group P, with a median of T6 (Q1=T5;Q2=T8) in both groups.

A significantly greater number of patients had the spinal needle inserted at or above

L2-3 (n=10) in group C versus group P (n=0) with p < 0.001 (chi square test). Of note,

none of the patients in conventional group had spinal administered at L5-S1 level.

Table 6.4: Spinal anaesthesia variables 1

Bootstrap Independent Samples
Test?
Group C Group P
. mean LS51 P - C | 99% p-value
Variable (10t 90t) | mean Mean Confidence |,
N=60 | (10%,90t) z':;“e"ce Interval | tailed
Lower,
N=59
Upper
Time taken for |12.3 105.1 92.7(5.28) | 79.5,106.7 | 0.0002
identifying (8.0, 15.9) | (67.0
landmarks (seconds) ’ 156 6)
Time taken for 1372
Sp|na| |nJect|on or 127.4 ) 9.8 (28.98) '68.9, 86.3 0.73
decision to use | (40,0, (42.0,
alternate  method | 279 9 296.0)
(seconds)
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Table 6.5: Spinal anaesthesia variables 2

Group C Group P Mann-Whitney U Test
Variable Median Median p-value
(Q1,Q3) (Q1,Q3)
Peri-procedural  Vas | 2 2.0 0.99
scores of pain at
injection site (1,3) (1,4)
Peri-procedural 9 9 0.96
patient discomfort VAS
score (8, 10) (8, 10)

3aFor time variables, 5000 bootstrap samples taken, ®Sample size is show where there

were missing cases for a variable

Table 6.6: Spinal anaesthesia variables 3

Group C | Group P
Variables p value
n (%) n (%)
Easy 34 (57) 32 (54)
Grading of | Moderate 23 (38) | 15(25)
palpated 0.04%
landmarks Difficult 3 ( 5) 11 (19)
Impossible 0(0) 1(2)
Paresthesia during insertion of spinal needle (n) 3 4 -
Radicular pain during insertion of spinal needle (n) 2 7 -
Blood in spinal needle (n) 2 6 -
Long spinal needle used (n) 5 3 -
Failure to perform spinal anaesthetic (n) 2 1 -
Conversion to GA (n) 2 3 -

# Fisher’s exact test
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Discussion

In patients undergoing elective hip or knee joint replacements, routine use of pre-
procedure ultrasound-guided paramedian spinal performed at the L5-5S1 level did not
reduce the number of passes or attempts required to achieve a successful spinal

anaesthetic when compared to a conventional landmark guided midline approach.

Four randomised controlled studies and two cohort studies have been published on
pre-procedural ultrasound to facilitate spinal anaesthesia in non-obstetric
patients®141621-23 Of these, three studies looked at the routine use of
ultrasound!*162! and others were done in patients in whom the procedure was
anticipated to be difficult. While the use of ultrasound in patients with difficult

anatomy has been largely positive, the data on its routine use is conflicting'*'62%,

Abdelhamid et al’! studied 90 patients undergoing spinal anaesthesia by midline
approach. The nature of surgery was not mentioned and the study population was
relatively young (mean age 34.7 years). Lim et al ¢ on the other hand looked at 170
patients undergoing various procedures under spinal anaesthesia (paramedian
approach) with an older population (mean age 62.2 years). The former study

reported a significantly improved success rate and the latter showed no difference.

The study by Lim et al was different to this study in many ways. First, the population
group was different. Second, spinal anaesthesia was attempted by trainee
anaesthetist with zero to three years of experience whereas in this study it was done
by experienced consultant anaesthetist. Third, the neuraxial scanning was done by a
different operator and the results were communicated to the person performing the
procedure. In this study it was done by the same person performing spinal
anaesthesia. Fourth, both groups received paramedian spinal anaesthesia. In this
study it was compared with midline conventional spinal anaesthesia as it is still
considered as the default technique. Finally, Lim et al used one of the three
interspinous spaces L2-3, L3-4 or L4-5 and did not use L5-S1. We only used L5-S1 in
our study for paramedian approach. In spite of the differences, the outcomes were

similar as there was no difference in the number of passes between the groups.
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Studies using a paramedian approach to spinal anaesthesia utilising ultrasound are a
recent development!*16, The earlier study using this approach * in 100 patients
undergoing elective knee and hip replacement (mean age 63.4 years) showed
significant reduction in the number of passes and attempts to achieve successful
dural tap. Our study attempted to further refine the paramedian approach by using
only the L5-S1 interspace. In spite of L5-S1 being the widest interlaminar space that
is least affected by flexion or extension in a patient, we still found no difference
between the two groups. In addition, the L5-S1 group had lower first pass success
rates (one attempt and one pass) compared to the conventional midline group. We

can only speculate on possible reasons for this outcome.

1. In spite of being the widest interlaminar space, the L5-S1 interspace has a very
high incidence of facet joint osteoarthritis and spondylolisthesis 2426,

2. Anatomical variations such as sacralisation of Ilumbar vertebrae and
lumbarisation of sacral vertebrae can occur in up to 12% of general population?’.

3. L5/51 is the most commonly misidentified interspace when using neuraxial
ultrasound due to a combination of these factors 28.

4. In our previous study using a paramedian approach, the interspace with best
views of anterior and posterior complexes was used '* whereas in this study
L5/S1 was used in all patients irrespective of their visibility.

5. Although the study population was older, it only included elective joint
replacements. Positioning them in sitting position was not challenging. On the
other hand, the use of L5-S1 inter-spinous space might be more appropriate in
elderly patients needing trauma surgery e.g. surgery for hip fracture, where it
can be challenging to obtain good positioning for administration of spinal

anaesthesia.

This study also showed (a significantly lesser number of spinals) that no spinal was
performed at or above L2-3 level (compared to a landmark-guided approach) in the
ultrasound group. This is clinically important as a needle inserted at or above L2-3

level has a 4% to 20% possibility of reaching the conus?®.
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The negative results of the study further help delineate the role of “routine” pre-
procedure neuraxial scanning in patients receiving spinal anaesthetic. Routine pre-
procedure scanning guided paramedian spinal, by selecting the interspace with the
best ultrasound image of the anterior and posterior complexes, reduces the number
of passes and attempts!4. Limiting the paramedian spinal to L5-S1 interspace does
not offer any benefit compared to conventional midline approach. In any case, the
use of ultrasound significantly reduced the incidence of needle insertion at or above

L2-3 inter-spinous space.

This study has its limitations. Firstly although the patients were unaware of their
group allocation it is still possible that by the use of ultrasound before versus after
spinal injection might make the blinding less robust. In addition it was difficult to
blind the observers due to the use of paramedian approach and skin markings in the
ultrasound group. Secondly, the number of attempts and passes prior to the use of
an alternate technique was left to the discretion of the anaesthetist. This does reflect
day to day practise but introduces the possibility of bias. This might be countered to
a certain degree by having three different experienced anaesthetists administer
spinal anaesthesia. Thirdly, as discussed earlier, neuraxial ultrasound has its own
limitations in correctly identifying the L5-S1 interspinous space. However, all three
anaesthetist performing the procedure were experienced in neuraxial ultrasound,
having performed more than 100 neuraxial scans in this patient population prior to
the study. Finally, this was a study looking at paramedian approach involving only L5-
S1 interspinous space. Care should be taken to not extrapolate the results to
compare the utility of neuraxial ultrasound against conventional approach for lumbar

puncture.

Summary

The routine use of paramedian spinal anaesthesia performed at the L5-S1 level
guided by pre-procedure ultrasound does not reduce the number of passes or

attempts in achieving successful dural tap.
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Appendix

Data corresponding to Chapter 6 is provided in a excel sheet in the supplementary
digital content located in the folder Chapter 6.

Appendix 6.1.xls — sheet 1 — L5-S1 PM spinal US study
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Chapter 7 — Conclusion

Principle Findings
We endeavored to answer three questions. Can we improve safety, efficiency and

efficacy of neuraxial blockade through enhanced operator performance? (Figure 7.1).

Figure 7.1: Thesis findings outline

Advancement of Neuraxial blocks

— l ~

Efficiency

Study 3: Facet joint degeneration
leads to poor views in neuraxial
ultrasound

Study 4b: US guided
paramedian
approach at L5-S1
level does not
result in fewer
passes.

Study 4a: US guided
paramedian
approach results in
fewer passes

Study 1,1a: PBP
training improves
patient outcomes

Study 2: Accuracy of
palpated landmarks
can be improved

Implications for future clinical practise

Incorporating Synergy of PBP training and Routine scanning and
findings in to existing WRD - roadmap for future future advancements in
practise procedural skill training neuraxial imaging
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Study 2, conducted in 112 pregnant patients scheduled for caesarean section,
showed that inserting the spinal needle below the intercristal line significantly
reduces the incidence of spinal anaesthesia performed at or above L2-3 interspace
compared to at or above intercristal line (absolute risk reduction of 38.2%, p<0.001),
thereby potentially improving the safety of neuraxial block administration by

decreasing the risk of direct spinal cord injury.

We developed and validated metrics for use as an objective assessment tool for
labour epidural catheter placement. This assessment tool was then used to provide
training on labour epidural catheter placement with a proficiency-based progression
(PBP) method using a simulator. This form of training was then compared to a
simulation-only training method in 17 novice anaesthetic trainees. Epidural analgesia
failure rates in 140 patients receiving epidural analgesia subsequently administered
by these trainees was then compared. PBP reduced the incidence of epidural failure
by 46.3% compared to simulation only group (epidural failure in simulation only
group = 28.7%, epidural failure in PBP group = 13.3%, p=0.04). This study, conducted
between September 2013 and September 2016, is the first “end to end” study of its

kind to show benefit in terms of patient outcome.

To improve the efficacy of neuraxial block we conducted three research projects. In
study 3 we sought to better understand neuraxial ultrasound imaging, by comparing
lumbar MRI imaging and neuraxial ultrasound in 21 patients, a total of 79
interspinous levels. It was observed that facet joint degeneration correlated
significantly with poor neuraxial ultrasound views. The odds of obtaining a poor view
in neuraxial ultrasound was seven times higher in the presence of facet joint

degeneration (95% Cl 1.7-28.9, p=0.007).
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In study 4a, we endeavored to improve the efficacy of spinal anaesthesia
administration by comparing a pre-procedure ultrasound-guided paramedian
approach with a conventional midline approach in 100 patients scheduled to undergo
lower limb joint arthroplasties. It was observed that the number of passes to achieve
successful dural tap was significantly lower in the ultrasound group (mean 4, SD 4)
compared to the conventional group (mean 8.2, SD 12.3). The number of passes and
attempts in ultrasound group was 0.34 (p= 0.01) and 0.25 (p=0.002) times

respectively compared to the conventional group.

We attempted to further refine the pre-procedure ultrasound-guided paramedian
technique for spinal anaesthesia. In study 4b, in 120 patients, we compared a
conventional landmark-guided midline technique with a pre-procedure ultrasound-
guided paramedian technique at the L5-S1 interspace. We found no difference
between groups in the number of passes or attempts to achieve successful dural

puncture.

Thesis implications

The aim of the thesis was not to comprehensively address all aspects of neuraxial
blocks but to focus on three clinical areas where neuraxial blocks are a preferred
anaesthetic modality: Caesarean section, labour epidural analgesia and lower limb
joint arthroplasty. We demonstrated significant potential improvements in all three

aspects of neuraxial blocks — safety, efficiency and efficacy.

Caesarean section constitutes 18.6% of the deliveries conducted worldwide ! and
80% of Caesarean sections are performed under neuraxial anaesthesia®>. In the
editorial accompanying our study ° the importance of avoiding L2-L3 interspinous
space in administering spinal anaesthesia for caesarean section was stressed and
based on our study findings’, the editorial suggested “In the meantime, or until

something better comes along, the best chance of avoiding L2-L3 with surface
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anatomy palpation might be to follow the maxim: “Feel a space, down one place:

bone pokes through, go down two”’.

The ideal solution is to perform neuraxial ultrasound in every patient receiving spinal
anaesthesia for caesarean section. But ultrasound is not yet in routine clinical
practice for performing neuraxial blocks.® In low income countries, where neuraxial
blocks are increasingly utilized for caesarean sections®, the opportunities to perform
pre-procedure neuraxial ultrasound scanning are very limited, at least at present. As
our study suggests, a simple modification of the surface landmark palpation
technique significantly improves the safety of spinal anaesthesia, without the routine
use of neuraxial ultrasound. Widespread implementation of this study has the
potential to improve safety of a commonly performed anaesthetic technique

worldwide.

The successful outcome of the “end to end “ study on PBP training methodology is a
demonstration of proof of concept for this approach to procedural skill training in
the medical profession. This could potentially form the blueprint for future
procedural skill training and assessment, not only in the field of anaesthesia but in
medicine as a whole. One of the other important components of our study design
was the exclusive use of wearable recording devices (WRD) for video recording.

We believe these two independent advances, one technical (WRD) and the other
methodological (PBP)'° may act synergistically to enable consistently effective

training in procedural skills in future.

Video recording has traditionally been linked to the training of procedural skills
largely in the form of instructional “how to” segments. Recognition of the value of
video recording in the detailed, “analytical” assessment of such skills is relatively
recent.!! Advancements in digital technology, and in particular, wearable recording
devices have made feasible the integration of such technology into routine or
standardized training of medical procedural skills. In recent years, head-mounted,
high resolution audio-visual recording devices (such as Google glass and GoPro) have
been studied in the setting of medical training.'?'® These WRD’s offer some

156



additional benefits over traditional teaching methods and video recordings in the
acquisition and maintenance of technical skills. First, with improvements in wearable
technology — in particular the decreasing footprint of such devices — WRDs have
become truly non-distracting to the operator and as a result they may influence
operator performance to a lesser degree. Importantly this distinguishing feature of
WRDs has the potential to decrease the Hawthorne effect and observer bias that may
be associated with more traditional methods of direct assessment.!” Second, WRD’s
facilitate true deliberate practice by allowing operators to repeatedly and objectively
self-assess against both procedure-specific validated metrics and their individual
performances, removing some of the limitations of perceived self-efficacy to
estimate competency or expertise. The wearable recording device alone will not be
sufficient (as it simply enables acquisition of more data) but these devices can be

central to acquiring digital recordings without consuming the learner’s attention.

The success of PBP is dependent on the definition and recognition of specific
observable behaviors. In addition to defining procedure-specific metrics and errors,
PBP requires the establishment of performance benchmarks based on a mean of
expert performance. Trainees are instructed specifically and practise to achieve those
benchmarks, at first in a simulated setting. Having achieved proficiency in a simulated
setting, we propose that each trainee uses i) the characterised reference procedure
(in the form of a set of metrics/errors) and ii) a WRD and mobile device for download
and review, in the clinical setting. These tools together enable the trainee to
recurrently review and update versions of their own performance of particular
procedural skills. They are thus enabled to continue deliberate practice and self-
assessment on a daily basis whilst the degree of “real time” clinical supervision is

unchanged.

Our proposed approach is that each procedure the trainee subsequently performs in
the clinical setting is recorded using a WRD; and that they perform a formal self-
assessment of each procedure. The trainee is generally motivated to self-
improvement and so performs self-assessment diligently; he or she should also bring

a detailed and developing knowledge of their own performance to each successive
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review. The clinical supervisor will review a sample of video recordings of
performance and score them against the benchmarks, independently of the trainee.
This review will supplement the supervisor's memory of live observation in
determining feedback and allow “sign off” for a particular skill. The selection of
performances for review as well as the timing of the review(s) may be dictated by
trainee or trainer or by the duration of a training module. The paradigm shift in
procedural skill training which we describe here may address the deep misgivings
that many trainers and trainees have regarding current practices for supervision and
especially “sign off”. However, this process is completely new to procedural skill
training and we do not underestimate the cultural shift required to successfully

integrate this suggested approach into “real world" training.

In the longer term, this synergy also offers an ideal opportunity to evaluate the
association between physician performance and clinical outcomes. To achieve this, a
useful adjunct is the current emphasis in clinical outcomes research on the creation
of digital repositories and patient registries to standardize data collection and
promote collaboration among researchers. This development will promote the
effective use of digital data derived from WRDs and will ensure high-quality large
databases are used to inform decision-making. If we label the data acquired by WRD
from a procedure as a “visual dataset”, the potential applications, beneficiaries, and
implications of using WRDs in conjunction with objective procedure characterization

in healthcare are summarized in the Figure 7.2.

Routine pre-procedure neuraxial scanning has not been shown to improve the
number of passes or attempts needed to achieve successful dural puncture in
previous studies.*®1° In our study (4 and 4a) we were able to show that routine pre-
procedure scanning is beneficial and feasible in a routine clinical setting provided
equipment and expertise are available. We discussed the limitations of routine use

of neuraxial ultrasound earlier in this thesis. We believe however, it will become
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Figure 7.2: Potential applications and beneficiaries of data obtained from WRD in

conjunction with objective procedure characterization
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the standard of care in future. While study 1 attempts to improve safety of neuraxial
block even without the routine use of ultrasound (reflecting current practice), study
4a and 4b focuses on the best possible use of neuraxial ultrasound when expertise

and equipment are available (future scope of practice).

The future of neuraxial imaging is constantly evolving. Emerging technologies such as
GPS guidance??, real time ultrasound guided techniques?!, 3D and 4D ultrasound 22

are being actively explored to facilitate performance of neuraxial blocks.

Currently rapid integration of technology into clinical practice is happening across
various domains. We demonstrated that enhanced operator performance using
technological advancements resulted in improved safety, efficacy and efficiency of
neuraxial blocks. As clinicians and researchers, it is our responsibility to facilitate this
integration in a scientific manner with advancement in patient safety and quality of

care as the guiding principles.
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Spinal anaesthesia for caesarean section: an ultrasound
comparison of two different landmark techniques
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ABSTRACT

Backgromd: Spenal anaesthesia pesformad ul level higher than the L3 4 intervertebral space may result in spinal cord injury. Our
alm was 10 establish 4 protocol 1o reduce the ch ol spanal anaesthesia performed at or above 12-3,

Methods: One hundred and ton consenting patients at 32 weeks of g or grester scheduled for non-emergency caesarean
section under spenal anaesthesia were randomly allocated 1o have neadke insertson performed at an interverebral space determined
by one of two landmark technigues. In Group A, if the intercristal fine intersectod an intervertebral space, this space wis selected
ot if the intercrstal lne intersectad a spinous process the space immediasely above was selected. In Group B, if the intercristal line
miersected an intervertchral space or @ spinous process, the miervertebral space immediately below was chosen, The actual inter-
vertebral space ch was wentified using ull d by a blinded investigator.

Resales: In Group A, an imesvericbral space ot or above L2-3 was marked in 25 (45.5%) patients compared with 4 (7.3%) in
Group B (P <0.001). In 5/55 (9.1%) patents in Group A, the intervertebral space initially chosen was L1-2 whereas this occurred
m no patient in Group B. There was no difference betwoen groups in number of needle passes or attempts, onset of block at §, 10
and 15 mm or need for rescue analgesia.

Conduskon: Our data suggest that when performing spinal anacsthesia in pregnant patients, if the interenstal line mtersects an
miervertebral space then the space below should be chosen and if the interenstal line intersects & spenous process then the mtees

space below should be chosen. This will reduce the incidence of spinal amsesthesia performed at or above 12-3.

@ 2014 Elsevier Lid. All rights reserved.
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Introduction

Spinal anaesthesia 18 the commonest mode of anacsthe-
sia for caesarean section.'” Permanent neurological
complications following spimal anaesthesia, although
rare, can have devastating consequences.” | Selecting
an appropriate intervertebral space B important to
avoid spinal cord damage during needle insertion.

The intercrstal line 18 conventionally used 10 ientify
the vertebral interspace wed for spinal anaesthesia, This
may intersect the midline anywhere from L1-2 w
L4-5"" There is considerable variation within
aniatomy and anaesthesia textbooks regarding the level
at which the intercristal line crosses the midline.' ™
Currently, there is no consensus for selecting an inter-
vertebral space based on the intercristal line; selection
of an interspace at, above or below the mitercrstal line
is fargely based on mdividual discretion. It has been
shown previously that expenenced angesthetists were
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able 1o correctly identify the lumbar intervertebral space
in only 29% of patients.” In the obstetric population,
32-48.5% of neuraxial blocks are performed at & more
cephalad level (s high as L1-2) than orginally
intended.” " The importance of avoiding spinal anaes-
thesia at or above 12-3 cannot be overstated as, basad
on previows studies on the level of termination of spinal
cord and considering the angle of insertion of the needle,
it is possibke that a needle inserted at L2-3 might reach
the conus medullaris in 4-20% of occasions.”

Our am was to develop un objective guide for selecting
the appropriate intervertebeal space based on the pal-
pated intercristal line. The hypothests was that by select-
ing an intervertebral space below the intercristal line,
the incidence of spinal anaesthesia performed at or above
L2-3 would be decreased without increasing the number
of attempts, number of passes or the failure rute.

Methods

Following approval by the Ethical Commuttee of
National Maternity Hospital, Dublin, reland, 110 preg-
nint patients with gestational age of 32 weeks or grester
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undergoing non-emergency cacsirean section under
spmal unaesthesia who consented for the study were in-
cluded, Patients with previous spinal surgery, known
spmal deformity or in whom the anaesthetist could not
palpate spinous processes or intervertebral spaces were
excluded.

This was a prospective, randomized, double-blind
study with patients randomised wsing  computer-
generated random numbers o one of two groups
Group codes were enclosed m sealed envelopes and were
seen only by the anaesthetist performing the block. The
patient and the anaesthetist performing ultrasound were
blinded to the study group. The ansesthetist who was
normally assigned to the theatre pesformed the spinal
anagsthetic. The experience of the staff varied from tras-
nee anaesthetists with =1 year of expenence to consul
tant anaesthetists.

In Group A, if the intercristal line intersected an
intervertebral space, this space was selected or if the
intercristal line intersected a spinous process the space
immediately above was selected. In Group B, if the
intercristal line intersected an intervertebral space or 4
spmous process. the intervertebral space immediately
below was chosen,

In the operating room, all patients were positioned sit-
ting for spinal anaesthesia after applying routine moni-
tors and securing mtravenous access. Patients were
seated on the edge of a level operating table with their feet
supported by a footrest, They were requested to hug i pil-
low und flex their neck, buck and hips. An assistant sup-
ported the patient during performance of the block. The
anaesthetist marked the level on the back as per the study
group. To identify the intercristal ine, a standurd proto-
col using both hands simultancously to palpate the iliac
crests and using the thumb to identify the midline at the
same level was employed. Anaesthetists were instructed
to open the sealed envelope and mark only the selected
intervertehrul space on the back with i skin marker before
scrubbing. No other mark was allowed to ensure blinding
of the investigator performing ultrasound.

One of the four authors, each of whom had pnor
experience with neuraxial ultrasound (>75 neuraxial
ultrasound examinations before the study) and were
blmded to the study group, performed ultrasound eval-
uation of the marked mtervertebral space. Portable
ultrusound equipment with a curved 2-5 MHz probe
wis used (Venue 40, 4C.SC curvilinear probe, GE
Healthcare, Wauwatosa, WI, USA). Initially, & parame-
dian sagittal oblique view was used and the sacrum iden-
tified after which the interfaminar space between LS and
S1 was noted. Subsequent intervertebral spaces were
identified by counting the interlaminir spaces up from
L5-S1. At cuch interspace the mterlaminar space was
centred on the ultrasound screen and the corresponding
point on the skin at the middle of the long axis of the
probe wits noted. The interspace corresponding to the

skin marking was thus identified and documented. If
on scanning the interspace was found to be LI-2 or
higher. the anaesthetst peforming the block was ad-
vised 1o perform needle insertion two interspaces kower;
these patients’ data were induded for analysis of the pri-
mary outcome. The intervertebeal level dentified by the
ultrasound was not conveyed to the anaesthetist per-
forming the block,

Full aseptic precautions were used for performing the
spinal unaesthesia (unaesthetist scrubbed with cap,
muask, stertle gown and gloves). Lidocaine was used for
skin infiltration. A 25.gauge Whitacre spinal needle
was used with an introducer. Hyperbaric bupivacaine
10-12 mg with or without fentanyl i5 pg und morphine
100 pg was wed for all patients. If more than one ut-
tempt was needed for performing spiml anaesthesia,
the anaesthetist could choose the sime interspace or &
different interspuce for subsequent sttempts which was
left to therr discretion. Attempts at or above L1-2 were
not allowed at any stage. In addition to the initial level
marked, the final level at which the spinal anaesthesia
was performed was noted.

The primary endpoint was the difference between
groups in the proportion of mterspsces marked at or
above L2-3. In addition, demographic varibles, gesta-
tional sge, the expenience of the ansesthetis, the number
of needle passes (number of times the spinal needle was
withdrawn and redirected in the same interspace without
exiting the skin) and the number of attempts (number of
times the spinal needle was withdrawn from the skin)
were noted. Additionally, the presence or absence of
paraesthesia or radicular pain during needle placement
und injection, dose of bupsvacaine and opioid, level of
block (loss-of-cold sensation) &t 5, 10 and 15 min and
need for rescue analgesia and conversion to general
anaesthesia were noted. All patients who had puracsthe-
sie or radicular pam were followed up between 12 to
24 h post-procedure. In cases of persistent radicular
symptoms. the patients were further cvaloated and
followed-up as per department guidefines.

Statistical analysis

Based on a previous study by Locks et al.'” we estimated
that if spinal anaesthesia were performed at or above the
level of the palpated intercristal line, the incidence of
needle insertion #t or above L2-3 would be approxi-
mately 44%. We hypotheszed that. by consistently
sekecting an interspace below the palpated intercristal
line, we could decrease the inadence to <1074, A study
with 535 patients in cach arm would have at keast 80°%
power to detect a différence between these proportions
with @ level of significance of 0.05.

Continuous viriables were mspected for spproximute
normal distribution by visualising hsstograms. The pri-
mary analysis set consisted of the imtention-to-treat
(ITT) population. Age uand gestational age were
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nomally distnbuted and were compared with a two-
independent samples t test. The distributions for weight,
body misss index and anaesthetist’s experience showed
positive skew and were compared using the Mann-
Whitney U test. Categorical variables were compared
with the Pearson chi-square test. In cases where cell
counts were low, 7 vulues were checked using Monte
Cardo permutation, Analyses were performed  using
IBM SPSS Statistics version 20 (IBM SPSS Inc..
Chicago, IL, USA),

Results

A total of 128 patients were approached for the study.
Ten patients refused consent and six did not meet the
inclusion criteria before randomization (1 <32 weeks
of gestation, 2 previous spinal surgery, 3 lundmarks
not palpable). The remaining 112 patients were random-
ized 1o the two study groups, Two patients were
excluded from Group A following rundomization
(1 spinous processes not palpable ufter positioning.
I murked mterspace could not be utilized as the patient
had a wttoo at that level), The remaiming 110 patients

received the allocated intervention. were followed-up
and had results induded for analysis (Fig 1),

Patient characterstics, panty, gestational age und
anacsthetist expenence were similar between the two
groups (Tuble ). The proportion of patients in whom
the intervertebral space was marked at or above L2-3,
was  significantly  different  between  groups:  25/55
(45.5%, 95% C1 32,3 10 58, 7%) in Group A versus 4/53
(7.3%, 95% C1 0.4 1o 14.2%) in Group B (P <0.001). In
Group A, §/55 (9.1%) patients hud the L1-2 vertebral
interspace marked versus no patient in Group B (Table 2).

There was no difference between groups in the num-
ber of needle passes, number of attempts, incidence of
paraesthesia or radicular pain, onset of block at 5, 10
and 15 min, dose of intrathecal opioid or need for rescue
anplgesia (Table 3). The number of cases where the
anuesthetist was not able to perform spinal anacsthesia
at the marked intervertebral space and had to select o
different space was similar between the two groups.
One patient in Group A was converted to general anaes
thesia because of intraoperative bleeding | Tubke 3). The
structure palpated at the level of the intererstal Ime was
similar between the two groups ( Table 4).
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Table 1 Patient characteristics and experience of the
anaesthetist
Group A Group B
(n = 35) (n=35)
Age [ years) MO+50  338+44
Gestational age (weeks) BWo+15 388=13
Height (em) 1643 =063 1639+73
Weight (kg SI8+156 833+ 185
Body mass index (kg/m’) W4+57 II£ET
Panty
n D016,4%) T2
I 3l (56.4%) 27 (4%.1%)
2 D640 16(29.1%)
3 509.1%) B ‘7.3‘5‘1‘]
4 1 (18%) 1 (18%)
Expenienoe of anoesthetist (vears) 68 +54  55+52

Daty are mean £ 8D or number (%) No sigmficant differences
betwoen groops.,

Table 2 Intersertebral space marked

Group A Giroup B P value

in =355 {m= 55
L1-2 S(91%) 0 (005) <0001
L23 20| 36.4%) 4(7.3% <0.001
L34 27 (49.1%) 31 (564%) <A1
L4-5 3(5.5%) 14 (25.5%) <0.001
L5 SI () 6 (10.49%) <0000
Data are number (%),

According to the study protocol, mine patients
(164%%) i Group A and seven (12.7%) n Group B
had spmal anaesthesia performed at an mtervertebral
space that was different (above or below ut the anaesthe-
tist’s discretion) to that mitially marked because of
difficulty n performing the block at the marked inter-
space. When this subgroup of patients was compared

Table 3 Details of subarachnoid block

Table 4 Structure palpated at the intercristal line

Group A Group B

(n=733) th=353)
LI spinous process ] 0
L1-2 intervertebral space 2 0
L2 spanous process 4 Bl
L2-3 interveriebral space " 14
L3 spinous process § 17
L34 imtervertebral space 17 1]
L4 spinous process 10 3
L4-5 interverieheal space 3 R
LS spanons process 1] 2
L5 S1 imtervertebral space ] 0
Dati wre number.

with the rest of the study population, no difference
was noted in patient demographics or the experience
of anaesthetist (Table 5).

As the anaesthetist could choose a diftferent interver-
tebral space if they were unsuccesstul n their mitial at-
tempt, there  were  differences in the marked
intervertebral space and the intervertebral space at
which spmal anaesthesa was actually  performed
(Tuble 6). On amalysmg these data, semificantly more
patients in Group A (=22, 44, 95% CI 27.1 10
52.9%) compared with Group B (n = 8§, 14.3%, 95% C1
5.2 10 23.8%) had their spinal anaesthesta performed
at L2 3 (£ = 0.003) indicatng that the intervention also
reduced the proportion of blocks performed at or ubove
the L2-3 level.

Discussion
Our study showed that in pregnant patients, selecting an

tervertebral space below the palpated mtercrstal hine
significantly decredses the chances of spinal anaesthesia

Group A Group B

(n=35) (n=35)
Spinous process ut imterenstal line 36 165,5%) 2032
Intervertebral space at mterenistal fine 19 (34,50 26 147.3%)
Number of needle passes 2021138y 213(1.76)
Number of attempts 14=07 14407
Block performed at different leved 4(7.2%) T{I2.74)
Paraesthesa 6 10.9%) 417.3%)
Rudicular pain 1 (L8%) 040
Volume of 0.5% hyperbark: bupivacaine (mL) 210l 21+00
Patients receving intrathecal fentanyl 43(78%) 45(81%)
Patients recaving intrathecal morphine A9 (85) 49 (85)
Block kevel itbove TS a1 Smin 47 (83%) 48487
Block kevel ubove TS at 10 and 15 min 55 (1Ns) 5510y
Rescwe analgesia reguared 384 3540
Converson 1o general anuesthesia | (L8%) (I

Datin are mean + SD or number (%4), No sigmficant differences between groups.
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Table 5 Comparison of patient subgroup with spinal performed at the selected Tevel yersus patients with spinal

performed at a different level

Spinal performed
at different level

Spinal performad
it selected Jeved

Group A
Group B
All patsents
Age (vears)
Height (em)
Weight (kg)
Body muss index (kg/m’)
Expenience of anuestbetsst (years)

2116.4%) 46 (83.6%%)
7 (27%) 4% (87.3%)
Mi=i6 IR +45
1632 =69 1642 =68
8374+ 120 8244 16,0
A6 =51 0.6 & 58
IK1590] 40715 100]

Datas are mumber {441 nveun = SD oc median [interquurtile ranpe]

Table 6 Level at which spinal anacsthesia  was
performed

Groap A Group B

(n =55 (n = 55)
L2-3 2 (4o 51480
Li4 30 {3450 27 (49.1%)
L45 3550 15127.3%)
L5 S D) S9.0%)
Dats are sumber (Y4)

bemng performed at or above L2 3 and possibly elinm-
mates the risk of it being performed ot L1 2 or above
To our knowledge, this is the first study comparing
two different landmark technigues for performing spinal
anesthesia m pregnant patients.

Spinal janaesthesu is preferably performed at or be-
low L3-4 1o avosd the potential risk of spinal cord mjury
as the conus medullans reaches the upper part of the
body of L2 in 48% of women,™ In all seven cases of per-
manent cord mury (6 obstetric and 1 surgmeal) reported
by Reynolds.” spinal (or combined spinal-epidural)
anaesthesia was performed at or above the L2-3 nter-
vertebral space

The palpated intercristal hine and the radiological
mtercristal line (Tuflier's line) are distinct entities. The
former s the most important landmark used during per-
formance of spinal aniesthesia. There is poor correla-
tion between the intervertebral devels  at which the
palpated and radiological intercristal lines cross the mid-
line. In non-pregnant patients, Chakraverty et al ™ com-
pared the level of agreement between palpated and
imaged intercristal lnes. They found that m 88% of
cases, the palpated mtercristal line was one or more
intervertchral spaces higher thun the radiological nter-
cristal line. In pregrant patieats, the presence of hyper-
lordosis, exaggerated pelvice rotation, weight gain and
decreased ability o flex the spine, makes the clinical esti-
mate of the inferverichral space even higher. So
although Tuflier's line most commonly intersects the
L4 spinous process or the L4-3 interspace,” the pal-
pated mtereristul ine is likely 1o sdentify @ higher inter-
vertehral space in pregnant patents.

Only three studies have been performad 1o wenuly
the position of palpated intercnstal line in pregnant pa-
tents.”” ' It corresponded to L2-3 and above in
33.51% of patients.'*"* The results from our study are
similar, with the palpated intercristal line corresponding
10 123 and above in 45 8% of patients in Group A. In
Group B, only 7.3% had levels marked at L2-3. Our
Landmark technijue Is simple and reproducible with
the additional strength that it is based on palpation of
the ihiac crests without using ultrasound which makes
1t easily apphcable v daily practice.

Ultrasound 15 not yet routinely used in chinical prac-
tice for performing neuraxial blocks in all units.™® The
expertise needed for neurasial wtrasound, the additional
time required for sconning. cost, the need for equipment
at the bedside, and urgency 1o perform spinal ansesthe-
sk in some patients mean that chmically palpated land-
mirks are still used in the majonity of cases, Hence, it
IS imperative 1o try to improve the accuracy of palpated
landmarks. It is also mportant to note that no patent in
Group B in our study had the L1-2 vertebral imterspace
marked versus four patients in Group A, In previous
studies, performing spinal anaesthesia at lower mlerver-
tebral spaces has been associated with delay in onset of
block height. 7" Similar studies in pregnant paticnts
have not been conducted. In our study no difference
was noted between the two groups 1 terms of the time
of onset, fevel of block or quality of analgesia. The need
for supplemental analgesia was similar between the two
groups. It is often perceived that spinul anacesthesia
might be difficult to perform at lower lumbar intervere-
bral spaces. In our study. no difference between groups
was noted in the number of attempts or the number of
passes required, although we did not record the time re-
quired 1o perform spinal anacsthesia,

We could not find any direct studies companng the
position of the intereristal line in the sitting versus the
lateral position. In a mdiological study, Kim et al. noted
that with full flexion of the lumbar spine, the position of

the interenstal Jine in refation 1o the spinous process.

shghtly moved caudally from L4 to L4-5, but it re-
mained a1 the same level in 58V of patients.” Thus,
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we suggest that the position of intercristal fme may not
ditfer significantly between the sitting and kateral posi-
tions, Also the ability of term pregnant patients 10
achieve adequate flexion at the hips even in the lateral
position can be hmited. Hence, we believe that it is rea-
sonable to extrapolite the results of our study to the lat-
eral position.

Our stody has imitations, Firstly, although the land-
mark technique vsed m Group B reduced the madence
of marking an intervertebral space at or above L2-3
compared with the techmgue in Group AL it may not to-
tally eliminate the risk of needle msertion at L2 3,
Future studies with further refinement in the landmark
technique could possibly ehminate the risk of spinal
anaesthesia performed at L2-3 without the use of
ultrasound. Secondly, ultrasound sccurately identifies
a spinous process or interspace in only 68-76%0 of
cases. ™ Accuricy of 90% or higher is possibk with
training. "' In our study, all four ansesthetists had previ-
ous experience with neuraxial ultrasound. Of note, lum-
barisation of sacral wvertebrae and sacralisation of
lumbiir vertebrate are hikely to be missed by ultrisound
as they can be reliably identifiad only by Xeray.'*™"
Thirdly. the experience of the anaesthetist performing
spinal anaesthesia varied from I year to =10 years in
our study, Because of the nature of our stafling, it was
difficult to restrict spinal anaesthesia 1o more experi-
enced anaesthetists. However, as there was no significant
difference between the two groups in terms of experience
of anaesthetist, our study should reflect a reak-life
situation, Fimally, there i likely 1o be mter-andividual
variability in identifying the fevel where the mtercristal
line crosses the midline. As it does not always cross
exactly at a spinous process or intervertebral space a cer-
tain degree of clinical judgment i needed. "

Close inspection of our results oflers options for fu-
ture studies 1o further decrease the nsk of needle nser-
tion at L2-3. In the four patients in Group B i whom
the Jevel marked was L2 3, the anaesthetist palpated o
spinous process and marked the intervertebral space be-
low it. So potentally, if’ one selects two intervertebral
spaces below a palpated spinows process at the miercri-
stal line or selects one interventebral space below if an
intervertebral space is palpated, the risk of needle inser-
tion at L2-2 or above could be further decreased. If this
technigque were used, the fowest possible space that one
might encounter would be L5-SE: m all patients who
had L3 ST marked, the anaesthetist palpated an mnter-
vertebral space and marked one space below 1t Also.
previous studies have shown that the palpated mitercn-
stal line was never lower than L4-5 in pregnant
patients™ " which suggests that in addition to u de-
creased incidence of needle insertion a1 L2 3, with the re-
wised technique there is a theoretical possibility of not
increasing the failure rate, Future studies with suggested
new landmark technigues could confirm our findings.

Future studies could also focus on other patient groups
in whom spinal anacsthesia is commonly used.

Iy summary in pregnant patients, i one palpates the
intervertehral space at the intercristal line a spuce below
should be chosen for needke mserton. When a spinous
process 1s palpated. the space below should be chosen.
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Conventional landmark-guided midline versus pre-procedure

ultrasound guided paramedian techniques in spinal anaesthesia

Regilonal Anesthesia
Section Editor: Terese T. Horlocker

Conventional Landmark-Guided Midline Versus
Preprocedure Ultrasound-Guided Paramedian
Techniques in Spinal Anesthesia

Karthlkeyan Kallldalkurichi Srinivasan, MBBS, FRCA, FCARCSI, MRCPI, MD.*
Gabriella lohom, MD, PhD,*t Frank Loughnane, FFARCSI,* and Peter J. Lee, FFARCSI, MD*t

BACKGROUND: Multiple passes and attempts while administenng spinal anesthesia are asso-
clated with & greater incidence of postdural puncture headache, paraesthesia, and spinal hema-
toma. We hypothesized that the routne use of a preprocadural ultras paramedian
tequuehtsphmlmﬂmslswmﬂdmdunemenumberotpessesmqulredlowievem
into the subarachnoid space when compared with the conventional landmark-guided midline

approsch,

METHODS: One hundred consenting patients schaduled for alective total joint replacements
{hip and knee) were randomized into group € (conventional) and group P (preprocedural ultrs.
soundguided paramedian technigee) with 50 in each group. The patients were biinded to the
study group, All spinal anesthetics were administorod by a consuftant anesthesiologist. In group
C, spinal anesthetic was done via the midline appeosch using clinically palpsted landmarks, In
group P a preprocedural ultrasound scan was used to mark the paramedian Insertion site, and
spinal anesthetic was performed via the paramedian approach.

RESULTS: The average number of passes (defined as the number of forward advancements of
the spinal needie in a given interspinous space, |.e., withdrawal and redisection of spinal neadle
without euting the skin) In group P was Lledy 0.34 times that In group C, a difference
that was statistically significant (F = 0,01). Simiarly, the average number of attempts (defined
as the nurmber of times the spinal needle was withdrawn from the slin and reinsarted) in group
P was approxdimataly (.25 times that of group C (P = 0.0021). In group B on an average, It took
81.5 (994 confidence interval, 68.4-97 seconds| seconds longer to identify the landmarks
than in group € (P = 0.0002). Alf other parameters, Including grading of palpated landmarks,
time taken for spinal anesthetic injection, periprocedural pain scores, poriprocedural patient dis-
comfort visual analog scalo score, corersion 1o general anesthetic, paresthesia, and rsdcular
pain during needle insertion, were similar between the 2

CONCLUSIONS; Routine use of paramedian spinal anesthesis in the orthopedi; patient popu-

lation Undergoing joint replacement sungery, guided

by preprocedure witrasound exam

sighificantly decreases the number of passes and attempls needed 1o enter e subarachnoid

apace.  [Anesth Analg 2015;121:1089.55)

landmark-based “bBlind” technique. Multiple passes

and atternpts while administering spinal anesthesia

are associated with a greater incidence of postdural punc-
ture headache, paraesthesia, and spinal hematoma*?

Real-time and preprocedural neuraxial witrasound tech-

niques have been used 10 improve the success rate of spinal

anesthesia. Information on the wse of neal-time ultrasound-

suided spinal anesthesia has, to date, been limited 1o case series

and case reports** 1ts use may be limited by the requirement

for wide-bore needles and the technical difficultses associated

Sptml anesthesia is widely performed using a surface
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with simudtaneous ultrasound scanning and needle advance-
ment* Thw wse of preprocedumml ultrasound has been shown
o increase e Hrst-pass suooess rate for spinal anesthesis
only m patients with ditficult surfaco anatomic landmarks*
No technique has been shown 10 improve the success riate of
dural puncture when applied routinely fo all patients ®

Studies on preprocedural ultrasound-guided spinal tech.
niques have focused on o midline spproach using o trans-
verse median (TM) view. The parasagittal oblique {(PS0O)
view consistontly offers a better ultrasound view of the
neuraxis compared with T™ views.” However, no studies
have been conducted to assess whether these superior PSO
views translate into easier paramedian needle insertion

We hypothesized that the routine use of preprocedural
the ultrasound-guided paramedian spinal technique results
In fewer passes required to enter the subarachnoid space
when compared with the conventional landmark-based
midline approach,

METHODS

This was a prospective, randomized, controlled study per-
formed from February 2014 to May 2014, After approval by
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172



Ultrasound-Guided Ir'.;.‘.lmrrdxranr‘:pbuli

the Clinical Research Ethics Committee of Cork Teaching
Hospitals {ref no. ECM 3[j] 04/02/14), all consented patients
scheduled to undergo elective total knee or total hip arthro-
plasty with spinal anesthesia were included in the study, A
written informed consent was obtained from all patients,
Those with contraindications to spinal anesthesia (allergy to
local anesthetic, coagulopathy, local infection, and indeter-
minate nesrological disesse) were excluded from the study.

The patients were randomized using random number-
generating software (Research Randomizer verston 4.0) to
undergo either conventional landmark-guided spinal anes-
thesia (group C) or preprocedural ultrasound-guided para-
median spinal anesthesia {group M. Group allocation was
concealed by enclosing the codes in a sealed opagque enve-
lope seen by the attending anesthesiologist Immediately
before performing the procedure. In both groups, spinal
anesthesia was performed by 1 of 3 consultant anesthesi-
ologists, each having performed >75 neuraxial ultrasound
scans before the study. On arrival to the anesthesia induc-
ton room, baseline monitoring (noninvasive blood pres-
sure, pulse oximetry, and S-lead electrocardiography) and
IV access were established. Patients in both groups were
then positioned sitting on a level trolley with feet resting
ot i fool rest. They were given a pillow 1o hug and were
requestod o maintain an arched back posture with an
assistant holding the patient to aid positioning. No seda-
Bon was given before or during the administration of spinal
anesthesia,

[n group C, the anesthesiologist palpated the landmarks
after positioning and graded the ease of palpation on a
d-point scale (easy, moderate, difficult, or impossible) as
described in previous studies™ The selection of interspi-
nous space was left to the discrotion of the anesthesiologist.
Strict asepsts was observed throughout the procedure with
the anesthesiologist, scrubbed before the procedure, weir
ing a mask and sterile gloves, The skin was prepared with
2% chlorbexidine (Chloral'vep 3 mL applicator; CareFusion

Corporation, San Diego, CA) after which 2 1o 5 mL of 1'%

fidocaine was used to infiltrate the skin. The anesthesiolo-
gist performing the spinal technigque was allowed to choose
the appropriate needle kength (90- or 119-mm 25-G Whitacre
needle), gauge (25-C or 22-G), depth, and angle of insertion
The type and dose of local anesthetic injected for spinal
anesthesia were at the discretion of the attending anesthe-
siologist. After completion of spinal anesthetic injpection,
and positioning the patient in the Lateral decubitus position,
ultrasound was used to identify the interspinous level at
which the injection was administered.

In group I a portable ultrasound unit {SonixTablet,
Peabody, MA) with a curved 2- to 5-MHz probe was used
for inital preprocedural marking, A paramedian sagittal
oblique view of the neuraxis was obtained, and the sacrum
was identified, after which the interlaminar space between
L5 and 51 was noted. Subsevpuent interspinous spaces were
identified by counting the interlaminar spaces in a cranial
direction, The interspinous space at which the clearest
image of the anterior \'umplx'\ (ligamentum flavam dura
complex [LFD]} and posterior complex (posterior longitu-
dinal ligament [PLL]D was obtained was selected. At the
selected interspace, and with the probe positioned 1o obtain
the cloarest ultrasound image, a skin marker was used to
mark the midpoint of the long border of the probe and the
midpoints of the short borders of the probe (Fig. 1). The
medial angulation of the probe was also noted to facilitate
guiding the insertion of the spinal needle, At the same hori-
zontal fevel as the midpoint of the long border of the probe,
the midpoint of the line drawn between the 2 short border
midpoints of the probe was used as paramedian insertion
paint for the spinal needle (Fig. 2). A T™M view at the same
level was also obtained, and the midline was marked, This
marking was used o aid the medial angulation of the spi-
nal needle (Fig. 1), Both SO and T™M views were graded as
good (both LFD and PLL visibie), intermediate (either LFD
or I'LL visible), and poor (both LFD and PLL pot visible),
After skin marking, care was tiken to make sure that the
needie entry site was froe of altrasound gel betore needle

Flgure 1. A, Skin markings with the probe positioned to get the best possinie parasagittal obligue (PSO) view of neuraxis. B, Micpoint of
the long barder of the probe marked In transverse median (TM) view, LFD = |igamentum favum durd complexs PLL « pasterior longitixdinal

ligamant
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Figure 2, Paramocian skin antry point shown after skin markings.
15 markea at the Intersection of the lines joining midpoint of the long
border of the prabe and midpont of the short border of the proba
marsed during parasagital abique (FSO) view. Tha méidpont of tha
long border of the prote in transverse madian (TM) view was used
to gid the medial anguiation of the neadle ¥ addition 10 probe sngle
in PSO view. MP = midpoint; LB = long border: SB = Short bordér,

msertion. In group I\ the anesthestologist did not palpate
the landmarks for grading until the spinal injection was
complete. Spinal anesthesia was performed in the same
asaptic manner as mentioned cardier,

In both groups, the anesthesiologists were given the
option to use alternative methods if 3 atempts were unsuc-
cessful. For patients in group C, another interspinous space
could be used or ultrasound used. For patients in group T,
a midline approach or a conventional landmark palpation
technigue could be wsed.

The outcomes were noted by a single observer for all
patients. Because of the nature of the study, the observer
could not be blinded to the groups. In addition to demo-
graphic details from the patients (age, sex, and height),
type of surgery and history of lumbar spine surgery were
recorded. History of a difficult neuraxial block was also
recorded in both groups. This was obtained from previ-
ous anesthetic records. Our hospital uses a standardized
electronte anesthesia record that requires description of the
grade of difficulty of spinal pertormance as “easy,” “ditf-
cult,” or “failed.” Only evidence previously documented by
the anesthesiologist noting the difficulty of the procedure
{spinal, epidural, or combined spinal epidural anesthesia)
was included.

A timer was used to record the vartous time Intervals,
Time for identifying landmarks in group C was defined as
time from which the anesthesiologist started palpating to
identify the landmarks for the completion of the process, as
declared by the anesthesiologist. In group P, [t was defined
as time from which the ultzasound probe was placed on the
skin to the ancsthesiologist declaring that the markings were
completed. Time taken for performing spinal anesthetic
was defined as time taken from insertion of the introducer
needle to the completion of ingection. The number of passes
{defined as the number of forward advancements of the spi-
nal needle in a given Interspinous space, Le., withdrawal
and redirection of spinal needle without exiting the skin)
ared number of spinal needle insertion attempts (defined as

October 2015 e Volume 121 « Number 4

the number of times the spinal needle was withdrawn from
the skin and reinserted) were noted " The number of passes
and attempts were recorded either until the completion of
spinal anesthetic or until the anesthesiclogist converted to
an alternate technique

Any radicular pain, paraesthesia, or blood in the spinal
needle was also noted. All patents who expericnced par-
sesthesia or radicular pain were followed over the next 24
hours, and any pationts with pessistent symptoms were
further evaluated as per department protocol. The use of
a long needle, that is, 1% mm 25-G Whitacre needle, was
also recorded.

In both groups after admindstration of spinal anesthesia,
patients were positioned on either left or right lateral posi-
ton, depending on the site of surgery and the type of bupi-
vacaine used (plain or hyperbaric). After positioning, and
betore administration of sedation, patients were asked for
their periprocedural pain scores (patients were specifically
asked to rate the pain in their back during administration
of spinal anesthesin) measured using an 11-point verbal rat-
ing scale (0 = no pain, 10 = most pain imaginable) and peri-
procedural discomfort scores measured using an 11-paint
verbal rating measured (U = no discomfort, 10 = maost dis-
comfort imaginable). Level of block (loss of cold sensation
tested with ethyl chloride spray) was noted 15 minutes after
spinal anesthetic injection. Type and dose of sedation (mid-
azodam with or without propofol infusion) were left to the
discretion of the anesthesiologist.

Study Outcomes

The primary outcome was the difference in number of
passes between the 2 groups, Secondary outcomes included
the following:

- Number of spinal needle insertion attempts

Time for identifying landmarks

Fime taken for performing spinal anesthetic

Level of block

. Incidence of radicular pain, paraesthesia, and blood
in the spinal needle

. Periprocedural pain

. Periprocedural discomtort score

L

N>

Statistical Analysis
Based on a previous study, we assumed that the average
number of passes per spinal anesthetic for an experienced
anesthesiologist would be 33 + 3.1 (mwan = SDIY We
hypothesized that by using a preprocedural paramedian
spinal. the number of passes could be reduced to 1.3, A total
of 38 patients in each group would have been needed to
achieve a power of 018 and type 1 error of <0.05. We ran-
domized 50 patients per group to allow for dropouts, All
data were analyzed based on intention to treat. Data were
analvzed for normal distribution using the Shapiro-Wilk
test. Categorical data were analyzed using the ¢° test or
Fisher exact test as appropriate. Normally distributed para-
metric data were analyzed using Student ¢ test. All tests
wese 2-tailed

For nonnormally distributed count data (passes and
attemnpts} that cannot have a value of zero and had nega-
tive binomial distribution, zero truncated negative binomial

wwwanesthesia-analgeda.org 1091
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Pagents meeting Inclusion
consent (n= 100)

| Randomised {n=100) I

Alccated and received
intenvention (n=50)

|

l Lost o follow-up (n=0] l

Flgure 3. Consort Tow sheet.

regression was wsed to examine the group effect. For other
variables that were nonnormally distributed, especially if
the data could not be approximated by log-normal distn-
bution, a bootstrap Independent samples test was applied,
because it 15 considered a better approach compared with
the Z-core procedure ™ Results for time variables were
based on 5000 bootstrap samples, For the variable dose of
mtrathecal bupivacaine, the %%, confidence interval (CI)
was based on 5000 bootstrap samples; variances in some
samples were zero; therefore, the I value was estimated
from 1000 bootstrap samples.

Time variables were reported with 10th and %0th per-
centile to provide information on the spread. Student ¢ test
for unequal varance (Welch method) gave 9%% CI within
15 seconds for time taken to identify landmarks and 16.2
seconds for time taken for spinal anesthetic administration
when compared with bootstrap.

For patient charactersstic variables and primary outcone
variable, a 2-tailed P < 005 was considered significant and 95
Cls wore reported. For all other outcome variables, a 2-tailed
P value <001 was considered statistically significant and %%,
Cls were reported. SPSS {(IBM SPSS Statistics for Windows,
Version 210, Armamk, NY) and STATA 121 (StataCorp LP.
College Station, TX) wene used for statistical analysis.

1082 www.onestheso-ancigada.org

Allocated and receivad
intervention (n= 50)

l

e |

RESULYS

One hundrad patients were d for suitability. All
patients gave their consent to take part in the study, and 50
were randomized to each group. All patients received the
allocated intervention. No patients were lost to follow-up,
and data acquisition was complote (Fig, 3). In one patient,
spinal injection was perfarmed in the lateral position
because of a vasovagal episode after local anesthetic infil-
tration. This patient’s data were included In the analyses,

The distribution of demographse data of the patients
{age, sox, and height), type of surgery, history of lumbar
spine surgery, history of difficult dural tap, and grading of
palpated landmarks was similar between the 2 groups with
the exception of weight (Table 1). The mean weight in group
C was 848 kg (SD = 14.4) vs 781 kg (SD = 17.8} ins group P
(P = 0.04), but there was no difference in body mass index
betwoen the 2 groups.

The mean number of passes (the primary outcome vari-
able) in group C was 8.2 (SD 12.3) vs 4 (SD 4) in group P
(Table 2). The average number of passes in group I was
approximately 034 times that of group C, and this differ-
ence was statistically significant (P = 0.01), The average
number of athempts in group I' was spprosimately 025
times that of group C (P = 0,0021; Table 2). Becawse of the
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Table 1. Patlent Characteristics in Group C and Group P

Levene test for
€. mean P, mean equality of variance,

Variables (SD)/m (%) {SD)/m (%) P value P valuet
Age 1t 652 (11.4) 634014) 003 045
Wnlght (kg)* 84.8 (14.4) TEL (17.8) Qa7 0.04
Height (o} 1.68 (0.08) 1.98(0.14) 0.08 a2
B (kgrm') 03447 28.57 (4.5) 0.99 0.08
Male 26 (52) 20404 - 023
Tpe of surgery

THR 20 (40} 28 (58) — 029

THR 28 (56) 20(a0) -

B/L TR 24 20 —
Previous lumbar spine surgery 36 o0 _— -
History of difiount spinal snesthetx: 162) oW -

BMI = body mass mdex: THH = total hp replacement; TKA « total kneo replacement; 8/1 « Mvlotorl

P valoes (2taled) comect to 2 dacmal places had the same value % equal |1 test) ond unegual varances (Weleh test)
“Ehaplo- Wik teats of nonmalty. age groee C (P = 0011 weght growp P (P = 0.04)

“Finher oanct heat

Table 2. Analysis of Number of Neadle Passes and Number of Attempts

Group C Group P Zeto d negative rosults*
Variables Mean (SD) Mean (50) 8 Exp (B) Cl Exp (8) P valve
Number of passes 82123) 40140 -1.07 032 99% Q1 (0.18-0.75) 001
Nuntber of aftempts* 1.98 (1.66) 128 (0.7) -1.39 0,25 99% € (0L077-0,7%h 0.0021
€l « corddence mterval.
*Ire dstnbution of the number of passes and mamber of attempts was highty skewed and all voluos usceod 1) he o B |

(STATA) was used 10 compare the 2 groups. A patient i the Daramedian grouf Nas an mpected numder of passes oqual 1o asp{-1.07) (Le, = 0.34) times that
of & patmat in the corvmntioesl 2o (P = D.OT), L., fewir passan are wepectod in the pacasadien group, Simbar andbeis apeiies for tamgts
Nuxbar of { Y Qutooe hie |, the sigrefe wis oit ot P~ 0.01, and 9% contdanca inervals ware cutouatad

Table 3. Successful Dural Puncture Rates for Selected Number of Attempts and Passes In Group C and
Group P

Quoep C Group P P value
Succosstil dural poncture % ni% ci 2-sided
Frst pass 20 |80) 1428 95% 01 |~-30.4,6.4) D21
Within 2 passes 23 (48) 25 (50} 95% C11-15.6, 23,6} 0.69
Frut attempt 30 (60) 42 (84 99% C1 1.7, 46.3} 0.007%
Within 2 afteenpls 37 (74 45 (80| 9% Gl (~3.4,354) 0.04
€1 « corddence reerval.

distribution (negative binomial) and type (countl of data, we
usedd 4 gero truncated, negative binomial regression model
and hence one should be mindful of the small sample size
(1 = 100) when interpreting thw results. On comparing vari-
ables tor successful dural puncture (Table 3), 84" of patients
in group I had o successful dural puncture on the first
attempt compared with 680% in group C (7 test, £ = 0,0075),
On subgroup anmalysis of number of passes at each leved in
group P, L5 10 51 had a tendency toward a smaller number
of passes (mean 2 4 1) compared with L4 to L5 (mean 427 +
4.1) and L3 to L4 (mean 5.15 = 5.01) although not statistically
significant (P = (L15). There was no evidence of differences
among the 3 anesthesiologists in terms of number of passes
(zeTo truncated binomial regression, P = 0.97, likelihood
ratio F = (0.06) or attempts (zero truncated binomial regres-
sion, P =036, likelihood ratio g = 0.83)

Alternative techniques were used in 6 patients in group
C (technique used—ultrasound-guided paramedian spi-
nal) and 2 patients in group T {technigque used—midline
approach by comventional palpation). There was no sig-
niticant difference between the 2 groups in requirement for

October 2015 « Volume 121 « Numoer 4

alternative techniques (Fisher exact test, PP = 027). Despite
the use of altermative technigues, dural puncture could not
be achieved in 3 of the 6 patients in group C, Successful dual
puncture was achieved In both patients in group [ in whom
an alternative technique was used,

It took the operator on average 815 seconds longer
(99, CI, 68,4-97 seconds) to identify the landmarks in
group T than in group C (P = 0.0002). The dose range of
Intrathecal bupivacatne was between 14 and 18 mg. Other
parameters were comparable between the groups (Tables 4
and 5). All 5 patients in the study who had radicular pain
of paraesthesia during needle placement were followed
up for 24 hours postsurgery, and none of them had persis-
timt symptoms,

Of the 5 patients in group C who required general anes-
thesia (GA), failure to perform spinal anesthesia was the
reason in 3 patients. OFf the other 2 patients who required
GA, T had painon incision and 1 developed abdominal pain
during the surgery. Of the 4 patients in group P who needed
GA, 3 patients reported pain on inciston and 1 patient
bevamw difficult to sedate 30 minutes into the surgery.

www.anesthesia-cnagesa.ceg 1083
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Table 4. Spinal Anesthesia Variables 1

Group € Group P Bootstrap | dont samples tast*
Maoan {10th, 30th) Moan (101N, S0tN) P - C mean 9%% confidence terval P value
Vartable n =50 a=50 differance {SE) Lower, Upper 2-talled
Time taken for entifying 146191, 248) 56.1 (881 1339) 81.8(6.21) 684,871 0.0002
lendmarks (1)
Time taken for spinsi 169.8 (46.1, 554.7) 97.8¢41.1 189 4) —68.0 (35.31) -161.5,11.0 0.09
injection (s)
Dose of Intrsthecs n=47 n=50 0.08 (0.22) -0.50, 0.62 078"
Buphvacane (mg 16.34 15.0,17.7) 16.40(150,17.5)
Varlable Group C Group P MannWhitnoy U test
Median {Q1, Q3) Median (Q1, Q3) P vaive
Periprocedursl VAS scorea of 3001850 3.0{2.0,4.3) 0.59
pain at infection se
Peciprocsdural patent 10.018.0, 10.0) 10.0(8.0,10.0) 028
discomion VAS scocs
Q = aurtile; VAS = visial analog scale
$or me S000 b np wken.
For vaeiatie dose of i hecal bups S000 bootss plos weve talken and variances In some samples were 2ore; harefom, w P velue was

estimated from 1000 bootstrap samples.

Table 5. Spinal Anesthesia Variables 2

Varlables
Grading of paipated @ndmarns

Easy

Moorate

Dimeunt

Impessbie
Type of buphacaine

Heavy

Plain
Paresthasia dunng Inssetion of spinal needs (1)
Radicular pain during Insartion of spingl nesdin (1)
Bood in spinal needie (n)
Long sanal needie used ()
Fallure to parform spinal anesthetic (r)
Caonversion to GA ()

Group C Group P P
n{%) n (%) valuo
30160 30 (&) 0.78*
15{30) 17 (34)
S0 36)
ooy G0l
20 {43} 19 (38) 0,865
27 157) 31062)
1 3
1 a
2 0 -
3 2 =
3 a
L] 4 =

GA « genemnl anesthesia.
*Fiahwe et tat

Table 6. Interspinous Lovel at Which Dural Puncture Was Done and Block Height

Variables Group T Group P P value
Interspinous beved st which dursl L2-3 B 0 0.0025*
punciure was done (n) L3-4 n 13
La-5 19 26
L5-81 2 11
Darmatoma level of loss of cold Lk] 2 2 068
sensation 15 minutes after 6 a 3
Epinal anesthetic injection (n) R 2 2
Ta 12 14
Lt 1 2
T10 14 10
Ti2 10 11
(&1 1 6
*Frahar acact test
The mterspinous level at which the spinal was per- DISCUSSION

formed was significantly different between the 2 groups
with P = (L0025 (Table 6). Four patients in group C had their
spmal performed at 1.2 to L3 versus none in group I" (Fisher
exact test; P = 0.05),

There was no difference within the quality of ultrasound
views (Table 7) and number of passes or attempts for both
TM (P =049, P = 0.19) and PSO (P = 0.43, P = 0,32) views.

1094 www.anesthesic-andigasia.on

The use of a preproceduml ultrasound-guided paramedian
spinal technique resulted ina =500 reduction in the number
of passes required for success compared with a conventional
landmark-based midline approach In patients undergoing
total hip or total knee arthroplasty. In addition, a prepro-
cedural ultrasound-guided  paramedian spinal  technique
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Table 7. Distribution of Quality of Ultrasound Views

(PSO and TM Views) in Group P

Number of views,
Group P US views nim
P50 view Grace 1. 30 (60}
Grackes 2 20 (40)
Grade 3 00
™ view Grace 1 10 (20)
Grade 2 24 (a8}
Grade 3 1632
P50 = parasagittal obdique; TM = diam; US = ul d

significantly reduced the number of attempts and increased
the firdt atternpt success rate in achieving dural puncture,
The number of passes was greater in our control group com-
pared with the referenced study.® This might be because of a
numbsr of reasons. First, the patient population was different,
Mean age and body mass Index in our study were 65.2 years
and 30 kg/m?, respectively, versus 56.2 yoars and 238 kg/m?
in the referenced study. Second, in the study by Kim et al®
the number of passes was self-reported, whereas in our study,
it was recorded by an independent observer. This is impor-
tant, because it has been shown that the self-reported number
of passes s always lower than the actual number of passes.
To date, the routine wse of preprocedure ultrasound
in the general adult or obstetric populations has not been
shown 1o improve the number of passes or attempts
needed to achieve successful dural punctune,”™* We note
a reduction in number of passes required to enter the
subarachnoid space because of the following probable
reasons. First, the age of our population group was, on
average, 64.3 years {SD « 12.8), and spinal anesthesia has
been shown to be more difficult in an older population
compared with a general adult population ™ Second, we
used a paramedian approach to the neuraxis (guided by
ultrasound), which has not been studied so far. In the pres-
ence of interspinous ligament calcification and an inability
to achieve adequate flexion (both of which are common in
the elderly), this paramedian approach might be valuable,
It has also been shown that both the length and the width
of the lumbar spinous process increase significantly with
aging, which further narrows the interspinous space avail-
able for a midline approach.” The interlaminar space is
least affected by changes attributable to aging and offers a
potential window for spinal anesthesia. The same reasons
explain why the PSO view consistently vields a clearer
image of LFD and PLL compared with TM view. %
Although a paramedian approach for epidural catheter
placement has technical advantages compared with the
midline approach,® previous studies on the landmark-
guided paramedian versus midline approach o spinal
anesthetic have vielded mixed result=?"% It is conceiv-
able that the advantages of the paramedian approach were
more pronounced in our orthopedic population. Third, we
usied both the probe angle and the midline marking to aid
paramedian insertion of the spinal needle. Using a midline
approach, the needle angle is only guided by the operator
remembering the angle of the probe. Because even small
changes in angle of needle insertion and entry point can
cause significant changes to where the tip of the needle
finally ends up, we believe the addition of another skin

Ocicoer 2015  Volume 121 « Number: 4

marking at the midline o guide the angle of the needle
might have played an important role.

Finally, studies that showed no difference on routine
scanning Investigated first-pass success rates between
the 2 groups (success at firsst attempt and first pass). We
chose to look specifically at the number of passes required
in each group, We believe that using only fint-pass suc-
cess rates may risk overlooking (mportant between-group
differences.

Establishing landmarks took on average 81.5 (%% CI,
68497 1) seconds Jonger in group P In a study by Chin
et al,'" using similar endpoints, this process in the ultra-
sound group took 240 seconds longer, The difference might
be because of the fact that in thelr study, scanning was done
in patients with difficult surface landmarks, and it involved
marking 3 interspinous spaces. Our study  population
included all patients, and we marked only one interspinous
space, because we wanted it to reflect real-time practice.
Likewise, we found no difference in the time Laken to per-
form spinal anesthetic, probably reflecting its routine use in
all patients,

The study does have limitations. First, neither the
observer noe the attending anesthesiologists were blinded
to the study group. The fact that the ultrasound group
would have skin markings and the difference in the direc-
tion of needle insertion would have made blinding very
difficult. A potential for bias cannot be excluded. Second,
the procedure is heterogencous with multiple factors affect-
ing the number of passes, including individual anesthesi-
ologist preterence and style of practice and the number of
attempts and /or e taken before using alternate methods.
This reflects daily clinical practice. Having a single anesthe
siologist perform all procedures might limit the differences
because of the aforementioned neasons, but it might also be
more apt o reflect individual bias and lack of validation.
Third, neuraxial ultrasound has limitations, T™M views for a
midline approach to dural puncture have a positive predic-
five value of up to 85% but a negative predictive value of
just 30%." Also, ultrasound views are generally more diffi-
cult to acquire in the eiderly because of anatomical changes
(facet hypertrophy, interspinous, and supraspinows liga-
ment calcification) ™ In addition, the necessity to remember
the angle of approach of the needle and the inaccuracies ot
skin markings can further decrease the utility of ultrasound
views in patients with a longer distance between skin and
dury mater,

CONCLUSIONS
The use of paramedian spinal anesthesta in an elderly
orthopedic population, guided by preprocedure ultrasound
examination, significantly decreases the number of passes
and attempts needed to reach the subarachnoid space.
Spinal anesthesia is still largely a blind procedure. An
ultrasound beam may prove better than a needle for locat-
ing the targer. 58
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training

The move from time-based to competence-based training has been limited by practical (often
resource) issues and by the variability of effect offered by different training methodologies. Two
independent advances, one technical (wearable recording devices) and the other methodological
{proficiency based progression - PBP)' may act synergistically to enable consistently effective
training in procedural skills, In this article, we describe our ongoing work in which both are
integrated in "real world” training and the potential for these together to transform training in
procedural skills,

A potential synergy

Although the proficiency of physicians undertaking procedural skills directly influences patient
outcome,’ valid assessment of doctors’ procedural skills are is yet a reality. The wearable
recording device alone will not be sufficient (as it simply enables acquisition of more data) but
these devices can be central to acgulring digital recordings without consuming the learner’s
attention. Gallagher et al have described PBP for training in procedural skills. This approach
consistently achieves greatly superior training effect ~including clinical performance~ compared
with other methods of competency assessment approaches’, but requires the development of
unambiguously defined and detailed procedure-specific metrics and errors, so called “procedure
characterization”.? The success of PBP is dependent on the definition and recognition of specific
observable behaviors. In practice this requires direct (and resource-consuming) expert
observation or video acquisition and analysis. The emergence low cost, high quality wearable
recording devices may address this impediment to widespread introduction of PBP, This synergy
may enable doctors to acquire a cumulative personal “visual dataset” suitable for routine highly
focused, dellberate practice as well as providing a practical means of quality assured training
overseen by a clinical supervisor,

Wearable recording devices (WRD)

For the purposes of this article, we define WRDs as any electronic device carried on the person
that records aspects of performance while not impeding or distracting from task completion. In
recent years, head-mounted, high resolution audio-visual recording devices such as Google glass
and Go-pro have been studied in the setting of medical training.* These WRDs appear to be non-

distracting to the operator, and also have the potential to decrease any Hawthorne effect or
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observer bias.® In our experience of developing carefully defined metrics and errors, most are
amenable to detection from a first person view, such as that acquired using a WRD (Table 1).

Table 1

No | Metrics (Errors) Error
Patient not positioned at the edge of the bed

Patient not positioned in the middle third (lengthwise) of the bed

Bed not horizontal and parallel to the floor

A clear working environment not established (eg: one or more of the following
4 actions not completed - dress/gown taped, CTG monitor belt moved away
from field , IV lines and monitor cables away from the working field)
Adequate time not allowed for antiseptic solution to act (interval from

5 application of antiseptic to insertion of needle : 3 min for betadine and 60 sec
for chlorhexidine)

Stylet of epidural needle not replaced in the sterile field, once withdrawn
form needle

Loss of resistance syringe connected with less than haif barrel ( 5 mL) of air
More than two needle passes made in the same direction

Alteration in direction of needle advancement not limited to a single plane in
any new pass

Second attempt made in the same interspace without a change in angulation
in one or both planes

11 | More than five minutes expended in same attempt

12 | Insertion attempt made in an unprepared and unsterilized interspace

O (BN 0

10

Integrating WRDs in procedural skill training

In addition to defining procedure specific metrics and errors, PBP requires establishment of
performance benchmarks based on a mean of expert performance. The trainee practices and is
instructed specifically to those benchmarks, at first in a simulated setting. Having achieved
proficiency in a simulated setting, we propose that each trainee uses i. the characterized
reference procedure (in the form of a set of metrics/errors) and ii. a WRD and mobile device for
download and review, into the clinical setting. These tools together enable them to recurrently
review and update versions of their own performance of particular procedural skills, They are
thus enabled to continue deliberate practice and self-assessment on a daily basis whilst the
degree of “real time” clinical supervision is unchanged.

Qur proposed approach is that each procedure the trainee subsequently performs in the clinical
setting is recorded using a WRD; and that he/ she performs formal self-assessment of each. The

trainee is generally motivated to self-improvement and so performs self-assessment diligently;
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he or she should also bring a detailed and developing knowledge of their own performance to
each successive review, The clinical supervisor will review a sample of video recordings of
performance and score them against the benchmarks, independently of the trainee. This review
will supplement the supervisor's memory of live observation in determining feedback and “sign
off” for a particular skill. The selection of performances for review as well as the timing of the
review(s) may be dictated by trainee or trainer or by the duration of a training module. The
paradigm shift in procedural skill training which we describe here may address the deep
misgivings that many trainers and trainees have regarding current practices for supervision and
especially "sign off”, and do so in a an efficient way. However, this process is completely new to
procedural skill training and we do not underestimate the cuitural shift required to successfully
integrate this suggested approach into “real world" training.

At our institution, the use of WRDs has been successfully piloted for this purpose. Since February
2015 we have utilized WRDs to record the stabilization of preterm (<32 weeks gestational age)
infants in the delivery room by trainees and consultant physicians in neonatology. Metrics
specific to this period of complex care and procedures have been developed and validated for
WRDs. In addition to using traditional education methods for newborn stabilization and
demonstrating competency using low fidelity mannequin models in the simulation lab, trainee
neonatologists also use WRDs to monitor maintenance of technical skills when performing these
preterm stabilizations. We compared learning and clinical outcomes before-and-after the
implementation of a new metric-based training incorporating WRD-assisted learning at our
institution. There were 38 pre-intervention video recordings compared to 29 post-intervention
video recordings. Our (previously unpublished) findings indicate that trainee neonatologists find
this mode of learning useful, that WRDs improve skill acquisition, and that the use of WRDs
correlates with improvements in patient safety, as supported by an Improvement in many
aspects of newhorn stabilization, including a reduction in the average time to the placement of
an electrocardiogram leads (60secs versus 26 secs, p=0.013), and a better utilization of team
members during the stabilization process (47% versus 16%, p value 0.016).

In the longer term, this technology also offers an ideal opportunity to evaluate the association

between physician performance and clinical outcomes.
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Challenges

One potential limitation of WRDs, is that the first-person perspective of an operator may not
capture all important or relevant information to allow the accurate assessment of specific
procedural skills or the surrounding environment (e.g. team communication). The recording and
storage of patient and physician data raises certain medico-legal, ethical, and logistical concerns,

none of which is Insurmountable.
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Introduction

There s a recent merease m the use of ultrasound
(US) to facihitate spinnl and epidural anesthesia. A com-
bination of factors conspire 10 produce a poor US image
of the neuraxis: the bony enclosure of the vertebral arch-
s, target structures Iving deep 1o the skin and uitrasound
technology poorly suited to the task These ssues hm-
dered the widespread use of US imaging of the neurnxis
until the last decade. Rapid advancements m US mmag-
g have addressed some of these lintations, In addi-
ton. the use of US for penipheral anaesthesta techniques
lins created & generation of US -proficient anaesthetists.
Millions of neurnxal blocks are performed across the
wortld, traditionally as a blmd, tactile procedure. Perma-
nent newrological myury ocours when spinal anaesthesia
15 administered at or above the L2-3 er-spious space
[1]. Multiple attempts at achieving o successful neuraxial
R d20.08 2014 Accepted 2102014
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block are associated with an ncreased ncidence of post
dhmal puncture beadache, paraesthesin and spinal hema-
toma [2-6)

Neuruxial US could potentially address these limita-
tons thereby improving the safery of these procedures,
Rapid progress has been made to the extent that routine
use of pre-procednral US exammation has been recom-
mended to avoid the nisk of dural punchoe performed
at or above the L2-3 inter-spinous space in pregnant pa-
tients [7).

Both pre-procedure and real-time US guidance have
been used. This review focuses on the current use of pre-
procedure US gmdatce for neuraxial block,

History

The eathest documented use of peuraxial US dates
back to 1971 by Bogin et al [8]. The authors used US to
exnmnine the anatony of the verrebral column to aid hun-
bar puncture. Grau et al snbsequently published i senes
of mticles. mostly i obstetric populations. exarming the
role of nenraxial US, which paved the way for curent
research [9-15].

Real-time visualisation for para-median msertion of
combined sproal-epidural needle was described by Ka-
makar et al in 2009 [16]. In this case series, real-time vis-
ualisation of needle was successfully used m 1415 pa-
nents stdied. Since then umltiple case stdies and case
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i performimng newaxial blocks [17.18]. Recently the use
of GPS guidance for spinal needle placement was studied
by Brinkman et al in lmman cadavers and attracted mnch
research in this area [19-27)

Anatomy of neuraxial structures relevant to
ultrasound

Each vertebra consists of a vertebral body and arch.
Thie arch s composed of pedicles, superior and mferior ar-
ticular process., transverse processes and spimons process.
In the lumbar region, the spmons processes are broader
and less steep than m the thoracic region. Lumbar lanunase
are also Jess nlted with no oveslap. In contmst. thoracic
Inminae are broader and they overlap. Fig Lo shows the
broad and short spinons process of lumbar vertebrae com-
pared to the long and vartow spinous process of thoracic
vertebrae. In fig 10 the difference in inter-laminar spaces
15 obvious, The thoracic mter-spmous space has steep
mgulation i addition to being namow compared to the
Inmbar inter-spinous space. Thus the size of the window
for US beam penetration 1s lesser m the thoracic region
compared to the lumbar region. The needle trajectory for
peuraxal blockade passes through the mter-spinous and
wter-laninar spaces. A fransverse cross section inge at
the level of the spinous process will not wclude articular
Of [ransverse processes. A Hansverse cross section af the
level of mter-spinous space will include facet joints and
ransverse process but will not show lamunae (fig 2)

The ligamentum flavum extends from the posterior
surface of the Janmna below to the anterior swface of the
lamina above. It consists of elastic carfilage. The dura
mater is closely related to the ligamentum flavum wath
the epidural space separatng the two. The epidural space
15 a potentinl space and both the dura mater and hgamen-
nun favum are frequently seen as o smgle hyper-echoie
structure, often called the postenor complex (PC).

The posterior surfaces of the vertebral bodies are con-
pected by the postenior longstudinal ligament. Under US
the two structures appear as the antenor complex (AC)
The posterior longimdinal hgament is narrow at the level
of vertebral bodies and broader at the level of interver-
tebral discs, The fibwes of this hgament are denser and
stronger compared to the anterior longitudmal hgament,
It should be noted that the PC by defimtion should hie
anterior 1o the transverse processes.

Vanous anatomical factors can mnpede the visnalisa-
tion of pewraxial SUUCHITES. A HATTOW MIEr-SPIONS Space,
thickening and calcificarion of mter-spinous ligaments.
facet jount hypertrophy. and the absence of fusion of iga-
mentum flavoam in the midline

Med Ultason 2004, 16(4); 356-363

Fig I Lumbar and thoracic verebme, snatomical aspect a)
posierior view, b) lateral view. SP - spinais process, L - lan-
1o, [LS ~ mnteslnmimar space, ISS < inlerspinons space

Fig 2 Smucrures encountered ar two different cross sectional
levels: ISS — mrer-spinous space, L - lnmins, SP - spmous pro-
cess, FJ — facet jomt, TP — transverse process

Clinical sonoanatomy

Equipment

A low frequency (2 to § MH2) curvilinear probe is
preferred 1o visuahise the pewraxial stuctures due to the
depih at which they are focated. Depth (8 cm to st
withy), focus point and gain are adjusted as appropniate,
Because of the linntations of the bony window, it is es-
sential that ideal conditions for scannng are maintained
mchuding plenty of US gel. dimnung the room lights
and positiomng of the operator. Higher frequency linear
and hockey stick (7-13 MHz) probes may be used m the
paediatric population because of the lesser distance from
skin to neuraxis and hnuted ossification, especially i m-
fants less than 6 months.

Sonvanatomy

Neuraxil US scanning is done in two planes - sagittal
and transverse, Due to the broader bony window, lnmbar
neuraxial structres are viswalised better comnpored to the
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thoracic region. Bony structures (spinoas process, lamimae,
transverse processes amd vertebral body ) are hyper-echoic
and are seen as bright winte structures. Ligamentoss struc-
tures {(inter-spinous higament, posterior longitdingl hga-
menl and hgamentum flavium) and membranes (dum ma-
te1) are less hyper-echoie compared to bone. Fat. mnscle
and fluid are progressively livpo-echoic and seen as darker
stractures. Pattern recogmnion plavs a very impostant sole
m wdentification of structures. The following description
refers 1o pre-procedure neuraxial ultrasound examipation
of the hunbar region unless specified otherwise

Sagittal views

In this view the long axis of the probe s placed i the
sagittal plane lateral to mudline (fig 3a). Different views
may be obtamed, depending on the position of the probe
(fig 3b)

When the probe 1s placed approximately 3 cm lateral
fo midline the transverse processes nre seen as hyper-
echoic lines {fig 4a). These are short white lines with a
shght cuwrve, Superficial to the transverse process one
cim see the erector spmse muscles. Psoas muscles and
peritoneumn can be seen deeper 1o the ransverse process
It 1 unportant o note the depth at which the transverse
processes wre seett. As ane moves the probe medially. the
structuses encountered such as facet joints and laminae
will be more superficial

Fig 3. Para-sagintal (PS) a) probe position on a paticnt, b) ana-
tomical planes of interest. SP — spinous process, L — lnmina, FJ
— facet joint, TP - transverse process: lme A - PS mnsverse pro-
cess view, line B - PS facet joint view, line C - PS lamunar view

Ultrasound for newraxial dlockade

As the probe 1s moved medially the facet joints nre
brought 1o view (fig 4b). It is unportant to note that all
these structures are visualised within a few centimeties
and hence movement of the probe medially should be
slow and deliberate to carefully observe pattern changes.
The facet jomts ure seen as near-continmons wavy white
stachires with homps (descnbed as the “camel hump
sign™), The gap berween the fines s the facet joumt be-
tween the supenor and infertor articulor processes. On
further shight medial movement of the probe, the lanu-
noe are seen s slanting white bines with the alignment
resembling saw teeth or horse heads armanged one after
the other (Ag 4¢). With a shight medial tlt of the probe
(towards the medmn sagittal plane), the mter-laminar
window allows visuahsation of penraxial stiucnires
Medial angulation i ths position, described as the para-
sagittnl oblique view (PSO), 1s moportant as it gives the
best chance to visnalise the peuraxial structures (fig Sa)
Structures thus visualized include lamuma. posterior com-
plex (hgamentum flavam and dura mater), hypo-echoie
spimnl conal amd the antentor complex (posterior longi-
tuwdinnl higament and posterior surface of the verebal
body). In some wdividuals the epidural space may be
seen s a small gap between the hgmmentum fiaviam and
the dura mater within the PC. This PSO view cousist-
ently provides better visualisation of neurixial structures
compared to transverse median view due to a better bony
window (fig Sb.c)

In addrtion to visuahising the structures, the PSO view
s also used to identsfy the level of the inter-laminar space
The sacrum 1s wdentified by placing the probe at the level
of postenor saperior iliae spine in PSO view onentation
The sacrum 1s identified as o continmons convex hyper-
echoic lme (fig 5d). Due to the dorsal tilt of the sacnum.
the caudal portion 15 superficial and the cramal portion is
deeper. If a convex hyper-echoic line 1s seen with cramal
portion superficial and cadal portion deeper, it means
that either the probe onentation is meomrect or that the
probe position is too candal i the vertebral column. The
luubo-sactal junction may then be wentified as the first

Fig4 Pam-sagittal longsmdinal view of a) umnsverse processes: b) ficer jomrs: ¢) lammae

ES

erecton spinae mnscle. TP - transverse process, P - psoas muascle. FJ

facet jomr, AP
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Fig 5. Pann-sagamal oblique (PSO0 a) probe position on o patient. b) probe positon on a spine model: <) ultrasound view of Tumbay
spine. d) ultrasound view of sacrum. L - laning, LF - lgamentun flasune D - durs mater, PC - posterior comples, AC - suteros

complex. S - sacau

Fig 6. Para-sagitinl oblique (PSO) a) nltrasound view of L3S
b) probe position on n spine nodel. S — sacrum. L — [aming.
PC — postenior complex

inter-lammar space between the sacrum and LS lamumn
by shding the probe cephalad (fig 6a, b). 1t is important
to make sure that the structures visunlised cephalad to the
sacrum are the laminae of the lumbar vertebral bodv and
nol facets or tramsverse process. The key is slow nnd de-
liberate medio-lateral movement of the probe and pattern
recogmtion. Once the LS-S1 inter-lanunar space is iden-
tified, further spaces are idennfied by shidmg the probe
cephalad. Alternanvely, the verrebral level may be deter-
mined by identifving the twelfth thoracic vertebra based
on 1ts articulation with the last nib, and therenfter moving
the probe m a caudal direction. Note that whule the probe
15 10 the para-median sagittal posinon, the hvper-echoie
structres seen are the lammase. The mexpenienced proc-
titioner may confuse these with the spimous processes.

From the PSO view, if one elinunates the medial nlt
and moves the probe medially, it places the probe direct-
ly above the spmows process In thas view the visibality
of neurnxial structures are almost impossible due to the
dense hyper-echoie shadows underlying the spmons pro-
cess, This view has mmumal utility m dentifving neu-
raxial structures but can be used to mark the np of the
spimons process which may be nseful m patents with
scoliosis

Fig 7 Tmnsverse median (TM} o) probe position on a patient
b) ceplalad angulation of the probe. ¢) probe pession on a
spine model

Transverse median views

To obtawn transverse views, the long border of the
probe 1s placed i the transverse plane (fig 7a) and an-
gulated cephalad to replicate the direction of the spinows
processes (fig Th.c). In TM view. it is unportant for the
operator to memonse the cephalad tilt of the probe need-
ed to ger the best view of PC and AC. Thas will aid the
direction of advancement of the spinal or eprdural needle.
Depending on the posinon of the probe two mnages may
be obtained.

O placing the probe directly above the spinous pro-
cess (fig 8a), they are scen as hyper-echole structures
with Jaminae on either side (fig 8b). Due to hugh echo-
geurcity of bone, structures beneath the spmous process
are pot seen. On moving the probe shightly cephalad
or candad, one can see the mter-spmons hgaments (g
9a). As the echogentcity of these stuctiures are less than
spinous process it allows us 1o visualise other nentaxial
structures. Due to the way the spinons processes and the
vertebrae wre armanged, scanmg af this level does not
show the lammae but mstead the facet jomts and trans-
verse processes are seen on either side of the midline as
hyper-echore structures (g 9b). Once this view s ob-
tained, due to the angukation of the spinots processes,
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Fig 8 Transverse median cross section at the level of 8 hunbar
spinous process a) beam path on a spine wodel: b) nltraseand
view. SP - spimous process. L~ lamina

Fig 9 Transverse median cross section ar the level of a s
mter-spinoits space a) beam path on a spine model: b nlrascand
view, ISL - inter-spimous ligament, FJ - facet jout, TP ~ trans-
verse process. PC — posterior complex. AC — anterior complex

Fiz 10. Transverse median view m a scoliotic spine. FJ - facet
joinl, PC ~ postertor complex. TP~ transverse process, AC
antenos cliamber. Note thar neither the facet yoints nor the tans-
verse processes are symmetnical In these cases one should ad-
Just the medio-lateral probe angulstion 1l they are synmetncal
1o obtain the onenttion of the vertebre

a shight cephalad nult of the probe might be necessary to
bring the PC and AC 1o view. These are seen typically
as two hyper-echore limes with the mtervenmg spimal
catial seen sometimes as a hypo-echoic structure, Their
vistbelity may not be as good as m PSO view due fo the
limitatrons of the bony window and scattering of the ul-
trasound beam by the nvegular surface of the bone, espe-
cially m the presence of facet jomnt hypertrophy. In some
cases one can either visualise the PC or AC. The fact that
the AC lies antenior to the mansverse processes should
lselp in dentifying the struchues seen

In seoliotie wdividuals the newraxial stroctures may
not be aligned symmetneally (fig 10) Hence, in addition

Ultrasound for nevwraxial Blockade

1o the cephalad tilt, the probe lias to be tlted medio-lat-
erally to identify the direction i which verrebrae are on-
ented. This 1s done by rotating the probe medio-laterally
untl the facer joints and transverse processes are placed
synunetncally on the screen. In such cases both the ceph-
alad and medio-lateral angulation of the probe should be
recalled when advancing the needle

Positioning

The patient can be positoned m either sitting or lat-
eral position It 1s preferable to scan nnd mark the back m
the exact position that seuraxial blockade will be adimnin-
1stered 1.¢. arched back position. Due to the depth of the
epidural and mtra-thecal space, any deviation i the skin
markings, even by few nullimetres can lead ro failure in
locatmg the space. Inaccmracy of skin markngs has been
shown 1o be the wost common mistake made by novices
while leamung newraxial nltrasonnd [28)

Skin markings for needle entry site

Tlus 1s done 1 a systematic manger to uprove the
accuracy

Step 1: Identification of sacrum and mter-laminar
spices 1 PSO view

The ultrasound probe is placed in a sagittal plane me-
chial to the postenior supenor ilc spine. Once the sacrm
is identified, the probe is moved ceplnlad to wdennfy
other mter-lamunar spaces. In each mter-laminar space,
the best possible view of antenior and postestor complex
is obtained. With the inter-laminar space i the middle of
the screen, the middle of the medhal side of the long bor-
der of the probe 1s marked (fig ). Two to three spaces
are thus marked

Step 2: Selectmg the best inter-spmous space on TM
view

At each selected inter-laminar space, the probe is
turned 90 degrees to obtam a transverse medinn view
Oof AC and PC_ Once the appropriate wter-lanunar space
15 the middle of the ultrasonnd screen, the mdpoint
of the long border of the probe and the nudpomt of the
short border of the probe is marked. As the ultrasound
beam emanates from the mmddle of the probe. the mter-
section of the two markmgs should correspond to the
peedle entry powt (fig 11b). Good visnalisation of both
AC mnd PC m transverse median view correspends to
successful admmistration of spinal anaesthenc mn that
level. However this has not been the case with PSO
views [29]. Hence the mter-spimous space at which the
best views of AC and PC is obtamed tn TM view should
be selected
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Fig 11, Sk markings prior to the neuraxial anaesthetic tech-
migue once the best mage of the turget has been obtained and cen-
tred in o) para-saginal oblique view; b) transvesse median view

Step 3: Angle and depth of msertion of spinal needle

During skin markings for ransverse median view,
the cephalad angulation of the probe needed 10 obtain
the best view of hgamentun flavim and dura mater 15
noted. Also the medio-lateral angle 15 adjusted till the
facet jomt and transverse processes are symmetncal on
the screen (as described earlier). Both angles will have to
be remembered by the operator,

The deptl of the hgamentum fiavinm-dura mates cotu-
plex (PC) from skin on ultrasound measurement has been
shiown to be accurate in multiple smdies [18,30-32].

Advantages of neuraxial ultrasound

Pre-proceduse neuraxial US scanning done by experts
hias been shown 10 increass suecess tales u ianee anaes-
thetist [33]  In patients with difficult surface landmarks
(BMI >335, poorly palpable surface landmarks, moderate
to severe lumbar scoliosis and previous lumbar spinal
surgery) US has been shown to improve the success rates
of spmal anaesthesta [30].

Landmark based estimation of inter-spinous space,
even 1 experienced practitioners, has been shown to be
accurate i only 39% of the time [34] Ultrasound helps
to improve accuracy, Compared with other standard mo-
dalitics (MRI [35], CT [25] or plam N-rays [36]), US
has been shown (o be accurate up 1o 76% of the time.
With modern US machines and adequate traming. accu-
racy rates of up to 90% have been described [25] Cer-
tain congenital anomahes such as sacralisation of lumbar
vertebrae and lnmbarisation of sacral vertebiae (which
occur m up to 12% of general population [37]) can only
be relinbly identified by plain films,

A difference of 5 to 1S mun 1 the depth bas been
observed between US estimation and actual depth
[18.32,38]. This can be attributed to tissue compression
by the US probe, or an US beam ungle different to that
used for msertion of the spmal or epidural needle. Es-
tumation of depth can allow one to choose appropriate

Med Ultrason 2014. [6(4). 356-363

needle length prior to the procedure. It may also help to
ovoid dural tap dunng epidural msertion

Pre-procedure scanning has also shown to have an
85% positive predictive value for successful duml pune-
ture [29]. If one can see both AC and PC m TM view,
1t mulicates that there is a clear path for the US bean to
pass, and hence the hkelihood of inserting a spinal or
epidural needle mto the mtended space 1s lugher. Mul-
tiple sconing systems have been developed to assess the
degree of difficulty in any given inter-spinous space [19]
but the bottom line is to select the inter-spinous space
with the best possible TM view of AC and PC.

Limitations

The techuique of penraxial US 15 a relanively new de-
velopment. Due to the hmited bony window, the learning
curve is steep [28]. Another limitation of newraxial US s
that umages are difficult to obtain m patients with difficult
anatomty. m whom one mught expect US to offer most
benefit. Althougl mnagmg can be challengme m ths
group of patients, it has been shown that m expetienced
hauds, newraxial US s beneficial [30].

The pemotoxicity of US gel is unclear [40.41] The
gel st be cleaned away from the site of needle mser-
tion and strict asepsis maintamed. This can be difficult if
real tune imaging 1s used.

If meticulous case i not taken durmg the skin mark-
wgs, it can lead ro unsuceesstul block. Factors such as i
change in patient position between skin marking and nee-
dle placement, mis-estimation of the middle of the probe,
movement of skm and subcutancous tissues during probe
placement (especially in elderly and obese patients), the
necessity to remember cephilad and medio-Interal angles
of the probe can all lead to minor maccuracies. Duoe to
the depth of the netraxial structures, any mmor change in
skin markimgs or changes i angle of msertion ¢an lead to
exaggerated changes 1o the final position of the needle tip.

Future trends

The use of real time US-guided spmal anaesthesia
hias been advocated to improve thte success rates. To date.
this has been only demonstrated in case series and case
reports [17.21,42]. Its use may be lmited by the require-
ment for wide bore needles and the techmical difficulties
associated with sunultaneous US scanning and ueedle
advancenent [23]. Studies comparing real-time with pre-
procedure scanning are peeded to confirm the nnlity of
this technique,

Real time volumetne three dimensional imaging of
the spme nsme a hand held device has been shown to
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be i feasible techurgue m a recent shudy [43]. The unl-
ity of this m performing neuraxial blocks has yet to be
ascestamed.

Conclusion

The use of US 10 gmde performance of neuraxaal
blocks is a relatively new development. yet mmch re-
search is cumently underway on the topie, Advances m
teclmology have greatly helped to mm the shadows of
the bony vertebml colunm into mtermal landmarks. Al-
thongh some lmmtations remam, there is promuse of m-
proverments in the safety and efficacy of neuraxial blocks
using US. Techmically, the msportmce of pattem recogm-
tion and meticulous skin markings cannot be overstated.
Neuraxial sconning, even if not performed rontinely on
all patients. way soon be considered the standard of care
m certam patient populations.
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Cork, Ireland

“Emall ksinivesan@outiook com

Editor—Drake and colleagues’ have add: d the drawbacks of We disagree with the authors’ | that ‘CUMSUM 5 an ef-
cuMsuM lysis, ty self-rep g and small sample fective tool in ch g the dovolop t of comp for trai-

size. They have also broadened the definition of fadure to in-
crease the sensitivaty. We would like to highlight some related is-

ik ¥ A

nees’; efficacy requires that ge m performance

sues. Procedural skill p(o&cunty can lead to better patient
7 Hawover, dard perf ¢ does Dot invari-
ably lead to poor pati For ple, poor asepti
technique during & procedure such as placement of an epidural
catheter doos not necessarily affect the (analgesic) success of
the procedure, at least in the short term, Nonetheless, it s clearly

Hence, the conceptof defining competency based only on fail-
ure rates is inharently Sawed. We suggest lhu ARCeMAINIng com-

rd is cap "h:hllacnndxmnnotmnlfnm::nu
failure alone is measured.

Declaration of interest

petency for a particular procedure first reg blish of
2 benchmark of proficiency for that puoudun This should be
based on unambiguous, objective, and validated metrics. Each
procedure (p d by each or nat) can then be as-
sessed based on these benchmarks. A practitioner can then be
dnmdcnmwmmhouh mctsﬂubmchmubcon

ststently, Thisc pt of profy g has been described
in detail elsewhese.* This h should unbl: tore.
ceive prompt, specific, and nb}ocnvl feedback on their perfar-

mances. The abllity to give feedback on performance is one of
the key factoss in deliberste practice and (s absent in CUMSUM.*

Naone declared.
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New assessment tool for remote simulation based ultrasound guided

regional anaesthesia — A call for further refinement

Leters to the Edvow

A1 avef P M.

. Vol 40, N

Reoional A

bet 3, May June 2015

anatony of the nerve. He hypodesizes that
the amwtnt of nerve swellang alker intrancun|
wpecticn may depend an e positios of the
edle within the nerve, $ut s, mtmfascionks
or interfasoxcular We believe that this could
be the case and that the bypothess warmmnts
further mvestigation. Other fctors that, in
our opiman, could poterzially be of mflu.
eoce are the complance of 1he tsue sar-
rounding the nerve, the size of the nene
i relationship 1o the volume of injectate,
and the spoed ad pressare of the injection,

Secondly, Dr Orchaugh  wonders
whether the previously mentionsd signs
of intranoural injectivn apply only to sali-
tary neeves. In fact, these criterin are
based on our previous {claver) study of
the suprclavicular brachial plexus and
ot the sciatie porve” We are therefoee
confident that these signs are presens in
complex nerve stmictures, provided that
the ultrsound innge quality is sufficical
and that the injection is placed within the
epineurium of o least one of (he nerves &l
the anatomscal location. However, we
have not assessed the witrasonnd chare-
teristics of injections placed outside the
epancurium, but withm the coveloping fas-
cial sheath, Rather, «u'mmni “extraneunl”™

clioes wene ¥

and sheath cairely, Given the tendency %
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1 Ovetomgh SL. Ukrasoand evidence of atjection
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ko g fir imalizing bawvubime
mpction. Rey Asext M Vod, 201430800413

3 Moayen N, Krodiet AC, Welleweend 3. Blays
RL, Geoen (i1 Early ultmsomographic detection
of kwvolume immnewral ingoction. 8/
Anarensh. I01 2 1432434,

Lapw C, Kiehl TR, Clun VW, F)-Beheiry 11,
Maddeo M, Brull R Nerve expansion scen on
Rrascrend esticts biswslonge bt oce fon )

-

does not allow one w0 provide detaked
and spoaific feedback 10 trainees.
The Likert systen of pradmg (applicd to
GRS and Checklist i thes study) is also
inbwsently subjective. Tn geneml this
leads 10 poor interrager relsbility (IRR).
Although the authoes repoet “good” reli-
abiliey hased on imrackis comclation
(ICU) values, this muay be nesbeading (s
point 3)
X For validation of amy assessment ool
agreement (and not association) between
shoukd be calculated. Cormola-
tion oncﬂmmb rcﬂccl lw nlgm ul’

e

I m-mum Whnl is leqmm!

merve ingury after strencd ingession in pigs
Keg Aveah e Mo 2010035152139
S Clun VW, Brull B, MeCarney 1, X I3, Abbes
S.Shmml‘ Muhr-nny.‘w
and

dmlm&w»l“lmk
2007 804-1 2811284

. Andeosen HL, Andersen SU, Tronuss-Jensen )
Tnjocsnn ieade U parstesrsd dieath of dae wistic
norve: dievet comperasn among urmeomnd

e Pic maknny oo h
sy Ry Ao o At Ml)’hllo-ll‘

Bigebeson PE, Mogyen N, Groen G1
memnqm-mmwu

-

position the seodle tp ever closer o the
nove, wo agree that Witure studics ay
ward (o dufrentate berween nmnl.
1 ¢ aadh IL nl‘l -

(imside sheath, owtside qnmmunu mjec-
vons. However, we believe that peocise pasi-
vonmyg of the needle tip between sheath and
cpancurim sy be quite &l Andenen
et ul® coukl yisualize the parmeural sheath
of the scate nenve on ultrsound but only
ufter the layers had been separated by the in-
Jection of flud, On hssological images, one
cannot alwivs  cearly  discriminae  sur-
rounding fascad layers fion the epincuriam
beciuse they .cboth\rr!,llu(ﬂl! mm)
und oflen in close vicmty.

As 2 st remmaek. we want o poadt out
Lt we do ot 2 peice conslder an intasnownl
mjection as harmiful o the patsent. How-
ever, we beleve that accamte detection is
Vnportans £ that the practinoser can make
u conscwous decision oa this matter.

Anneiot C, Krediet, MD
Nizar Moayerl, MD, PhD
Universty Modical Cerner Utrecht
Utrecht, The Nechertands

Gerbrand ), Groaen, MD, PhD
Pain Conaer

Univenity Malioul Conser
Groningeo The Netherbeads

The wnthors declare wo conflics
wf interest,
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To the Editor:
read with interest the urticle “A valxl
and relinble assessament ool Sor re-
mote samulaton-based ulnunmd-gwdad
regionnl anesthesia™ by Lanrent ot al.' We
befieve itasa wsetul conenbution tothe liter-
atwe on procachiral skills truning but wish
1o bighlight certam methodosogical isacs,
I, The Checklist and GRS wsed in the
study comtain delinitions which arc sub.
Jectave. For example, such loms a8 “Gire-
fully handles nssue bot occasiomally
cises wmicnional damage” (in GRS)
atwl “needlmg technigue™ (in the Check-
Tist) are vague and subgoctive. Alihough
these toals may be adequate for nssess-
ment, particularly when appled in mr-
row comtexts such as when mstitutioeal
or regiomal noes apply, their extemal
walidity is questionuble. Moee (opor-
tantly, when wod for g, their wse

i estimabmy reliability of an assessenent

ool is quantification of agreement (i,

sameness o oqual value), This is partic-

ularly relesunt to a ool which could be
wsed for Iigh stkes assessment in the
future. The appropriate method to guan-

tify agreoment is to calculste 1R (e,

a ympmm based on the number of

divided
b) the total somber of metncs). The
menits of thes sppecach Mt l\\m exKn-
sively discussed clsewhere,”

4, For the purpose of achieving o nup:mr
IRR and to provide detathed specific
feadback to i Iy detined
obpective metnes with drhotoemoes var-
ables shoubd bo peefinod (o the modifiad
Cheung dyecklst wsod by Womg ot al’)

Altbough thes stady purposts 1o dem-
anstrme construct und concunent validity
for the 100l studed. methodologicnl consid-
emtions previously mentioned shouk! be

didresscd befare it = adopled moee wadely.

Karthikeyun Kallidaikurichi Srinivisan,

FCARCSE FRCA MD
Cork University Hosptal
Cork, Irelind

George Shorten, FFARCS, FROA,
PhD. MD

Cork Unversity Hoopiol

Cork. treland

of Anassthesia

Ussversity College Cork

Cork, Ireland

The wuthors dectare me conflier af
ImdiTeAL
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Reply to Drs Srinivasan
and Shorten

Accepted for publication: Febewary 6, 2015,

To the Editor:

e thank Drs Stinivasan and Shorten

for their letier’ calling for further re-
finement of the assessment ool validated
for esabuation of remote simulation-tesed
altusound-goided regional ancsthesa trin-
ing’ We address their concemns, in onder,
below:

1) Cheung ot @' developed the Global Rating
Scale (GRS) and Checklist a8 a globul
assessment tool for ultmsound-guided
peripheral penve Blocks. The process of
deselopment included the Delphi method
where 18 ultmsound-guidod nerve block
specialists peovided their expent opiion
an whist was 1o be included i the GRS
and Checklist. Our study was designod
simply to validate these assessment tooks.
Drscussion and traning among the rters
were completed to determine the most
appropriste mterpretation of the delini
tons that aee questioned. We belseve that
extemal validity = it compromised if
mters agred on w10 use these tools
evahaatmg a particular ultmsound-guided
block, We would argue tha these deserip-
tons would be an objective assessment
of the operator it end points for these
values were decided on between mters.
The Checklist and GRS were developed
as 0 global assesspent tool for all types
of nerve blocks, and we beliove that
soatie wording chiioes were intenbionally
moee subjective. “Carofully handles fis.
sue but occasionally causes unintentional
damage” in the GRS was decided as the
inappropriate use of the needle as an in-
strument, Actions that cause damage
include an undue number of needie mser
tions, masccunite angle of insertion, and
mudtiple atempls of fryig 10 achieve
the target, In the Chegklist, “needling
technique™ was used 10 assess any mis-
takes commonly made by novice opens-
tors. Lastly, tmmmg does not take plice
i isolation from the stoctoe detailed
and specific feadback can always be

provided 1o trainees - these tools are
uickposts and do mot substitue keachang.

23 A Likert scale system of grading may be
less objective but allows the asscssment
10 be more qualitative.* The comment sug-
pesting poor inter-mter reliability docs in-
decd seem 10 be o generulzation, wihout
reference fo the litemture, A tool's relise
baliy 15 dependont on @ pumber of faxctors,
nchdmg the tmaming of the asscssons. A
combmation of a Checklist and GRS has
been supgedted as o complementary pair
tor q.«nwclmmw eviluation m cduca-
tion research

3) We agree that what i required m estime-
ing relisbility of an assessment tool s
quantification of agreement. Intmclass
comelation coetfiamts caloulaed wsing an
absolie agreement definiion cin e used
for this purpose. the pancipies of which
are discussed 1n MeGiraw and Wong?

4) Explicit dichotomous varables may be
preferred for usabibity: however, this
study aimed 1o vahidate the (hcckhsl

and GRS developed by Cheung et al”’

Rater trainig and discussion on the use
of these tools were conducted to mprove
the reliabilty of ratings. The ability of
cvaloators to peovide detaded  spevific
feedback directly 1 particgmnts was not
fimited by these tools,

To conclude, we will guote Reznick
et al® and remember that “validity cannot
be proven in any one experiment, Rather,
over time and experifeiiabon. one 0T
evidence for the validity of o test”

Danvid AL Burkett-St. Laurent, MIBBS, FRCA
Abtsham Uddin Niazi, MBBS,

FCARCSIL, FROPC

Department of Ancsthesa and Pan Mansgement
Toronto Western Hospital

Umiversity Health Netwoek
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Melanie Jacger. MD, FRCPC

Department of Anssthesiology
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Sherif Abbas, MD

Jason MeVicar, MD, FRCPC

Vincent W, Chan, MD, FRCPC
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Sonographic Localization of
the Piriformis Muscle Using a
Caudal-to-Cranial Approach

Accepted for publication: Jexary 20, 2015.

To the Editor:

iriformis syndrome is a clincal condi-

tion associsted with mtation to pin-
formis muscles or compression 1o sciatic
nerves at the buttoek level In a recently
published randomized controlled traal,
ultrasound-guided cortcosteroid injection
with local ancsthesia was proven 10 provide
similar efficacy in pain relief and proce-
dural time cumpumd with flnoroscopi-
cally gusded iy ! However, b
the pintoanis be ax doeply situated m
the gluteal region, precise recognition of
this musecle is never an casy task, espocially
m obese patients,

There are 2 commuon methods to visw-
wlize preiformes muscles by ultnsound. The
find s theough placing the probe ot the
fevel of the posterior supenioe ilise spime
and then moving 1t cnudnll'y until the
sacrum and ilium are seen.” The main
concem of using the posterior superios
ihine spme as the nitwl boay landmark is
that the investigators may be puzzled by
simlar structures such as the posterios
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Dear Editor,

Beard et al have described their use of wearable cameras to augment training of surgical
residents by creating a “point of view surgical education library™.! Their clearly articulated
argument for such use is convincing, innovative and achievable in a healthcare setting. We
suggest that one critical aspect of the practice of using wearable recording devices for
procedural training in medicine has been overlooked or understated. A “metrics”- driven
approach to surgical training has consistently been shown to be effective in decreasing
errors and improving efficiency both in the simulated and clinical environment.?* These
performance metrics and errors are observable behaviours, most or all of which can be
captured by first person view videos. Metrics are the fundamental materials on which
deliberate practice, feedback and assessment are based. In effect, the first person surgical
video is an invaluable training resource when viewed as a digital dataset, best interpreted
through the filter of unambiguously defined metrics. Over the past three years, our
experience in enabling trainees to use wearable recording devices in clinical settings (e.g.
peripheral nerve blockade®, epidural anaesthesia, and neonatal tracheal intubation and PICC

line insertion) has reaffirmed the value of combining two complementary innovations
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namely, metrics based training and wearable recording devices. One facilitates acquisition,

the other interpretation and exploitation of critical visual data.
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