
1. Introduction

With the population aging in the developed countries, there is

an increase in the absolute number of people with manifested car-

diovascular disease. A subset of these patients requires a surgical

procedure on their heart valves and/or coronary arteries.1–3 In aortic

stenosis, frailty seems to be a contributing factor to the early mani-

festations of heart failure.4 Surgical procedure can significantly im-

prove the patient’s prognosis,5 as documented in late 1960’s in pa-

tients undergoing coronary-artery bypass grafting6 and in early

1980’s in patients operated for aortic stenosis.7 Surgical treatment

also improves patient’s quality of life.8,9

However, with increasing age, there is also a rise in multi-

morbidity.10 Especially with patients who have a frailty phenotype,

they have a high risk of complications related to surgery.11 In addi-

tion, patients 70 years and older are at risk of impairment in their

activities of daily living after surgery under general anesthesia.12

The risk of cardiac surgery must be considered together with the

potential benefit for the patient.

In cardiac surgery, there are well-established risk scores. Among

these, the Euroscore II and the Society of Thoracic Surgeons (STS)

score are among the most widely used. The Euroscore II is based on

18 variables including a yes/no question on poor mobility of the

patient13 and estimates the mortality from cardiac surgery.14 The

predictive value of Euroscore II was confirmed also in octogenarians

undergoing cardiac surgery.15

The STS score is more complex and allows to predict not only

mortality, but also various post-operative complications as well as a

long or short hospital stay,16 but does not consider patient’s frailty.

Previously, Makary et al. reported frailty as an independent risk

factor for postoperative complications as well as for long hospital

stay in general surgical patients.17 Similarly, sarcopenia was reported

to be a risk factor of high complication rate in patients operated for

non-small cell lung carcinoma.18

In the present study, we aim to evaluate the use of frailty scales

in the prediction of perioperative complications in elderly patients

operated for heart valve disease or coronary artery disease.

2. Patients and methods

2.1. Patient recruitment

The patients in this study were recruited when they were in-

patients at our Cardiology Department in a regional hospital, for

invasive examinations of the heart by means of a coronary an-

giography, either with or without having had a percutaneous coro-
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nary intervention (PCI) done.

The patients who were submitted to an interdisciplinary co-

mittee – the heart team (consisting of a non-invasive cardiologist, an

invasive cardiologist and a cardiac surgeon), were asked if they

would like to volunteer to being participants in the study (Figure 1).

The surgery was done at one of two collaborating cardiac surgery

centers. The design was approved by the Ethics committee of the

Pardubice hospital.

Only patients who were willing to participate and signed an in-

formed consent were included in the study. The recruitment was ter-

minated in 2020 due to the “Covid era” which was accompanied by

changes in examination logistics and by non-standard waiting times

for surgeries,19 which could have led to biased results.

2.2. Patient evaluation

Every recruited patient was tested by means of geriatric scales

Mini-mental State Examination (MMSE), activities of daily living

(ADL), Edmonton Frail Scale (EFS) and Reported Edmonton Frail Scale

(REFS). We also recorded patients’ age, commorbidities (hyperten-

sion, diabetes mellitus, chronic kidney disease, pulmonary disease,

dyslipidemia, history of stroke), smoking status, heart team’s deci-

sion on treatment (surgical, PCI, conservative), type of operation

(valve surgery, coronary artery bypass grafting or both), use of extra-

corporeal circulation during the surgery, and timing of the operation

(planned or urgent). Finally, we calculated the Euroscore II and the

STS scores from the baseline data. We then evaluated the incidence

of post-operative complications and assorted them into the follow-

ing categories: arrhythmias, neurological (mainly stroke or delirium),

renal, and others (mostly surgical site infections, remote infections,

pleural effusions, bleeding, bowel paralysis). We also classified the

complications according to the Clavien-Dindo system20 and consid-

ered Grade III or Grade IV as being major complications.21 The last

outcome was the length of hospital stay.

2.3. Data analysis

We processed the data using Microsoft Excel 2010 (Microsoft

Corporation, Seattle, WA, USA) and performed most of the analyses

using Prism 9.1.2 (GraphPad Software, La Jolla, CA, USA). When

comparing operated and not operated patients, we used simple

Student’s t-test for continuous variables and Fisher’s exact test for

frequency data. For analysis of factors affecting the rate of various

post-operative complications, we used a multiple logistic regression.

Similarly, the length of hospital stay was analyzed by multiple linear

regression. The following variables were used for multiple regression

analysis of the individual types complications: Age, gender, history of

coronary artery disease, time to surgery (days), Euroscore II, operat-

ing site, use of extracorporeal circulation during surgery, history of

lung disease, sinus rhythm, EFS, MMSE, ADL, history of smoking,

arterial hypertension, diabetes mellitus, dyslipidemia, chronic kid-

ney disease, STS morbidity or mortality. When the individual variable

could not have been analyzed by means of multiple regression (for

example due to a phenomenon of quasi-perfect separation), we

used univariate Fisher’s exact test or Student’s t-test depending on

the character of data. Additionally, we used the Likelihood ratio test

in the multiple regression while omitting one variable at a time.

Variables that either had a p < 0.05 in multiple regression or their

addition made the prediction significantly more accurate, are re-

ferred to as contributing factors. For the analysis of hospital stay

lengths, the following variables were used: Age, gender, history of

coronary artery disease, time to surgery (days), Euroscore II, operat-

ing site, use of extracorporeal circulation during surgery, history of

lung disease, sinus rhythm, EFS, MMSE, ADL, history of smoking, ar-

terial hypertension, diabetes mellitus, previous insulin treatment,

dyslipidemia, history of stroke, chronic kidney disease, STS morbidity

or mortality, presence of arrhythmias, presence of neurological

complications, presence of renal complications, presence of other

complications, presence of major complications, presence of overall

complications. Continuous variables are shown as median (inter-

quartile range) and frequency data as absolute number (relative fre-

quency in %). Results of multiple logistic regression are shown as

odds ratio with a 95% confidence interval, results of multiple linear

regression as parameter estimate (95% confidence interval). A p <

0.05 was set as a threshold of significance for all analyses. The as-

terisks mark * p < 0.05, ** p < 0.01, *** p < 0.001.

3. Results

3.1. Cohort characteristics

We recruited a total of 68 patients. Of those, 57 were operated

and 11 were treated by pharmacotherapy alone or with mini-inva-

sive non-surgical procedures (PCI, transcatheter aortic valve implan-

tation). The patients who were not recommended by the heart team

for surgery were more frail (higher EFS), had a poorer cognition

(lower score of MMSE), were more dependent (lower score of ADL),

had a lower likelihood of short hospital stay (parameter STS short

length of stay) and more frequent history of chronic lung disease or

stroke. Having chronic lung conditions, non sinus rhythm and low

ADL values were predictors of not having surgery done (p < 0.05 for

all). The detailed characteristics are provided in Table 1.

3.2. Operated patients – general observations

There was a major collinearity between EFS and REFS – this

could be anticipated since these test have most of the questions in

common. Therefore, we only used EFS further since it is more ob-

jective than REFS – the gait speed, which is part of EFS, was mea-

sured by the investigator. Similarly, various STS parameters displayed

a significant collinearity; therefore, we decided to use only the pa-

rameter STS morbidity or mortality.
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Figure 1. Consort diagram of patient recruitment. PCI = percutaneous coro-

nary intervention, TAVI = transcatheter aortic valve implantation.



3.3. Postoperative complications – arrhythmias

Postoperative arrhythmias occured in 32 out of 57 operated

patients (56 %). The presence of arterial hypertension was the only

factor recognized as contributing to the occurence of postopera-

tive arrhythmias (odds ratio 31.9, 95% confidence interval 1.13 to

2640, p = 0.061). Overall, the prediction of postoperative arrhy-

thmias was relatively poor with an area under the receiver operat-

ing characteristic (ROC) curve of 0.811 and a Tjur’s R squared of

0.272.

3.4. Postoperative complications – neurological

Neurological complications occured in 12 out of 57 oper-

ated patients (21%). Most of these were perioperative delirium

(n = 7; 12%) and only 2 patients developed stroke (3.5%). Pa-

tient’s age (odds ratio 1.51, 95% CI 1.04 to 2.48, p = 0.059) and

baseline heart rhythm (odds ratio 0.0208, 95% CI 1.56 � 10-4 to

0.726, p = 0.059) were found as major contributing factors to

neurological complications after the surgery. T ime to surgery

was just at a border of significance: comparison of a simpler mo-

del without it and of a more complex model with it had a p =

0.050. The odds ratio of time to surgery was 1.02 (95% CI 1.00 to

1.04, p = 0.055) for every day till the surgery. When completing

the analysis, we obtained a separation with a 100% positive pre-

dictive value, an area under the ROC curve of 0.861 and a Tjur’s R

squared of 0.355.

3.5. Postoperative complications – renal

There were six patiens who had documented acute kidney in-

jury in the postoperative period (10.5%). This time, there were se-

veral factors which made the prediction more accurate, even though

none of them had a p < 0.05. This time, the area under the ROC curve

was 0.974 and a Tjur’s R squared of 0.622. Patients who had an acute

kidney injury had also higher proportion of diabetes mellitus (83%)

than those with no injury (37%), but this difference did not reach

statistical significance (p = 0.073).

3.6. Postoperative complications – other

Twenty-seven patients had complications assorted as “other”

(47.4%). For other complications, the EFS was the only significant

predictor: odds ratio 1.99, 95% CI 1.19 to 4.18, p = 0.026. This time,

we obtained an area under the ROC curve of 0.852 and a Tjur’s R

squared of 0.373. In addition, when performing univariate analysis,

the patients with other complications had a higher Euroscore II than

patients with no other complication: 3.93 � 3.85 vs. 2.24 � 1.31, p <

0.05.

3.7. Postoperative complications – major

We identified a total of 11 patients as having major complica-

tions according to the Clavien-Dindo system, i.e. Grade III or Grade

IV; no Grade V was found since all patients survived the postopera-
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Table 1

Cohort characteristics and comparisons of operated and not operated patients.

Operated Not operated P value

Number 57 11 n/a

Age 79 (5) 78 (2) 0.934

Gender 0.999

Male 40 (70%) 8 (73%)

Female 17 (30%) 3 (27%)

Time from referral until surgery (days) 32 (54) n/a n/a

Length of hospital stay at the surgical department 15 (23) n/a n/a

Presence of coronary artery disease 47 (82%) 8 (73%) 0.426

Euroscore II 2.36 (1.93) 4.2 (3.1) 0.345

Chronic lung conditions 08 (14%) 6 (55%) **
,#

0.007**
,#

Sinus rhythm 52 (91%) 4 (67%)
#
0.129

#

Edmonton Frail Scale 5 (3) 7 (5) *0.022*

Reported EFS 6 (4) 9 (6) 0.073

MMSE 27 (3) 25 (3) *0.049*

ADL 100 (5) 95 (7.5) **
,#

0.008**
,#

Smokers (including smoking history) 23 (40%) 6 (55%) 0.509

Arterial hypertension 54 (95%) 11 (100%) 0.999

Diabetes mellitus 24 (42%) 5 (45%) 0.999

Insulin treatment 2 (4%) 0 (0%)0 0.999

Hyperlipidemia 43 (75%) 8 (73%) 0.999

History of stroke 3 (5%) 4 (36%) *0.011*

Chronic kidney disease 11 (19%) 3 (27%) 0.684

STS risk of mortality 1.87 (2.46) 3.75 (1.67) 0.158

STS renal failure 1.56 (1.00) 2.31 (0.13) 0.803

STS permanent stroke 1.37 (1.06) 3.70 (2.73) 0.608

STS prolonged ventilation 7.22 (2.70) 11.58 (5.40)0 0.063

STS DSW infection 0.20 (0.11) 0.25 (0.06) 0.954

STS reoperation 2.23 (1.29) 3.63 (2.03) 0.182

STS morbidity or mortality 10.77 (4.13)0 13.01 (7.15)0 0.102

STS short length of stay 34.96 (8.30)0 23.21 (8.61)0 *0.032*

STS long length of stay 5.04 (1.96) 7.63 (1.63) 0.315

Continuous variables are shown as median (interquartile range) and frequency data as absolute number (relative frequency in %).

The asterisks mark * p < 0.05, ** p < 0.01, *** p < 0.001;
#

Marks variables identified as being significant predictors of undergoing surgery using multivariate

analysis.

ADL = activities of daily living; DSW infection = deep sternal wound infection; EFS = Edmonton Frail Scale; MMSE = Mini-Mental State Examination; STS =

Society of Thoracic Surgeons.



tive period. We completed the multiple logistic regression using the

following variables: age, gender, history of coronary artery disease,

elective surgery, time to surgery, Euroscore II, EFS, MMSE, ADL, his-

tory of diabetes mellitus, STS morbidity and mortality. We obtained

an ROC of 0.970 and a Tjur’s R squared of 0.681. For the major

complications, none of the variables appeared to be significant. By

using univariate analysis, the following were found as being predic-

tors of major complications: having diabetes mellitus (p = 0.0052), a

high Euroscore II (p = 0.0002) and a high EFS (p = 0.0360).

3.8. Postoperative complications – overall

A total of 47 patients had some postoperative complication

(82.4%) whereas 10 patients had no complications (17.5%). Again,

the EFS appeared as a predictor, together with the parameter STS

morbidity or mortality (Table 2). This time, we obtained an area

under the ROC curve of 0.934 and a Tjur’s R squared of 0.480. In

addition, ADL was higher in patients who had no complications

(100 � 0 points) than in those who had at least one perioperative

complication (96.4 � 5.0 points, p = 0.026).

3.9. Length of hospital stay

Next, we analyzed the factors contributing to the length of

hospital stay. Having a Clavien-Dindo Grade III or Grade IV com-

plication was the strongest predictor of a long hospital stay, followed

by the occurence of complications from the group “other”. Interest-

ingly, dyslipidemia was calculated as being a variable associated with

shortened hospital stays (Table 3). We are not able to explain this

phenomenon. Patients with dyslipidemia had lower Euroscore II

than those without it, but had comparable age, percentage of use of

extracorporeal circulation and of heart valve surgery. Using all pa-

rameters, we obtained an R2 of 0.7785.

4. Discussion

In the present study, we found a potential use of geriatric scales,

especially Edmonton Frail Scale and activities of daily living, in pre-

dicting perioperative complications. Namely, frailty as identified by

the EFS, was associated with the incidence of other and overall post-

operative complications. An EFS of 6 points (which is interpreted as a

“vulnerable patient”) can be considered a cut-off since more than

75% of the patients without complications had lower values and 50%

of the patients with complications had equal or higher values. Pa-

tients who were self-sufficient (as identified by maximum ADL score)

had a lower risk of overall complications.

In Chen’s review, he suggested using gait speed as a marker of

frailty in risk stratification before cardiac surgery. Additionally, he

mentioned that frailty may in the future assist in choosing among

therapies.10 Based on the work of Sepehri et al., frail patients had a

higher likelihood of mortality, morbidity and functional decline fol-

lowing cardiac surgery; this was observed regardless of definition of

frailty.22 Interestingly, patients with sarcopenia benefited signifi-

cantly 12 months after the cardiac surgery, comparable to other

patients.23

In our work, having major complications (Clavien-Dindo Grade

III or Grade IV) has been identified as the strongest predictor of a

long hospital stay. None of the evaluated geriatic scales were able to

predict the length of hospital stay. In the study of Wiorek et al., the

authors reported a correlation between EFS and the length of hos-

pital stay. However, their patients were about 4 years younger than

ours and had a higher EFS.24 Similarly, Teng et al. reported a longer

hospital stay for patients with sarcopenia compared with control

patients.23

On the other hand, arrhythmias and neurological complications

in our patients were predicted by the well-known risk factors of arte-

rial hypertension respectively age and pre-existing cardiac conduc-

tion abnormalities. Our findings of age as a risk factor for neurologi-

cal complications is in accord with the works of Aikawa et al. and

Nicolini et al. who found a higher prevalence of perioperative stroke

in patients over 65 years than in younger patients.25,26 Similarly,

Jeon and Sohng observed higher incidences in delirium with increas-

ing age during the post operation period.27 The incidence of stroke in

our cohort was smaller than in the work of Malhotra et al. despite

patients in our cohort being older.28

The incidence of postoperative arrhythmias was much higher in

our study than in the work of Moreira at all29 but the age of patients

in their cohort was lower by almost 35 years. Our results differ from

Lemaire et al., who found higher age to increase the risk of cardiac

and renal complications,2 which was not the case of our cohort. The

EFS appeared as a protective factor from renal complications. How-

ever, we assume that this is because frail patients have low creat-

inine due to low muscle mass and any rise in creatinine might thus go

unnoticed.
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Table 2

Predictors of overall complications.

Parameter Odds ratio 95 % CI p value

Age 1.1250 0.6260 to 1.876 0.6348

Gender 0.2322 0.002057 to 18.55 0.4959

History of coronary artery disease 00.04547 6.155e-005 to 3.168 0.2587

Time to surgery (days) 0.9866 0.9430 to 1.032 0.5179

Euroscore II 0.7521 0.3133 to 8.260 0.6527

Operating site 6.4510 0.2939 to 309.8 0.2598

Use of extracorporeal circulation during surgery 0.5624 0.008394 to 21.91 0.7560

Sinus rhythm 24.010 0.07248 to 18419 0.2704

EFS 2.3940 1.053 to 9.981
#
0.1210

#

MMSE 0.7980 0.4751 to 1.229 0.3214

History of smoking 0.4390 0.008610 to 13.10 0.6390

Arterial hypertension 59.160 0.2126 to 108856 0.1949

Diabetes mellitus 0.2049 0.004922 to 6.723 0.3695

Chronic kidney disease 8.0840 0.3643 to 460.0 0.2242

STS morbidity or mortality 2.2430 1.059 to 7.205
#
0.0771

#

Results of multiple logistic regression are shown as odds ratio with a 95% confidence interval.

The "#" symbol, marks the variables that are identified as being significant contributors using the likelihood ratio test.

CI = confidence interval; EFS = Edmonton Frail Scale; MMSE = Mini-Mental State Examination; STS = Society of Thoracic Surgeons.



We agree with the statement of Wanamaker et al. that age

alone should not be a contraindication for cardiac surgery.30 Rather

than using geriatric scales as a tool for decision, we suggest it as a

tool to estimate perioperative risks. Such information can be valu-

able for both surgeons and the patients. It was previously recom-

mended to add a geriatrician to the heart team by Ungar et al.31

In conclusion, we found that the Edmonton Frail Scale was able

to predict the incidence of other and overall postoperative com-

plications, independently on age or Euroscore II. In addition, pa-

tients who had a maximum possible score in self-sufficiency had a

good chance in undergoing surgery without any complications.

These scales might be useful in perioperative risk assessment.
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