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Overview of Preoperative Risk Analysis: 
American Society of Anesthesiology  
Physical Status Classification and the 
Surgical Risk Calculator
Thomas A. Diller, PhD, CRNA

OBJECTIVES
At the completion of this course, the reader will be able to:

1.  Describe the benefits and limitations to the 
American Society of Anesthesiology Physical Status 
classification in analyzing preoperative risk.

2.		List	patient-specific	factors	that	increase	the	periop-
erative risk according to the Surgical Risk Calculator.

3.  Outline the importance of patient risk analysis.
4.  Discuss potential benefits and limitations to current 

risk analysis practices. 

INTRODUCTION
The origins of the concept of risk are relatively neutral. 

Merriam-Webster defines ‘risk’ as the chance or prob-
ability of something happening.1 It is a purely math-
ematical chance of an event occurring, yet in today’s 
socio-cultural context, the concept of risk can have a 
more negative connotation. Someone conducting in 
“risky” behavior or being at “high risk” is generally not 
something desirable.2 Because there are multiple con-
cepts of risk,2 it is critical for an anesthesia provider to 
comprehensively assess, identify, and inform the patient 
of all potential complications and possible interventions. 

Assessing risk in anesthesia is the process of deter-
mining the patient’s physical status, surgical procedure, 
and anesthesia method of delivery to ensure equilibrium 
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The certified registered nurse anesthetist has a vital role and critical position to provide safe 
and effective anesthesia and to speak on behalf of the patient when they cannot speak for 
themselves. Paramount to this process is analyzing risk factors related to the patient’s physical 
status, the specific surgical procedure, and the method of anesthesia delivery. The American 
Society of Anesthesiology Physical Status Classification is a foundation in preoperative patient 
assessment. This preoperative assessment tool is used for assessing patient’s functional 
reserve and risk for anesthesia. The American College of Surgeons National Surgical Quality 
Improvement Program developed the Surgical Risk Calculator. This preoperative assessment 
tool uses 21 preoperative risk factors to predict 13 perioperative complications and is proving 
to be a reliable indicator for predicting patient risk. Anesthetic techniques such as multimodal 
analgesia and enhanced recovery after surgery have demonstrated a significant impact 
on patient outcomes. There are potential improvements and opportunities for anesthesia 
providers to collaborate and improve patient risk analysis.
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and an optimal plan of care. Therefore, the extent of 
anesthesia risk depends on the patient’s physical status, 
functional limitations, the complexity of the surgi-
cal procedure, and the inherent risks associated with 
the method of anesthesia delivery. Optimizing patient 
outcomes is a complex process and effective preop-
erative assessment requires a multimodal team approach 
between primary care providers, anesthesia providers, 
and the surgeon performing the procedure.3 Therefore, 
it is critical for the certified registered nurse anesthetist 
(CRNA) to identify potential risks and fully inform pa-
tients of possible outcomes.
The	significance	of	risk	analysis	is	patient	safety,	advo-

cacy, and informed consent. The American Association of 
Nurse Anesthetists core values include compassion, pro-
fessionalism, advocacy, and innovative solutions.4 The in-
traoperative, anesthetized patient is clearly vulnerable and 
depends on the CRNA as an advocate. This article reviews 
the preoperative assessment and risk analysis tools of 
the American Society of Anesthesiologists (ASA) Physical 
Status	 (PS)	 Classification	 and	 the	 American	 College	 of	
Surgeons (ACS) National Surgical Quality Improvement 
Program (NSQIP) Surgical Risk Calculator (SRC).

•• Background to Risk Analysis. In most cases in the 
United States, CRNAs administer anesthesia.5 The CRNA 
plays a vital role in providing safe and effective anesthe-
sia and speaking on behalf of the patient when they are 
unable to speak for themselves. Analyzing perioperative 
risk is paramount to this process. CRNAs evaluate poten-
tial risk by reviewing the patient’s physical condition for 
surgery, airway difficulty, and adherence to preoperative 
instructions (eg, medications, nothing by mouth status). 
Once risk is identified and analyzed, the proceeding 
clinical decisions are critical to patient safety. 

Evidence-based guidelines are established to assist in 
the decision-making process. It is not clear that these 
guidelines are always strictly adhered to in clinical prac-
tice and Greig and associates6 discovered variability in 
anesthesia providers’ risk tolerance. The foundation for 
risk appraisal that guides clinical decision making is the 
preoperative assessment of the ASA PS Classification. 
Two elements lacking in this assessment are a quantita-
tive risk analysis tool and surgical risk factors.

Finally, understanding patient outcomes is essen-
tial. Anesthesia-related mortality has decreased from 
6.4/10,000 in the 1940s to 0.4/100,000 currently.7 This 
dramatic decrease in mortality rates is primarily due to 
the introduction of safety standards and the improved 
training of anesthesia providers.7 Conversely, there has 
been a recent rise in mortality rates related to anes-
thesia, and this rise is attributed to a disproportionate 
number of elderly and multimorbid patients undergoing 
surgical procedures, and not to decreasing anesthesia 
care quality.7 Therefore, the patient’s physical status is 
directly correlated to outcomes. Moreover, anesthesia 

interventions (e.g., multimodal therapies, enhanced re-
covery protocols) can contribute to a notable reduction 
in postoperative complications.7

•• History of ASA PS Classification. In May 1941, Meyer 
Saklad8 described a new ‘six-degree’ grading system of a 
patient’s physical status and asserted that the patient’s 
physical state could be useful for statistical analysis 
(e.g., tracking types of patients undergoing anesthesia 
or surgery). However, he warned that it should not be 
used to predict the effects of surgery on any patient of 
any type of physical status and stressed that grading the 
patient’s surgical risk is statistically impractical because 
the numerous variables to consider.8

The original ASA PS classification included a ‘func-
tional status’ assessment tool (Table 1). The functional 
status quantified the specific level of physical activity 
that symptoms would present and if there was evidence 
of cardiovascular disease.9 Moreover, Saklad8 listed 
other components to risk, such as the planned surgical 
procedure, skill of the surgeon, attention to postopera-
tive care, and skill and ability of the anesthetist.10

The ASA adopted the ‘six-degree’ physical status clas-
sification, and in 1961, Dripps and associates11 revised the 
ASA PS to what is currently utilized. The current ASA PS 
consists of six classifications and the option of adding “E” 
for emergency cases. Table 2 illustrates this classifica-
tion with patient examples.

Overview of the ASA PS Characteristics. Whether they 
are CRNAs or physician anesthesiologists, anesthesia 
providers use the medical model of the ASA PA clas-

Table 1.  ASA Physical Status Classification version 1 
(1941)
Each class was supported by several examples of patients who 
would fall into that category. 
Adapted from Saklad, M. Grading of patients for surgical 
procedures. Anesthesiology. 1941;2:281-284.
Abbreviation: ASA, American Society of Anesthesiologists.

ASA 
Classification Definition

 1 No systemic disturbance
 2  Moderate and definite systemic 

disturbance either preexisting or caused 
by the condition that is to be treated by 
surgical interventions

 3 Severe systemic disturbance
 4  Extreme systemic disorders that are an 

imminent threat to life regardless of the 
type of treatment

 5  Emergency surgery in patients that would 
otherwise be graded as class 1 or 2

 6  Emergency surgery in patients that would 
otherwise be graded as class 3 or 4

 7  Added later–a moribund patient not 
expected to survive 24 hours with or 
without an operation
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sification to quantify patients’ acuity and risk. The ASA 
PS is used to assess a patient’s preoperative physical 
condition and, therefore, the level of functional reserve 
and risk for anesthesia. The original intent of this clas-
sification was to collect and compare anesthesia statis-
tical data.8 Currently, many anesthesia providers report 
the ASA PS classification as an essential indicator of 
anesthesia risk.12 This indicator of anesthesia risk only 
assesses the patient’s physical status. Past research sug-
gests that ASA PS misclassification significantly impacts 
observed and expected outcomes.13

The ASA PS classification is a commonly used patient 
assessment. It is both praised and criticized for its sim-
plicity, subjectivity, and non-specificity and its simplic-
ity enables the classification to be easily remembered, 
quickly applied, and frequently predictive of patient 
outcomes.14 Its limitations are the subjectivity and in-
consistency from anesthesia providers.15 Iherjirka and 
associates16 evaluated the ASA PS classification in the 
context of orthopedic trauma patients and asserted that 
interrater reliability increases as the anesthesia pro-
vider’s comfort level with the classification increases.

The ASA PS classification currently serves three func-
tions in anesthesia: 1) it attempts to quantify the amount 

of physiological reserve a patient possesses at the time 
of surgery; 2) it attempts to be a predictor of surgical 
outcome risk to the patient; and 3) it is a method of ad-
justing healthcare billing in the US.10 It is interesting to 
note that the predictor of surgical outcome risk is con-
tradictory to the original intent of the classifications.8

The first characteristic of the ASA PS classification is 
to explore the subjectivity of the assessment. Aronson 
and associates12 surveyed 70 anesthesia providers (e.g., 
39 CRNAs and 31 physician anesthesiologists) to deter-
mine the interrater reliability of ASA PS designation and 
the variability among anesthesia providers. The survey 
consisted of 10 scenarios for which the respondent gave 
an ASA PS classification and rationale. Aronson and as-
sociates’12 participants demonstrated agreement ranging 
from 1% to 84% with the correct classification, depend-
ing on the case, which suggests poor interrater reli-
ability. Additionally, the sources of variability were the 
nature of the surgery, potential difficult airway, smoking 
history, acute injury, and pregnancy.12

Riley and colleagues17 studied anesthetists in Australia 
to determine if the level of training, gender, or type of 
practice was associated with ASA PS assignment. The 
results demonstrated that the most frequently correct 

Table 2.  Current ASA Physical Status Classification 
The addition of “E” denotes emergency surgery: (an emergency is defined as existing when a delay in treatment of patient would lead 
to a significant increase in the threat to life or body part). 
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
Abbreviations: ASA, American Society of Anesthesiologists; PS, physical status; BMI, body mass index; DM, diabetes mellitus; HTN, 
hypertension; COPD, chronic obstructive pulmonary disease; ESRD, end-stage renal disease; PCA, percutaneous coronary angioplasty; 
MI,myocardial infarction; CAD, coronary artery disease; TIA, transient ischemic attack; DIC, disseminated intravascular coagulation, ARD, 
acute respiratory distress. 

ASA PS  Adult examples, 
Classification Definition including, but not limited to:

ASA I A normal healthy patient Healthy, nonsmoking, no or minimal alcohol use
ASA II A patient with mild systemic disease  Mild diseases only without substantive functional limitations. 

Examples include (but not limited to): current smoker, social alco-
hol drinker, pregnancy, obesity (30 < BMI < 40), well-controlled 
DM/HTN, mild lung disease.

ASA III A patient with severe systemic disease  Substantive functional limitations: One or more moderate to 
severe diseases. Examples include (but not limited to): poor 
controlled DM or HTN, COPD, morbid obesity (BMI > 40), active 
hepatitis, alcohol dependence or abuse, implanted pacemaker, 
moderate reduction of ejection fraction, ESRD undergoing regu-
larly scheduled dialysis, premature infant PCA < 60 weeks, his-
tory (> 3 months) of MI, CAD, TIA, or CAD/stents.

ASA IV A patient with severe systemic disease Examples include (but are not limited to): recent (< 3 months)  
 that is a constant threat to life   MI, CVA, TIA, or CAD/stents, ongoing cardiac ischemia or severe 

valve dysfunction, severe reduction of ejection fraction, sepsis, 
DIC, ARD, or ESRD not undergoing regularly scheduled dialysis.

ASA V A moribund patient who is not expected Examples include (but are not limited to): ruptured abdominal/ 
 to survive without the surgery  thoracic aneurysm, massive trauma, intracranial bleed with mass 

effect, ischemic bowel in the face of significant cardiac pathology, 
or multiple organ/system dysfunction.

ASA VI A declared brain-dead patient whose organs  
 are being removed for donor purposes
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assigned classification was ASA I and the most variation 
was with ASA PS II.17 Overall, the study demonstrated a 
fair agreement among anesthesia providers in assigning 
ASA PS class, which is consistent with previous studies.17 
Finally, correct identification and over- or underscoring 
was not related to age, level of training, gender, or train-
ing location.17

Interrater reliability is a historical concern for the 
ASA PS classification. In 1995, Haynes and Lawler18 sur-
veyed 97 anesthesiologists in the United Kingdom, asking 
them to assign ASA PS classifications to 10 hypothetical 
patient scenarios. While no case demonstrated complete 
agreement, the variation among ASA PS classifications 
differed significantly depending on the presenting case. 
A similar study in Finland in 1997 by Ranta and associ-
ates19 described marked variations in ASA PS classifica-
tion. In their study of 10 hypothetical patient scenarios, 
one case had the classification of all five possible grades. 
Therefore, Ranta and associates19 posit that even in 
a smaller, culturally homogeneous country such as 
Finland, significant variation is present. Hurwitz and co-
workers20 demonstrated that adding examples improves 
the correct assignment of patients by anesthesia provid-
ers and non-anesthesia clinicians.

The second characteristic of ASA PS classification 
needing discussion is the evolving use as a risk predic-
tor. The ASA PS classification is not an exhaustive list of 
physical risk factors such as obstetrics, pediatrics, reli-
gious beliefs, and previous anesthetic history.10 There are 
studies that link ASA PS classification to outcomes and 
Moreno and colleagues21 demonstrated that increased 
ASA PS scores correctly identified high-risk patient pop-
ulations, yet demonstrated poor discrimination between 
patients with lower scores of grades I or grade II.

Yang Koo and associates22 hypothesized that ASA PS 
could predict postoperative complications when the 
surgical risk was low and, conversely, be less useful 
when surgical risk is high. A world-wide meta-analysis 
of surgical cases by Yang Koo and colleagues22 discov-
ered that the ASA PS was less useful when the mortality 
rate was high. This conclusion is presumably due to the 
overshadowing of surgical risk. Conversely, when the 
mortality rate was low, the ability of ASA PS to define a 
patient’s functional limitation indicated the majority of 
postoperative mortality, and because anesthesia is rarely 
administered for solely therapeutic reasons, other vari-
ables such as surgical contribution must be considered.22

The ASA PS is just one example of preoperative risk 
analysis. A literature review of anesthesia risk leads to 
numerous studies on the potential of complications (e.g., 
risk of nausea, difficult airway, awareness, bleeding, 
infection). Each surgery can be associated with inher-
ent risks or potential suboptimal outcomes.6 It is the 
anesthesia provider’s responsibility to know the indica-
tions, potential risks, anesthesia requirements, and post-

operative complications of any surgery for which they 
provide anesthesia. Once anesthesiarisk is appropri-
ately assessed and defined, the next step in advocating 
and developing a plan of care for the surgical patients. 
Standards of care, protocols, and best practices in the 
clinical field assist the anesthesia provider in developing 
an anesthetic plan.

•• Overview of the Surgical Risk Calculator. The SRC 
estimates the probabilities of complications or death 
after a specific surgery.23, 24 These risk models are de-
veloped from the analysis of large databases of previous 
patients’ experience in a similar clinical scenario. The 
ACS NSQIP SRC is an instrument that predicts the risk 
for major adverse cardiovascular events and other peri-
operative complications (NSQIP, 2020).25 The ACS NSQIP 
SRC uses 21 preoperative risk factors (Table 3) to predict 
13 perioperative complications (Table 4).23, 25

The Society of Thoracic Surgeons (STS) collects infor-
mation into an Adult Cardiac Surgery Database (ACSD) to 
develop risk models.26, 27 The origin of the database began 
with tracking of hospital mortality data in the 1980s by 
Medicare and Medicaid Services. Coronary bypass graft-
ing surgery (CABG) was a high-profile procedure which 
led to complaints by hospitals and surgeons that their 
patients’ inherent risk needed to be factored.26 The 
STS determined to develop a risk model that took into 
account relative similar procedures (isolated CABG) 
and separate risk models for more complicated proce-
dures (CABG plus heart valve replacement), which have 
increased inherent risk.26 The purpose of the multiple 
models was to avoid skewed performance measures or 
risk aversion behavior by surgeons.26

The STS risk model grew from the original focus of 
one procedure (CABG) and one outcome (mortality) to 
multiple procedures (e.g., valve replacement, congenital 
heart defects) and multiple outcomes (e.g., complica-
tions, length of hospital stay). The STS risk model is 
then applied to patient counseling, decision making, 
and quality improvement initiatives.26 Shahian and as-
socites26 posits that such discussion of risk adjustment 
is critical for providers in understanding and accepting 
outcomes and abating risk aversion behavior.

It is essential to reassess risk models to ensure they 
are encompassing patient characteristics, outcomes, and 
standards of practice as healthcare science advances and 
new technologies and procedures are developed.28 The 
latest adjustment to the STS risk model utilized the ACSD 
data from July 2011 to June 2014 to develop risk models 
for surgical mortality, stroke, renal failure, prolonged 
ventilation, mediastinitis/sternal wound infections, re-
operation, significant morbidity, prolonged hospital stay, 
and short postoperative length of stay of CABG patients. 
The risk model includes a total of 670,830 records and 65 
predictor variables.28

The ACS NSQIP SRC has been studied and expanded 
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to provide risk analysis for all types of specialties and 
patient populations (e.g., pediatrics, geriatrics, bariatrics, 
oncology).29-31 Multiple studies have verified the effec-
tiveness of the SRC in predicting patient outcomes.29,31,32 
This analysis tool is being applied to improve informed 
consent and to include the patient in the decision-mak-
ing process during the preoperative setting.33-35

The ACS NSQIP SRC and the STS risk model are ex-
cellent examples of quantifying and communicating risk 
to providers and patients. The STS website provides a 
step-by-step risk calculator for providers.35 The provider 
enters data (procedure, gender, age, race, height, weight, 
lab values, medical history), and the risk model provides 
risk scores for mortality, renal failure, stroke, prolonged 
ventilation, infection, reoperation, morbidity, and short 
and long length of stay.25 Once the type of surgery 
and the inherent risks are determined, the patient and 
healthcare team collaborate to determine the optimal 
anesthesia plan.

CONCLUSION
The development of enhance recovery after surgery 
(ERAS) protocols have improved patient outcomes.36,37 

ERAS is a collaborative effort between the patient, anes-
thetist, and the surgeon to reduce adverse outcomes 
and surgical risks of complications.38 These protocols 
are one step to holistically assess the patient and pre-
operatively optimize outcomes. The development of the 
ASA PS classification, the ACSD database, and the NSQIP 
risk calculator are useful tools in predicting patient risks. 
Unfortunately, these models do not account for the type 
of anesthesia used or specific anesthesia risk (e.g, dif-
ficult airway, malignant hyperthermia).

The assessment process is critical to patient outcomes 
in the preoperative setting. Furthermore, identifying 
factors that impact the clinical decision-making process 
of CRNAs in the preoperative setting will provide in-
sights that improve patient safety, satisfaction, and de-
crease complications associated with undue risk taking. 

Table 3.  ACS NSQIP Risk Calculator Predictor Factors 
Reference: http://riskcalculator.facs.org/RiskCalculator/
Abbreviations: ACS, American College of Surgeons; NSQIP, National Surgical Quality Improvement Program; SIRS, systemic 
inflammatory response syndrome; COPD, chronic obstructive pulmonary disease; BMI, body mass index.

Surgical risk factors: Variables:

Are there other potential appropriate treatment options? Other surgical options, other nonsurgical options, none

Age group Younger than 65 years, 65 to 74, 75 to 84, 85 years or older

Sex Male or female

Functional Status Independent, partially dependent, totally dependent

Emergency Case Yes or no

ASA Class  Healthy patient, mild systemic disease, severe systemic disease, 
severe systemic disease/constant threat to life, moribund/not 
expected to survive the surgery

Steroid use for a chronic condition Yes or no

Ascites within 30 days prior to surgery Yes or no

Systemic sepsis within 48 hours prior to surgery None, SIRS, sepsis, septic shock

Ventilator dependent Yes or no

Disseminated cancer Yes or no

Diabetes No, oral, insulin

Hypertension requiring medication Yes or no

Congestive Heart Failure in 30 days prior to surgery Yes or no

Dyspnea No, with moderate exertion, at rest

Current smoker within one year Yes or no

History of severe COPD Yes or no

Dialysis Yes or no

Acute Renal Failure Yes or no

BMI Calculation: Height and weight

Geriatric Outcomes  Mobility aid use, origin status on admission, fall history, history of 
dementia or cognitive impairment, hospice or palliative care upon 
admission, surrogate signed consent on admission

Surgeon adjustment of risk  No adjustment necessary, risk somewhat higher than the estimate, 
risk significantly higher than the estimate
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Moreover, the anesthetic decisions and techniques chosen 
will improve outcomes and decrease complications.

There are potential improvements and opportunities 
for anesthesia providers to collaborate and improve risk 
analysis for patients. Anesthetists and surgeons need 
to increase collaborative efforts to identify and reduce 
risk. The integration of anesthesia risk models, pro-
tocols for enhanced recovery after surgery, and SRCs 
are vital for improving patient care. The creation of 
an	anesthesia	NSQIP	risk	calculator	could	significantly	
improve risk assessment.
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