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Abstract

Purpose Surgical workflow analysis seeks to systematically break down operations into hierarchal components. It facilitates
education, training, and understanding of surgical variations. There are known educational demands and variations in surgi-
cal practice in endoscopic transsphenoidal approaches to pituitary adenomas. Through an iterative consensus process, we
generated a surgical workflow reflective of contemporary surgical practice.

Methods A mixed-methods consensus process composed of a literature review and iterative Delphi surveys was carried out
within the Pituitary Society. Each round of the survey was repeated until data saturation and >90% consensus was reached.
Results There was a 100% response rate and no attrition across both Delphi rounds. Eighteen international expert panel
members participated. An extensive workflow of 4 phases (nasal, sphenoid, sellar and closure) and 40 steps, with associated
technical errors and adverse events, were agreed upon by 100% of panel members across rounds. Both core and case-specific
or surgeon-specific variations in operative steps were captured.

Conclusions Through an international expert panel consensus, a workflow for the performance of endoscopic transsphenoidal
pituitary adenoma resection has been generated. This workflow captures a wide range of contemporary operative practice.
The agreed “core” steps will serve as a foundation for education, training, assessment and technological development (e.g.
models and simulators). The “optional” steps highlight areas of heterogeneity of practice that will benefit from further
research (e.g. methods of skull base repair). Further adjustments could be made to increase applicability around the world.

Keywords Endoscopic transsphenoidal surgery - Endoscopic endonasal - Skull base surgery - Pituitary adenoma -
Pituitary - Consensus - Delphi

Abbreviations Background

eTSA Endoscopic Transsphenoidal Approach

UK United Kingdom Endonasal transsphenoidal approaches to the skull base are
USA United States of America emerging as the first-line approach for resecting the majority
COVID-19 Coronavirus Disease 2019 of pituitary adenomas which require surgical intervention

[1-3]. However, there is variation in the ways in which these
operations are performed, largely based on surgeon prefer-
ence and training, which may result in differing surgical out-
comes [4-7]. These operations are technically demanding,
relatively low volume, with steep learning curves—culmi-
Hani J. Marcus and Danyal Z. Khan are joint first authors with nating in the frequent requirement for dedicated fellowships
equal contribution. to achieve procedure-specific competency [8—11].

Surgical workflow analysis seeks to systematically break
down surgical procedures into defined tasks and errors [12,
13]. In this hierarchical process, procedures are broken
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down into phases which contain a series of steps, generat-
ing a dedicated workflow [13]. During each step (e.g. sutur-
ing), surgical instruments (e.g. forceps) are used to perform
manoeuvres (e.g. knot tying) via a series of gestures (e.g.
grasping and pulling suture) [14]. Similarly, at each step,
there is the potential for technical errors (lapses in surgi-
cal technique) and adverse events (an event that may lead
to adverse outcomes or postoperative complications) [12].

These workflows may be used for the training (for exam-
ple, creation of simulations), objective assessment of pro-
cedure-specific surgical skills and evaluation of novel sur-
gical technologies or techniques [12, 15—-17]. By creating
a complimentary nurse and anaesthetic workflow analysis,
operating room efficiency may be improved by orchestrating
the surgical team [15]. The principal limitation to workflow
analysis is the labelling and segmentation of operations into
constituent phases, steps and errors, however this process
can be automated (or semi-automated) using machine learn-
ing techniques [18-20]. The effectiveness of such automa-
tion is dependent on the generation of a comprehensive
and exhaustive workflow to train deep neural networks to
recognise the phases, steps, instruments and errors of an
operation.

Consensus processes involving subject experts have been
used in order to generate a comprehensive and standardised
workflow for named operations [15, 21, 22]. The Delphi
technique allows for the generation of group consensus
through iterative surveys, interspersed with feedback [23].
Questions nested within surveys can be qualitative or quan-
titative (often using ordinal scales). If quantitative metrics
are used, simplified scales (e.g. 3-point) may translate more
clearly into clinical practice with greater test—retest reli-
ability [24]. With an engaged group of experts and the use
of digital technologies, the process can be achieved in an
accelerated fashion (a matter of weeks) [25]. The manage-
ment of pituitary adenomas has benefitted from consensus
statements, with groups such as the Pituitary Society pro-
ducing a number of guidelines through its multidisciplinary
specialist network [26-32]. However, there is no consensus
on the operative workflow for endonasal transsphenoidal
approaches (TSA) to pituitary adenomas.

We, therefore, sought to generate a surgical workflow
for endoscopic TSA resection of pituitary adenomas, via an
expert consensus process nested within the Pituitary Society.

Methods
Overview
This process aimed to generate a surgical workflow that cap-

tured the range of ways the operation is performed in con-
temporary practice. The aim of the process was not to decide
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on the optimal set of surgical phases, steps or instruments—
this will be explored in subsequent studies. In order to create
this exhaustive workflow, expert input was derived through
an iterative, mixed-methods consensus process (Fig. 1). The
components of the workflow analysis and associated defini-
tions are listed in Table 1 [13, 33]. The beginning of the
operation was taken at entry of the endoscope endonasally
with the use of surgical instruments, reflecting the Ameri-
can College of Surgeons definition of surgery—"structurally
altering the human body by the incision or destruction of
tissues” [34].

Modified Delphi process & sampling
Literature review

The process (Fig. 1) began with a brief literature review of
neurosurgical textbooks and articles (PubMed or EMBASE).
Keywords “endoscopic transsphenoidal”, “pituitary ade-
noma” and “operative technique” were used. From the rel-
evant resources found, an initial operative workflow was
generated [5-7, 35, 36].

Consensus round 1

The initial, literature-based workflow was discussed with a
small group (n=7) of experts—UK and Ireland based con-
sultant neurosurgeon members of the Pituitary Society. Each
expert reviewed the workflow individually—via computer-
ised document (Microsoft Word, Version 16.4, Microsoft,
Washington, USA)—with the definitions of phases, steps,
instruments, technical errors and adverse events as above.
Each expert was asked a series of questions (via e-mail),
seeking to assess the completeness and accuracy of the
workflow (“Appendix A” section). Any additional sugges-
tions were reviewed and added to the workflow matrix if
(i) in-scope, (ii) not duplicate. According to the Delphi
technique, circulation and iterative revision of the workflow
was repeated until data saturation was achieved, that is, all
experts were satisfied that the workflow was complete and
accurate. Resultantly, round 1 was repeated three times,
occurring over 12 weeks (October 2020—Jan 2021).

Consensus round 2

The refined workflow was then sent to a larger group
(n=11)—international members of the Pituitary Society
that are recognised experts in the field and nominated by
the Physician Education Committee. Again, individuals were
asked to assess the workflow (“Appendix A” section), and
expand the defined domains (steps, instruments, technical
errors and adverse events) to cover possible global varia-
tions in practice. As in Round 1, any additional suggestions
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Fig.1 Schematic diagram of Delphi process — highlighting the generation of a surgical workflow through iterative consensus from Pituitary
Society expert members

Table 1 Definitions of operative workflow terminology per domain

Domain Definition Example

Phase A major event occurring during a surgical procedure, com- Nasal phase (endonasal pituitary surgery)—encompassing the
posed of several steps [13] beginning of surgery until entry into the sphenoid sinus

Step A sequence of activities used to achieve a surgical objective ~ Displacement of middle turbinate (endonasal pituitary surgery)
[13]

Instrument A tool or device for performing specific actions (such as cut-  Kerrison Rongeur

Technical error

Adverse event

ting, dissecting, grasping, holding, retracting, or suturing)
during a surgical step

Lapses in operative technique whilst performing a surgical
step [33]

An intraoperative event which is a result of a technical error
and has the potential to lead to a post-operative adverse
outcome/complication [33]

Drilling the sella too far laterally (endonasal pituitary surgery)

Carotid artery injury—as a result of drilling the sella too far
laterally (endonasal pituitary surgery)

were reviewed and added to the workflow matrix if (i) in-
scope, (ii) not duplicate. This round was completed until (i)
all experts agreed that the workflow captures the operative

practice they have observed and (ii) there were no additional

suggestions for the workflow from the participant group.
Round 2 was repeated twice, occurring over 8 weeks (Janu-
ary 2021-March 2021).
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Administration

Invitations to participate in the Delphi process were via
direct email only. Workflow documents were presented
using Microsoft Word (Version 16.4, Microsoft, Washing-
ton, USA) in both rounds and supported by Google Forms
(Google LLC, California, USA) in Round 2.

Data collection and analysis

Participant demographics collected included training grade
and country of practice. The collected data regarding the
surgical workflow were quantitative (whether participants
agree it is complete and accurate) and qualitative (additional
suggestions or comments). Summary statistics (e.g. frequen-
cies) were generated for participants demographics. Content
analysis was used to analyse free-text responses—to remove
out-of-scope suggestions, group similar suggestions together
and compare them to existing data points in the workflow.
Data analysis and workflow updates were performed in
duplicate by two independent analysers (HIM, DZK).

Ethics

No identifiable data were collected about participants in
the Delphi process. This study was independent of national
health services and did not require ethical approval (interro-
gated via online Health Research Authority decision tool—
“Appendix B” section) [37].

Results
General

There was a 100% response rate and no attrition across both
Delphi rounds. Across both rounds, 18 panel members par-
ticipated, representing seven countries: United Kingdom
(n=6), United States of America (n=7), Australia (n=1),
Colombia (n=1), Germany (n=1), Italy (n=1) and Repub-
lic of Ireland (n=1).

Final surgical workflow

Four distinct operative phases were delineated on discus-
sion—nasal, sphenoid, sellar and closure. The component
steps within each phase were defined as core (necessary) or
optional (case and/or surgeon dependent) and were agreed
upon by 100% of panel members across rounds. Pre-oper-
ative set-up and post-operative protocols were judged as
important but not included as per the defined study scope.
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Nasal phase

This phase was composed of 10 steps (4 core, 6 optional),
from the identification of pertinent nasal anatomy until entry
into the sphenoid sinus (Table 2). Amongst our panel, this
phase was performed both with otorhinolaryngologists or by
neurosurgeons alone.

Sphenoid phase

This phase was the shortest in terms of the number of steps,
composed of 4 steps (3 core, 1 optional) as detailed in
Table 3.

Sellar phase

The sellar phase was composed of 12 steps (7 core, 5
optional) representing entry into the intracranial space
and tumour (macroadenoma or microadenoma) resection
(Table 4).

Closure phase

The closure phase was composed of 14 steps (3 core, 11
optional), consisting of haemostasis and repair of the skull
base (when appropriate) (Table 5). This phase had the larg-
est number of optional steps, reflecting the acknowledged
heterogeneity in the various methods of skull base repair
that may be used.

Discussion
Principal findings

Firstly, a workflow for the performance of endoscopic trans-
sphenoidal pituitary adenoma resection has been gener-
ated, using Delphi methodology based on an international
expert consensus agreement. The agreed “core” steps can be
used for education (e.g. operative video annotation), surgi-
cal skills assessment, and the development of models and
simulators [13, 19, 22, 38]. Similarly, the agreed “optional”
steps highlight areas of heterogeneity of practice that will
benefit from further research—most notably in skull base
reconstruction (closure phase) and surgical exposure (nasal,
sphenoid, sellar phases) [2, 3, 5, 7, 39]. This workflow also
captures the instruments, errors and adverse events for each
step and is the first of its kind in neurosurgery.
Furthermore, ensuring that the workflow captured a
breadth of operative practice, in a structured fashion with
consistent terminology, was a challenge and required mul-
tiple iterations across multiple rounds. For example, the
presence of “optional” steps reflects differences between
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Table 2 (continued)

&

o Septal arteries, uncontrolled bleeding,

Adverse event

e Excessive force in septal manipulation

Technical error

Freer elevator, finger

Instruments

Optional Septoplasty (in cases of significant septal

Steps

Springer

epistaxis
e Septal perforation

e Saddle deformity

deviation)

e Hyposmia or anosmia

e Damage to nasal olfactory mucosa

the practice of individual surgeons (e.g. choice of repara-
tive material) and adaptation to case-specific factors (e.g.
tumour extension) [5, 7, 40]. Resultantly, delineation of
whether these steps were core or optional and the content
of these steps (particularly instrument use) was an area of
the workflow which required significant revisions. Similarly,
another area that required significant iterative changes was
distinguishing errors from adverse events and complica-
tions. Definitions of each of these components were there-
fore presented repeatedly, throughout each round. Adverse
events were linked in line to particular technical errors and
were limited to intra-operative consequences (as opposed
to post-operative complications which occur later and more
likely to be multifactorial) [33]. Many adverse events linked
to particular technical errors were related to the damage of
distinct anatomical structures (e.g. carotid artery) which
often overlapped across adverse events with a step. Driven
by consensus, the terminology was often broadened (e.g.
“neurovascular injury, e.g. carotid artery injury’’) to capture
a breadth of events whilst decreasing repetition within steps
and improving the readability of the workflow.

Findings in the context of existing literature

This Delphi consensus methodology has been used in vari-
ous surgical specialities to generate similar surgical work-
flows, with demonstrated utility as a method to consolidate
complex opinions into practical workflows [15, 17, 21, 22].
For example, a workflow for steps and errors in laparoscopic
surgery by Bonrath et al. focussed on the need for standard-
ised steps and errors for education and structured assessment
of trainees [33]. Kaijser et al. explored the steps of laparo-
scopic bypass and sleeve gastrectomy in detail, deconstruct-
ing them further into constituent tasks in order to develop
advanced simulators and training curricula [21]. Previous
studies have tailored the workflow analysis to different lev-
els of learners, for example, Dharamsi et al. highlighted the
need and utility of a consensus-driven workflow for bougie-
assisted cricothyroidotomy aimed specifically at novices
[22]. A more in-depth analysis is occasionally performed
to task or gesture level (which together make up a surgical
step), and this level of granularity has been achieved through
similar Delphi consensus techniques [41]. Notably, the ter-
minology for the operative workflow hierarchy (e.g. phases,
steps, tasks, gestures, motions) is not used in a standardised
fashion (e.g. often task and step are used interchangeably)
and alignment of future studies to a common language will
be important as this field expands [13].

There are many applications of surgical workflows—
including education and training; surgical assessment;
research; and technology development. In relation to edu-
cation, highlighting the core components of operations is a
useful learning resource for training surgeons and has been
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Table 3 The sphenoid phase with constituent steps, errors and adverse events

Steps Instruments Technical error Adverse event

Core Identification of midline, Suction (to remove mucous and e Failure to identify correct o Failure to progress through or
pneumatization of sphenoid  blood) anatomy complete steps and increased
and anatomical variants operative time

Core Removal or reflection of Angel James forceps, grasper, e Failure to identify sphe- o Optic nerve injury
sphenoid mucosa (partial Tilley Henckel forceps, noethmoidal air cell (aka o Carotid injury
or total) Blakesley punch, microde- Onodi air cells) e Arachnoid tear, CSF leak

brider
Core Removal of sinus septations Blakesley punch, forward o Excessive force in bony o Skull base fractures

punch, pituitary forceps,

Tilley Henckel forceps, Ker-
rison ronguer, high-speed drill

Optional Sinus irrigation

Large bulb syringe (saline),
large piston syringe (saline)

manipulation

o Failure to identify sphe-
noethmoidal air cell (aka
Onodi air cells)

e Optic nerve injury
o Carotid injury
e Arachnoid tear, CSF leak

used to develop educational curricula, courses and simu-
lators [13, 38]. Similarly, these workflows can be used to
inform objective assessment instruments specific to particu-
lar operations, for example, Knight et al. combined a consen-
sus-driven surgical steps workflow for laparoscopic hysterec-
tomy with an established skills assessment form (Objective
structured assessment of technical skill or OSATS) to gener-
ate a reliable and specific measure of procedural proficiency
[42]. Augmented assessment and training is particularly per-
tinent in low-volume surgeries, with steep learning curves
and a unique set of surgical skills—such as pituitary surgery
[8—10]. Resultantly, proficiency in such procedures requires
dedicated fellowships and competency-based assessments,
with services providing these operations becoming increas-
ingly consolidated into centres of excellence [10, 26]. Opera-
tive workflows may facilitate this through standardisation of
terminology, providing a platform to build education materi-
als and specific skills assessments, and highlighting accept-
able variations in contemporary practice [13].

A complimentary and related process to surgical work-
flow analysis is the segmentation of operative videos [13].
For example, focussing on laparoscopic colorectal surgery,
Dijkstra et al. distilled the key operative steps—intending to
use this information to segment operative videos into compo-
nent steps [15]. These segmented videos are integrated into
the intra-operative environment, to guide and assess trainee
surgeons in a uniform fashion [15]. Indeed, such segmenta-
tion and procedure-specific analysis has been presented in
live operations in animals, displaying an ability to improve
the efficiency of tasks and reduce operative times [17]. A
disadvantage of operative video segmentation is its labour-
intensive nature, however, this process can be automated (or
semi-automated) using machine learning techniques [18-20].
Indeed, in the context of the COVID-19 pandemic, where
operative caseload is reduced (therefore maximising learning
from each case is important) and waiting list backlog is at its

highest (therefore more efficient surgery is important), these
technologies may be particularly useful [43-45].

Strengths and limitations

There are several limitations to this study that are important
to highlight. Whilst the Delphi method is useful for captur-
ing and refining the opinions of various stakeholders, atten-
tion to expert panel selection will naturally influence process
output [46]. In our study, our expert panel was international
and multicentre. As expected, multicentre consensus pro-
cesses are capable of identifying a broader and more granu-
lar workflow than single centre analyses [21, 47]. However,
only one (of 18) expert panel members represented a low or
middle-income country and thus our results may not reflect
a global operative workflow for this procedure. Moreover,
rating regarding the utility or rationale for operative steps
(particularly optional steps) was not characterised in this
study and this is certainly a point for further study. Finally,
pre-operative set-up (e.g. nasal preparation and patient
positioning) and post-operative strategies (e.g. placement
of a nasogastric tube) were excluded for practical and scope
purposes, and this again is an area that requires further
study to characterise heterogeneity and explore compara-
tive effectiveness.

Conclusions

Through an international expert panel consensus, a workflow
for the performance of endoscopic transsphenoidal pitui-
tary adenoma resection has been generated. This workflow
captures a wide range of contemporary operative practice.
The agreed “core” steps will serve as a foundation for edu-
cation, training, assessment and technological development
(e.g. models and simulators). The “optional” steps highlight
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Table 5 (continued)

Adverse event

Technical error

Instruments

Steps

e Aspiration
e CSF leak

o Failure to clear debris

Clearance of debris (e.g. at nasopharynx) Suction

Core

e Failure to support reparative construct

e Excessive pressure

Pituitary rongeurs, cup forceps

Optional Placement of nasal packs (e.g. balloon-

e Flap ischaemia, optic nerve compression

based or gauze-based)

e Septal perforation, flap ischaemia
e Migration, nasal obstruction

e Excessive pressure
e CSF leak

o Insufficient securing

Sutures, needle holder, forceps

Optional Placement of nasal silastic splints

Lumbar drain needle, drain tubing, drainage e Under-drainage

system

Optional Placement of lumbar drain (may be pre-

o Subdural haematoma

o Over-drainage

or post-op)

e Neurovascular injury, uncontrolled bleed-

e Incorrect needle placement

ing

e Bacterial colonisation or infection

o Contamination

o Tube dislocation, blockage

e Drain tubing secured or connected incor-

rectly

areas of heterogeneity of practice that will benefit from fur-
ther research (e.g. methods of skull base repair). Further
adjustments could be made to increase applicability around
the world.

Appendices

Appendix A: guidance questions to experts
during each consensus round

Round 1:

Q1. Do you think the presented workflow framework encap-
sulates your own operative practice and practice that you
have observed?

If answered “No” to Q1:

Q2. Are there any additional operative steps which you
feel should be added?

Q3. Are there any instruments used which are not repre-
sented in this framework? If so, at which step(s) would they
be most appropriately place?

Q4. Are there any technical errors not listed in the frame-
work? If so, at which step(s) would they be most appropri-
ately place?

Q5. Are there any adverse events not listed in the frame-
work? If so, at which step(s) would they be most appropri-
ately place?

Round 2

A. Nasal Phase.

Al. Are there any additional operative steps which you
feel should be added OR would you change any of the step
contents?

A2. If yes, what would you change?

B. Sphenoid Phase.

B1. Are there any additional operative steps which you
feel should be added OR would you change any of the step
contents?

B2. If yes, what would you change?

C. Sellar Phase.

C1. Are there any additional operative steps which you
feel should be added OR would you change any of the step
contents?

C2. If yes, what would you change?

D. Closure Phase.

D1. Are there any additional operative steps which you
feel should be added OR would you change any of the step
contents?

D2. If yes, what would you change?

@ Springer
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Appendix B: health research authority UK—Ethics requirement decision tool

Medical m

Research Health Research
Council Authority
Do | need NHS REC review?

[_T_J To print your result with title and IRAS Project ID please enter your details below:

Title of your research:
Endoscopic transsphenoidal pituitary adenoma resection — workflow modelling through via Delphi consensus

IRAS Project ID (if available):

Your answers to the following questions indicate that you do not need NHS REC review for sites in England.

This tool only considers whether NHS REC review is required, it does not consider whether other approvals are needed. You
should check what other approvals are required for your research.

You have answered "YES' to: Is your study research?

You answered 'NO" to all of these questions:
Question Set 1

« s your study a clinical trial of an investigational medicinal product?

+ |s your study one or more of the following: A non-CE marked medical device, or a device which has been modified or is
being used outside of its CE mark intended purpose, and the study is conducted by or with the support of the
manufacturer or another commercial company (including university spin-out company) to provide data for CE marking
purposes?

+ Does your study involve exposure to any ionising radiation?

+ Does your study involve the processing of disclosable protected information on the Register of the Human Fertilisation
and Embryology Authority by researchers, without consent?

Question Set 2

Will your study involve potential research participants identified in the context of, or in connection with, their past or
present use of services (NHS and adult social care), including participants recruited through these services as healthy
controls?

Will your research involve prospective collection of tissue (i.e. any material consisting of or including human cells) from
any past or present users of these services (NHS and adult social care)?

Will your research involve prospective collection of information from any past or present users of these services (NHS and
adult social care)?

Will your research involve the use of previously collected tissue and/or information from which individual past or present
users of these services (NHS and adult social care), are likely to be identified by the researchers either directly from that
tissue or information, or from its combination with other tissue or information likely to come into their possession?

Will your research involve potential research participants identified because of their status as relatives or carers of past or
present users of these services (NHS and adult social care)?

Question Set 3

+ Will your research involve the storage of relevant material from the living or the deceased on premises in England, Wales
or Northern Ireland without a storage licence from the Human Tissue Authority (HTA)?

« Will your research involve storage or use of relevant material from the living, collected on or after 1st September 2006,

and the research is not within the terms of consent for research from the donors?

Will your research involve the analysis of human DNA in cellular material (relevant material), collected on or after 1st

September 2006, and this analysis is not within the terms of consent for research from the donor? And/or: Will your

research involve the analysis of human DNA from materials that do not contain cells (for example: serum or processed

bodily fluids such as plasma and semen) and this analysis is not within the terms of consent for research from the donor?

Question Set 4

.

Will your research involve at any stage procedures (including use of identifiable tissue samples or personal information)
involving adults who lack capacity to consent for themselves, including participants retained in study following the loss of
capacity?

Is yo:':'“r’esearch health-related and involving offenders?

Does your research involve xenotransplantation?

Is your research a social care project funded by the Department of Health and Social Care (England)?

Will the research involve processing confidential information of patients or service users outside of the care team without
consent? And/ or: Does your research have Section 251 Support or will you be making an application to the
Confidentiality Advisory Committee (CAG) for Section 251 Support?

DR

@ Springer
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