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INTRODUCTION

Frailty is a clinical syndrome of reduced strength,
endurance and overall function that is multicausal and

ABSTRACT

Background: Preoperative evaluation of frailty has typically relied on subjective
measures and has evolved towards objective, standardized scales and tests. Patient
frailty is one of the most important predictors for postoperative outcome, including
mortality and morbidity. We sought to investigate whether patient frailty influences
intensive care unit (ICU) outcomes following coronary artery bypass grafting (CABG).
Findings from this study may provide important clinical implications in regard to the
potential role of individualized preoperative evaluations and interventions for frail
patients recovering from CABG in the ICU.

Methods: 100 patients scheduled for elective isolated CABG between November 2024
and April 2025 were recruited in this observational study. Participants were divided
into frail (n=50) and non-frail (n=50) according to the Essential Frailty Toolset (EFT).
Preoperative, Intraoperative and Postoperative data was collected including
parameters of 30-day mortality, duration of ICU stay, time on mechanical ventilation
and postoperative arrhythmia.

Result: Frail patients had a longer ICU stay (median 3.5 days vs 2 days, p=0.002),
duration of mechanical ventilation (18 hours vs 11 hours, p<0.001) and postoperative
arrhythmia (40% vs 20%, p=0.03) rate compared to non-frail patients. Furthermore, 5
frail patients developed postoperative stroke and none in the non-frail group did
(p=0.02). The 30-day mortality was more common in frail patients (14% vs 2%, p=0.03).
Frail patients were more commonly associated with surgical site infection, delirium and
reoperation for bleeding, but these were not statistically significant.

Conclusion: Frailty is a strong marker of poor ICU outcomes after CABG, correlated
with more morbidity and higher incidence of 30-days mortality. Frail patients develop
more complications during postoperative recovery, resulting in longer ICU length of
stay and higher mortality rate.

Keywords: Frailty, Coronary Artery Bypass Grafting (CABG), ICU Outcomes,
Postoperative Complications, Essential Frailty Toolset (EFT).

multifactorial. This condition exponentially increases the
risk of higher dependency and mortality!”. Frailty has
becoming increasingly recognized as an important marker
of poor outcomes in patients undergoing cardiopulmonary
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bypass (CPB), particularly in older populations®. Recent
studies indicate that frailty prevalence in these patients
ranges between 15% and 25%, depending on the frailty
assessment  tool  used®@.  Frailty  exacerbates
postoperative complications, prolongs Intensive Care Unit
(ICU) stays, and increases mortality  risks®.
Cardiopulmonary bypass induces an inflammatory
response that worsens frailty-related vulnerabilities,
including the need for extended mechanical ventilation
and ICU care'®. Despite these risks, preoperative frailty
assessments are not yet consistently integrated into
surgical planning®,

A meta-analysis by Sepehri et al. in 2019 observed
worse outcomes after CPB in frail patients with
significantly longer stay in ICU, mechanical ventilation
time and higher mortality in the postoperative period®.
Similarly, Robinson et al. (2020) found frail patients having
a 70 percent increased risk of longer length of hospital
stay when compared to patients categorized as non-
frail®®. Further, Martin et al. (2020) found that frailty was
associated with increased mortality and prolonged ICU
treatment, particularly elderly cardiac surgery patients*?.

Although the role of frailty in predicting adverse
postoperative outcomes is well-documented, there is a
lack of standardized preoperative frailty screening
protocols for patients undergoing CPB. The specific impact
of frailty on ICU outcomes, such as time on mechanical
ventilation, 30-day mortality, and ICU readmission rates,
has not been sufficiently addressed in recent literature(*?.

The objective is to investigate the impact of frailty on
ICU parameters post CABG. Findings of this study will
provide clinical evidence concerning the significance of
personalized preoperative evaluation and intervention in
frail CABG patients within the ICU.

MATERIAL AND METHOD

Study Design

This prospective cohort study was conducted at
Department of Cardiac Surgery, King Edward Medical
University/ Mayo Hospital Lahore between November
2024 and April 2025, encompassing a duration of 6
months. Patients were enrolled for study after approval
from the Institutional Review Board (IRB 178/RC/KEMU
2025).

Inclusion and Exclusion Criteria

Inclusion criteria were adult patients above the age of 60
undergoing elective on-pump Coronary Artery Bypass
Grafting (CABG). Patients were excluded if preoperative
inotropic support was required, any concomitant cardiac
procedure such as valve replacement was planned, history
of chronic kidney disease, chronic obstructive pulmonary

disease or stroke, there was > 70 % stenosis in either
carotid artery, and if they had severe cognitive
impairment, delirium or dementia Sample size was
calculated with G*Power (version 3.1.9.7). Assuming a
medium size effect (Cohen’s d = 0.5), alpha = 0.05, and a
power of 80%, a sample of at least 88 patients (44 in each
group) was estimated to be required to observe a
significant difference between frail and non-frail classes.
The frail group consisted of 50 patients and the non-frail
50 patients.

Intervention

All Patients were grouped as per their score on the
Essential Frailty Toolset (EFT) Table 1. Patients with the
score of 0 to 2 were grouped into non- frail whereas those
with a score of 3 to 5 were grouped as frail.

All patients underwent a standardized preoperative
workup with baselines (Complete Blood Count,
Coagulation Profile, Liver Function Tests, Renal Function
Tests) along with a Chest Xray, Electrocardiogram (ECG),
Arterial Blood Gases (ABGs), in addition to a transthoracic
echocardiogram (TTE). Patient’s demographic details with
their smoking and insulin use status was noted.

All patients underwent median sternotomy and were
placed on cardiopulmonary bypass via aortocaval
cannulation (ascending aorta and right atrium) for the
distal and proximal coronary anastomoses.

Mechanical Ventilation was defined as the total
duration of invasive ventilation, noted from the placement
of the endotracheal tube (ETT) to extubation, measured in
hours. ICU stay was the total duration of patient stay in
the ICU, starting from shifting of patient from Operation
Theatre (OT) to eventual shifting to Step down unit,
measured in days. 30 Day Mortality was any death
occurring up to the 30th postoperative day.

Presence of Atelectasis was a subjective assessment
on postoperative CXR. Arrhythmia was any irregular
rhythm that necessitated intervention in the form of
chemical or electrical cardioversion. Reopening for
bleeding was determined as per increased mediastinal
drain output or per surgeon assessment. Surgical Site
Infection was any discharge from median sternotomy skin
incision site associated with fever or raised total leukocyte
count above 14 x 103/uL.

Statistical Analysis

The data was analysed in IBM SPSS Statistics version 27.0.
Continuous measurements such as age, ejection fraction,
duration of mechanical ventilation, and ICU stay were
assessed for normal distribution. Data were summarized
using mean = standard deviation (SD) for normally
followed variables and as median (interquartile range
(IQR)) for non-normally followed variables, which were
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obtained based on distribution. Between-group
differences were assessed using independent sample t
test or Mann—Whitney U test for continuous variables and
chi squared or Fisher's exact test for categorical variables.
Independent risk factors for prolong mechanical

Table 1. Essential Frailty Toolset

ventilation, ICU stay, arrhythmia and 30-day mortality
were identified by multivariate logistic regression analyses
adjusting for age, sex, Left main disease and ejection
fraction. A p-value < 0.05 was considered statistically
significant.

Parameter Criteria

Points Patient Score

Five chair rises in <15 seconds 0

Muscle Weakness

Five chair rises in 215 seconds

Unable to complete

No cognitive impairment

Cognitive Impairment

Cognitive impairment

Men: 2 13.0 g/dL,
Women: 212.0 g/dL

OlRr|O|N|F

Anaemia

Men: < 13.0 g/dL, 1
Women: <12.0 g/dL

>3.5g/dL

Hypoalbuminemia

<3.5g/dL

Total Score

RESULTS

One hundred patients undergoing isolated CABG were
included in the study, of which 50 were frail and 50 were
not frail. Demographic data and comorbid conditions of
the patients are given in Table 2.

Frail patients were older as compared to not frail
patients (70.4 + 5.2 vs. 63.7 + 6.8 years, p<0.001). There
were also no differences between groups in terms of male
patients -62% of frail patients vs. 68% of non-frail patients
were male (p=0.52). Preoperative Ejection Fraction was
marginally lower in frail patients (48.5 + 8.2% vs 51.3 +
7.4%, p=0.06). The percentage of patients with left main
coronary artery disease was higher in frail patients (46%
versus 30%) but this difference was not statistically
significant (p=0.09).

Table 3 presents a comparison of postoperative ICU
outcomes between frail and non-frail patients. The
median mechanical ventilation time was significantly
longer in frail patients (18 hours [IQR 14-26]) compared to
non-frail patients (11 hours [IQR 9-16], p<0.001).
Additionally, the length of ICU stay was significantly

Table 2: Basic Characteristics of the Study Population

greater for frail patients (3.5 days [IQR 2.5-5.0]) compared
to non-frail patients (2.0 days [IQR 1.5-3.0], p=0.002).

Frail patients also showed a higher rate of intra-
aortic balloon pump (IABP) usage (18% vs. 6%, p=0.05),
postoperative arrhythmias (40% vs. 20%, p=0.03), and
stroke (10% vs. 0%, p=0.02). Furthermore, frail patients
experienced higher 30-day mortality (14% vs. 2%, p=0.03).
No statistically significant differences were found between
the groups regarding surgical site infections (SSl), delirium,
or the need for reopening due to bleeding.

On logistic regression analysis adjusting for age,
gender, left main disease, ejection fraction, and insulin-
dependent diabetes, frailty remained an independent
predictor of prolonged mechanical ventilation (>24 hours)
Figure 1 (OR 3.86, 95% Cl 1.52-9.78, p=0.005) and
increased ICU stay (>3 days) Figure 2 (OR 3.29, 95% CI
1.31-8.27, p=0.011) Table 4. Frailty was associated with a
significantly higher odds of postoperative arrhythmia (OR
2.72, 95% Cl 1.09-6.76, p=0.032) and 30-day mortality
(OR 5.62,95% ClI 1.01-31.3, p=0.048).

Variable Frail (n=50) Non-Frail (n=50) p-value

Age (years, mean % SD) 70.4+5.2 63.7+6.8 <0.001
Male Gender, n (%) 31(62) 34 (68) 0.52
Pre Operative Ejection Fraction (% mean + SD) 48.5+8.2 513+7.4 0.06
Left Main Disease, n (%) 23 (46) 15 (30) 0.09
Diabetes on Insulin, n (%) 12 (24) 10 (20) 0.63
Smoker, n (%) 20 (40) 22 (44) 0.68
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Table 3: ICU and Postoperative Outcomes

Outcome Frail (n=50) Non-Frail (n=50) p-value
Mechanical Ventilation (hours, median [IQR]) 18 [14-26] 11 [9-16] <0.001
ICU Stay (days, median [IQR]) 3.5[2.5-5.0] 2.0[1.5-3.0] 0.002
IABP Use, n (%) 9 (18) 3(6) 0.05
Atelectasis, n (%) 7 (14) 5(10) 0.54
Arrhythmia, n (%) 20 (40) 10 (20) 0.03
Stroke, n (%) 5(10) 0(0) 0.02
Delirium, n (%) 3(6) 2 (4) 0.65
Surgical Site Infection, n (%) 4(8) 3(6) 0.69
Reopening for Bleeding, n (%) 3(6) 2(4) 0.65
30-Day Mortality, n (%) 7 (14) 1(2) 0.03
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Figure 1. Duration of Mechanical Ventilation by Frailty Status

Table 4: Multivariate Analysis for Key Outcomes

Outcome Adjusted OR (95% CI) | p-value
Prolonged Mechanical 3.86 (1.52-9.78) 0.005
Ventilation (>24 hrs)
ICU Stay >3 Days 3.29(1.31-8.27) 0.011
Postoperative Arrhythmia 2.72 (1.09-6.76) 0.032
30-Day Mortality 5.62 (1.01-31.3) 0.048
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Figure 2. Duration of ICU Stay by Frailty Status

DISCUSSION

Frail patients had inferior postoperative outcomes
compared with non-frail patients in our cohort of 100
patients undergoing isolated CABG. Adjusted for
independent variables of age, gender, left main disease,
ejection fraction and diabetes, frail patients required
significantly longer duration of mechanical ventilation and
ICU stay with increased 30-day mortality and higher rates
of postoperative complications (notably arrhythmias and
stroke). These findings are consistent with the growing
literature on frailty in cardiac surgery and its profound
impact on outcomes after CABG(*3)(14),

Frailty is a multifaceted variable which lends itself to
different measures for its objective assessment. A study by
Kim et al at Seoul National University Hospital employed
the Laboratory Frailty Index (FI-L) in which laboratory data
and vital signs, calculated as the ratio of variables outside
the normal range for 32 preoperative parameters, was
used to assign a value with a cutoff of 32% determined to
predict all-cause mortality after CABG!*®). A retrospective
cohort study of 46,928 cardiac surgery patients in
Australia and New Zealand grouped patients per the
Clinical Frailty Scale into frail (6.7%/3122) and non- frail
(93.3%/43,806), finding raw mortality to be 4.2% for frail
and 1.05% for non-frail after multivariate adjustment(*®),
The fourfold increased risk of mortality is a good indicator
of the influence of frailty on cardiac surgical decision
making

Our results are consistent with previous research
that demonstrated that frail patients were more likely to
develop new postoperative arrhythmias and new stroke.
Krivoshapova et al. reported that frail patients had higher
rates of postoperative arrhythmias (19.5 vs 10.5%, p =
0.025) and strokes (5.7 vs 1.3%, p = 0.031) after CABG("”),
Similarly, the finding of prolonged ICU stay was
corroborated by Lim et al which found frail patients
staying 0.89 days longer than non-frail patients'®. While
we limited pulmonary complications to atelectasis alone,
studies of pulmonary complications after cardiac surgery
include pneumonia and respiratory failure, seen as
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ventilation > 48 hours or re-intubation®®. While our
cohort of frail patients had longer duration of mechanical
ventilation as reported elsewhere in literature, we did not
encounter any patient requiring > 48 hours in this
study@,

An important target of research has been to create
more sophisticated tools for assessing frailty, which could
predict surgical outcomes more precisely. A predictive
model that included both frailty as well as geriatric
syndromes and proposed that frailty is a strong predictor
for complications after cardiac surgery such as extended
hospital length of stay, readmission, and higher mortality.
Authors had highlighted the importance of early detection
of frailty in elderly patients, with the use of performance-
based, comprehensive assessment tools, for eg, Geriatric
Risk Assessment Tool (GRAT)21 and frailty index (F1):?Y.
Moreover, research has consistently defined frailty as an
independent  predictor of major postoperative
complications. A study by Ogawa et al. (2022) verified that
patients who are frail undergoing CABG are more prone to
new onset postoperative arrhythmias and cerebrovascular
events. They also discovered that frail patients were more
likely to have a prolonged course of mechanical ventilation
and an increased prevalence of AKIl, potentially
complicating their recovery!??,

The effect of frailty on death and long-term survival
after CABG has also been investigated in a number of
studies. In a study result in frail and frailty-less patients.
The research concluded frailty was associated
independently with an increased long-term mortality rate
indicating that frailty not only affects short-term
postoperative outcomes but also has a long-term effect on
survival®. Additionally, there have also been recently
studies that have sought to investigate possible
interventions that can enhance the outcomes of frail
patients post CABG. A study by Pozzi et al. (2024)
investigated the impact of prehabilitation, an
individualised exercise regimen to enhance physical
function and minimise frailty in cardiac surgical
candidates. They found that frail patients that undertook
preoperative physical exercise had fewer postoperative
complications, including decreased days in ICU and
infections. These findings are consistent with the
emerging evidence that preoperative interventions can
modify many of the adverse consequences of frailty?%.

Knowledge of the cost-effectiveness of interventions
in the management of frail patients, such as
prehabilitation programs, would be useful in prioritizing
allocation of healthcare resources, as well as potentially
improving patient outcomes within this vulnerable cohort.

CONLUSION

Our study adds to mounting evidence that frailty is a
powerful, independent predictor of adverse ICU outcomes
after CABG therefore supporting the integration of frailty
screening into surgical risk assessment. This would help to
guide informed consent discussions, allocate ICU
resources appropriately, and target interventions to
mitigate risk.

DECLARATION

Limitation

This study has limitations that merit discussion. Our sample size (100
patients) was relatively small, so subgroup analyses and the precision of
our estimates are constrained. As an observational study, there is
potential for unmeasured confounding variables despite statistical
adjustment. For instance, frailty may be associated with factors we did
not measure (nutritional status, undiagnosed disease) that could
influence outcomes.

Recommendations

1. Frailty screening should be universally carried out for all patients
scheduled for CABG. Tools such as the Clinical Frailty Scale, Lab
Frailty Index (FI-L), or Geriatric Risk Assessment Tool (GRAT)
should be included in the surgical screening process to evaluate
and classify ‘at-risk’ frail patients from ‘fit’ patients as early as
possible, prior to surgery.

2. Frail older patients should be considered for prehabilitation
programs using exercise and nutrition. A number of reports have
proven that the preoperative exercise program enhances
functional capacity, decreases frailty and is associated with lower
rates of postoperative complications, such as respiratory failure,
pneumonia, and extended mechanical ventilation after the
operation.

3. A multidisciplinary treatment approach is essential for the
management of frail patients receiving CABG. The role of
geriatricians, cardiologists, anesthesiologists, and rehabilitation
physicians in perioperative care may be the key to success.

4. Close monitoring is recommended for frail individuals in the
postoperative period in order to recognize complications such as
arrhythmia, stroke, and respiratory compromise early. Advanced
monitoring in the ICU, including continuous electrocardiogram
monitoring, brain natriuretic peptide (BNP) levels, and
neurological assessments, can aid in the early detection of
complications.

5. It is critical to educate health care providers, including surgeons,
anesthesiologists, and critical care providers, about frailty.
Education measures raising awareness of the implications of frailty
for the outcome of a surgical procedure and methods of and need
for preoperative and postoperative treatment may increase the
quality of the management of frail patients after CABG.
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