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Abstract

Background and Aim: It has been demonstrated that patients with pre‐frailty have

more adverse outcomes after cardiac surgery; however, data on prognosis and long‐
term evolution in patients with pre‐frailty after elective cardiac surgery without

postoperative complications are still scarce. To evaluate the impact of pre‐frailty
status on functional survival in patients after elective cardiac surgery without

surgical complications.

Methods: This was a retrospective study with 141 patients over 65 years old, with

an established diagnosis of myocardial infarction or valve disease. Patients were

evaluated by Clinical Frailty Scale (CFS) before surgery, according to the hospital

protocol, and allocated into two groups: non‐frail (CFS, 1–3) and pre‐frail (CFS = 4).

Patients with adverse cardiovascular events during surgery or at intensive care unit

(ICU), mechanical ventilation more than 24 hours, ICU length of stay more than

48 hours, and in‐hospital complications were excluded. For all analyses, the statis-

tical significance was set at 5% (P < .05).

Results: There were no differences in demographic, anthropometric, surgical pro-

cedure, or baseline data on ICU. Pre‐frail patients had more adverse events during

the 3‐year follow‐up period with rehospitalization compared to non‐frail (39.4% vs

14.3%, respectively). Rehospitalizations in pre‐frail patients were in the first year

after cardiac surgery (P < .05), and higher cumulative events in pre‐frail have

occurred with increased odds ratio (OR) (2.828, 95% confidence interval [CI]:

1.298‐6.160; P = .001) and hazard ratio (HR) (3.560, 95% CI: 1.508‐84.04; P = .004).

The OR and HR for stroke or death were similar between groups when analyzed

separately.

Conclusion: Pre‐frail patients have more adverse events after elective cardiac

surgery without complications when compared to non‐frail patients.
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1 | INTRODUCTION

The aging population has become a global public health issue.

According to data from World Population Prospects, it is

estimated that the global population of elderly people will rise

from 962 million in 2017 to 2.1 billion by 2050 and 3.1 billion by

2100.1 Parallel to the aging population, cardiovascular diseases

are the leading cause of death worldwide. Currently, more than
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half of all cardiac procedures are performed on the elderly,2 and

despite that the advanced age population is heterogeneous, frailty

afflicts elderly patients in decline as they advance in age and has

been recognized as an important condition for predicting out-

comes. Studies have shown that frail elderly patients are at an

increased risk for prolonged hospitalization and mortality after

surgery,3‐5 particularly after major medical or surgical events.2,6 In

addition, during the postoperative period, patients with frailty6,7

and pre‐frailty8 showed longer mechanical ventilation times and

hospital stays with an increased risk for adverse events as com-

pared with non‐frail patients.
Both pre‐frailty and frailty have been described as biological

syndromes resulting from the dysregulation of multiple metabolic

pathways.2‐4 This multidimensional syndrome is characterized by a

decline in physiologic and cognitive status,2 and therefore, a com-

prehensive preoperative assessment is essential to determine the

relative risk and benefit of the surgical intervention in this patient

population.

Although frailty tends to increase with age, such an evaluation is

a factor independent from chronological age or any specific medical

condition,3,4,9,10 and it allows for a better understanding of an in-

dividual's ability to maintain homeostasis after a stressful event,

making it a useful tool for surgical risk stratification. In addition,

frailty is a specific condition that involves malnutrition, weakness,

slowness and inactivity, and denotes the patient's real functional

capacity, regardless of chronological age. Most studies have eval-

uated the impact of frailty and pre‐frailty in the postoperative period

immediately after cardiac surgery, with worse outcomes compared to

patients who are non‐frail.7,8,11,12 However, data on the prognosis

and long‐term evolution in patients who have undergone elective

cardiac surgery without postoperative complications are still scarce.

Furthermore, the current methods for prediction have a series of

limitations11 and represent the difficulty in predicting long‐term
survival.13

We understand that the accurate prediction of functional sur-

vival might guide treatment decisions for the patient, aid in informed

consent, guide cardiac surgery, and postoperative care. From this

perspective, we performed a retrospective study to evaluate the

impact of pre‐frailty on functional survival in patients after elective

cardiac surgery without any surgery complication.

2 | MATERIALS AND METHODS

A three‐year retrospective study based on a hospital database was

conducted, and a sample of 141 patients over 65 years of age was

enrolled. All of them had an established diagnosis of cardiovascular

disease (myocardial infarction, valve regurgitation, or stenosis)

determined by previous electrocardiogram and/or Doppler echo-

cardiography, and all had surgical interventions (coronary artery

bypass [CAB], valve replacement or valve repair). Patients with

prior neurological/muscular disease (previous stroke or muscular

dystrophies), cognitive impairment resulting from previous injury,

frailty score of ≥ 5, nonelective/emergency surgery procedures, or

incomplete data were excluded.

2.1 | Study protocol

According to the hospital protocol, frailty was assessed by the Clinical

Frailty Scale (CFS)14 24 hours before the scheduled elective surgery.

The CFS was based on previous reports with frail definitions into

categories: without frailty, pre‐frailty, and frailty.12,15,16 In this line, we

assigned patients into two groups based on this score: non‐frail (frailty
score, 1‐3) and pre‐frail (frailty score, 4) according to their CFS.

If patients experienced adverse cardiovascular events—both

during surgery or at the intensive care unit (ICU)—such as stroke,

infection, prolonged mechanical ventilation time (more than

24 hours), ICU stay of more than 48 hours, or in‐hospital death, they
were excluded.

All included patients were analyzed for 3 years using data from

the hospital database, which included medical appointments every

6 months after hospital discharge and major adverse cardiovascular

events (atrial fibrillation, pneumonia, pleural effusion, acute myo-

cardial infarction, heart failure, stroke, and death). Moreover, CFS

was evaluated after 6 months after hospital discharge, during medical

appointment, and after the rehospitalization period.

This retrospective study was approved by the Institutional Ethics

Committee (number 2.352.465; following resolution number 466/

2012 of the National Health Council and with the 1964 Helsinki

Declaration and its later amendments or comparable ethical stan-

dards). Trial registration at ClinicalTrials.gov: #NCT03949439.

2.2 | Statistical analysis

The statistical analysis was performed using the SPSS program

(version 20; SPSS Inc). Data are expressed as mean ± standard de-

viation and percentage. A Kolmogorov‐Smirnov test was used to

determine the normality of the data distribution; a t test and paired

t test were used for related samples, and a χ2 test was used to assess

categorical data differences.

The survival variables were compared using a log rank test, and

Kaplan‐Meier survival curves were constructed, and subsequently, we

adjust the pre‐frailty for other baseline risk factors and performed the

bivariate logistic regression. Follow‐up time was calculated in days

from the date of the baseline measurement to the date of a major

adverse cardiovascular event or the end of the follow‐up period. For

all of the analyses, the statistical significance was set at 5% (P < .05).

3 | RESULTS

A total of 453 patients were screened, and of these, 247 patients

were not eligible to participate and were excluded. So 206 were

enrolled in this study, however 65 patients were excluded for several
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reasons (emergency surgery—17 patients; adverse events during

hospitalization—9 patients; lost follow‐up—25 patients; incomplete

database—14 patients).

As such, 141 postcardiovascular elective surgery patients with-

out complications were enrolled in this study: 42 with non‐frailty and

99 with pre‐frailty scores. Of these, a higher percentage of male

patients were found in both groups. Moreover, no demographic or

anthropometric differences between the groups were observed, but

the pre‐frail group was slightly older than the non‐frail group

(Table 1). In addition, no differences were found regarding main co-

morbidities, surgical procedures or baseline data at the ICU (blood

sample or ICU vasopressor).

TABLE 1 Patients’ baseline characteristics after elective cardiovascular surgery without complications in non‐frail and pre‐frail patients

Non‐frail Pre‐frail
P value(n = 42) (n = 99)

Anthropometrics/demographics

Male, n (%) 27 (64.3%) 59 (59.6%) .451

Age, y 66 ± 1 69 ± 4 <.0001

Weight, kg 70.2 ± 9.9 71.1 ± 12.9 .687

Height, m 1.66 ± 0.08 1.63 ± 0.10 .084

BMI, kg/m2 25.3 ± 2.6 26.6 ± 3.9 .058

Clinical data

LVEF, (%) 53.7 ± 13.1 57.9 ± 10.0 .073

Euro score 4 ± 2 5 ± 2 .320

ASA 2 ± 0 2 ± 0 .931

Hypertension, n (%) 34 (81%) 79 (79.8%) .845

Type II diabetes, n (%) 17 (40.5%) 33 (33.3%) .117

Dyslipidemia, n (%) 16 (38.1%) 50 (50.5%) .03

Smoker, n (%) 8 (19%) 11 (11.1%) .091

Surgical data

Coronary artery bypass, n (%) 21 (50%) 62 (62.6%) .112

Valve replacement, n (%) 17 (40.5%) 29 (29.3%) .091

Coronary artery bypass + valve replacement, n (%) 4 (9.5%) 8 (8.1%) .834

Partial thromboplastin time activated, s 27.3 ± 6.3 25.3 ± 8.4 .174

Cardiopulmonary bypass time, min 87.4 ± 21.0 90.0 ± 38.5 .680

Cross‐clamp time, min 66.9 ± 15.5 61.4 ± 30.6 .274

Baseline hemodynamic and blood sample

HR, bpm 94 ± 12 92 ± 16 .498

MAP, mm Hg 91 ± 12 97 ± 15 .614

Hemoglobin, g/dL 11.3 ± 1.7 10.9 ± 1.6 .200

Hematocrit, (%) 35.0 ± 4.7 34.7 ± 8.5 .812

Platelets, mm3 150,428 ± 53,891 147,353 ± 51,943 .751

Urea, mmol/L 52.6 ± 10.6 43.1 ± 17.1 .002

Creatinine, mg/dL 1.0 ± 0.2 1.2 ± 1.6 .434

hs‐CPR, mg/L 8.3 ± 1.2 8.8 ± 0.9 .743

PaO2, mm Hg 124.8 ± 47.9 120.3 ± 53.2 .802

PaCO2, mm Hg 39.8 ± 5.9 38.0 ± 7.6 .167

HCO3, mmol/L 22.3 ± 1.7 21.8 ± 3.2 .342

SpO2, (%) 96 ± 2 97 ± 3 .646

ICU vasopressor

Noradrenaline, n (%) 16 (38.1%) 33 (33.3%) .341

Dobutamine, n (%) 5 (11.9%) 9 (9.1%) .865

Dopamine, n (%) 8 (19%) 14 (14.2%) .324

Nitroglicerin, n (%) 5 (11.9%) 17 (17.2%) .258

Note: Values are expressed in mean ± standard deviation or frequency.

Abbreviations: ASA, American society of anesthesiologists; BMI, body mass index; HCO3, bicarbonate; HR, heart rate; hs‐CPR, high sensitive c‐reactive
protein; ICU, intensive care unit; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure; PaCO2, arterial carbon dioxide pressure; PaO2,

arterial oxygen pressure; SpO2, oxyhemoglobin saturation by pulse oximetry.
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A higher percentage of pre‐frail patients required rehospitaliza-

tion during the follow‐up period, and most occurred during the first

year after cardiac surgery (pre‐frail n = 28 vs non‐frail n = 7). On the

other hand, the non‐frail group demonstrated a reduced length of

stay as compared to the pre‐frail patients (Table 2). The most of

rehospitalizations in both groups were at the ward; however, the pre‐
frail group had more ICU rehospitalizations, strokes, and deaths

compared to the non‐frail group (Table 2). In addition, 18 patients

(46.1%) in the pre‐frail group became frail (CFS> 5) after the

rehospitalization period.

Odds ratio and hazard ratio (HR) were only calculated for the

pre‐frail patients, who had an increase in both for adverse outcomes.

In addition, the Kaplan‐Meier analysis demonstrated higher cumu-

lative events (Figure 1) in patients with pre‐frailty.

4 | DISCUSSION

We performed a study to evaluate the impact of pre‐frailty on

long‐term survival after elective cardiac surgery in patients who

had received a hospital discharge without complications (in-

traoperative or in‐hospital postoperative). To the best of our

knowledge, this is the first study that identifies pre‐frail patients
after elective cardiac surgery without postoperative complications

presenting greater long‐term deleterious repercussions than no‐
frail patients.

In a recently study, our group have demonstrated that pre‐frail
patients had worse outcomes after cardiac surgery in a short period

of time.8 So, we have questioned if these finds could be extended to

those without any surgical complications. Therefore, all patients

analyzed in our study were discharged from the hospital without

any limitations. Indeed, while they had no complications, we

observed that these patients had higher incidence of re-

hospitalization as compared to non‐frail patients. This fact may be

related to exposure to a stressful event—cardiac surgery—, which

probably imposes a deleterious effect greater in pre‐frail patients
than in non‐frail, since they had higher incidence of rehospitaliza-

tion for a period of 6 to 12 months with a significant worsening of

the previous functional status.

Almost 50% of pre‐frail patients become frail during the re-

hospitalization period. Such mechanism has been previously de-

scribed for patients with frailty, in which similar stress events cause a

greater deterioration as compared to non‐frail patients, possibly re-

quiring a longer period of functional dependence or often without

returning to baseline homeostasis.4 Therefore, precisely determining

the presence of pre‐frailty during the preoperative period becomes

extremely important since frailty may predict the risk of cumulative

events (stroke or in‐hospital death).8 In addition, pre‐frailty is a

condition that predisposes and directly precedes frailty.17 Although

this assertion is well established, the effect of a stressor event on

long‐term pre‐frail patients was not clear. A previous study with frail

patients undergoing cardiac surgery has shown that the presence of

preoperative frailty is associated with a twofold to threefold to fi-

vefold higher risk of poor functional survival 1 year after of cardiac

surgery.2,18

In this line, our study adds new important evidence that even

pre‐frail patients without postoperative complications have higher

adverse events after hospital discharge. In addition, besides the

higher incidence of re‐hospitalizations, our study has also demon-

strated that they were more severe in these patients, requiring a

longer hospitalization time and intensive care and, consequently,

experiencing a higher incidence of cumulative events, like stroke and

death.

Some studies have demonstrated that frail patients have a

reduced midterm survival after cardiac surgery.19‐21 Recently

Reichart et al22 reported on a very large series of patients un-

dergoing coronary surgery and were one the firsts to demon-

strate the clinical impact of pre‐frailty (CFS 3‐4 for midterm

mortality: HR 2.02, 95% confidence interval, 1.43‐2.85) in pa-

tients undergoing cardiac surgery. They showed that a large

number of pre‐frail patients have had a higher mortality rate in

both 30/day and after a 1‐year follow‐up of cardiac surgery.

Moreover, the authors suggest that CFS was able to predict early

and mid term mortality after cardiac surgery (CAB grafting)22. In

addition, the authors demonstrated that CFS improved the pre-

diction of adverse events when associated to EuroSCORE II.

However, our study evaluated only patients who survived cardiac

surgery without complications and we believe that our results

have gone one step further on this theme, and reinforce that pre‐
frail patients also require intensive care after elective cardiac

surgery without complications due to an increased number of

rehospitalizations during the first year.

Despite being outside the scope of our study, this fact raises an

important point regarding multidisciplinary attention to these

patients17,23 as rehabilitation programs are able to reduce

TABLE 2 Follow‐up data after hospital discharge in non‐frail and
pre‐frail patients after elective cardiovascular surgery without
complications

Non‐frail Pre‐frail
(n = 42) (n = 99) P value

Rehospitalization, n (%) 6 (14.3%) 39 (39.4%) <.0001

Ward, n (%) 5 (83.3%) 31 (79.5%) .001

ICU, n (%) 1 (16.6%) 8 (20.5%) .001

Main causes of rehospitalizations,

n (%)

Atrial fibrillation, n (%) 3 (50%) 8 (20.5%) .07

Pleural effusion, n (%) 1 (16.6%) 5 (12.8%) .03

AMI, n (%) 0 5 (12.8%) .03

Heart failure, n (%) 0 4 (10.2%) .01

Stroke, n (%) 1 (16.6%) 10 (25.6%) <.0001

Deaths, n (%) 1 (16.6%) 7 (17.9%) .001

Length of stay, days 8 ± 3 14 ± 2 .02

Note: Values are expressed in mean ± standard deviation or frequency.

Abbreviations: AMI, acute myocardial infarction; ICU, intensive care unit.
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rehospitalizations and promote a better recovery from cardiac

surgery.24 It is already demonstrated that pre‐frail status is a con-

dition that is possibly reversible or modifiable by interventions.25‐28

Previous research on nonpharmacological interventions, such as

physical exercise and nutritional interventions, have shown pro-

mising effects on frailty status and functional survival,23,28,29 and

may even prevent or slow down frailty steps,30 demonstrating the

real need to study the long‐term behaviour individuals in the early

stages of frailty.

Furthermore, how presurgical physiotherapy could reduce ad-

verse events during hospitalization and after hospital discharge, both

in frail and pre‐frail patients, is still unknown. Finally, an accurate

prediction of long‐term survival can guide treatment decisions for the

patient, cardiac surgery and the necessary postoperative care and aid

in informed consent.

4.1 | Clinical implications

Rodrigues et al8 recently demonstrated that pre‐frail patients are

predisposed to increased hospitalization time and mortality after

cardiac surgery. Therefore, the early detection of frailty and pre‐frail
in patients undergoing cardiac surgery is critical for presurgical in-

terventions to preserve their functional status.17,31 In our study, we

have gone substantially further on this topic. We demonstrated

higher incidence of adverse outcomes in this patient population after

elective cardiac surgery, and its role as a risk factor for cardiac

surgical interventions has not been investigated previously. In addi-

tion, we suggest that pre‐frailty is an independent predictor of

readmission mortality and reduced medium‐term survival as com-

pared to non‐frail patients.

As the main result of our research, both patients and multi-

disciplinary teams might be better informed about potential adverse

outcomes and add better presurgical interventions before cardiac

surgery, improving rehabilitation, and nutrition before a planned in-

tervention.17,32 Moreover, a close follow‐up after hospital discharge

can reduce the number of readmissions and consequently the costs

for these patients.

4.2 | Study limitations

Our study has some limitations that should be addressed: (a) The

inclusion criteria might limit the sample size of this study, but, we

believe that this is the first study design to evaluate pre‐frail patients
without complications after elective cardiac surgery. We decided to

exclude patients with CFS more than five, as our objective was to

evaluate pre‐frail patients without any surgical complications as our

group recently had demonstrated that pre‐frail patients had worse

outcomes after cardiac surgery in a short period of time.8 So, this

new study offers new perspectives for the future, as new protocols

that include provisions for pre‐frail patients without complications. In

addition, both pre and postsurgical interventions, as exercise/early

mobilization in main outcomes should be studied; (b) Due to the

design of our study, the extrapolation of our findings to patients with

cardiac surgical complications should be viewed with caution. We

understand that longer term risk of rehospitalization and deaths is

similarly important for those with surgical complications, so this

study opens a large perspective of studies to identify the risk of

rehospitalization, death, and other clinical endpoints in these pa-

tients; (c) We performed a retrospective study at a single centre, so a

prospective multicentre‐study should be addressed to confirm our

F IGURE 1 Cumulative survival for adverse

outcomes (atrial fibrillation, pleural effusion,
angina, heart failure, stroke and death)
between non‐frailty and pre‐frailty groups

after cardiac elective surgery without
complications
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data; (d) Finally, whether it is pre‐frailty per se that is actually the

driving factor for predicting long‐term outcomes or if there are some

other confounding factors remains unknown. Some patients had a

worsened frailty status during the follow up, but it is unclear how

changes in frailty levels postsurgery influence outcomes. Larger

further studies in this population should address these questions.

5 | CONCLUSION

Pre‐frail patients after elective cardiac surgery without complications

have more rehospitalizations and cumulative adverse events, mainly

during the first year, as compared to non‐frail patients.
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