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Summary
Increasing demand for surgery and anaesthesia has created an imperative to manage anaesthetic workforce
and caseload. This may include changes to distribution of cases amongst anaesthetists of different grades,
including non-physician anaesthetists. To achieve this safely, an assessment of case complexity is essential. We
present a novel system for scoring complexity of cases in anaesthesia, the Oxford Anaesthetic Complexity
score. This integrates patient, anaesthetic, surgical and systems factors, and is different from assessments of
risk.We adopted an end-user development approach to the design of the score, and validated it using a dataset
of anaesthetic cases. Across 688 cases, the median (IQR [range]) complexity score was 19 (17–22 [15–33]).
Cases requiring a consultant anaesthetist had a significantly higher median (IQR [range]) score than those
requiring a senior trainee at 22 (20–25 [15–33]) vs. 19(17–21 [15–28]), p < 0.001. Cases undertaken in a tertiary
acute hospital had a significantly higher score than those in a district general hospital, the median (IQR [range])
scores being 20 (17–22 [15–33]) vs. 17 (16–19 [17–28]), p < 0.001. Receiver-operating characteristic analysis
showed good prediction of complexity sufficient to require a consultant anaesthetist, with area under the curve
of 0.84. Any rise in complexity above baseline (score > 15) was strongly predictive of a case too complex for a
junior trainee (positive predictive value 0.93). The Oxford Anaesthetic Complexity score can be used to match
cases to different grades of anaesthetist, and can help in defining cases appropriate for the expanding non-
physician anaesthetist workforce.
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Introduction
Demand for surgical procedures has increased significantly

in the UK and internationally over recent years [1]. This has

created a parallel demand for provision of anaesthesia and

peri-operative care, on a background of an existing shortfall

in the anaesthetic workforce [2]. A number of bodies

have suggested increasing numbers of non-physician

anaesthetists to solve this problem [2–4]. To function

effectively as part of the anaesthesia multidisciplinary team,

and ensure patient safety, these practitioners will need to

work on cases that are suitably complex (or non-complex)

for their scope of practice and level of training, as is true for

trainee anaesthetists [5]. No definition currently exists for

case complexity in anaesthetics, and hence there is no

objective method for the allocation of cases to different

grades of anaesthetist.

© 2022 The Authors.Anaesthesiapublished by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists. 1251
This is an open access article under the terms of the Creative CommonsAttribution-NonCommercial License, which permits use,
distribution and reproduction in anymedium, provided the original work is properly cited and is not used for commercial purposes.

Anaesthesia 2022, 77, 1251–1258 doi:10.1111/anae.15840

mailto:
http://creativecommons.org/licenses/by-nc/4.0/


Complexity is usually described in terms of patients

with multiple comorbidities and associated treatments, and

the interaction between these elements [6]. This concept of

the `medically complex patient´ is intuitive to many

physicians, but does not account for non-patient factors,

which may be environmental, social or cultural [7]. Similarly,

a surgeon could understand complexity in terms of

technical features – procedural difficulty – but not include

the medical conditions and therapies as mentioned earlier

[8]. These concepts are also different from risk, which is a

measure of likelihood of a given (unwanted) outcome [9].

A description of complexity from the viewpoint of the

anaesthetist, the peri-operative physician at the interface of

medicine and surgery, must therefore include both patient

and non-patient factors. We aimed to develop an objective

scoring system for complexity in anaesthesia, and validate

this score against a large case dataset.

Methods
This study used information already routinely collected and

anonymised at source. As such, no formal review by an

ethics committee was required, and the project proceeded

under the regulations governing local audit and quality

improvement.

Consensus discussion amongst the authors, with

reference to existing risk scoring systems and clinical

experience, provided a set of core variables to form the

basis of the Oxford Anaesthetic Complexity score. These

were then grouped into subsections: age; BMI; patient;

anaesthetic/technique; systems/environment; and surgical.

For each variable, 22 consultant anaesthetists were

surveyed to answer the question, `How much do the

following factors influence the complexity of a case for the

anaesthetist involved?´, with answers given on a 5-point

Likert scale, from 1 (does not increase complexity) to 5

(strongly increases complexity). A free text section was

offered, asking `Are there any other factors you think

increase complexity?´ Surveys were sent to anaesthetists in

the tertiary referral centres of Oxford University Hospitals,

and a separate district general hospital, not used in the case

data collection exercise (Royal Berkshire Hospital).

The median survey result for each variable was used to

define a score weight, from 1 to 5, and any opposite

statements for binary variables were given a score of 1 (i.e.

the opposite of `predicted difficult airway´ is `no predicted

difficult airway´, which is assumed not to increase

complexity, and therefore scored 1). Incomplete surveys

were excluded from results.

Themes highlighted in free text answers were assessed

for frequency of repeated mentions amongst respondents,

and the most common were included. Score weight for

additional variables was decided by authors’ agreement.

Having derived our workingmeasure of complexity, we

tested it out on a local dataset. A snapshot survey of

anaesthetic case complexity (separate from the score

element survey already described) was undertaken at

Oxford University Hospitals NHS Trust, covering the John

Radcliffe Hospital (tertiary acute centre), the Churchill

Hospital (transplant/cancer centre), the Nuffield

Orthopaedic Centre and the Horton General Hospital

(district general hospital), lasting 7 days in September/

October 2021. Anaesthetists were asked to describe the

objective features of the case they were currently

anaesthetising (e.g. age, BMI, anticipated difficult airway

etc), provide a free text description of any additional

anaesthetic complexity elements, and then give an opinion

on the grade of anaesthetist required to care for that

particular patient (Core Trainee 1–2, Specialty Trainee 3–4

or 5–7 or consultant). Non-physician anaesthetists are not

currently employed in the study centres, so were not offered

as an option. Anaesthetists had no prior knowledge of the

Oxford Anaesthetic Complexity scoring system, and were

unaware of elements/weightings, but were given a brief

explanation of the data collection task by an author at the

start of each operating theatre session. Anonymised theatre

records were used to complete missing data points. Cases

were recorded only during daytime shift hours, i.e. 07:30–

20:00. The authors then assigned an Oxford Anaesthetic

Complexity score to each case, with variables weighted

accordingly. This score was matched to the grade of

anaesthetist suggested for the given case.

Cases were grouped by hospital, surgical specialty and

grade of anaesthetist thought appropriate for that case, and

differences in Oxford Anaesthetic Complexity score were

assessed between groups using the Mann–Whitney U-test.

The receiver operating characteristic (ROC) curve was

calculated for the Oxford Anaesthetic Complexity score

when predicting cases requiring a consultant anaesthetist.

Score cut-offs were assessed using Youden’s J-statistic. The

positive and negative predictive values of Oxford

Anaesthetic Complexity scores for identification of cases

too complex for Core Trainee anaesthetists were calculated.

Statistical analysis was performed using Real Statistics

Resource Pack software (Release 7.6; www.real-statistics.

com).

Results
A total of 19 of 22 surveys were completed fully (86.4%). Of

these, 10 were from anaesthetists working at tertiary referral

hospitals and nine from those working at the separate
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district general hospital. Median scores for the influence of

each element on complexity provided the weighting for the

finalOxfordAnaesthetic Complexity score (Fig. 1).

The most common free text answer, appearing in 21%

of responses, was patient communication difficulty,

including learning difficulties, dementia, delirium or

language barrier. This was therefore included in the final

score, with aweighting of 2 (decided by consensus amongst

the authors).

The maximum (i.e. most complex) Oxford Anaesthetic

Complexity score is 50, which describes a hypothetical

patient aged < 1 y; with difficult intravenous access; ASA

physical status 4; a difficult airway; communication difficulty

(perhaps with parents); BMI > 49.9; having general and

regional anaesthesia; one-lung ventilation; cardiac bypass;

and invasive monitoring for emergency surgery in a non-

theatre location, for a major procedure with blood loss

> 500 ml, requiring postoperative critical care. The

minimum score is 15, which describes a patient aged 10–

66 y with no predicted difficult intravenous access or

difficult airway; no communication problems; a BMI 18.5–

29.9, for general anaesthesia alone for an elective in-theatre

minor surgery with blood loss < 500 ml, no invasive

monitoring, cardiopulmonary bypass or advanced

ventilation, without requirement for postoperative critical

care.

Figure 1 TheOxford Anaesthetic Complexity score. Element weights taken frommedian clinician survey results.
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Over a 7-day period, 688 anaesthetic cases were

captured, managed by 167 anaesthetists. Of these, 400

(58.1%) took place in the tertiary acute hospital, 107 (15.6%)

in the transplant/cancer centre, 95 (13.8%) in the

orthopaedic centre and 75 (10.9%) in the district general

hospital. Cases deemed sufficiently complex to require a

consultant anaesthetist were most frequent (226, 32.9%),

whereas only 55 (7.99%) were judged appropriate for a

Core Trainee to anaesthetise (Table 1). The most common

operating specialties were orthopaedics (145, 21.1%) and

general surgery (86, 12.5%).

The median (IQR [range]) complexity score across all

cases was 19 (17–22 [15–33]) (Fig. 2). The median (IQR

[range]) score of cases in the district general hospital was 17

(16–19 [15–28]) vs. 20 (17–22 [15–33]) in the tertiary

acute hospital, p < 0.001; 19 (17–22 [15–30]) in the

transplant/centre, p < 0.001; and 19 (17–22 [15–30]) in the

orthopaedic centre, p < 0.001.

Cases deemed sufficiently complex to require a

consultant anaesthetist had a median (IQR [range])

complexity score of 22 (20–25 [15–22]). Cases judged

appropriate for a Specialty Trainee in years 5–7 were less

complex, at 19 (17–21 [15–28]), p < 0.001. Those judged

appropriate for Specialty Trainee in years 3–4 were less

complex than those judged appropriate for a more senior

trainee, with a median (IQR [range]) complexity score of 18

(16–19 [15–27]), p < 0.001, and those judged appropriate

for Core Trainees in years 1 and 2 were the least complex,

with a median (IQR [range]) score of 17 (16–18 [15–21]),

p < 0.01 (Table 2 and online Supporting Information,

Fig. S1).

The specialties with the most complex anaesthetic

cases were cardiac surgery; cardiology; vascular surgery;

radiology; and thoracic surgery, with median (IQR [range])

complexity scores of 27 (27–28 [26–31]), 23 (22–24 [18–30]),

23 (21–23 [17–27]), 22 (21–25 [18–26]) and 22 (21–22 [20–

24]), respectively. The specialties with the lowest

anaesthetic complexity score were dental; plastic surgery;

and gastroenterology, with median (IQR [range]) scores of

17 (17–18 [15–19]), 17 (16–20 [15–25]) and 16 (15–16.5 [15–

21]), respectively (see online Supporting Information,

Table S1). Thirty-nine cases (5.7%) had specialty

informationmissing andwere excluded from the analysis.

Receiver operating characteristic curves demonstrated

good performance of the complexity score in predicting

cases requiring a consultant anaesthetist (area under ROC

curve 0.84) (see online Supporting Information, Figure S2).

Youden’s J was highest at a complexity score of 19, with a

sensitivity of 0.77 and specificity of 0.68. A score of > 15 had

a positive predictive value for a case being too complex for

a Core Trainee anaesthetist of 0.93 and a negative

predictive value of 0.28.

Discussion
Validation of our new complexity score against a large

dataset of real-world cases showed excellent discrimination

between cases based on the grade of anaesthetist required

tomanage each one.

Ours is the first study to describe an objective method

of assessing the complexity of a case in anaesthesia.

Table 1 Number of cases scored for complexity. Values are
number (proportion).

Group Cases

Total 688 (100%)

Location

Tertiary referral centres total 613 (89%)

Tertiary acute hospital 400 (58%)

Transplant/cancer centre 107 (16%)

Orthopaedic centre 95 (14%)

Psychiatric centre 4 (1%)

Overspill tertiary (independent hospital) 7 (1%)

District general hospital 75 (11%)

Gradeof anaesthetist required

Consultant 226 (33%)

Specialty Trainee 5–7 212 (31%)

Specialty Trainee 3–4 195 (28%)

Core Trainee 1–2 55 (8%)

Specialty

Cardiac surgery 14 (2%)

Cardiology 21 (3%)

Dental 5 (1%)

ENT 45 (7%)

Gastroenterology 11 (2%)

General surgery 86 (13%)

Gynaecology 55 (8%)

Maxillofacial 23 (3%)

Neurosurgery 39 (6%)

Obstetrics 47 (7%)

Ophthalmology 18 (3%)

Orthopaedics/trauma 145 (21%)

Other 39 (6%)

Plastics 37 (5%)

Psychiatry 4 (1%)

Radiology 16 (2%)

Thoracic 5 (1%)

Urology 64 (9%)

Vascular 14 (2%)

Other: casesmissingdata on operative specialty.
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Surgical and anaesthetic risk has been described using

scores for many years [10–13], but our complexity score

includes important additional factors that these miss, and

measures complexity, which is a separate concept from risk.

Some elements of ourOxford Anaesthetic Complexity score

are themselves risk-assessment tools (e.g. ASA physical

status), are descriptions of whole-patient risk (e.g. the need

for postoperative critical care) or have an evidence-based

link to risk (e.g. age [14], BMI [15]). We also include an

assessment of surgical complexity in the form of National

Institute for Health and Care Excellence grades of surgery

[16]. Our integration of these, and inclusion of other patient,

Figure 2 Distribution ofOxfordAnaesthetic Complexity scores across all cases reviewed.

Table 2 Number of cases scored for complexity. Values aremedian (IQR [range]).

Group Median complexity score p value

Total 19 (17–22 [15–33])

Location

Tertiary referral centres total 20 (17–22 [15–33])

Tertiary acute hospital 20 (17–22 [15–33]) <0.001*

Transplant/cancer centre 19 (17–22 [15–30]) <0.001*

Orthopaedic centre 19 (17–21.5 [15–30]) <0.001*

Psychiatric centre 21 (19–23.75 [19–26])

Overspill tertiary theatres 17 (17–19.5 [16–24])

District general hospital 17 (16–19.5 [15–28])

Gradeof anaesthetist required

Consultant 22 (20–25 [15–33])

Specialty Trainee 5–7 19 (17–21 [15–28]) <0.001†

Specialty Trainee 3–4 18 (16–19 [15–27]) <0.001†

Core Trainee 1–2 17 (16–18 [15–21]) 0.0018†

*p values for comparison to scores at district general hospital. †p values for comparison to scores for the grade above, i.e. Specialty
Trainee 5–7 vs. Consultant, Specialty Trainee 3–4 vs. Specialty Trainee 5–7, Core Trainee 1–2 vs. Specialty Trainee 3–4.
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anaesthetic, surgical and systems factors is novel. This study

does not aim to correlate patient outcome with complexity,

but this is an obvious future direction, which will allow

computation of systemperformance, as has been described

in congenital heart surgery [17].

Task and patient complexity themselves have been

investigated and modelled previously for patients with

infectious disease [18], for the general internal medicine

patient population [19] and for patients with HIV [20]. Our

approach of taking multiple dimensions of complexity

together is similar to these studies, but is the first to focus on

anaesthesia. Comparison of an objective score to a

subjective expert-defined outcome is a method used

previously in asthma diagnosis [21], although that study

used logistic regression to define questionnaire element

weights. Our survey-based weighting is analogous to

`theoretical´ or `judgement-derived´ weights based on

researcher or expert opinion [22], and is a companion to

panel rating systems for score content validation [23].

The strength of this study lies in the clinician-driven

design of the score. Elements are included and weighted

based on feedback from practising anaesthetists, and we

combine previously described methods of involving

clinician experts in both score building and testing [21–23].

This means that end-users of the score have directly

influenced its creation, a process shown to be important in

emergency medicine audit and measurement projects [24]

and mental health interventions [25]. The small range of

complexity scores seen, with a skew towards lower

complexity, representing the reality of clinical practice [26,

27], is a likely product of this end-user design. In addition,

the score has been validated against a large real-world

dataset of anaesthetic cases, covering multiple

subspecialties, hospital and operating theatre

environments. Tracking case complexity using datasets like

this will allow institutions to model expected complexity for

a given setting (e.g. for a particular surgical list, or within or

outside daytime working hours). If a case is then more

complex than the expected complexity for that list, changes

can be made (e.g. to the grade of anaesthetist present).

Similarly, lists with reliably low-complexity cases may be

staffed by more junior anaesthetists (including non-

physician anaesthetists). If scores are computed pre-

operatively, including at time of outpatient pre-assessment,

then staffing can be adjusted well in advance, improving

efficiency and safety.

Another strength of our score is how easily it translates

to graphical form (Fig. 3); improving visualisation of data

Figure 3 OxfordAnaesthetic Complexity score presented as a radar chart for themost complex case in our dataset, scoring 33.
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through graphs has been shown to improve judgement of

hypertension control [28]. Presenting the complexity score

visually both provides a rapid overview of total complexity,

and the ability to identify if a single element is driving a

higher score.

We acknowledge that a scoring system may not capture

all factors influencing case complexity. We mitigated this

limitation by allowing free-text responses to surveys, such that

clinicians could offer additional elements to add to the score,

and a future survey with a larger sample size could allow yet

more elements to be included. We did not include the

opportunity for modifying scores, either up or down, based

on clinician opinion of complexity, although this appears in

onewidely-used scoring system for surgical risk [12].

The strong correlation of our Oxford Anaesthetic

Complexity score with grade of anaesthetist required could

be related to the overlap between groups of anaesthetists

involved in both the score elements survey and the case

data collection. However, only nine of the surveyed group

were from the centres used in the data collection exercise,

completed by a total of 167 clinicians, making this influence

minimal. Anaesthetists providing case data and opinion on

required grade were also unaware of the components and

weighting of the final complexity score. The correlation may

instead be a feature of a pre-existing `organic´ match

between case complexity and grade of anaesthetist, borne

of subjective institutional experience. However, since no

other case complexity score for anaesthesia yet exists, the

value of our scoring system in this setting remains: to

measure and define this matching objectively, and allow

meaningful research and audit over time.

We note that there is no reference standard for

assessment of anaesthetic complexity against which our

new score could be compared.We used clinician opinion of

complexity, in terms of training grade of anaesthetist

required for a case, as the comparator. The UK training

system sets out specific competencies for junior

anaesthetists in terms of their ability to deal with complex

patients [29], and thus adds a level of objectivity to this

gestalt assessment of complexity. Notably, this system

currently excludes non-physician anaesthetists, but scope-

of-practice and grade-equivalency assessments are

ongoing for this group [5]. Importantly, our complexity

score showed excellent discrimination between groups

when applied in this way, and predicted need for consultant

presence well. Any rise in scores above the minimum (>15)

was strongly predictive of a case too complex for junior

anaesthetists (Core Trainee 1–2), although low scores did

not reliably predict a case appropriate for this group (i.e. a

more senior anaesthetist could still be required). We did not

ask respondents why they felt a particular case required a

consultant anaesthetist, so other concerns or individual

biases may have led to results where a low scoring case was

rated as consultant only.

Our Oxford Anaesthetic Complexity score is a clinician-

designed, real-world tested model of case complexity in

anaesthetics. It is inclusive of, but distinct from, patient and

surgical risk. We have shown excellent external validity of

the score by comparing scores to grades of anaesthetist

required for a case, and demonstrating separation in

complexity between district general and tertiary referral

hospital cases. The score can be used to assess cases

individually, or measured across time to show expected

complexity, and thus influence theatre and list planning.

Complexity scores can be calculated at any time in the

patient journey, from first anaesthetic review (physician or

non-physician) to post-hoc for use in audit. This makes the

score a powerful tool for clinicians and managers to use to

improve safety and efficiency, by streaming cases to an

appropriate grade of anaesthetist based on an objective

assessment. This is vital in an age of changing landscapes in

anaesthetic training and workforce (particularly the growth

of the non-physician anaesthetist role), limited resources,

and increasing need for surgery and anaesthesia.
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Figure S1. Oxford Anaesthetic Complexity scores for

cases grouped by grade of anaesthetist required. Box limits
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ST5-7, ST3-4, CT1-2.

Figure S2. Receiver-operating characteristic curve for

Oxford Anaesthetic Complexity score when predicting

complexity sufficient to require a consultant anaesthetist.

Area under curve 0.84.
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