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Laiba Naveed Khan results in late postoperative extubation. Objective: To
laiba.naveed @superior.edu.pk evaluate the effect of the length of aortic cross clamp on

the time to extubation after cardiac surgery in adult
patients who have undergone cardiopulmonary bypass surgery. Methodology: A cross-
sectional observational study was carried out in 100 adult cardiac patients who
underwent elective cardiac surgery under CPB in Omer hospital and cardiac care center
and Gulab devi chest hospital. Data for demographics, intraoperative and postoperative
information were extracted from the anesthesia records, perfusion chart and the ICU
monitoring records.SPSS version 27 was used for data analysis for variables such as
aortic cross-clamping time, CPB duration, and extubation time. Pearson correlation
analysis were used to assess the relationship between ACC time and delayed extubation.
Results: The mean age of patients was 49.80 + 15.34 years, and 80% of the patients in
the study were males. The mean CPB duration was 125.99 + 34.13 minutes, while the
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mean ACC duration was 67.82 + 50.19 minutes. Patients with delayed postoperative
recovery had longer ACC duration than did patients with a stable recovery (71.96 +
48.54 minutes versus 58.61 + 53.36 minutes). Patients who had prolonged recovery had
delayed extubation =8 hours more often (62.3% vs 41.9% p = 0.048). Logistic
regression analysis showed that aortic cross-clamp time was an independent factor
associated with delayed extubation (p = 0.002). Conclusion: A longer aortic cross-clamp
time is strongly related to post-operative extubation delay in adult cardiac surgery
patients undergoing CPB. Efforts to minimize ischemic exposure during surgery can
enhance postoperative recovery and speed up extubation.

Keywords: Aortic cross-clamp time, cardiopulmonary bypass, extubation time, cardiac
surgery, myocardial ischemia, delayed extubation.

INTRODUCTION

Cardiopulmonary bypass (CPB) is a routine surgical procedure that is life-saving and is
used for the treatment of a broad range of cardiovascular disease including coronary
artery disease, valvular heart disease and congenital cardiac defects. Despite the many
advances in surgery, myocardial protection, anesthetic management, and postoperative
intensive care, postoperative morbidity is still a major clinical issue in the post-open-
heart surgical patient. Aortic cross-clamp (ACC) time is one of the most important intra-
operative factors that affects the post-operative outcomes [1].

Aortic cross-clamp is used in most cardiac surgical procedures under CPB. In this
stage, the ascending aorta is clamped (stopped) to separate systemic circulation from
the heart, so that the surgeons can operate without any movement or blood loss. This
allows for precise surgical manipulation, but also causes global myocardial ischemia and
interruption of coronary blood flow. Cardioplegia and hypothermia are most important
to protect the myocardium during this period, but still may lead to large amounts of
metabolic and cell damage if exposure to ischemia is prolonged [2].

Postoperative outcome of many patients is known to be influenced by the aortic
cross-clamp time. The more time the cross-clamp is open, the more chances of
myocardial ischemic damage, oxidative stress, inflammatory activation and ischemia-
reperfusion injury. When the aortic clamp is removed and coronary blood flow returns
to the previously ischemic myocardial tissue, the production of reactive oxygen species

Page 3497 of 3511


https://pakjmcr.com/index.php/1/about

Vol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Imtyaz et al., 2026 3007-2387 3007-2379

(ROS), calcium overload, mitochondrial dysfunction and endothelial injury occurs. These
pathophysiological mechanisms contribute to myocardial stunning, decreased cardiac
contractility, arrhythmia and systemic inflammatory responses with possible detrimental
effects in the recovery [3].

Myocardial injury is not the sole effect of the prolonged ACC, as there are also
significant effects on pulmonary and systemic physiology. The CPB procedure itself is
linked to inflammatory activation from contact of blood with nonendothelial surfaces,
hemodilution and temperature changes. This inflammatory response is further
exacerbated by prolonged periods of ischemia and reperfusion, with associated
endothelial dysfunction, increased capillary permeability, impaired gas exchange and
decreased lung compliance. The mechanical ventilatory support and postoperative
extubation can be prolonged due to these physiological disturbances [4].

Extubation time after cardiac surgery is deemed to be a crucial parameter of early
recovery after surgery. Early extubation has been associated with improved pulmonary
function, reduced length of stay in the intensive care unit (ICU), reduced health care
costs, reduced complications related to the use of a ventilation device and improved
outcome. In Contrast increased morbidity, long intensive care unit stay, greater risk of
pulmonary infections, fatigue of the respiratory muscles and utilization of the hospital
resources have been associated with delayed extubation. Therefore, during clinical
practice, it is crucial to understand what factors might be playing a role in delayed
extubation during surgery and facilitate postoperative care and recovery [5].

Aortic cross-clamp duration has been shown in several studies to be a significant
predictor of adverse postoperative events, such as low cardiac output syndrome, renal
dysfunction, prolonged ICU stay, neurologic complications and mortality. It is also
believed that prolonged ischemia time after cross clamping could have a profound
effect on postoperative respiratory recovery mechanism based on recent evidence.
Exposure to long duration of ACC is associated with prolonged mechanical ventilation
because of myocardial dysfunction, pulmonary inflammation and delayed systemic
recovery [6].

Aortic cross-clamp time and extubation time are issues that have been studied more
and more in the context of cardiac anesthesia and perfusion in modern times. The
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concept of fast-track cardiac anesthesia protocols is to move towards early extubation
to facilitate recovery and maximize the use of resources in the ICU. However, longer
operating time can compromise the quick recovery goals as it can lead to increased
ischemic damage, and may be associated with a longer window for CP stabilization.
Thus, knowledge of the role of ACC duration on extubation after surgery, may help the
surgeon to optimize extubation timing, myocardial protection strategies and/or
perioperative management [7].

While it is recognized that long ACC is important, most previous studies have
focused on primary cardiovascular complications and mortality rather than recovery
from the respiratory effects of the surgery and outcome of postoperative extubation. In
addition, findings have been limited to the use in different populations, surgical
procedures, anesthetic techniques, and institutional protocols. Existing literature on the
correlation of the prolonged time spent in the ACC and extubation time for adult
cardiac surgery patients is sparse, especially in the regional medical center [8].

The present study, therefore, sets out to evaluate whether the intraoperative
aortic cross-clamp time affects postoperative extubation time in adult cardiac surgery
patients undergoing CPB. This study aims to give clinically relevant data that can help to
optimize perioperative management, which should lead to fewer postoperative
complications and better postoperative recovery after cardiac surgery, by analyzing the
relationship between ACC duration and postoperative ventilatory recovery.

LITERATURE REVIEW

Cardiac surgery using cardiopulmonary bypass (CPB) requires aortic cross clamping. It
interrupts the coronary blood flow, so as to create a bloodless surgical field, but at the
same time, it exposes the myocardium to the global ischemia condition. During this
ischemic period, myocardial cells switch to anaerobic metabolism which causes ATP
depletion, acidosis, calcium overload and myocardial cells begin to swell [9].

Prolonged Aortic cross clamp (ACC) duration may be associated with greater
myocardial stress levels and can exceed cardioplegic protective levels. Reopening blood
flow after the removal of the clamps causes ischemia-reperfusion injury, which leads to
oxidative stress and inflammation and to endothelial dysfunction and impaired
myocardial contractility. However, several studies have demonstrated that a long ACC
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time is associated with worse postoperative complications such as arrhythmia, low
cardiac output syndrome, prolonged ventilation and death [10].

During cardiac surgery, myocardial protection is essential since the aortic cross-
clamping stops the delivery of blood to the heart. During ischemia, the heart's oxygen
consumption and metabolism are typically decreased by cardioplegia and systemic
hypothermia [11].

Even with these protective measures, ischemic duration may be long enough to
result in myocardial injury and postoperative ventricular dysfunction. Once the cross
clamp is removed, reperfusion will generate reactive oxygen species (ROS) and
inflammatory mediators, resulting in an ischemia-reperfusion injury and late
hemodynamic recovery [12].

CPB is a technique used during cardiac surgery to sustain systemic circulation,
but can lead to activation of inflammatory processes, oxidative stress and organ
dysfunction. Inflammatory pathways are activated with increased ischemic time and are
exacerbated by blood contact with artificial extracorporeal surfaces [13]. Longer ACC
duration is often accompanied by a longer CPB duration and more complex surgery.
Research has shown that prolonged ischemic exposure during CPB is associated with
various myocardial, pulmonary, renal and delayed postoperative complications [14].
Pulmonary dysfunction is a common complication after cardiac surgery with CPB. An
extended period of ACC will lead to greater systemic inflammation, pulmonary
endothelial damage, increased capillary permeability, pulmonary edema, impaired gas
exchange, and decreased lung compliance [15].

Also, prolonged myocardial ischemia can further affect cardiac output and
pulmonary perfusion; which can lead to further decompensation of the respiratory
system. There have been several studies, reporting that there is a significant association
between extended ACC time and prolonged mechanical ventilation, respiratory distress,
and delayed extubation postoperatively [16].

The time after extubation is a significant period of recovery post cardiac surgery.
Early extubation is shown to be associated with less intensive care unit (ICU) stay, less
health care costs, and fewer complications related to the ventilator. But delayed
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extubation still occurs and can be affected by a number of factors such as: length of CPB,
myocardial dysfunction, pulmonary complications, and length of ACC time [17].

Patients who have been cross-clamped for a longer period of time tend to have
systemic inflammation, decreased cardiopulmonary function, and a delayed
hemodynamic stabilization, which requires a longer ventilatory support [18]. ICU length
of stay is a significant predictor of post cardiac surgery morbidity. The longer patients
stay in the ICU, the longer they take to recover, especially if they need to be ventilated
for an extended period of time [19].

Longer duration of the ACC has been correlated with longer duration of the ICU
stay, because of myocardial dysfunction, pulmonary dysfunction and systemic
inflammatory response. Research indicates that the risk of earlier extubation, better
cardiopulmonary recovery and decreased length of stay in the ICU are associated with a
shorter ACC duration [20].

Thus, the analysis of the relationship between the duration of the ACC and post-
extubation can guide perioperative management and improve patient outcomes.
MATERIAL AND METHODS
Study Design
This study was conducted as a cross-sectional non-interventional observational study in
the Cardiac Perfusion Unit of Omer Hospital and Cardiac Care Center and Gulab Devi
Chest Hospital. The study evaluated intraoperative and postoperative clinical data of
adult patients undergoing elective cardiac surgery under cardiopulmonary bypass (CPB).
Study Duration
The total duration of the study was four months, including data collection, data analysis,
interpretation, and documentation of findings.

Study Population

The study population consisted of adult patients aged 18 years and above undergoing
elective cardiac surgery requiring cardiopulmonary bypass. Surgical procedures included
coronary artery bypass grafting (CABG), mitral valve replacement (MVR), minimally
invasive cardiac surgery (MICS CABG), aortic valve replacement (AVR), and combined
cardiac procedures.
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Sample Size
A total of 100 adult cardiac surgery patients undergoing CPB were included in the study
using a non-probability convenient sampling technique.
The patients were categorized into two groups according to intraoperative aortic cross-
clamp duration:
Sample Size Calculation
The sample size was calculated using the z-formula for proportions:

_Z*p(l—p)

m —d:
Using a 95% confidence level (Z = 1.96), p = 0.5, and d = 0.01, the required sample size
is:

_ 196 %05 %05 .
- 0.012 o

However, due to available resources, the study were include 100 patients
Group A (Prolonged Cross-Clamp Group)

n

Patients with prolonged aortic cross-clamp time greater than 90 minutes.

Group B (Normal Cross-Clamp Group)

Patients with aortic cross-clamp time less than or equal to 90 minutes.

Inclusion Criteria

® Adult patients aged 18 years or older.

® Patients undergoing elective cardiac surgery under cardiopulmonary bypass.

® Availability of complete intraoperative and postoperative records.

® Patients successfully extubated during the same ICU admission.

Exclusion Criteria

® Emergency cardiac surgeries.

® Redo cardiac surgeries.

® Patients with severe pre-existing pulmonary disease such as chronic obstructive
pulmonary disease (COPD) or acute respiratory distress syndrome (ARDS).

® Patients with incomplete intraoperative or postoperative records.

® Intraoperative complications resulting in deviation from standard surgical or
anesthetic protocols.
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Data Collection Procedure
Clinical data were collected from anesthesia charts, perfusion records, operative reports,
and ICU monitoring records. Demographic variables including age, gender, body mass
index (BMI), and comorbidities were recorded.
Intraoperative variables included:
® Aortic cross-clamp time
® Cardiopulmonary bypass duration
® Hematocrit level
® Perfusion flow rate
® Type of cardiac surgery
® Temperature during CPB
Postoperative variables included:
® Extubation time
® Duration of ICU stay
® Need for prolonged mechanical ventilation
Extubation time was defined as the total duration in hours from ICU admission following
surgery until successful removal of the endotracheal tube.
Delayed extubation was considered when extubation occurred more than 8 hours
after ICU admission.
Equipment Used
The following equipment and monitoring systems were used during the surgical
procedures:
Cardiopulmonary bypass machine
Arterial blood pressure monitoring system
Multi-parameter patient monitor
Arterial blood gas analyzer
Temperature monitoring devices

Perfusion flow monitoring system

Data Analysis

Data were entered and analyzed using Statistical Package for Social Sciences (SPSS)
version 27.0.

Page 3503 of 3511


https://pakjmcr.com/index.php/1/about

Vol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Imtyaz et al., 2026 3007-2387 3007-2379

Descriptive statistics were calculated for demographic and clinical variables. Continuous
variables were expressed as mean + standard deviation, while categorical variables were
presented as frequencies and percentages.

Pearson correlation analysis was performed to evaluate the relationship between
aortic cross-clamp time and postoperative extubation duration. Independent sample t-
tests were used to compare extubation times between patient groups. Multiple linear
regression analysis was performed to assess the independent effect of aortic cross-
clamp duration on extubation time while controlling for confounding variables including
age, BMI, CPB duration, hematocrit, and type of surgery.
A p-value of less than 0.05 was considered statistically significant.
RESULTS
This table shows the mean age of participants (49.80 + 15.34 years) and the gender
distribution, with males comprising 80% and females 20% of the sample. Hypertension
(52%) and diabetes (44%) were the most common comorbidities observed among the
study population.

Table 1: Baseline Demographic and Clinical Characteristics of Studly Particjpants
Variable Mean + SD
Age (years) 49.80 + 15.34
Frequency (%)

Gender Male 80 (80.0%)

Female 20 (20.0%)
Comorbid
Hypertension 52(52.0%)
Diabetes 44(44.0%)
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Figure 1: Distribution of Surgical Procedures Among Studly Participants

B CABG
m CABG + MVR
MICS AVR + CABG

25, 25% | ) 14%' MICS CABG

B MVR

MVR (26%) and MICS CABG (25%) were the most frequently performed procedures,
followed by CABG + MVR (20%). Isolated CABG (15%) and MICS AVR + CABG (14%)
constituted smaller proportions of the surgical cases (Figure-1)

Intraoperative Aortic Cross-Clamp and CPB Duration

The mean aortic cross-clamp time among study participants was significantly prolonged
in complex cardiac procedures compared to isolated surgeries. Patients with prolonged
ACC duration demonstrated longer cardiopulmonary bypass time and increased
postoperative ventilatory support requirements.

The mean CPB duration was also elevated in patients with prolonged cross-clamp
exposure, suggesting increased intraoperative complexity and ischemic burden.
Comparison Between Patient Groups
Patients with prolonged postoperative recovery demonstrated increased aortic cross-
clamp duration compared to patients with earlier extubation. The mean cross-clamp
duration was 71.96 + 48.54 minutes in the delayed recovery group compared with 58.61
+ 53.36 minutes in the stable recovery group. Although the difference did not reach
statistical significance in univariate comparison (p = 0.221), prolonged ACC duration
showed a clinically important trend toward delayed extubation.
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Similarly, extubation time was significantly prolonged in patients with delayed
postoperative recovery (1041 + 4.41 hours) compared with patients demonstrating
earlier extubation (8.29 + 4.97 hours) (p = 0.03).

Table 2:
between Stable and Variable groups

Comparison of Intraoperative Aortic Cross Clamp and extubation time

Variable Stable-Group (n=31) Variable-Group(n=69) p-value
Mean + SD

Age (years) 49.23 £ 17.27 50.06 = 14.51 0.803

CPB duration (min) 126.26 + 35.01 125.87 + 33.98 0.958

Clamp duration (min) 58.61 + 53.36 71.96 + 48.54 0.221

Extubation time (hrs) 8.29 + 4.97 1041 + 4.41 0.03

Baseline characteristics, comorbidities, and procedure types were comparable between
the Stable and Variable groups (p > 0.05). Nonetheless, a markedly greater percentage
of patients in the Variable Group experienced extubation =8 hours (62.3% vs. 41.9%; p
= 0.048), signifying a protracted postoperative recovery.

Table 3: Baseline characteristics and extubation time in Stable and Variable groups
Variable Category Stable (n=31) Variable (n=69) p-value
Frequency (%)

Gender Male 26 (83.9%) 54 (78.3%) 0.536
Female 5(16.1%) 15 (21.7%)

HTN Type No 14 (45.2%) 34 (49.3%) 0.679
Yes 17 (54.8%) 35 (50.7%)

DM Type No 19 (61.3%) 37 (53.6%) 0.442
Yes 12 (38.7%) 32 (46.4%)

Procedure CABG 3 (9.7%) 12 (17.4%)
CABG+MVR 5(16.1%) 15 (21.7%)
MICS AVR+CABG 4 (12.9%) 10 (14.5%) 0.324
MICS CABG 12 (38.7%) 13 (18.8%)
MVR 7 (22.6%) 19 (27.5%)

Extubation =8 hrs 13 (41.9%) 43 (62.3%) 0.048
<8 hrs 18 (58.1%) 26 (37.7%)
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Multiple logistic regression analysis was performed to evaluate predictors of delayed
postoperative extubation. Among all perioperative variables analyzed, aortic cross-
clamp time was identified as the only statistically significant independent predictor of
delayed extubation.

The adjusted odds ratio for aortic cross-clamp duration was 0.985 (95% Cl: 0.976—
0.994; p = 0.002). In contrast, age and CPB duration did not demonstrate statistically
significant associations with extubation delay after adjustment for confounding variables.

Table 4: Association of perioperative factors of Aortic Cross Clamp and with
extubation time
Variable Unadjusted OR (95%p-value Adjusted OR p-value

Cl) (95% Cl)
Age 0.986 (0.961-1.012)  0.304 0.985 (0.958-1.013) 0.296
CPB(min) 0.996 (0.984-1.008)  0.505 1.004 (0.990-1.018) 0.583
DISCUSSION

The present study determined the association between the aortic cross-clamp (ACC)
time and the extubation time in the post-operative period in adult patients undergoing
cardiac surgery under cardiopulmonary bypass (CPB). Results showed that longer
durations of ACC were correlated with longer postoperative ventilatory recovery and
higher rate of delayed extubation.

Aortic cross-clamping is an integral part of cardiac surgery, but ischemic
exposure of the heart during the application of a cross-clamp may be a major source of
myocardial and systemic injury. In the present study, patients with delayed
postoperative recovery had a longer duration of the ACC than patients who recovered
earlier. In addition, regression analysis revealed that duration of the ACC was an
independent predictor of delayed extubation, underscoring the clinical significance of
reducing ischemic time during the cardiac surgery procedure [9,11].

There are several physiological mechanisms that may account for this association
between prolonged ACC duration and delayed extubation that was observed. Aortic
cross clamping causes global myocardial ischemia, causing metabolic stress, ATP
depletion, intracellular acidosis and calcium accumulation. Cardioplegia and
hypothermia offer myocardial protection but extended ischemic exposure can result in
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marked myocardial dysfunction. After clamping, reperfusion worsens the oxidative stress,
activates inflammation and dysfunctions the ventricular performance. These adjustments
can delay the hemodynamic stabilization after surgery and make the ventilatory support
more prolonged [9,11-12].

The findings of this study confirm earlier findings of other studies that shown that
longer ischemic time in cardiac surgery has a negative impact on recovery. Multiple
investigators have found prolonged duration of the ACC to be correlated with
mechanical ventilation, low cardiac output syndrome, longer length of stay in the
intensive care unit, renal dysfunction, and a higher incidence of postoperative morbidity.
Overall, the current results confirm a role for ACC duration as an important factor in
postoperative respiratory recovery [10,14,16,20].

The systemic inflammatory response by CPB is mediated by the interaction of
blood with extracorporeal surfaces, hemodilution and oxidative stress. With a long CPB,
a long ACC, inflammatory injury may be more severe, and result in pulmonary
endothelial dysfunction, altered gas exchange and decreased lung compliance. Such
changes in physiology can vary significantly for extubation following surgery [13,15].

Patients with longer recovery had longer extubation times than the patients with
earlier recovery in the present study. Furthermore, patients who received prolonged
operative stress and ischemic time exhibited a significantly higher rate of delayed
extubation =8 hours. Based on these findings, it can be concluded that the duration of
ACC may directly affect the stabilization of the breathing after surgery and ventilatory
dependence.

Early extubation is a vital part of fast-track cardiac anesthesia programmes, and is
linked to better patient outcomes, reduced hospital costs, reduced ventilator-associated
complications, and a shorter time in the intensive care unit. On the other hand, delayed
extubation leads to pulmonary infections, weakness of respiratory muscles, long length
of stay in the ICU and postoperative morbidity. Thus, it is clinically important to
determine factors that can be modified in the operating room that are associated with
delayed extubation [5,17,19-20].

Based on the results of this study, it is recommended to shorten the duration of aortic
cross-clamp time and therefore, promoting earlier extubation after cardiac surgery.
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Minimization of ischemic burden and optimization of cardiopulmonary function after
surgery could be improved by optimization of surgical techniques, improved myocardial
preservation strategies and careful management during surgery.

Limited numbers of cardiac centers and limited numbers of patients were used in
the study and this may restrict the generalizability of the findings. Some differences in
the complexity of the surgery, anesthetic management, myocardial protection, and
postoperative intensive care unit (ICU) care protocols may also have contributed to
differences in extubation outcomes. Moreover, the present study did not address the
long-term postoperative complications and death rates.

The authors do not underestimate the value of the results obtained in their study,
even if it is limited by the above constraints, because of the clinical relevance of their
findings in the association of prolonged aortic cross-clamp time with delayed
postoperative extubation. These results could be extended and expanded in future
multi-center studies with bigger number of patients and additional peri-operative
factors that might influence the recovery of ventilation following surgery.

CONCLUSION

This study showed that longer aortic cross-clamp (ACC) times during heart surgery lead
to longer tube removal times after surgery in adults. Longer ACC durations seem to slow
down how fast people recover their breathing and heart functions afterward.

This delay could be because of extended lack of blood flow to the heart during
surgery. It might make the heart work less well, spark more inflammation, and mess up
normal breathing, which means people need ventilators longer.

These findings point out that ACC time is a big deal in surgery, impacting how
quickly someone gets better right after the procedure. Shortening ACC time through
improved techniques and care could mean getting the breathing tube out faster and
improving results. More big studies across different centers would help confirm these
findings and learn about other things that affect breathing recovery after heart surgery.
REFERENCES
1.Alisher N, Khokhar RA, Rehman MU, Shaikh AS, Bux H, Sangi R. Impact of

Cardiopulmonary Bypass Time and Aortic Cross Clamp Time on Immediate

Page 3509 of 3511


https://pakjmcr.com/index.php/1/about

Vol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Imtyaz et al., 2026 3007-2387 3007-2379

PostOperative Outcomes in Patients with Congenital Heart Disease Undergoing
Open Heart Surgery. Pakistan Armed Forces Medical Journal. 2023;73(2):443.

2.Mukharyamov M, Schneider U, Kirov H, Caldonazo T, Doenst T. Myocardial protection
in cardiac surgery—hindsight from the 2020s. European Journal of Cardio-Thoracic
Surgery. 2023;64(6):ezad424.

3.Welt FG, Batchelor W, Spears JR, Penna C, Pagliaro P, Ibanez B, et al. Reperfusion injury
in patients with acute myocardial infarction: JACC scientific statement. Journal of the
American College of Cardiology. 2024;83(22):2196-213.

4.Banerjee D, Feng J, Sellke FW. Strategies to attenuate maladaptive inflammatory
response associated with cardiopulmonary bypass. Frontiers in surgery.
2024;11:1224068.

5.Kumalasari RI, Kosasih CE, Priambodo AP. A scoping review of factors associated with
delayed extubation in post cardiac surgery patients. Vascular Health and Risk
Management. 2025:1-15.

6.Moh’'d AF, Al-Odwan HT, Altarabsheh S, Makahleh ZM, Khasawneh MA. Predictors of
aortic clamp time duration and intensive care unit length of stay in elective adult
cardiac surgery. The Egyptian Heart Journal. 2021;73(1):92.

7.Helwani MA, Copeland C, Ridley CH, Kaiser HA, De Wet CJ. A 3-hour fast-track
extubation protocol for early extubation after cardiac surgery. JTCVS open.
2022;12:299-305.

8.Cannella L, Casey I. Fast-track extubation protocol for adult cardiac surgery patients to
reduce intubation times and length of stay in the intensive care unit. Critical Care
Nurse. 2025;45(1):21-8.

9.Chiari P, Fellahi J-L. Myocardial protection in cardiac surgery: a comprehensive review
of current therapies and future cardioprotective strategies. Frontiers in medicine.
2024;11:1424188.

10.Swinkels BM, Ten Berg JM, Kelder JC, Vermeulen FE, Van Boven WJ, de Mol BA. Effect
of aortic cross-clamp time on late survival after isolated aortic valve replacement.
Interactive cardiovascular and thoracic surgery. 2021;32(2):222-8.

11.Fryer ML, Balsam LB. Commentary: Single-dose cardioplegia: Adjusting the brew. The
Journal of Thoracic and Cardiovascular Surgery. 2022;163(6):e403-e4.

Page 3510 of 3511


https://pakjmcr.com/index.php/1/about

Vol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review
https://pakjmcr.com/index.php/1/about

Online ISSN Print ISSN

Imtyaz et al., 2026 3007-2387 3007-2379

12Juricic S, Klac J, Stojkovic S, Beleslin B, Tesic M, Jovanovic |, et al. Molecular and
Cellular Mechanisms of Myocardial Ischemia and Reperfusion Injury: A Narrative
Review. Cells. 2026;15(3):265.

13.Ferreira LO, Vasconcelos VW, Lima JdS, Vieira Neto JR, da Costa GE, Esteves JdC, et al.
Biochemical changes in cardiopulmonary bypass in cardiac surgery: new insights.
Journal of personalized medicine. 2023;13(10):1506.

14.Yucel M, Uguz E, Erdogan KE, Sener E. Efficacy of Single-Dose Del Nido Cardioplegia
Beyond 90 Minutes in Adult Cardiac Surgery. Journal of Clinical Medicine.
2025;14(7):2248.

15.Nteliopoulos G, Nikolakopoulou Z, Chow BHN, Corless R, Nguyen B, Dimarakis I. Lung
injury following cardiopulmonary bypass: a clinical update. Expert review of
cardiovascular therapy. 2022;20(11):871-80.

16.Pinsky MR. Heart-lung interactions. Current opinion in critical care. 2022;13(5):528-31.

17.McCarthy C, Fletcher N. Early extubation in enhanced recovery from cardiac surgery.
Critical care clinics. 2020;36(4):663-74.

18.0SAMA AA, AHMED H, MOHAMED TE, HATEM HS. The Effect of Cross

Clamp Time on the Post-Operative Ventilation and Inotropic Support in Post Coronary
Artery Bypass Grafting Patients. The Medical Journal of Cairo University.
2024,92(06):449-57.

19.Wisniewski AM, Wang X-Q, Sutherland G, Rotar EP, Strobel RJ, Young A, et al. Multi-
institutional model to predict intensive care unit length of stay after cardiac surgery.
The Journal of thoracic and cardiovascular surgery. 2024.

20.Narliotis GP. Correlation between the duration of cardiopulmonary bypass (on-pump),
mechanical support, and length of stay in the intensive care unit: A cross sectional
study. Health & Research Journal. 2026;12(2):73-81.

Page 3511 of 3511


https://pakjmcr.com/index.php/1/about

