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Abstract: Introduction: The use of total intravenous anaesthesia (TIVA) has been well established as
an anaesthetic technique over the last few decades. Significant variation in practice exists however,
and volatile agents are still commonly used. This study aims to determine the motivations and
barriers for using TIVA over the use of volatile agents by analysing the opinion of several international
anaesthetists with specific expertise or interests. Methods and participants: The Delphi method
was used to gain the opinions of expert panellists with a range of anaesthetic subspecialty expertise.
Twenty-nine panellists were invited to complete three survey rounds containing statements regarding
the use of TIVA. Anonymised data were captured through the software REDCap and analysed for
consensus and prioritisation across statements. Starting with 12 statements, strong consensus was
defined as ≥75% agreement. Stability was assessed between rounds. Results: Strong consensus
was achieved for four statements regarding considerations for the use of TIVA. These statements
addressed whether TIVA is useful in paediatric anaesthesia, the importance of TIVA in reducing
the incidence of postoperative nausea and vomiting, its positive impact on the environment and
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effect on patient physiology, such as airway and haemodynamic control. Conclusions: Using the
Delphi method, this international consensus showed that cost, lack of familiarity or training and
the risk of delayed emergence are not considered obstacles to TIVA use. It appears, instead, that
the primary motivations for its adoption are the impact of TIVA on patient experience, especially in
paediatrics, and the benefit to the overall procedure outcome. The effect of TIVA on postoperative
nausea and vomiting and patient physiology, as well as improving its availability in paediatrics
were considered as priorities. We also identified areas where the debate remains open, generating
new research questions on geographical variation and the potential impact of local availability of
monitoring equipment.

Keywords: TIVA; total intravenous anaesthesia; volatile anaesthesia; anaesthetic techniques;
peri-operative anaesthesia

1. Introduction

The intravenous anaesthetic propofol has been widely used to induce general anaesthe-
sia since its introduction in the 1980s. However, what has divided clinical opinion across the
board is the use of intravenous agents for both induction and maintenance of anaesthesia,
in a technique called propofol-based total intravenous anaesthesia (TIVA) [1]. The literature
suggests several potential benefits for the use of TIVA over volatile agents. It is thought to
be more environmentally friendly as it reduces the production of waste anaesthetic gases
which is attributed to volatile anaesthesia [2,3]. TIVA may also be associated with a positive
effect on patient physiology, such as more stable haemodynamic conditions due to high
dose opiate analgesia, less reliance on airway to achieve hypnosis, as well as a reduction in
the incidence of post-operative nausea and vomiting [1,4,5]. Several studies also suggest
that TIVA may improve the overall survival in cancer patients [6–8]. However, arguments
against the use of TIVA may include a higher incidence of awareness and delayed emer-
gence from anaesthesia, especially in paediatric cases [9,10]. Nevertheless, popularity of
TIVA seems to be increasing [11–13]. Additionally, TIVA being a newer technique than
volatile anaesthesia, it may not be as widely popular, possibly leading to geographic vari-
ations in familiarity or training. Lastly, until recently, intravenous agents were generally
thought to be more expensive than older, widely used volatile anaesthetics [14]. It could be
argued, however, that by inherently considering volatile anaesthesia a cheaper technique,
volatile agents would be administered more liberally, increasing the cost overall. As a
result of these varying opinions on the adoption of TIVA in the anaesthetic arsenal, it is no
surprise that significant variations in practice exist regarding anaesthesia administration.

As outlined above, there is a wealth of information available regarding the potential
advantages and disadvantages of the use of TIVA over volatile agents. Most of these data,
however, do not differentiate any variations in practice from a subspecialty, geographical
or academic perspective. We formulated the hypothesis that by collecting expert opinions
from a variety of anaesthetic subspecialties across the world, we may be able to better
understand the motivations for the use of TIVA and whether global challenges or barriers
exist, which may result in lower popularity in its use.

2. Methods
2.1. Model

The Delphi method is a well-known process used for obtaining group consensus in
healthcare, as it encourages decision making and new ideas to be formed by whole group
feedback [15,16]. The method involves several rounds of anonymous questionnaires, where
after each round structured feedback and aggregated responses from previous rounds are
presented to panellists (Figure 1).
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2.2. Panellist Recruitment

In order to obtain perspectives on anaesthetic techniques from a broad range of profes-
sional and geographical settings, an international panel of anaesthetists was recruited with
a range of subspecialty interests. All communication was carried out via email. We created
an email template outlining the project and explaining the requirements of prospective
panellists, and contacted a large number of specialists across the world, only including
individuals to the panellist list once they replied citing interest in their involvement. Whilst
assured that responses would be anonymous, participants were invited to be listed as
collaborators on a future publication, as an additional incentive for participation. Once
prospective panellists agreed to participate in the study, their email addresses were added
to the final participant list for survey distribution. In terms of the selection of individuals
to invite, we selected panellists by either identifying a key opinion leader in an anaesthetic
field (e.g., neuro-anaesthesia, obstetric anaesthesia, pain management) or by reaching out
to committees of international anaesthetic societies, including the European Association
of Cardiothoracic Anaesthesiology and Intensive Care (EACTAIC), European Society of
Anaesthesiology and Intensive Care (ESAIC), UK Society for Intravenous Anaesthesia
(SIVA) and European Society for Regional Anaesthesia and Pain Therapy (ESRA), request-
ing for an interested member to volunteer as panellist. Clinicians were contacted from
across all continents; however, the majority of specialists who responded and agreed to
participate in the project were European (79%), creating potential bias in terms of the
geographical popularity of TIVA use.

Anonymous demographic data were gathered from the panel during Round 1 to
determine location of practice and experience. This showed that twenty-one (72.4%)
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panellists practice in tertiary care centres, whereas eight (27.6%) are based in secondary
care. Furthermore, the average amount of anaesthetic practice was twenty years, with two
panellists possessing less than ten years of experience, thirteen possessing between ten
and twenty years of experience and fourteen possessing between twenty and fifty years of
experience. We hoped that this extensive collective knowledge would reveal interesting
opinions from the panel.

2.3. Statements

A list of twelve statements was formulated regarding the use, advantages and disad-
vantages of general use of TIVA as an anaesthetic technique. In order to formulate these
statements, the team conducted a review of the available scientific literature describing the
use of TIVA in a range of anaesthetic settings, whilst also attempting to collect evidence
of its possible benefits and disadvantages to its use. The search identified factors such as
practicality, environmental impact, physiological benefits, the availability of training and
knowledge of the technique and the usefulness of TIVA in subspecialties such as paediatric
anaesthesia and onco-anaesthesia (Appendix B). Once identified through the literature
search, these aspects of TIVA use were used as a basis on which to build the statements for
Round 1 of the survey.

For the consecutive survey rounds, statements were modified according to comments
offered by the panellists, facilitated through the addition of an open text box at the end of
each round. This was arranged to provide panellists with an opportunity to add suggestions
or opinions which could be agreed on to form consensus in the wider group.

2.4. Survey Design and Data Collection

Study data were collected and managed using REDCap electronic data capture tools
hosted at the University of Aberdeen [17,18]. REDCap (Research Electronic Data Capture)
is a secure, web-based application designed to support data capture for research studies,
providing: (1) an intuitive interface for validated data entry; (2) audit trails for tracking
data manipulation and export procedures; (3) automated export procedures for seamless
data downloads to common statistical packages; and (4) procedures for importing data
from external sources [19].

REDCap was also used for building the surveys themselves. Three surveys were
created: Round 1 proposed the initial 12 statements, each linked to a 5-level Likert scale of
agreement, ranging from “Not at all” to “Very much”. A free text box was included at the
end of the first survey, for panellists to add comments or suggestions on their experience
with using TIVA.

Round 2 contained the same statements as the first round, with the possibility to be
edited based on comments and additional statements made by panellists during round one.
Furthermore, during round two, each participant would be presented with their answer
to each statement during the previous round, as well as the aggregated responses and
percentage of agreement of other panellists to the statements.

Round 3, the final survey, saw the removal of statements which had not reached a
strong positive or negative consensus over the course of the two previous rounds: partici-
pants would be asked to rank the remaining statements, which had indeed reached strong
consensus, in terms of prioritisation or importance.

2.5. Data Analysis

Through the exportation of the results from REDCap, we analysed the overall con-
sensus for each statement by gathering the number of times participants had “agreed” or
“strongly agreed” to a statement, or inversely whether a majority “somewhat disagreed” or
“strongly disagreed”. The threshold for a strong consensus was established as ≥75%, and
the stability of each answer was determined as a change in agreement proportions of <10%
between each round.
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Prioritisation of statements in the final round was calculated as the proportion of
participants who had agreed on each statement to be a priority.

2.6. Ethical Review

All participants in this study were contacted directly via email and were only included
in the participant list once a clear affirmative response was received to the invitation
to participate.

As per the Medical Research Council and the NHS Health Research Authority, a
submission was made to determine whether this study required NHS Research Ethics
Committee (REC) review. A formal confirmation was obtained attesting that NHS REC
review would not be required for this project.

3. Results
3.1. Round 1

Twenty-nine out of thirty-one participants who originally agreed to take part in the
project completed the first survey round. Two panellists were unable to participate due
to local holidays. A breakdown of the panellists’ countries of provenience is shown in
Figure 2, and a full list of panellists’ anaesthetic fields of interest is shown in Appendix B.
Panellists stated their level of agreement with all twelve statements, which resulted in
three statements reaching strong consensus (Appendix B). Eighteen participants added
additional statements in the free text box regarding further challenges to the use of TIVA.
These comments primarily raised issues around the availability of TIVA equipment such as
pumps and monitoring, the practicality of the use of TIVA in terms of equipment and type
and length of surgery, as well as patient factors such as needle phobia (although rare) and a
history or family history of malignant hyperthermia.
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3.2. Round 2

All twenty-nine panellists who completed Round 1 also completed Round 2. The
second survey round saw the modification of four statements to incorporate the suggestions
that participants had provided during Round 1 (Appendix B). The altered statements were
proposed to the panellists with the inclusion of their answers from the previous round and
the aggregated responses of the other panellists. At the end of the second survey, the three
statements which had reached consensus after Round 1 remained stable (less than 10%
change in answers between the two rounds), and a fourth reached consensus following
the modification of the statement (Appendix B). An additional statement was identified
with the potential to reach consensus with further modifications suggested by some of the
panellists via email.
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3.3. Round 3

Twenty-eight out of twenty-nine panellists completed the third and final round. This
survey contained four statements with strong, stable consensus which participants were
asked to rank in terms of priority or importance (Figure 3). It also included one modified
statement for a final assessment of whether consensus could be reached (Appendix B).
The modified statement received a total of 74.1% agreement therefore not reaching strong
consensus, so its consequent prioritisation question was disregarded in the results. As
shown in Figure 3, panellists considered post-operative nausea and vomiting and the
availability of TIVA for paediatric anaesthesia as priorities. Next came the effects of TIVA
on intraoperative physiology, and the consideration of the environmental impact of TIVA
was prioritised last.
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4. Discussion

The results from this Delphi survey show that despite scientific evidence and consid-
erations regarding cost, familiarity and training, departmental preferences and even the
benefits for the environment, the decision to use TIVA is largely attributed to what is best
for the patient, both in terms of personal experience and physiological benefit.

It is interesting to note that participants did not collectively agree on the majority
of statements put to them, and only three found a strong consensus from Round 1. This
suggests that, at least sometimes, there may be a gap between the efficacy of an anaes-
thetic technique and its appropriateness, and that this appropriateness may depend on
various reasons.

Most participants agreed that the reduced environmental impact of TIVA was impor-
tant to them (Appendix A). There was also an immediate strong consensus on the fact that
TIVA is a useful technique in paediatric anaesthesia, and that one of its main benefits lies
in the reduced occurrence of nausea and vomiting postoperatively. This suggested early
on that patient experience plays a role in the decision to use TIVA. However, only half the
panellists considered the potential benefit of TIVA on cancer biology to be a significant
factor in deciding its use, which may be a result of subspecialty variation or a lack of
practical value.

Through feedback received in Round 1, it became clear that panellists considered prac-
ticality an important challenge for the use of TIVA: panellists were asked about practicalities
(or impracticalities) as a whole in order to garner opinions on a range of practical consider-
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ations. As a result, some panellists voiced concerns over the amount of additional work
involved when using TIVA if the procedure time is short, and the relative inconvenience of
having to change syringes. It was also suggested that the use of TIVA may be impacted
by lack of ready availability of drugs, equipment and technology such as target controlled
infusion (TCI) pumps and depth of anaesthesia monitoring equipment such as processed
encephalograms (pEEG), as well as patient factors such as strong needle phobia or difficult
access (e.g., small children). These factors were therefore specified in the later statement in
order to assess the overall opinion on whether these factors impact TIVA use. Remarkably,
when these considerations were included in the statement to reflect panellists’ opinions,
a strong consensus was still not reached, with the proportion of panellist agreement in-
creasing from 34.4% to only 64.3% between rounds (Appendix B). It is worth noting at this
point that when considering the practical aspect of TIVA use, despite comments suggesting
that monitoring equipment availability may be a barrier to TIVA use, the anonymity of the
survey renders it impossible to comment on the distribution among panellists of pEEG and
TCI pump use when employing TIVA as a technique. We are, therefore, unable to establish
whether a possible variation in the use of monitoring equipment among panellists may
have caused interference when attempting to reach a consensus regarding TIVA practicality,
or indeed whether it may be the cause of that statement not reaching consensus.

Similarly, when panellists were asked whether they believe there is strong evidence to
suggest TIVA reduces the incidence of emergence agitation, initially, only 62.1% to 68.9% of
panellists agreed. When feedback was added to the statement specifying that this reduction
in emergence agitation may be more widely observed in paediatric anaesthesia, consensus
only reached 74.1%, therefore, also not reaching a strong consensus. This suggests that the
challenges and considerations proposed by panellists are observed by a few individuals,
but do not necessarily reflect the experience of the majority; these differences could again
be due to the variation in subspecialty expertise, geographical differences, or even as a
result of working in a regional rather than a national hospital. Although the results of this
survey suggest hypotheses rather identified factors, they highlight the added value of such
a Delphi project, generating new research questions on variations in anaesthetic technique
use. Future studies, informed by the current work, may aim to clarify the importance of
local or regional aspects to be addressed when, or before, implementing TIVA.

In contrast to the abovementioned statements, which failed to reach consensus despite
comments suggested by the panellists, the inclusion of feedback that patient factors, as
well as the effect of TIVA on patient physiology such as haemodynamic stability and the
uncoupling of airway and hypnosis, determine whether panellists use this technique, did
increase the consensus between rounds from 55.1% to 75.8% (Appendix B). This is an
important finding, as similarly to the consensus regarding paediatric anaesthesia and the
reduction of post-operative nausea and vomiting, it is evident that patient factors constitute
a substantial consideration in the decision to use TIVA regardless of subspecialty or location.
While this may not be surprising as individual patient factors can be a driving factor for
variation in many clinical areas, we consider it an important finding as it demonstrates
objective evidence that this may specifically be the case for TIVA use as well.

There was a consistent lack of collective agreement on statements suggesting that
TIVA may not be used due to financial burden, lack of training, familiarity or departmental
preferences to use volatile agents. This may suggest that, regardless of subspecialty or
geographical location, the main considerations for the use of TIVA are patient dependent
rather than departmental or organisational. However, this may also reflect the fact that, for
instance, financial inequities or local constraints lead to different limitations in practice and
therefore a lack of consensus. Future surveys could identify which specific patient factors
may carry more weight when deciding to use TIVA, and investigate local variations in
these patient factors considering different patient demographics depending on location and
anaesthetic subspecialty. Further work could also be directed at possible reasons for lack of
consensus and geographical variability when considering local factors, such as financial,
training and departmental aspects.
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When it came to prioritising statements, it was clear that the reduction of nausea and
vomiting and availability of TIVA in paediatric anaesthesia are considered to be the main
priorities when deciding on its use. This was closely followed by the opinion that TIVA’s
effect on the patients’ physiology should be prioritised, further demonstrating the patient
focused approach to TIVA use. Interestingly, TIVA’s positive environmental impact, which
in Round 1 gained a very strong agreement, was considered as a priority by the fewest
participants. This suggests once more that even when moral causes such as protecting the
environment are concerned, patient experience and factors play a more significant role in
deciding whether to use TIVA.

4.1. Strengths

We used the Delphi approach to gather opinions on motivations or challenges for the
use of TIVA as an anaesthetic technique, and analyse responses and feedback from experts
in different anaesthetic subspecialties and geographical areas. This method was useful for
this study as, due to our wish to involve an international panel, remote survey completion
seemed the most practical method to collect data.

The study itself provided useful insight into the motivations that drive clinicians
from various anaesthetic subspecialties to use TIVA as a technique, providing clear results
on what individual panellists believe is important. Specifically, it allowed us to identify
that despite location, range of anaesthetic experience and subspecialty, patient factors and
overall patient experience (especially in paediatric cases) are among the main considerations
when choosing which technique to use for induction of anaesthesia. We also believe the
results of this survey have posed interesting questions for future research into the variability
of anaesthetic practice.

4.2. Limitations

Due to the study design, it is, however, impossible to determine if opinions are cor-
related to geographical location, anaesthetic subspecialty or even the type of hospital
panellists work in. This is particularly highlighted as the majority of the panellists who
took part in the project are based in Europe, creating the potential for geographical bias
and misrepresenting the value and use of TIVA in other continents. Further work could
focus on these variations, by increasing the number of panellists from different subspecial-
ties to highlight any specialty-specific preferences, as well as widening the geographical
representation in the panel to extrapolate whether differences in opinion can be attributed
to the country a panellist practices in or the subspecialty they have particular expertise in.
Furthermore, this project addressed the reasons for the use of TIVA as an anaesthetic tech-
nique. Although the survey considers this in comparison with volatile agents, it does not
specifically put to the panellists the benefits or otherwise of the use of the latter. In future
research, a parallel survey could determine motivations for the use of volatile anaesthesia
over TIVA, to establish whether there is a reciprocal relationship between the downsides of
using TIVA and the reasons for using volatile agents.

5. Conclusions

This manuscript aimed to address the variation in practice when administering anaes-
thetic techniques. By asking participants to state their agreement and ranking priorities
relating to the use of TIVA in their respective subspecialties, it became apparent that despite
scientific evidence and considerations regarding cost, familiarity and training, depart-
mental preferences or even the benefits for the environment, the decision to use TIVA is
largely attributed to what is best for the patient, both in terms of personal experience and
physiological benefit. Whilst the results of this survey may not directly impact clinical
practice, we believe they provide useful insight into the motivations of TIVA use and may
provide a foundation for future research on anaesthetic technique employment from an
individual preference basis, departmental and equipment availability perspective and
wider geographical variation. They also provide helpful opinions regarding the use of
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TIVA in paediatric anaesthesia, which may be looked into further to establish whether
departmental changes or training curricula may be adjusted in the future to reflect this.
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Appendix A

Table A1. Panellists’ Fields of Interest.

Panellists’ Fields of Interest No.

Airway Management 1

Ambulatory Anaesthesia 1

Burn Care 1

Cardiothoracic Anaesthesia 1

Cardiovascular Anaesthesia 4

Critical/Intensive Care 4

Education and Teaching 2

Emergency Anaesthesia 1

General Anaesthesia 5

Locoregional Anaesthesia 1

Malignant Hyperthermia 2

Myopathies 1

Neuro-Anaesthesia 3

Neuromuscular Blockers and Monitoring 1

Non-Operating Room Anaesthesia 3

Not specified 2

Obstetric Anaesthesia 3

Onco-Anaesthesia 1

Opioid-Free Anaesthesia 1

Orthopaedics 2

Paediatric Anaesthesia 2

Pain Management 5

Quality and Safety 1

Regional Anaesthesia 5

Total Intravenous Anaesthesia 1

Transfusions 1

Vascular Anaesthesia 1
This table shows the full range of panellists’ fields of interest. Some subspecialties were mentioned more
than once.
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Appendix B

Table A2. Delphi Method Statements.

Statement 1.

Round 1: Whether the use of total intravenous anaesthesia may
have benefits over volatile anaesthesia for reducing greenhouse

gases and waste anaesthetic gases is important for me.
82.8%

Round 2: Statement unmodified. 89.6%

Statement 2

Round 1: There is a strong body of evidence supporting the use
of total intravenous anaesthesia for reducing the incidence of

emergence agitation compared with volatile anaesthesia.
62.1%

Round 2: Statement unmodified. 68.9%

Round 3: In paediatric anaesthesia, there is a strong body of
evidence supporting the use of total intravenous anaesthesia for
reducing the incidence of emergence agitation compared with

volatile anaesthesia.

74.1%

Statement 3
Round 1: The potential effect of total intravenous anaesthesia

on cancer biology is an important aspect for me. 51.7%

Round 2: Statement unmodified. 53.6%

Statement 4

Round 1: In paediatric anaesthesia, total intravenous
anaesthesia is an impractical technique compared with volatile

anaesthesia.
34.4%

Round 2: In paediatric and adult anaesthesia, practicality aspects
(e.g., changing syringes, local resources and availability of drugs,

pumps and anaesthesia monitoring, duration and type of procedure)
influence the use of TIVA compared with volatile anaesthesia.

64.3%

Statement 5
Round 1: In paediatric anaesthesia, total intravenous

anaesthesia is a useful technique. 79.3%

Round 2: Statement unmodified. 82.7%

Statement 6

Round 1: The risk of awareness during total intravenous
anaesthesia compared with volatile anaesthesia is an obstacle

for its use.
20.6%

Round 2: Statement unmodified. 21.5%

Statement 7

Round 1: The financial cost of the anaesthetic technique in the
context of total intravenous anaesthesia and volatile anaesthesia

is important for me.
44.8%

Round 2: Statement unmodified. 50%

Statement 8

Round 1: Departmental preferences and guidelines influence
my technique choice, in the context of total intravenous

anaesthesia versus volatile anaesthesia.
44.8%

Round 2: Departmental preferences, resistance to change, or
guidelines influence my (or colleagues’) technique choice, in the

context of total intravenous anaesthesia versus volatile
anaesthesia.

53.6%

Statement 9

Round 1: Lack of familiarity and/or training with the use of
total intravenous anaesthesia (compared with volatile

anaesthesia) is a key reason why myself, or colleagues I know,
do not use it.

41.4%

Round 2: Statement unmodified. 46.4%
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Table A2. Cont.

Statement 10

Round 1: The effects of total intravenous anaesthesia on the
physiology (airway, haemodynamics) influence my technique

choice when compared with volatile anaesthesia.
55.1%

Round 2: My technique choice is influenced by the effects of TIVA on
the physiology such as airway, haemodynamics, or other patient
related factors (not including malignant hyperthermia, which is

universally considered an absolute contraindication for the use of
volatile agents).

75.8%

Statement 11
Round 1: The effect of total intravenous anaesthesia on

postoperative nausea and vomiting risk influences my choice. 79.3%

Round 2: Statement unmodified. 86.2%

Statement 12

Round 1: Total intravenous anaesthesia is becoming more
widely used in my clinical practice or the clinical practice of my

department.
62.1%

Round 2: The use of total intravenous anaesthesia is in
expansion in my clinical practice or the clinical practice of my

department, where not already widely used.
60.7%

This table displays the 12 statements including modifications (in italics) and the percentage of agreement reached
after each round (bold indicates consensus).
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