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Abstract

Introduction: Cardiac surgery is a procedure that requires great assistance and care. In this way, patients are sent to
the intensive care unit (ICU), where they are connected to mechanical ventilation (MV). Prolonged treatment of these
patients worsens clinical outcomes and leads to mortality.

Objective: To evaluate the impact of MV time on patients undergoing cardiac surgery.

Methods: This is a retrospective cohort study. After surgery, patients were admitted to the ICU and connected to MV. The
entire ventilation adjustment and weaning process was conducted according to the unit’s routine. They were divided
into two groups, patients who continued on MV for more than eight hours and those who remained for less than eight
hours. From this, univariate and multivariate analyses were carried out between predictor variables — MV time, age,
sex, and cardiopulmonary bypass (CPB) time — and mortality. We considered p<0.05 as significant.

Results: A total of 110 patients were evaluated, 25 stayed on MV for more than eight hours. In the univariate analysis,
MYV time was associated with mortality (HR 0.7 [0.3-0.9], p = 0.01), remaining in the multivariate analysis (HR 0.4
[0.2-0.6), p = 0.01). The other variables were not associated with death outcome.

Conclusion: MV time of more than eight hours is a predictor of mortality after cardiac surgery, given the contribution
of some risk factors.
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Introduction

Cardiac surgery is a complex and invasive procedure
that leads to critical postoperative conditions. This type of
procedure is employed to treat cardiovascular diseases."
As it is considered a major procedure, it requires extensive
assistance and care. That is why patients who undergo this type
of surgery are sent to the intensive care unit (ICU) and kept
there under intensive care until their hemodynamics, level of
consciousness, and respiratory and cardiovascular functions
are restored in the first few hours after surgery. However, some
patients remain longer on mechanical ventilation (MV) and
this may be associated with mortality.?

Some complications can prolong the time a patient
spends on MV. Pulmonary complications are very common
in the post-surgical period and are associated with factors
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such as age, male gender, previous illnesses — systemic
arterial hypertension, diabetes mellitus, chronic obstructive
pulmonary disease, chronic renal insufficiency, and length
of time the patient is on cardiopulmonary bypass (CPB).> As
a result, the prolonged MV stay can increase mortality risk.*

It is pertinent to consider the risk aspects before admitting
a patient, as care during support is also a reflection of the
time spent in hospital. In addition, it is important to know the
previous reasons why MV may be prolonged after surgery.
Patients who remain on MV for a long time suffer physical
deconditioning due to sedation, which causes muscle weakness
in the diaphragm, thus increasing mortality. Another factor
contributing to the high mortality rate is that these patients are
more susceptible to ventilator-induced lung damage. Failure
to wean is also a factor that contributes to the same outcome.’

The length of MV in patients undergoing cardiac surgery
can increase the severity of the case and even lead to mortality
since many of these patients have complications that are
already postoperative. In those patients who stay longer,
mortality is the result of cardiogenic shock, cardiac arrest,
renal failure, multiple organ failure, and sepsis.°®

It is known that a large number of patients are hospitalized
due to cardiovascular diseases and that in many cases the
intervention needs to be surgical. There are still few studies that
make this type of correlation, so the present work can provide
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BMI: body mass index; CPB: cardiopulmonary bypass.

relevant data for the creation of protocols within hospitals.
Therefore, the aim of this study is to correlate MV time with
mortality in patients who have undergone cardiac surgery.

Methods

Study design

This is a retrospective cohort study of patients who
underwent cardiac surgery at the Instituto Nobre de Cardiologia,
from January 2018 to February 2020.

Inclusion and exclusion criteria

The following inclusion criteria were applied: individuals
of both sexes, aged over 18, and undergoing cardiac surgery
via median sternotomy and CPB. Patients who were admitted
to the ICU without MV, with insufficient clinical and surgical
data, without MV data, urgent/emergency surgery, previous
pulmonary and/or kidney disease, and patients who failed
weaning were excluded.

Study protocol

Initially, all clinical data (laboratory tests, medications, clinical
reports) and diseases such as diabetes mellitus, systemic arterial
hypertension, dyslipidemia, acute myocardial infarction,
peripheral vascular disease, immunosuppression, renal
failure, and the sedentary lifestyle of patients were observed
during the preoperative period. Surgical characteristics were
also assessed. All these comorbidities were known through
each patient’s medical records, except for the sedentary
lifestyle. With this respect, the International Physical Activity
Questionnaire (IPAQ) was applied in the long format, which

assesses 27 questions relating to physical activities carried
out in a normal week, with light, moderate, and vigorous
intensity, lasting ten minutes continuously, and divided into
four categories of physical activity such as work, transportation,
domestic activities, and leisure. Those who did not perform
any physical activity for at least ten minutes continuously
during the week were considered sedentary.

The day after the assessment, patients were sent to the
operating room and then to the ICU, where the MV process
and the care provided by the multi-professional team were
performed according to the service’s routine. The patients
were connected to the mechanical ventilator in volume-
controlled ventilation (VCV) mode with 6 mL/kg, respiratory
rate of 14 ipm , flow of 40 L/mL, positive end-expiratory
pressure (PEEP) of 5 cmH20, sensitivity of -2, and fraction of
inspired oxygen (FiO2) of 60%.

After a patient has woken up, the weaning process begins.
In order to carry it out, it is necessary to know if the patient
is eligible for the spontaneous breathing test (SBT), through
some evaluation criteria, such as: having ventilatory drive,
hemodynamic stability, no previous procedure, having the
cause of respiratory failure resolved or controlled, having a
partial pressure of oxygen (PaO2) =60 mmHg, with FIO2 <0.4
and with PEEP 5-8 cmH2O, zero or negative water balance
in the last 24 hours, and normal acid-base and electrolyte
balance. Therefore, the SBT was carried out in pressure support
ventilation (PSV), where the patients continued to be connected
to the ventilator but with a lower support pressure (7cm
H20). The main advantage of this test is that all the patients’
information is kept, as they remain connected to the ventilator.

The SBT lasted between 30 and 120 minutes. The
physiotherapist assessed whether the patients responded well
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to the test; if they showed signs of intolerance in the first 30
minutes, the test was stopped. From this, two groups were
formed: patients who remained on MV for more than eight
hours and those who stayed for less than eight hours. Predictor
variables (MV time, age, gender, and CPB time) and mortality
were compared between these groups.

Statistical analysis

Data normality was confirmed using the Shapiro-Wilk test
and expressed as mean and standard deviation. Categorical
variables were presented as absolute values and percentages.
The chi-square test was used for the evaluation of categorical
variables. The independent Student’s t-test was applied to
the continuous variables. We then adjusted the association
between MV duration and the primary outcome through a
multivariable Cox proportional hazards model, adjusting for
MV, age, sex, body mass index (BMI), and extracorporeal
circulation time. All statistical significance tests were two-tailed
with an alpha level of 0.05. The analyses were performed using
Statistical Package for Social Sciences (SPSS) version 20.0 and R
version 2.14.113. Data were considered statistically significant
if the p-value was (p) < 0.05.

Table 1 - Clinical and surgical variables of the patients studied.

Results

Atotal of 110 patients were assessed in this study. The sample
was gathered for convenience and divided into two groups: those
who remained on MV for less than eight hours and another with
those who stayed on MV for more than eight hours.

Table 1 shows that the majority of patients were male, with 66
people (60%), the average age was 57 standard deviation (+) 8
years and the main comorbidity was a sedentary lifestyle, which
was found in 79 people (72%). The other data were not significant
between the groups, except for CPB time, which was higher
in the group that stayed for more than eight hours (p = 0.03).

Table 2 shows some of the variables that were analyzed:
MV, age, male gender, BMI, and CPB time. However, among
these variables, MV time was associated with increased
mortality (Central Illustration).

Discussion

The study sought to investigate the relationship between
MV time and mortality in patients who had undergone cardiac
surgery. The results showed that the main variables related to
mortality were male gender, MV, age, BMI, and CPB time.

Variable Total <8 hours >8 hours p
(n=110) (n=85) (n=25)
Gender
Male 66 (60%) 49 (58%) 17 (68%) 0.43
Female 44 (40%) 36 (42%) 8 (32%)
Age (years) 57+8 5518 6019 0.51
BMI (kg/m?) 24%4 2443 25+4 0.75
Comorbidities
DM 44 (40%) 35 (41%) 9 (36%) 0.54
SAH 68 (62%) 53 (62%) 15 (60%) 0.79
DLP 31 (31%) 21 (25%) 10 (40%) 0.43
Sedentary lifestyle 79 (72%) 61 (72%) 18 (72%) 0.91
AMI 15 (14%) 10 (12%) 5 (20%) 0.45
NYHA
I 14 (13%) 11 (13%) 3 (12%) 0.78
I 39 (35%) 35 (41%) 4 (16%) 0.02
1] 44 (40%) 29 (34%) 15 (60%) 0.03
v 13 (12%) 10 (12%) 3 (12%) 0.87
CPB time (min) 100£15 90+12 112+16 0.03
EF (%) 38+4 3543 3944 0.67
Number of grafts 2+1 2+1 2+1 0.89

p: p-value; +: standard deviation; BMI: body mass index; DM: diabetes mellitus; SAH: systemic arterial hypertension;
DLP: dyslipidemia; AMI: acute myocardial infarction; NYHA: New York Heart Association; CPB: cardiopulmonary bypass;

EF: ejection fraction.
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Table 2 - Univariate and multivariate associations between predictive variables and mortality.

Predictors Univariate HR
MV 0.7 (0.3-0.9)
Age 0.8 (0.6-1.3)
Male 1.3 (0.9-1.7)
BMI 1.0 (0.8-1.2)
CPB time 0.6 (0.4-0.9)

p Multivariate HR p
0.01 0.4 (0.2-0.6) 0.01
0.41 0.9 (0.6-1.2) 0.34
0.75 1.1 (0.8-1.4) 0.67
0.59 0.8 (0.6-1.1) 0.34
0.02 0.8 (0.6-1.3) 0.29

HR: hazard ratio; p: p-value; BMI: body mass index; CPB: cardiopulmonary bypass; MV: mechanical ventilation.

Fernandez-Zamora et al.® observed in their study that the
mortality rate was higher in patients who remained on MV for
a longer time. This finding is explained by the fact that these
patients are more susceptible to sepsis and multiple organ
failure. Suarez’s study also reinforces this finding.”

A study of individuals who had undergone cardiac surgery
showed that CPB time is a predictor of prolonged MV.
Once it is associated with physiological changes, CPB can
generate a systematic inflammatory response and increased
capillary permeability, which can lead to pulmonary edema,
contributing to prolonged MV.®

In our study, prolonged MV of more than eight hours was
associated with CPB time. Unlike our investigation and the
aforementioned ones, Parmana et al.? assessed the duration
of MV in patients who underwent off-pump myocardial
revascularization. These authors observed that patients also
remained on MV for prolonged periods of time. Despite not
having CPB, which is a resource responsible for promoting
an inflammatory response, other factors were evaluated and
found to be predictors of prolonged ventilation. Some of
them were high tidal volume, use of inotropic agents, and
lungs inflammation.

Garcia-Delgado etal.’ also concluded that high tidal volume
is associated with prolonged ventilation since the volume is
capable of generating inflammatory mediators, which in turn,
promote biotrauma. The authors also considered that age and
female gender were predictors of prolonged ventilation. With
regard to gender, their study is in controversy with ours, where
males were considered to be predictors of prolonged MV.

Bartz et al."" also stated in their study of patients who
underwent myocardial revascularization that MV was associated
with mortality. He pointed to CPB and age as triggering factors.

In terms of age, the present study showed a significant
association between this factor and prolonged MV. Sankar et
al.® showed in their work that there was longer ventilation in
the participants who were in the highest age group. This result
is similar to that found by Rahimi et al.,”> who explained that
the ageing process brings structural and functional changes.
This is because one of the risk factors for cardiovascular
disease is advancing age, which makes this public vulnerable
to the onset of hypertension, obesity, dyslipidemia, and
other diseases that can increase this risk. In addition, lifestyle
habits such as sedentary lifestyles, smoking, and alcohol
consumption contribute to the morbidity and mortality of
these elderly people.

In the study by Gumus et al.,"* there was no correlation
between age and gender and prolonged MV, and the authors
themselves stated that this result was due to the small number
of participants compared to other studies. In contrast, the
work by Aksoy et al.™ emphasized that female gender was a
predictor of prolonged MV.

Although Sankar et al.® presented significant results
regarding the main causes of mortality after cardiac surgery
related to CPB increasing the time on MV, due to inflammatory
responses, Bignami et al."> emphasized how pulmonary lesions
were recurrent in the postoperative period consequently
making them susceptible to mortality.

Ball et al.” discussed pulmonary complications. Although
there is still no definition of these consequences in the
postoperative period, they may be associated with the duration
and type of surgery, also taking into account the patient’s
existing predispositions.

The findings of the present research will justify its clinical
and scientific relevance. They will also serve as a basis for
other works and contribute as a source of information for other
students and others interested in the hospital area.

The limitations of this study involve factors that were not
assessed, such as high tidal volume, the use of inotropes, and
pulmonary inflammation, which could have influenced the
results. Furthermore, the absence of an evaluation of pre-existing
frailty status is a significant limitation, as frailty is a well-established
prognostic factor, particularly concerning mortality and functional
recovery in critically ill patients. A more comprehensive discussion
of the clinical implications could be improved by considering
these factors, as well as incorporating strategies such as early
mobilization, sedation protocols, and adjunctive therapies,
including anti-inflammatory drugs. These elements might not only
affect extubation success but also influence post-ICU recovery
and long-term quality of life. A deeper analysis of these variables
would provide a more nuanced understanding of critical care
management and enhance therapeutic strategies. The small
number of patients is another limitation of the study.

An innovative approach to analyzing the relationship between
MV time and mortality after coronary artery bypass grafting could
involve combining predictive modeling, risk stratification, and
conducting multicenter cohort studies. By developing advanced
statistical models, such as machine learning, it is possible
to identify predictive factors that influence both prolonged
ventilation and mortality outcomes, allowing for personalized
postoperative care. At the same time, stratifying patients based on
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demographic characteristics and comorbidities would help identify
at-risk subgroups, guiding more targeted interventions. Finally,
conducting a multicenter study would broaden the diversity of the
collected data, enabling comparisons between different clinical
practices and their respective associations with MV outcomes
and mortality, providing a more comprehensive view of the issue.

Conclusion

Based on what was found in the studies analyzed, MV
time of more than eight hours is a predictor of mortality after
heart surgery given that some risk factors contribute to patients
remaining on MV for longer.
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