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Clinical Research Article

Background: The American Society of Anesthesiologists (ASA) score is generated based 
on patients’ clinical status. Accurate ASA classification is essential for the communication 
of perioperative risks and resource planning. Literature suggests that ASA classification 
can be automated for consistency and time-efficiency. To develop a rule-based algorithm 
for automated ASA classification, this study seeks to establish consensus in ASA classifica-
tion for clinical conditions encountered at a tertiary women’s hospital. 
Methods: Thirty-seven anesthesia providers rated their agreement on a 4-point Likert 
scale to ASA scores assigned to items via the Delphi technique. After Round 1, the group’s 
collective responses and individual item scores were shared with participants to improve 
their responses for Round 2. For each item, the percentage agreement (‘agree’ and ‘strongly 
agree’ responses combined), median (interquartile range/IQR), and SD were calculated. 
Consensus for each item was defined as a percentage agreement ≥ 70%, IQR ≤ 1.0, and SD 
< 1.0. 
Results: All participants completed the study and none had missing data. The number of 
items that reached consensus increased from 25 (51.0%) to 37 (75.5%) in the second Del-
phi round, particularly for items assigned ASA scores of III and IV. Nine items, which per-
tained to alcohol intake, asthma, thyroid disease, limited exercise tolerance, and stable an-
gina, did not reach consensus even after two Delphi rounds. 
Conclusions: Delphi consensus was attained for 37 of the 49 study items (75.5%), facilitat-
ing their incorporation into a rule-based clinical support system designed to automate the 
prediction of ASA classification. 

Keywords: Algorithm; Classification; Clinical decision-making; Consensus; Preoperative 
care; Risk assessment.

Introduction 

Pre-anesthesia assessment is the process of clinical evaluation that precedes the deliv-
ery of anesthesia for surgical and non-surgical procedures [1]. Upon completing this as-
sessment, it is standard practice to assign an American Society of Anesthesiologists (ASA) 
score based on the patient’s clinical status [2]. The ASA classification system is most widely 
used in the pre-anesthesia assessment for surgical patients and aids in resource planning 

The Korean Society of Anesthesiologists, 2022

This is an open-access article distributed under 
the terms of the Creative Commons Attribution 
Non-Commercial License (http://creativecommons. 
org/licenses/by-nc/4.0/), which permits unrestrict�-
ed non-commercial use, distribution, and repro-
duction in any medium, provided the original work 
is properly cited.

Online access in http://ekja.org168

http://crossmark.crossref.org/dialog/?doi=10.4097/kja.21426&domain=pdf&date_stamp=2022-04-01


[3], reimbursement of anesthesia services [4] and prediction of 
complications [5]. 

Despite its widespread use, studies suggest poor inter-rater 
agreement on ASA classifications [6–10]. Interpretations of ASA 
definitions may be influenced by the patient case-mix [11,12], 
rater expertise [9,11], and healthcare funding model [6]. Howev-
er, consistency in ASA classification is vital for accurate risk pre-
diction and resource planning. With the establishment of outpa-
tient pre-anesthesia evaluation clinics, discrepancies between the 
ASA classification assigned by preprocedural and day-of-surgery 
anesthesiologists could lead to day-of-surgery cancellations, 
which are associated with decreased operating room efficiency, 
low staff morale, increased patient anxiety, and increased costs 
[13,14]. 

Traditional models of in-person pre-anesthesia assessments 
have transitioned to digital formats, administered by health care 
providers or self-administered by patients [15–23]. Electronic 
pre-anesthesia assessment platforms often incorporate clinical 
decision support systems (CDSS) that improve quality of care 
through the standardization of practice [24,25]. We previously 
reported the development and validation of a web-based Pre-An-
aesThesia Computerized Health (PATCH) assessment applica-
tion through a mixed-methods approach [22]. The PATCH ap-
plication allows patients to self-administer a pre-anesthesia 
health screening questionnaire on a mobile device at the time, 
place, and pace most convenient to them. Patient responses gath-
ered online generate a comprehensive health report that is as reli-
able and accurate as that of nurse-led assessment [23]. However, 
in its current form, the application does not automatically gener-
ate the ASA score. Therefore, we aimed to build a CDSS for auto-
mated ASA classification for integration into the PATCH appli-
cation. 

As part of the ongoing research to develop a CDSS for automat-
ed ASA classification, the present study was undertaken with the 
aim of establishing Delphi consensus in ASA classification for a 
spectrum of clinical conditions encountered in our tertiary wom-
en’s hospital setting. As is typical of the Delphi technique, experts’ 
opinions were sought to determine the extent of agreement be-
tween them, and discrepancies were resolved through a series of 
anonymized sequential rounds, interspersed with controlled feed-
back and an opportunity for respondents to modify their respons-
es [26]. Items that attained consensus could then be incorporated 
to build decision rules for the program algorithm to automate 
ASA classification. 

Materials and Methods 

Study participants 

Ethics approval of the study (2017/3002) was provided by the 
SingHealth Centralized Institutional Review Board of the Singa-
pore Health Services Private Limited. The study was conducted at 
the Department of Women’s Anesthesia of the KK Women’s and 
Children’s Hospital, Singapore from 2 January to 28 February 
2021. The 830-bed hospital provides tertiary care for women and 
children. Eligible experts contacted for the Delphi study were an-
esthesia providers of the department who staffed the outpatient 
pre-anesthesia evaluation clinics and operating rooms and had a 
minimum of two years’ experience providing supervised or inde-
pendent anesthesia care. Purposive sampling was performed to 
ensure that the participants met eligibility criteria.  

Study design  

To assess Delphi consensus, two rounds of structured question-
naires were administered. Questionnaire items were formulated 
by three members of the study team (EL, BLS, and RD), each of 
whom have more than 20 years of clinical experience. The items 
covered patient conditions commonly encountered in our clinical 
setting and included examples adapted from the ASA-approved 
examples [2]. Conditions that are typically classified as ASA V 
(e.g., moribund patient) and VI (e.g., brain death) were excluded 
from the study, as they are not considered controversial in nature. 
The first version of the questionnaire was evaluated for clarity and 
relevance by two consultant anesthesiologists not affiliated with 
the hospital. No changes were deemed necessary after their re-
view. 

Round 1 

After providing written informed consent, participants accessed 
a web-based questionnaire (https://form.gov.sg/5fb48cb93a3e-
c7001128173b) to rate their agreement (on a 4-point Likert scale) 
to ASA scores assigned to 49 items in the ASA questionnaire 
framework. The participants had the option to provide free-text 
comments on individual items. The participants were also asked 
to provide information on gender and clinical experience. 

Participants were instructed to indicate their level of agreement 
on a 4-point Likert scale (strongly disagree ‘1’, disagree ‘2’, agree ‘3’, 
and strongly agree ‘4’) to ASA scores assigned to the 49 items. The 
‘neutral’ option was removed to move the group towards consen-
sus [27] and produce stable findings in the Delphi [28]. 
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Round 2 

Four weeks after completion of the first Delphi round, partici-
pants received an individualized questionnaire in Excel format via 
email denoting their individual scores, the group median, distri-
bution of responses, and the free-text comments collected in 
Round 1. Participants were then asked to reconsider their re-
sponses for Round 2, taking into consideration the group’s collec-
tive responses (i.e., median ASA score for each item) and com-
ments obtained in Round 1. The method of providing feedback 
along with the distribution of responses per item has been previ-
ously described in similar Delphi studies [29]. For Round 2, par-
ticipants were allowed to review their ratings in order to poten-
tially achieve a level of consensus for the group rating. Free-text 
comments were not elicited for any of the items in Round 2. Fig. 1 
summarizes the process of the Delphi technique used for this 
study. 

We had aimed to conduct two Delphi rounds, making an a pri-
ori decision to proceed with Round 3 if consensus was not 
achieved by Round 2. 

Defining consensus 

For the present study, consensus for each item was determined 
by a combination of the percentage agreement, interquartile range 
(IQR), and standard deviation (SD). Although using the percent-
age level setting based on the majority may be considered subjec-
tive [30], adding the IQR and SD increased the rigor regarding 
consensus since they are a measure of the stability of responses 
between rounds and level of convergence in the participants’ as-
sessment [31,32]. 

To measure consensus in this study, the following criteria were 
used in combination a priori: 

1. �Percentage agreement ≥  70%, meaning ≥  70% of partici-
pants must either agree or strongly agree (Likert scale ≥  3) 
with an item in Round 2 for it to be included in the ASA 
score assignment framework. This level of agreement has 
been described in previous studies using the Delphi tech-
nique [33]. 

2. �IQR ≤  1.0, meaning the IQR lies within one unit of the me-
dian on a 4-point Likert scale [31].  

3. �SD <  1.0, which indicates homogeneity in the participants’ 
responses [32]. 

Failure to achieve consensus in Round 2 on all three measures 
resulted in the item being excluded. 

Statistical analysis 

Data were analyzed using IBM SPSS Statistics for Windows 
(IBM Corp., USA) at the conclusion of each round. Demographic 
data and Likert item responses were analyzed using descriptive 
statistics. The median (IQR) score was calculated for each item. 
The categories ‘strongly agree’ and ‘agree’ were combined to com-
pute the percentage agreement of each item. Variability in re-
sponses was measured using the SD, where a decrease in the SD 
between rounds indicated increasing homogeneity of the re-
sponse. Regardless of whether the level of consensus was obtained 
in Round 1, all items were re-introduced in Round 2 of the Delphi 
survey to give every item the same opportunity to gain the highest 
rating and level of consensus. 

Development of Questionnaire of Items

Research team meeting

Three investigators collate items for ASA 
classification

Pre-testing of Questionnaire

Two external anesthesiologists assess relevance, 
clarity and relevance of questionnaire

Recruitment

Written informed consent from 37 eligible 
participants

First Delphi Round

ASA rating of 49 items by 37 participants

Median, IQR, percentage agreement & SD 

Second Delphi Round

Re-evaluation of 49 items after feedback

Response rate and Consensus measure

Consensus
37 items

No Consensus
12 items

Item Analysis

Final Analysis

Fig. 1. Flow diagram illustrating the Delphi method used. ASA: 
American Society of Anesthesiologists, IQR: interquartile range, SD: 
standard deviation.

Research team meeting

Research team meeting
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Results 

All 37 eligible staff members of the anesthesia department (ex-
cluding the three study team members) consented to the study 
and completed both Delphi rounds with no missing data (100% 
response rate). Table 1 shows the demographic characteristics of 
the 37 participants, comprising 15 consultant anesthesiologists, 
two anesthesia nurse practitioners, 14 residents, and six resident 
physicians. The majority (75.7%) of participants had ≥  five years 
of experience in providing anesthesia care. 

Tables 2–5 shows the Delphi consensus levels of items at the 
end of two rounds. The number of items that reached consensus 
increased from 25 (51.0%) in the first round to 37 (75.5%) in the 
second round. The greatest increase in consensus occurred for the 

items assigned ASA scores III and IV. Consensus was obtained for 
77.3% of items assigned ASA III (Table 4) and 100% of items as-
signed ASA IV (Table 5). Three items (age >  75 years, dissemi-

Table 1. Demographic Characteristics of Respondents (n = 37)

Frequency Percent
Sex (M/F) 17/20 45.9/54.1
Job position
  Consultants 15 43.2
  Non-consultants 22 56.8
Years of experience
  1 to <  5 9 24.3
  ≥  5 28 75.7

Table 2. Consensus Levels Achieved for Clinical Items Assigned an ASA I Score

Items Round 1 Round 2
Outcome‡

ASA I PA* Median† IQR SD PA* Median† IQR SD
Age >  75 yr 59.5 3 1.0 0.90 54.1 3 1.0 0.80 No
No or minimal alcohol use 100 4 1.0 0.48 94.6 4 1.0 0.58 Yes
BMI 28 83.8 3 1.0 0.79 70.3 3 1.0 0.82 Yes
*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3 
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have 
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, IQR: interquartile range, PA: 
percentage agreement, SD: standard deviation.

Table 3. Consensus Levels Achieved for Clinical Items Assigned an ASA II Score

Items Round 1 Round 2
Outcome‡

ASA II PA* Median† IQR SD PA* Median† IQR SD
Current smoker of 10 pack-years 86.5 3 1.0 0.69 81.1 3 1.0 0.70 Yes
Alcohol intake of 1–2 pints twice a week 56.8 3 1.0 0.79 62.2 3 1.0 0.62 No
Pregnancy with twins 81.1 3 1.0 0.76 86.5 3 0 0.60 Yes
Obesity with BMI 32 81.1 3 1.0 0.71 78.4 3 0 0.71 Yes
Chronic schizophrenia, on medications 89.2 3 1.0 0.65 89.2 3 1.0 0.67 Yes
Diabetes and HbA1c 6.5% 97.3 3 1.0 0.56 94.6 3 1.0 0.57 Yes
Hypertension and BP readings <  150/90 mmHg 89.2 3 1.0 0.71 94.6 3 1.0 0.57 Yes
Asthma with attacks once a month managed by home therapy 75.7 3 1.5 0.87 73.0 3 1.5 0.83 No
Anemia with Hb 10 g/dl 97.3 3 1.0 0.51 91.9 3 0.5 0.55 Yes
Aged >  75 yr 59.5 3 1.0 0.66 75.7 3 0.5 0.55 Yes
Exercise tolerance of 2 flights of stairs 45.9 3 2.0 1.11 21.6 2 0 0.60 No
Obstructive sleep apnea with STOP BANG score of 3 78.4 3 0 0.66 81.1 3 0 0.48 Yes
Active thyroid disease with abnormal levels of free thyroxine but 

not in thyroid storm
45.9 2 1.0 0.87 27 2 1.0 0.57 No

Disseminated intravascular coagulation 2.7 1 1.0 0.51 2.7 1 0.5 0.51 No
Obstetric hemorrhage with Hb 6 g/dl 16.2 1 1.0 0.55 2.7 1 1.0 0.55 No
*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3 
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have 
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, BP: blood pressure, IQR: 
interquartile range, PA: percentage agreement, SD: standard deviation.
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Table 4. Consensus Levels Achieved for Clinical Items Assigned an ASA III Score

Items Round 1 Round 2
Outcome‡

ASA III PA* Median† IQR SD PA* Median† IQR SD
Poorly controlled diabetes with HbA1c 10% 91.9 3 1.0 0.72 97.3 3 1.0 0.61 Yes
Hypertension and BP readings 160/105 mmHg 91.9 3 1.0 0.72 100 3 1.0 0.45 Yes
Chronic obstructive lung disease with daily exacerbations 62.2 3 2.0 1.1 78.4 3 1.0 0.88 Yes
BMI 42 89.2 4 1.0 0.77 94.6 4 1.0 0.58 Yes
BMI 38 59.5 3 1.5 0.85 75.7 3 0.5 0.72 Yes
Active hepatitis by clinical presentation and diagnostic results 70.3 3 2.0 0.8 81.1 3 0 0.65 Yes
Effort tolerance of one flight of stairs 64.9 3 1.0 0.69 78.4 3 0 0.42 Yes
Atrial fibrillation, rate 150 bpm 64.9 3 2.0 1.04 75.7 3 0.5 0.85 Yes
Myocardial ejection fraction 40% 83.8 3 1.0 0.71 97.3 3 0 0.46 Yes
End stage renal disease undergoing regularly scheduled perito-

neal dialysis
56.5 3 1.0 0.86 94.6 3 0 0.59 Yes

End stage renal disease undergoing regularly scheduled hemodi-
alysis

86.5 3 1.0 0.88 94.6 3 0 0.57 Yes

Myocardial infarct 6 months ago 83.8 3 1.0 0.69 91.9 3 0 0.52 Yes
Cerebrovascular accident or transient ischemic attack 4 months 

ago
78.4 3 1.0 0.8 86.5 3 0.5 0.68 Yes

Coronary stenting 6 months ago 86.5 3 1.0 0.63 94.6 3 0 0.46 Yes
Implanted pacemaker 83.8 3 1.0 0.79 97.3 3 0 0.44 Yes
Chest pain exacerbated by exertion and resolved with rest 51.4 3 1.5 0.83 51.4 3 1.0 0.68 No
Mitral stenosis with valve area 1.5 cm2 73 3 1.0 0.66 81.1 3 0 0.58 Yes
Obstructive sleep apnea with STOP BANG score 5–6 83.8 3 1.0 0.76 86.5 3 0 0.65 Yes
Active thyroid disease with abnormal levels of free thyroxine and 

in thyroid storm
27.0 2 2.0 1.04 24.3 2 1.5 0.97 No

Disseminated intravascular coagulation 40.5 2 2.0 1.07 27.0 2 1.5 1.00 No
Obstetric hemorrhage with Hb 6 g/dl 35.1 2 1.0 0.96 29.7 2 1.0 0.88 No
Alcohol intake of >  1–2 pints twice a week (1 pint =  500 ml) 32.4 2 1.0 0.62 24.3 2 0.5 0.64 No
*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3 
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have 
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, BP: blood pressure, IQR: 
interquartile range, PA: percentage agreement, SD: standard deviation.

Table 5. Consensus Levels Achieved for Clinical Items Assigned an ASA IV Score

Items Round 1 Round 2
Outcome‡

ASA IV PA* Median† IQR SD PA* Median† IQR SD
Atrial fibrillation, rate 180 bpm 100 4 1.0 0.48 100 4 0 0.40 Yes
Myocardial infarct 2 months ago 75.7 3 1.5 0.83 89.2 4 1.0 0.65 Yes
Cerebrovascular accident or transient ischemic attack 

3 months ago
64.9 3 2.0 0.91 83.8 3 1.0 0.66 Yes

Coronary stenting 2 months ago 67.6 3 2.0 0.88 81.1 3 0 0.65 Yes
Effort tolerance ≤  1 flight of stairs 59.5 3 1.0 0.82 70.3 3 1.0 0.65 Yes
Mitral stenosis with valve area 0.8 cm2 81.1 3 1.0 0.79 89.2 3 0 0.57 Yes
Myocardial ejection fraction 20% 83.8 4 1.0 0.76 91.9 3 1.0 0.63 Yes
Disseminated intravascular coagulation 94.6 4 1.0 0.61 100 4 1.0 0.45 Yes
Obstetric hemorrhage with Hb 6 g/dl 73.0 3 2.0 0.89 84.8 3 1.0 0.99 Yes
*Percentage agreement (percent of ‘agree’ and ‘strongly agree’ responses combined). †Median Likert score (1 = strongly disagree, 2 = disagree, 3 
= agree, 4 = strongly agree). ‡Consensus outcome (No = consensus not achieved, Yes = consensus achieved). Consensus was considered to have 
been achieved if PA 70%, IQR 1.0, and SD < 1.0. ASA: American Society of Anesthesiologists, BMI: body mass index, IQR: interquartile range, PA: 
percentage agreement, SD: standard deviation.
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nated intravascular coagulation, and obstetric hemorrhage with 
Hb <  6 g/dl) did not achieve consensus in one assigned class but 
achieved consensus when assigned another ASA class. 

After two Delphi rounds, consensus was not achieved for nine 
items, which pertained to alcohol intake of 1–2 pints twice a week, 
asthma with monthly attacks managed on home therapy, thyroid 
disease, exercise tolerance of one flight of stairs, and stable angina. 
As consensus was attained for at least 75% of the items after round 
two, it was deemed unnecessary to proceed with another consen-
sus round and the study was concluded. 

Discussion 

Delphi consensus was attained for 37 of the 49 clinical items 
(75.5%), facilitating their inclusion in a rule-based clinical support 
system designed to automate the prediction of the ASA classifica-
tion. We postulate that the moderate level of consensus obtained 
could reflect the similarity in training background among anes-
thesia providers at our setting of predominantly obstetric and gy-
necological cases. The literature also suggests an increased in-
ter-rater agreement in ASA classification when raters share com-
mon training backgrounds and experience [11]. 

However, three clinical items (age >  75 years, disseminated in-
travascular coagulation [DIC], and obstetric hemorrhage with Hb 
<  6 g/dl) did not achieve consensus in one allocated ASA class 
but did in another class. 

Aged > 75 years 

Age alone is not a criterion for ASA classification, although 
chronic diseases are more prevalent with advanced age. Advanced 
age is also a risk factor for increased morbidity and mortality. 
Technically, ASA classification should be based on the assessment 
of underlying organ function resulting from deterioration associ-
ated with age or disease and not simply by an age cut-off. Howev-
er, anesthesiologists have been known to apply an ASA score of II 
to otherwise healthy patients based on an arbitrary age criterion 
that ranges from 60 to 75 years [34], which was confirmed by par-
ticipants in this study.  

Disseminated intravascular coagulation 

DIC is a condition characterized by macro- and microvascular 
thrombosis and progressive consumption coagulopathy. In preg-
nancy, it can be triggered by placental abruption, placenta previa, 
amniotic fluid embolism, intrauterine death, eclampsia, and the 
hemolysis, elevated liver enzymes, low platelet count syndrome. 

The mortality rate for DIC is reported to be 20% to 50% [35]. 
Hence, it is not surprising that the consensus rating of ASA IV 
was attained for DIC in this study. 

Obstetric hemorrhage with Hb < 6 g/dl 

Obstetric hemorrhage is a leading cause of maternal mortality, 
accounting for 27% of all maternal deaths [36]. As our institution 
is an obstetric tertiary referral center, anesthesia providers have 
had first-hand experience managing life-threatening obstetric 
hemorrhages, including placenta accreta spectrum disorders [37]. 
We postulate that clinical experiences had likely influenced the 
group consensus of an ASA score of IV for acute obstetric hemor-
rhage complicated by severe anemia. 

After both Delphi rounds, the nine items that did not achieve 
consensus in ASA rating were alcohol consumption of 1–2 pints 
twice a week, asthma with monthly attacks managed by home 
therapy, thyroid disease with and without thyroid storm, exercise 
tolerance of one flight of stairs, and stable angina. 

Alcohol intake 

Participants could not reach a consensus on whether to assign 
an ASA score of II or III for alcoholic consumption of 1–2 pints 
twice a week. Based on the latest ASA guidelines, ‘minimal alco-
hol intake’ is an example of ASA I while ‘social drinking’ is con-
sidered ASA II [2]. The ASA definitions do not define differential 
volumes and alcohol concentrations. However, the U.S. Depart-
ment of Agriculture defines social drinking as limited to ≤  2 
drinks a day in men and ≤  1 drink a day in women [38]. Accord-
ingly, the intake of 1–2 pints of alcohol twice a week would be 
considered minimal and should warrant an ASA I classification. 
Our results suggest that participants were likely to be up-to-date 
with current guidelines on alcohol consumption and of the opin-
ion that the consumption of 1–2 pints twice a week warranted an 
ASA I classification. 

Asthma 

No consensus was achieved regarding an ASA II classification 
for a patient with asthma with monthly attacks that could be con-
trolled by home therapy. The ASA definitions have previously 
been criticized for their subjective nature [6–9], and this is a case 
in point. ‘Asthma with exacerbation’ is an approved example for 
ASA III; however, it is vague and does not quantify frequency and 
severity, thus making it difficult to differentiate between ASA II 
and III. Therefore, participants likely had mixed opinions on 
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whether to assign an ASA II or III classification, thus accounting 
for the results obtained. 

Thyroid disease 

The ASA classification does not provide approved examples of 
thyroid disease [2]. The item description, which states ‘active thy-
roid disease with abnormal levels of thyroid hormone,’ is vague 
and does not provide details regarding the symptomatology or se-
rum thyroid hormone levels. Without the benefit of clinical exam-
ination and laboratory thyroid measurements, we postulate that 
the majority of participants chose to adopt a more conservative 
approach in assigning  

ASA III to cases of active thyroid disease in the absence of thy-
roid storm. This failure to achieve consensus among participants 
could be explained by the fact that the presence of a thyroid 
storm is associated with a mortality of 10% [39], and an ASA IV 
classification would have been the appropriate option in that 
case. 

Exercise tolerance 

Exercise tolerance is an important predictor of cardiovascular 
complications after non-cardiac surgery [40]. In the preoperative 
setting, exercise tolerance can be estimated from activities of daily 
living using metabolic equivalents (METs), where 1 MET is the 
resting oxygen consumption of a 40-year-old, 70 kg man [41,42]. 
Exercise tolerance for one flight of stairs or ≥  4 METs [40] is usu-
ally used as a discriminator for further preoperative cardiac test-
ing [41]. In the present study, participants agreed that an exercise 
capacity of one flight of stairs constituted an ASA III classification 
but could not agree that an exercise capacity of two flights of stairs 
constituted an ASA II physical status classification. 

Few authorities have argued that exercise tolerance may be bet-
ter utilized as an indicator for further cardiac testing [43]. In one 
study, exercise tolerance <  4 METs was used to further stratify a 
broad category of ASA III vascular patients for more accurate risk 
prediction [44]. 

Stable angina 

Stable angina is characterized by chest pain that is precipitated 
by exertion but relieved with rest or medication. In the ASA 
guidelines and approved examples [2], myocardial infarction is 
listed as an approved example, with onset ≤  3 months as a dis-
criminator between ASA III and ASA IV classifications. Besides 
this temporal relationship, stable and unstable angina are not 

provided as approved examples for ASA classification. Hence, 
participants likely drew upon their own varied clinical experi-
ence for interpretation, resulting in the lack of consensus. 

The findings of this study provide a preliminary platform to 
establish decision ‘rules’ for the automated prediction of ASA 
classification scores, with the benefit of improved productivity 
and consistency in classification. A CDSS can either be knowl-
edge-based and implemented as a conditional logic, or non-
knowledge-based using artificial intelligence to derive patterns 
from clinical data sets [45]. CDSSs aid clinical decision making 
[46] and have been implemented for direct patient care [47] or to 
improve protocol compliance and quality measures [48]. More 
recently, CDSSs incorporating the automated prediction of a pa-
tient’s ASA classification have been reported [24,49]. In one 
study, data from a web-based preoperative assessment system 
were processed using decision logic to provide automated com-
putation of ASA scores [24]. Except for 159 cases (or 1.1%), the 
computed ASA scores showed close agreement with ASA scores 
estimated clinically by a heterogeneous group of anesthesia pro-
viders. Machine learning approaches have also been developed to 
predict ASA classification [49]; however, the quality of the algo-
rithm’s output is highly dependent on the quality and size of the 
data sets. A simple and basic CDSS based on the ‘IF THEN’ rule 
could be designed using data from the present study. For exam-
ple, a patient aged >  75 years would automatically be assigned an 
ASA class of II based on the consensus attained, unless it is su-
perseded by another condition that warrants a higher ASA classi-
fication score. 

This study has a number of strengths and limitations. Although 
the sample size was only 37, a 100% response rate was obtained 
for both Delphi rounds. To ensure the robustness of the Delphi, 
all items in Round 1 were maintained in Round 2 to give every 
item an equal opportunity of attaining consensus in each round. 
The re-circulation of items also made it possible to compare the 
IQR, which indicated whether consensus was present throughout 
or only developed between rounds. However, the study was con-
ducted at a single institution with its unique case-mix; therefore, 
external validity of the results is limited. The level of consensus 
could also vary in another population of anesthesia providers or 
even in the same population at another time. Additionally, con-
troversial items could have been repeated under other ASA classes 
to give participants the chance to achieve consensus in these ASA 
classes. To develop an accurate and robust system for automated 
ASA classification, consensus should ideally be achieved for all 
items. This can be achieved by training participants in ASA classi-
fication. Future research should also evaluate consensus on a wid-
er range of clinical conditions (including clinical and laboratory 
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data) to improve the internal validity of the system. Consensus 
could also be evaluated through clinical vignettes oriented to local 
practice, as this has been shown to improve the internal consis-
tency of ASA classifications [50]. 

In the present study, Delphi consensus in ASA classification 
was attained for 37 of the 49 (75.5%) example cases commonly 
encountered at our tertiary women’s hospital. This facilitated the 
development of a rule-based CDSS for the automated prediction 
of ASA classification in a pre-anesthesia health assessment appli-
cation. Future research should seek consensus in ASA classifica-
tion on a wider range of clinical conditions and vignettes to im-
prove internal validity. 
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