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KEY POINTS

• Functional capacity serves as a valuable measure of the body’s ability to effectively respond to and adapt to physiological

stress, playing a crucial role in assessing preoperative risk.
• Subjective methods of assessment include determining metabolic equivalents (METs), performing a Duke Activity

Status Index (DASI) questionnaire or asking patients about their ability to climb two flights of stairs.
• Objective methods of assessment include the Incremental Shuttle Walk Test (ISWT), the Six Minute Walk Test (6MWT),

the Stair Climbing Test or the gold standard Cardiopulmonary Exercise Testing (CPET).
• The literature differs on the sensitivity and specificity of each method and the different thresholds for different surgical

populations.
• Currently there is no single, ideal tool to assess functional capacity prior to noncardiac surgery.

INTRODUCTION

Preoperative risk assessment plays a crucial role in identifying patients at increased risk of perioperative morbidity and mortal-

ity. It allows clinicians to make informed decisions regarding patient selection for surgery, implement preoperative optimisation

strategies, guide intraoperative management, plan for adequate postoperative resources and minimise the risk of avoidable

complications. Evaluating functional capacity is an integral component of comprehensive preoperative risk assessment.

Functional capacity is the maximum physical activity that an individual is capable of performing and serves as a valuable measure

of the body’s ability to effectively respond and adapt to physiological stress. Patients with good functional capacity have a lower sus-

ceptibility to various postoperative complications, including surgical site infections, respiratory issues such as pneumonia, cardiac

complications such as myocardial infarction as well as shorter hospital stays and decreased mortality rates.

This tutorial aims to provide an overview of both subjective and objective methods used to assess functional capacity. It will

delve into the procedure of each test, highlight their respective advantages and disadvantages, explore their clinical applicability

and validity and examine how each test correlates with the gold standard. By covering these aspects, this tutorial aims to enhance

understanding and knowledge regarding the perioperative assessment of functional capacity.

Of note, functional capacity assessment may be less accurate in certain populations. In the elderly population, functional

capacity does not assess frailty, the presence of dementia or neurocognitive decline. As well, changes in balance and flexibility

may make assessment challenging. In the obese population, changes in functional capacity may be related to psychological
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perceptions (fear or embarrassment) due to social stigmas or obesity-related sarcopenia. In patients with musculoskeletal

pathology, physical activity may be limited by pain or immobility and not necessarily due to cardiopulmonary limitations.

SUBJECTIVE METHODS OF ASSESSING FUNCTIONAL CAPACITY

Self-Reported Metabolic Equivalents

A metabolic equivalent (MET) represents the resting oxygen consumption of a 40-year-old, 70-kg man, equivalent to

3.5 mL/kg/min.1 To assess functional capacity, patients can be asked about their ability to perform various activities of daily living,

and the corresponding MET levels can be determined (Table 1).

The association between METs achieved and functional capacity is shown in Table 2. Lower MET levels are generally linked to

poorer postoperative outcomes.2,3 However, it is important to note that estimating METs solely through a preoperative history of

activities of daily living can underestimate the true METs as measured by stress testing.4 Therefore, METs should not be solely

relied upon but rather assist healthcare practitioners in identifying patients who may require further assessment.

Duke Activity Status Index

To address the limitations of obtaining METs through a general history, a structured, self-administered questionnaire known as

the Duke Activity Status Index (DASI) was developed.5 The DASI questionnaire consists of 12 activities, ranging from daily living

tasks to sports activities, with each activity assigned a weight based on its known energy expenditure (Table 3). The sum of these

weights provides a DASI score, which ranges from 0 (equivalent to 2.74 METs, indicating all “no” answers) to 58.2 (approximately

9.89 METs, indicating all “yes” answers). A DASI score below 34 is associated with an increased risk of myocardial infarction,

moderate-to-severe complications and new disability following noncardiac surgery.6

The DASI offers the advantage of being electronically available for completion prior to the preoperative visit, which can streamline

the assessment process. In addition, a modified version of the DASI has been developed, comprising only five questions. This

shortened version has demonstrated comparable predictive capacity to the original DASI while being more concise and user-

friendly.7 The correlation between DASI scores and objectively measured methods improves when the questionnaire is adminis-

tered by an interviewer.8 This may be due to patients’ tendency to overestimate their capabilities. The large-scale, multicentre

METS study found that the DASI questionnaire performed better than other subjective methods at determining the risk of 30-day

myocardial infarction and mortality following abdomino-pelvic and orthopaedic surgeries. The authors also found that when combining

the DASI score with the Revised Cardiac Risk Index (RCRI) score, the ability to predict postoperative 30-day mortality, one-year mor-

tality and myocardial infarction improved marginally compared with when the RCRI score was used on its own.9

METs Activity

1 Reading

Watching television

Eating

Getting dressed

2-3 Walking on level ground 3-4 km/h

Light housework

4-9 Climbing a few stairs

Walking on level ground 6 km/h

Running

Heavy household chores

Moderately strenuous sports

>10 Highly strenuous sports

Table 1. METs Associated With Different Activities.

METs indicates metabolic equivalents

METs Achieved Functional Capacity

>10 Excellent

7-10 Good

4-6 Moderate

<4 Poor

Table 2. Association Between METs Achieved and Functional

Capacity. METs indicates metabolic equivalents
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Self-Reported Ability to Climb Stairs

Patients are typically asked whether they can climb two flights of stairs without needing to stop. It is worth noting that two flights

of stairs generally consist of approximately 44 stairs, with an average step height of 20 cm. However, different institutions may

have flights and stairs of varying heights, which could affect standardisation of the test.8 The inability to climb two flights of stairs

has been associated with increased postoperative complications and mortality. However, there are conflicting data regarding its pre-

dictive capacity.10 The advantages and disadvantages of each subjective method of assessment are detailed below (Table 4).

OBJECTIVE METHODS OF ASSESSING FUNCTIONAL CAPACITY

Indirect Measures

Incremental Shuttle Walk Test

The Incremental Shuttle Walk Test (ISWT) is a maximal exercise test that is considered safe, cost-effective and easy to administer.

During the test, the patient walks back and forth between two cones placed 10 m apart, synchronised with auditory beeps that

increase in frequency. The test continues until the patient reaches maximal exertion or fails to reach the next cone in time with

the beep. If a patient achieves a distance greater than 400 m, further testing is not necessary. However, if the distance achieved is

Are You Able to . . . ? Yes No

Take care of yourself (eating, dressing) 2.75 0

Walk indoors 1.75 0

Walk 200 m on flat ground 2.75 0

Climb up one flight of stairs* 5.5 0

Run a short distance 8 0

Do light work around the house (dusting, washing dishes) 2.7 0

Do moderate work around the house (sweeping floors, making beds) 3.5 0

Do heavy work around the house (scrubbing floors, moving furniture)* 8 0

Gardening (raking leaves, mowing lawn)* 4.5 0

Have sexual relations* 5.25 0

Participate in moderate exercise (dancing, throwing a ball) 6 0

Participate in strenuous exercise (football, rugby, netball)* 7.5 0

Table 3. DASI Questionnaire With Associated Points. *Questions from the modified Duke

Activity Status Index. DASI indicates Duke Activity Status Index

Method Advantages Disadvantages

METs Quick

Simple to perform

Cost-effective

No equipment necessary

Patients are familiar with questioned

activities

Poor predictive capacity in isolation

Relies on patient recall

Not standardised

DASI Standardised

Self-administered

Can be modified to be shorter

Good predictive capabilities when

combined with RCRI

Available electronically

Not validated in languages other than English

Questions regarding sexual relations may make some

patients uncomfortable

Requires a calculator/arithmetic skill

Relies on patient recall

May not perform well in certain circumstances, for

example, non-cardiorespiratory functional limitations

(musculoskeletal pathology, frailty etc)

Self-reported ability

to climb stairs

Simple to perform

Quick

Cost-effective

Familiar to practitioners and patients

Conflicting results regarding predictive capacity

Not standardised

Duration of climb not accounted for

Relies on patient recall

Requires lower body strength

Table 4. Advantages and Disadvantages of Subjective Methods (RCRI, Revised Cardiac Risk Index), DASI indicates Duke

Activity Status Index; METs, metabolic equivalents
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less than 250 m, formal cardiopulmonary exercise testing (CPET) should be considered.11 Notably, in gastro-oesophageal surgery,

achieving an ISWT distance of less than 350 m has been associated with reduced long-term survival.12

Six-Minute Walk Test

The Six-Minute Walk Test (6MWT) is a submaximal exercise test. During the test, the patient walks at their own comfortable pace for

a duration of six minutes, and the total distance covered is measured. An international, multicentre trial found that for every 100-m

decrease in the distance achieved on the 6MWT, there was a 1.32-fold increase in the odds of developing postoperative complications

following elective noncardiac surgery.13 Different studies have found varying threshold distances for identifying high-risk patients, and

there are conflicting results regarding the predictive capacity of the 6MWT.11,14,15

Stair-Climbing Test

The stair-climbing test is a functional exercise test that is relatively simple to perform. There are two commonly described methods

for conducting this test:

(1) The patient climbs up two flights of stairs as quickly as they can, ensuring safety and without experiencing any limiting

symptoms. The time taken to complete the task is recorded.

(2) The patient climbs up as many flights of stairs as they can until they are unable to continue.

In patients undergoing abdominal surgery, a 12-stair climb duration exceeding 26.5 seconds was associated with a higher risk

of postoperative complications, while individuals who completed the stair climb in 15 seconds or less had no postoperative

complications.16 However, the stair-climbing test lacks standardisation in the literature regarding the methods of performance,

and it requires sufficient lower body strength to perform. In addition, it may not predict the aerobic capacity necessary to survive the

stress response associated with major noncardiac surgery.17

Direct Measures

Cardiopulmonary Exercise Testing

Cardiopulmonary exercise testing (CPET) is a non-invasive, dynamic and standardised maximal exercise test. Its utilisation,

however, is limited by the requirement for expensive equipment and trained personnel. During CPET, the patient undergoes an

incremental exercise test with breath-by-breath gas analysis until maximal exercise capacity is reached. The literature surrounding

CPET is characterised by small-scale cohort studies and a lack of standardisation.18 Despite this, it is still considered the gold stan-

dard in determining aerobic fitness.19

The anaerobic threshold (AT), a value determined during CPET, is the exertion level above which lactate begins to increase

during incremental exercise. It indicates increased glycolysis and can sometimes be referred to as the lactate threshold. It is

an objective value that cannot be affected by the patient’s effort or choice.20 A value <11 mL/kg/min is associated with an

increased risk of morbidity and mortality following noncardiopulmonary surgical procedures.21,22 Additional values such as the

Method Advantages Disadvantages

ISWT Requires minimal equipment

Cost-effective

Easy to perform

Poor discriminatory ability

No clear cutoff distance identified

6MWT Easy to perform

Requires no equipment

Fair predictive capacity

Requires external encouragement

Conflicting results regarding threshold

Submaximal

Stair climb

test

Requires minimal equipment

Cost-effective

Easy to perform

Can be compared with self-reported stair climb

Requires lower body strength

Lack of standardisation

Not a true indicator of aerobic capacity

Submaximal

CPET Gold standard

Standardised

Can guide prehabilitation

Arm crank available for patients with lower-limb pathology

Can be used to differentiate between cardiac and respiratory

causes of exercise limitation

Maximal

Requires trained staff

Requires expensive equipment

Literature not robust (small-scale,

non-standardised studies)

Different thresholds for different surgeries

Table 5. Advantages and Disadvantages of Objective Methods. 6MWT indicates Six-Minute Walk Test; CPET, cardiopulmonary

exercise testing; ISWT, Incremental Shuttle Walk Test
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oxygen consumption at peak exercise (VO2 peak) and ventilatory equivalents (VE/VCO2) are also used to identify high-risk

patients, although specific thresholds may vary depending on the type of surgery.

Notable advantages of CPET are that it can be used to facilitate the implementation of prehabilitation programs aimed at

improving a patient’s functional capacity prior to major surgery. As well, an arm crank is available for patients with lower-limb

pathology. For more detailed information on CPET, please refer to ATOTW 217 and 473. The advantages and disadvantages

of each objective method of assessment are detailed below (Table 5).

VO2 Peak Equivalents

VO2 peak is a crucial value derived from CPET, representing a patient’s maximum oxygen uptake during peak exercise. VO2

peak is predictive of postoperative complications such as pulmonary complications, wound infections and unintended admis-

sions to the intensive care unit. Generally, a VO2 peak value below 15 mL/kg/min is associated with poorer postoperative out-

comes.8,11 Table 6 illustrates the correlation between each method of functional capacity assessment and VO2 peak. While

the conversions provided in the table are not precise and may not fully capture the increased perioperative morbidity, they offer

an estimation for clinicians who do not have access to CPET.

CONCLUSION

It is important to acknowledge that there is currently no flawless method for assessing functional capacity. The information

obtained through the aforementioned assessment methods should be carefully analysed in conjunction with other factors such

as age, comorbidities, urgency and type of surgery, validated risk scores and biomarkers. This comprehensive evaluation

allows for a more accurate quantification of risk and enables shared decision making in the context of preoperative planning.
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