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Abstract
Purpose Many methods for preoperative risk stratifications used in everyday practice do not take into account all of the

comorbidities and complex physiological status of older patients. Therefore, anaesthesiologists and surgeons must consider

multiple ways of preoperative diagnostics. Determining which of the preoperative clinical risk scores [Revised Lee score,

the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) calculator and Surgical

Outcome Risk Tool (SORT)] best improves routinely used American Society of Anaesthesiologists (ASA) physical status

classification.

Methods The prospective pilot study included 78 patients who were being prepared for extensive non-cardiac surgeries

under general anaesthesia. Preoperatively, anaesthesiologist determined ASA score according to guidelines. Then, the data

of patients have been processed on the interactive calculators of Revised Lee score, ACS NSQIP and SORT.

Results Mean age of included patients was 71.4 ± 6.9 years. When it comes to postoperative mortality prediction, three risk

scores (ASA, ACS NSQIP and SORT) have been statistically significant, respectively, P = 0.016, P\ 0.0001, P\ 0.0001.

Results showed that AUC being higher in ACS NSQIP and SORT (0.813; 0.797). Out of all three additional risk scores, ACS

NSQIP showed to add the most to the specificity and sensitivity of ASA score, with combined AUC = 0.841.

Conclusions ACS NSQIP and SORT increase the accuracy of ASA score. Revised Lee score cannot be considered a good

indicator of postoperative mortality risk since it is primarily the score which indicates risk for cardiovascular complica-

tions. Further studies, with a greater number of patients, are needed.
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Background

Preoperative risk assessment is of major importance in

clinical practice since about 30% of patients are subjected

to extensive surgical procedures in the presence of

cardiovascular comorbidities. Worldwide, these types of

operations are associated with the level of mortality

between 0.8 and 1.5%. About 42% of these events are

caused by cardiovascular complications [1].
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Older patients have to be considered preoperatively with

high caution since the number of comorbidities, with car-

diovascular being the most prevalent. Age itself seems not

to increase the risk of complications and mortality [1, 2].

Older individuals are more likely to experience postoper-

ative complications such as pneumonia, infectious com-

plications, delirium and urinary tract infections. Research

points out that patients are prone to spending more time in

the hospital and are more frequently discharged to long-

term facilities [3, 4].

Many methods for preoperative risk stratifications used

in everyday practice do not take into account all of the

comorbidities and complex physiological status of these

patients appropriately [4, 5]. Preoperative cardiovascular

risk assessment involves clinical signs, experience, deter-

mination of American Society of Anaesthesiologists

physical status classification (ASA score), assessment of

functional status by determining metabolic equivalents

(MET), biomarkers and cardiac risk indices [1, 6–9].

ASA score has been developed in 1941. With the aim to

record the overall health status of a patient prior to the

surgical procedure and it is a subjective and rapid assess-

ment, mostly based on the experience of an anaesthesiol-

ogist, and it is based on five classes [9, 10]. Among cardiac

risk indices, the most frequently used in practice is Revised

Lee score, which estimates the risk of cardiac complica-

tions (myocardial infarction, pulmonary oedema, ventric-

ular fibrillation of primary cardiac arrest and complete

heart block) after non-cardiac surgeries [7]. Contemporary

methods of preoperative diagnostics include interactive

calculators, such as the American College of Surgeons

National Surgical Quality Improvement Program (ACS

NSQIP) calculator for predicting intraoperative/postopera-

tive myocardial infarction and cardiac arrest [11, 12]. This

calculator has already shown to be of great importance in

preoperative prediction [13]. Besides the anaesthesiologi-

cal indices, there are novel surgical risk indices, which rely

mostly on the surgical procedure and its extensiveness. One

of those indices is Surgical Outcome Risk Tool (SORT),

which provides an estimation of the risk of death within

30 days of an operation [14].

There is a growing number of older and frail patients

who undergo extensive non-cardiac procedures. Therefore,

it is necessary to assess these patients with greater caution

and find the most efficient panel of risk scores. Results of

this paper are a part of a more extensive research consid-

ering already used, novel and experimental cardiac

biomarkers together with most frequently used clinical risk

scores. More results can be found in the recently published

scientific paper [13].

ASA score is routinely used in everyday practice,

therefore, we have examined which of the three clinical

risk scores (Revised Lee score, ACS NSQIP and SORT),

are most effective in preoperative prediction of postoper-

ative complications and mortality.

Methods

All procedures performed in this study were in accordance

with the ethical standards of the institutional and/or

national research committee and with the 1964 Helsinki

declaration and its later amendments or comparable ethical

standards. Details about ethical approval provided at the

Medical School, University of Nis, Nis, Serbia can be

found in our previous paper [13].

Patients

Our pilot study included 78 patients who were being pre-

pared for one of the major non-cardiac surgeries. Details

about patients and surgical procedures can be found in our

previous paper [13]. All of the included patients signed the

informed consent.

Determination of risk indices

We have classified all of the included patients into one of

the ASA class according to official ASA classification used

in everyday practice (Table 1). Revised Lee index has been

determined using an interactive calculator, available at

http://www.mdcalc.com/revised-cardiac-risk-index-pre-

operative-risk#evidence, and it included six features from

the patient’s history (Table 2). We calculated ACS NSQIP

score for each patient individually using interactive web

calculator, available at http://riskcalculator.facs.org/Risk

Calculator/. The parameters that need to be inserted are

provided in Table 3. Provided risk percentages are only

estimates. When it comes to SORT, it has been estimated

using the interactive web calculator, accessed at http://

www.sortsurgery.com/. Results are percentages, which are

only estimates taking into account the general risk of the

procedure and some of the information from the patient’s

history. Data which are needed for estimation are provided

in Table 4.

Table 1 ASA score classes

Class Definition

I Patient is a completely healthy patient

II Patient has mild systemic disease

III Patient has severe systemic disease that is not incapacitating

IV Patient has incapacitating disease that is a constant threat to

life

V A moribund patient who is not expected to live 24 h with or

without surgery

52 European Geriatric Medicine (2018) 9:51–59

123

http://www.mdcalc.com/revised-cardiac-risk-index-pre-operative-risk%23evidence
http://www.mdcalc.com/revised-cardiac-risk-index-pre-operative-risk%23evidence
http://riskcalculator.facs.org/RiskCalculator/
http://riskcalculator.facs.org/RiskCalculator/
http://www.sortsurgery.com/
http://www.sortsurgery.com/


Statistics

Where it was possible T test for independent samples was

used to evaluate the difference between the two groups,

and if the groups were inhomogeneous the Mann–Whitney

U test was used. For two categorical variables Chi-square

test was used. Receiver operating characteristic (ROC)

curves were constructed to evaluate the effectiveness of all

the three risk scores as predictors of mortality. To assess

the interaction between variables binary logistic regression

model has been performed. P value below 0.05 was con-

sidered a statistically significant result. All results were

statistically processed in the program SPSS 10.0 (Statistical

Package for the Social Sciences, Chicago, IL, USA) for

Windows.

Results

Main characteristics of the 78 patients we included in the

study are presented in Table 5. Older patients ([ 65 years

according to the definition of the World Health Organiza-

tion) counted 72 patients (92.3%), with accurate data pre-

sented in Table 6. Most of the patients had two or more

cardiovascular risk factors (73.1%) while 79.5% of patients

were taking some type of cardiovascular therapy.

During our follow-up, a total of 14 patients (17.9%)

have died, out of which 13 (92.9%) were subjected to one

of the extensive abdominal surgeries and 1 (7.1%) patient

was subjected to extensive orthopaedic procedure. All of

the deceased patients belonged to the age group[ 65 years

(Table 6). Out of the patients waiting for colorectal surg-

eries, 14.29% have deceased. Out of the total number of

deceased patients 7 (50%) had some form of coronary

artery disease, 11 (78.6%) had two or more cardiovascular

risk factors, while 12 (85.7%) were taking a cardiovascular

therapy. Patients who deceased were older, had preopera-

tive dyspnoea, were taking HSS/Clopidogrel therapy. The

average number of days spent in the intensive care was

10 ± 7 days. Duration of the follow-up was defined as the

primary endpoint, which is the in-hospital all-cause mor-

tality and secondary endpoint, which is total hospital stay.

Three risk scores (ASA, ACS NSQIP and SORT) have

been statistically significant in the prediction of postoper-

ative mortality, respectively: v2 = 8.249, P = 0.016;

v2 = 18.964, P\ 0.0001; P\ 0.0001.

Patients with ASA score C 3 have been considered as

patients with high risk for postoperative mortality. Out of

all the included patients 30 (38.5%) and out of deceased

patients 9 (64.3%) had ASA C 3 (v2 = 4.808, P\ 0.05).

In total 11 (14.1%) of included patients and 5 (35.7%) of

deceased patients had Revised Lee score higher than 3

points (v2 = 6.579, P\ 0.05). ACS NSQIP score marked

as ‘‘above average’’ was present in 32 of all the included

patients (41%), and in 13 patients (92.9%) who deceased

(P = 0.0001). According to our study, the cut off value for

SORT has been 2.4%. We used this score to determine the

number of patients who can be considered as ‘‘high risk’’

patients. Out of all the included subjects, 10 (12.8%), and

out of deceased patients 7 (50%) had SORT result above

2.4% (v2 = 21.102, P\ 0.0001).

Statistical analysis of ROC curves resulted in AUC

being higher in ACS NSQIP and SORT, respectively, 0.813

and 0.797 (Fig. 1). ASA score on its own did not show a

high-risk stratification, with only AUC = 0.669. We per-

formed hierarchical binary logistic regression to combine

ASA score and analyze the way models improve. With the

addition of other scores, risk stratification improved, with

AUC being much higher if we combine ASA score with

ACS NSQIP (Fig. 2). If we add Revised Lee score, ACS

NSQIP and SORT to ASA score, we get, respectively,

AUC = 0.733, 0.841 and 0.794, with v2 = 7.259;

P\ 0.05, v2 = 22.883, P\ 0.0001 and v2 = 15.782,

P = 0.001 and correct classification of 83.3, 83.3 and

85.9% of cases.

All four risk scores combined give an AUC = 0.854,

with v2 = 28.131; P\ 0.001 and correct classification of

85.9% of cases (Fig. 3).

Discussion

The aim of this study was to determine how specific ASA

score is for postoperative mortality risk, individually and

combined with other most commonly used clinical risk

scores. The main finding of our study is the fact that ASA

score can be most accurate if we combine it with ACS

Table 2 Informations needed for the Revised Lee score interactive

calculator

High-risk surgery (intraperitoneal, intrathoracic,

suprainguinal vascular)

No/yes

History of ischemic heart disease (history of myocardial

infarction, history of positive exercise test, use of nitrate

therapy, ECG with pathological Q waves, current chest

pain)

No/yes

History of congestive heart failure (pulmonary edema,

bilateral rales or S3 gallop; paroxysmal nocturnal dyspnea;

chest X-ray (CXR) showing pulmonary vascular

redistribution)

No/yes

History of cerebrovascular disease (prior transient ischemic

attack (TIA) or stroke)

No/yes

Pre-operative treatment with insulin No/yes

Pre-operative creatinine[ 2 mg/dL/176.8 lmol/L No/yes
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NSQIP interactive calculator results and/or with SORT

score. ASA score cannot be used individually as an accu-

rate postoperative mortality predictor.

It is the fact that formal assessment of perioperative risk

is rarely conducted in practice [15]. This should not be the

case in the risk assessment of older frail patients since they

carry much higher risk due to many comorbidities and

depleted physiological reserves [16–19]. Every patient

must be informed about possible risks that surgery carries

[20].

Patients included in our study belong to the old popu-

lation, and all of the deceased patients are older than

65 years of age (the definition of older population, by the

World Health Organization). Tzeng et al. stated that

reduced physiological reserve of older patients leads to a

higher risk to develop serious postoperative complications

and mortality [21]. However, according to many research

age below 90 years cannot be considered to be an indi-

vidual risk and combination with comorbidities and

extensive operations is needed [1, 22–24].

The number of patients in our study is relatively small

and they all had a high number of comorbidities and they

have been prepared for extensive non-cardiac surgeries.

Most of the deceased patients were subjected to abdominal

procedures (92.9%) and only 1 (7.1%) patient was sub-

jected to the orthopaedic procedure. We have to point out

Table 3 ACS NSQIP, surgical risk calculator

Procedure (Select) Are there other potential

appropriate treatment

options

Other surgical options

Other non-operative options

None

Age Under 65 years

65–74 years

75–84 years

85 years or older

Diabetes None

Oral

Insulin

Sex Female

Male

Hypertension requiring

medication

No

Yes

Functional status Independent

Partially dependent

Totally dependent

Previous cardiac event No

Yes

Emergency case No

Yes

Congestive heart failure in

30 days prior to surgery

No

Yes

ASA class (I) Healthy patient

(II) Mild systemic disease

(III) Severe systemic disease

(IV) Severe systemic disease/constant threat to life

(V) Moribund/not expected to survive surgery

Dyspnea None

With moderate exertion

At rest

Wound class Clean

Clean/contaminated

Contaminated

Dirty/infected

Current smoker within

1 year

No

Yes

Steroid use for chronic

condition

No

Yes

History of severe COPD No

Yes

Ascites within 30 days

prior to surgery

No

Yes

Dialysis No

Yes

Systemic sepsis within 48 h

prior to surgery

None

SIRS

Sepsis

Septic shock

Acute renal failure No

Yes

Ventilator dependent No

Yes

Height (in)

Disseminated cancer No

Yes

Weight (lbs)

Patients and surgical information needed to be entered in an online interactive calculator
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that abdominal operations were radical surgical resections

in most of the cases, resections that can cause postoperative

complications and mortality in many of the older patients

who are unfit and frail [25].

High mortality rate in our study (17.9%) is in accor-

dance to some other studies, where the mortality rate can

be explained by the higher ASA score, more intrahospital

complications, older patients, severe cardiovascular

comorbidities, colorectal cancer and orthopaedic surgeries

[16, 26–28]. All of these causes can be found in our sample

of patients.

ASA C III and revised Lee index have proved to be

indicators for higher caution in our study, without enough

evidence to be considered independent risk factors for

postoperative mortality. Jacobson et al. have indicated that

ASA C III and revised Lee score can be considered as

independent risk factors for postoperative complications

besides duration of surgery[ 130 min and positive fluid

balance[ 1300 mL [29]. We can explain our results by the

fact that ASA score is provided by subjective methods,

which depend on anaesthesiologists’ clinical experience

and the interview with the patients. Revised Lee score is

mostly accurate for the prediction of cardiovascular com-

plications, and not for postoperative mortality. However,

Fitz-Henry has concluded that ASA is not a predictor of

postoperative risk and that patient with an ASA grade of 3

or 4 needs a consultation with a senior anesthetist as early

as possible [11].

Unlikely, ACS NSQIP and SORT are more accurate risk

scores, being specific for anaesthesiology and surgical field

of interest. The especially interesting fact is that details

about surgical method contribute to the postoperative

mortality prediction since both ASA and revised Lee score

do not take into account surgical data. These scores take

into consideration detailed analysis taken from patients

history and the interview with the patient. However, inac-

curacy considering patients’ self-assessment is brought to

minimum due to laboratory data and details about the

specific surgery. ACS NSQIP proved to be a calculator that

reduces the inaccuracy of the current methods for preop-

erative assessment in practice. It leads the prediction in the

right way, especially in older patients since it includes a

higher number of patients’ data and a greater number of

laboratory measurements when compared to all of the other

risk scores [30, 31]. The special advantage of this risk score

is the possibility for the surgeon to correct the risk level in

accordance with his experience [32]. The downside is that

it requires a large amount of data and therefore requires

more time [33]. Modification of ACS NSQIP, a preopera-

tive predictor of mortality that accompanies the trend of

ACS NSQIP showed AUC of up to 0.93, which is higher

than in our results. This difference can be explained by a

far greater number of patients included in their study as

well as with the fact that modification has higher accuracy

for mortality prediction [34]. The possibility of ACS

NSQIP to predict postoperative morbidity was lower in our

study than in a number of other studies, however, this can

be explained by the fact that those were mainly retro-

spective studies and that they often considered procedures

which are not major non-cardiac extensive surgeries

[12, 35–37]. Even in studies where AUC of ACS NSQIP

was lower than in our study, this risk score always showed

superiority to other risk scores [38, 39].

We did not show ACS NSQIP, nor SORT, to be indi-

vidual predictors of postoperative mortality and we do

consider further laboratory analyses with cardiac

biomarkers essential in preoperative assessment. However

ASA score, used before every surgery, can gain accuracy if

we consider providing ACS NSQIP or SORT score. This is

the approach which is more accurate and takes more details

into account. Fitz-Henry has highlighted that the operative

risk is a combination of: the physical status of the patient,

the surgical procedure, the skill and experience of the

operator, the skills and experience of the anaesthetist,

preoperative optimisation and critical care [11, 13, 40, 41].

It is very important to note that older patients represent

an extremely sensitive population for adequate preopera-

tive assessment and that many methods for preoperative

risk stratifications cannot measure their physiological

Table 4 Informations needed for the SORT interactive calculator

Main group Select procedure group

Sub group Select procedure sub-

group

Procedure description Select procedure

Severity Minor

Intermediate

Major

Xmajor, complex

ASA-PS 1

2

3

4

5

Urgency Elective

Expedited

Urgent

Immediate

Thoracic, gastrointestinal or vascular

surgery

No/yes

Cancer No/yes

Age \ 65

65–79

[ 80
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reserves appropriately [3–5, 42]. There is the need for more

comprehensive functional, nutritional and mental evalua-

tion. Also, a greater number of comorbidities is needed to

be considered in details. To overcome these obstacles,

comorbidity scales for elderly patients can be used. Their

scales are also based on data taken from patients’ medical

history, interview with the patient, medical record and

current examination. Some of the most frequently used

preoperative assessment methods are: Adult Fall Risk

Assessment, Charlston Comorbidity Index Score, Eastern

Cooperative Oncology Group (ECOG) Performance Status,

etc. [43]. Cumulative Illness Rating Scale for Geriatrics

(CIRS-G) is considered a comprehensive ‘‘gold standard’’

for rating of total disease burden in older people [44].

However, it has previously been proved that CIRS-G is not

suitable for prediction of postoperative complications but

can be used to take a more comprehensive overview of the

older patient and his numerous comorbidities [13]. The

American College of Surgeons (ACS) and the American

Geriatrics Society (AGS) have published the best practices

guidelines for preoperative evaluation of older patients

who undergo surgery. These guidelines highlight thirteen

important areas of preoperative assessment: decision-

making ability, cognitive impairment and dementia, alco-

hol and substance abuse, postoperative delirium, cardiac

assessment, functional status, mobility and fall risk, pul-

monary assessment, nutritional status, frailty, medication

Table 5 Main characteristics of the included patients

All patients Survivors Deceased P value survivors vs. deceased

na (%) 78 64 (82.05) 14 (17.95)

Female gender n (%) 41 (52.56) 33 (51.56) 8 (57.14) 0.709

Age AM ± SD 71.35 ± 6.89 70.57 ± 6.67 74.86 ± 6.97 0.034

BMIb median (IQRc) 25.35 (22.97–28.15) 25.90 (23.10–28.67) 24.05 (22.50–25.47) 0.146

CADd n (%) 25 (32.05) 18 (28.12) 7 (50) 0.115

Dyspnoea (NYHA II-IV) n (%) 60 (76.92) 47 (73.43) 13 (92.86) 0.061

Angina pectoris (CCS) (II-IV) n (%) 23 (29.49) 16 (25) 7 (50) 0.195

Atrial fibrillation n (%) 10 (12.82) 8 (12.5) 2 (14.29) 0.859

Diabetes mellitus n (%) 23 (29.49) 20 (31.25) 3 (21.43) 0.472

Insulin dependent n (%) 6 (7.69) 6 (9.37) 0 (0) 0.236

Hypertension n (%) 61 (78.20) 51 (79.69) 10 (71.43) 0.504

Hyperlipidemia n (%) 13 (16.67) 12 (18.75) 1 (7.14) 0.294

Active smoker n (%) 12 (15.38) 11 (17.19) 1 (7.14) 0.349

Aspirin/clopidogrel n (%) 23 (29.49) 17 (26.56) 6 (42.86) 0.065

Beta-blocker n (%) 41 (52.56) 34 (53.12) 7 (50) 0.835

ACE-inhibitor/AT-antagonist 45 (57.69) 37 (57.81) 8 (57.14) 0.964

Diuretics n (%) 13 (16.67) 10 (15.62) 3 (27.43) 0.495

Nitrates n (%) 8 (10.26) 7 (10.94) 1 (7.14) 0.676

OAT 8 (10.26) 6 (9.37) 2 (14.28) 0.589

HSS/clopidogrel 16 (20.51) 10 (15.62) 6 (42.86) 0.023

Hgb (g/dL) median (IQR) 11.9 (10.87–13.00) 11.9 (10.72–12.90) 12.1 (11.35–13.47) 0.249

Creatinine (mg/dL) median (IQR) 1.02 (0.84–1.19) 1.03 (0.85–1.20) 1.00 (0.83–1.16) 0.787

aNumber
bbody mass index
cinter-quartile range
dcoronary artery disease

Table 6 Frequency distribution of the age of all the included patients and deceased patients only

Age 50–54 55–59 60–64 65–69 70–74 75–79 80–84 85–89

Number of patients, na (%) 2 (2.56) 1 (1.28) 3 (3.85) 24 (30.77) 23 (29.49) 17 (21.79) 6 (7.69) 2 (2.56)

Deceased, n (%) 0 (0) 0 (0) 0 (0) 3 (21.43) 3 (21.43) 5 (35.71) 2 (14.29) 1 (7.14)

aNumber
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regimen, preoperative testing, counselling and patient-

family and social support system [45].

The limitation of our study is the fact that a number of

patients is low and further studies, which include a higher

number of patients are needed. Some of the studies have

shown higher AUC curves since they had a far greater

number of patients [7, 46]. However, we do consider this

study to be accurate when it comes to the selection of risk

scores provided preoperatively since it follows the trends

observed in all of these studies.

ACS NSQIP and SORT are clinical risk scores which

add to the accuracy of ASA score when it comes to post-

operative mortality prediction. Revised Lee score does not

add to accuracy as expected, which can be explained by the

fact that this score is primarily specific to postoperative

cardiovascular complications. Further studies, which would

include a greater number of patients, are needed.
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Engineer of Electrical Engineering and Computer Science, for his

assistance in statistical analyses of data.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of

interest.

Ethical approval All procedures performed in this study were in

accordance with the ethical standards of the institutional and/or

national research committee and with the 1964 Helsinki declaration

and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual

participants included in the study.

References

1. The Joint Task Force on non-cardiac surgery: cardiovascular

assessment and management of the European Society of Cardi-

ology (ESC) and the European Society of Anaesthesiology (ESA)

Fig. 1 ROC curves considering all of the scores included in the

research. ASA score: AUC = 0.669 (CI 95%; P = 0.049;

0.506–0.832). Lee score: AUC = 0.666 (CI 95%; P = 0.052;

0.507–0.826). NSQIP: AUC = 0.813 (CI 95%; P\ 0.0001;

0.702–0.924). SORT: AUC = 0.797 (CI 95%; P = 0.001;

0.671–0.924)

Fig. 2 ROC curves which represent ASA score combined with other

scores included in our study. ASA score: AUC = 0.669 (CI 95%;

P = 0.049; 0.506–0.832). ASA score and Lee score: AUC = 0.733

(CI 95%; P = 0.007; 0.595–0.871). ASA score and NSQIP:

AUC = 0.841 (CI 95%; P\ 0.0001; 0.741–0.941). ASA score and

SORT: AUC = 0.794 (CI 95%; P = 0.001; 0.671–0.917)

Fig. 3 ROC curve considering all of the four risk scores combined.

All four risk scores: AUC = 0.854 (CI 95%; P\ 0.0001;

0.738–0.970)

European Geriatric Medicine (2018) 9:51–59 57

123



(2014) 2014 ESC/ESA guidelines on non-cardiac surgery: car-

diovascular assessment and management. Eur Heart J

35:2383–2431

2. Kim SW, Han HS, Jung HW et al (2014) Multidimensional frailty

score for the prediction of postoperative mortality risk. JAMA

Surg 149:633–640

3. Partridge JS, Harari D, Dhesi JK (2012) Frailty in the older

surgical patient: a review. Age Ageing 41:142–147

4. Saxton A, Velanovich V (2011) Preoperative frailty and quality

of life as predictors of postoperative complications. Ann Surg

253:1223–1229

5. Bollegala N, Jackson TD, Nguyen GC (2016) Increased postop-

erative mortality and complications among elderly patients with

inflammatory bowel diseases: an analysis of the National Surgical

Quality Improvement Program Cohort. Clin Gastroenterol

Hepatol 14:1274–1281

6. Detsky AS, Abrams HB, Forbath N, Scott JG, Hilliard JR (1986)

Cardiac assessment for patients undergoing noncardiac surgery.

Arch Intern Med 146:2131

7. Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk

CA, Cook EF et al (1999) Derivation and prospective validation

of a simple index for prediction of cardiac risk of major non-

cardiac surgery. Circulation 100:1043–1049

8. Goldman L (1983) Cardiac risk and complications of noncardiac

surgery. Ann Intern Med 98:504–513

9. Daabiss M (2011) American Society of Anaesthesiologists

physical status classification. Indian J Anaesth 55(2):111–115

10. Saklad M (1941) Grading of patients for surgical procedures.

Anesthesiology 2:281–284

11. Bilimoria KY, Liu Y, Paruch JL, Zhou L, Kniecik TE, Ko CY

et al (2013) Development and evaluation of the universal ACS

NSQIP surgical risk calculator: a decision aid and informed

consent tool for patients and surgeons. J Am Coll Surg

217:833–842

12. Gupta PK, Gupta H, Sundaram A, Kaushnik M, Fang X, Miller

WJ et al (2011) Development and validation of a risk calculator

for prediction of cardiac risk after surgery. Circulation

124:381–387

13. Markovic D, Jevtovic-Stoimenov T, Cosic V, Stosic B, Marko-

vic-Zivkovic B, Jankovic RJ. Addition of biomarker panel

improves prediction performance of American College of Sur-

geons National Surgical Quality Improvement Program (ACS

NSQIP) calculator for cardiac risk assessment of elderly patients

preparing for major non-cardiac surgery: a pilot study. Aging

Clin Exp Res (Article in print)
14. Protopapa KL, Simpson JC, Smith NCE, Moonesinghe SR (2014)

Development and validation of the Surgical Outcome Risk Tool

(SORT). BJS 101(13):1774–1783

15. Tomlinson JH, Ramani Moonesinghe S (2016) Risk assessment

in anaesthesia. Anaesth Intensive Care Med 17:486–491

16. Asouhidou I, Asteri T, Sountoulides P, Natsis K, Georgiadis G

(2009) Early postoperative mortality in the elderly: a pilot study.

BMC Res Notes 2:118

17. Evans LA, Goeteyn J, Carter B, Greig M, Tay HS, McCormack C

et al (2017) Preoperative kidney function linked to mortality and

readmission outcomes at day 90 and 30 in older emergency

surgical patients. Eur Geriatr Med 8(3):216–220

18. Petrakis E, Andreou AG, Venianaki MV, Xenaki SA, Lasithio-

takis KG, Chalkiadakis GE (2014) Outcome following colorectal

surgery in elderly patients: our experience using the preoperative

comprehensive geriatric assessment. Eur Geriatr Med 5(1):S227–

S228

19. de Saint-Hubert M, Jamart J, Gabriel L, Gourdin M, Mitchell J,

Michaux I (2013) Assessment of frailty in older patients before

cardiac surgery. Eur Geriatr Med 4(1):S194

20. Maddox TM (2005) Preoperative cardiovascular evaluation for

noncardiac surgery. Mt Sinai J Med 72:185–192

21. Tzeng CWD, Cooper AB, Vauthey JN, Curley SA, Aloia TA

(2014) Predictors of morbidity and mortality after hepatectomy in

elderly patients: analysis of 7621 NSQIP patients. HPB

16:459–468

22. Latkauskas T, Rudinskait _e G, Kurtinaitis J, Janciauskiene R,

Tamelis A, Saladzinskas Z et al (2005) The impact of age on

post-operative outcomes of colorectal cancer patients undergoing

surgical treatment. BMC Cancer 5:153

23. Turrentine FE, Wang H, Simpson VB, Jones RS (2006) Surgical

risk factors, morbidity, and mortality in elderly patients. J Am

Coll Surg 203:865–877

24. D’Apuzzo MR, Pao AW, Novicoff WM, Browne JA (2014) Age

as an independent risk factor for postoperative morbidity and

mortality after total joint arthroplasty in patients 90 years of age

or older. J Arthroplast 29:477–480

25. Chou WC, Liu KH, Lu CH, Hung YS, Chen MF, Cheng YF et al

(2016) To operate or not: prediction of 3-month postoperative

mortality in geriatric cancer patients. J Cancer 7(1):14–21

26. Lees MC, Merani S, Tauh K, Khadaroo RG (2015) Perioperative

factors predicting poor outcome in elderly patients following

emergency general surgery: a multivariate regression analysis.

Can J Surg 58:312–317

27. Hernandez AF, Whellan DJ, Stroud S, Sun JL, O’Connor CM,

Jollis JG (2014) Outcomes in heart failure patients after major

noncardiac surgery. J Am Coll Cardiol 44:1446–1453

28. Heriot AG, Tekkis PP, Smith JJ, Cohen CR, Montgomery A,

Audisio RA, Thompson MR, Stamatakis JD (2006) Prediction of

postoperative mortality in elderly patients with colorectal cancer.

Dis Colon Rectum 49:816–824

29. Jakobson T, Karjagin J, Vipp L, Padar M, Parik AH, Starkopf L,

Kern H, Tammik O, Starkopf J (2014) Postoperative complica-

tions and mortality after major gastrointestinal surgery. Medicina

50:111–117

30. Harris C, Kim S, Groban L (2015) How well does the NSQIP

surgical calculator predict early adverse outcomes in plder non-

cardiac surgical patients with self-reported limitations in mobil-

ity? Gerontologist 55:192
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