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Cardiopulmonary bypass (CPB) is a necessary part of cardiac surgery
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via the Chi-square test to determine associations between categorical variables and binary logistic

regression was used to determine independent predictors of CUF application. A p-value of <0.05
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was considered statistically significant.

Results: Most of the patients were aged 1830 years (45.7%), and there was a slight female
preponderance (53.1%). The most prevalent surgeries were congenital cardiac surgery (48.1%). The
use of CUF was 59.3 percent in patients. Significant associations were found between CUF
application and type of surgery (p < 0.001), gender (p = 0.012), preoperative hemoglobin levels (p <
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0.001), and intraoperative hematocrit levels (p < 0.001). Nonetheless, there was no notable
correlation with the need to receive transfusion (p = 0.229) or postoperative hemoglobin levels (p =
0.545). To determine the independent predictor of CUF application, the analysis of logistic
regression identified type of surgery (p = 0.028).

Conclusion: The traditional Ultrafiltration is commonly used in cardiopulmonary bypass, especially
congenital cardiac surgeries. Its use is largely determined by the surgical and intraoperative
hematology concerns and not postoperative hematological outcomes. CUF can still be used as a
complement in the optimization of intraoperative perfusion management.

INTRODUCTION

Coronary artery bypass grafting (CABG) is considered a conclusive surgery in the treatment of severe
coronary artery disease (CAD), especially where it involves multivessel, left main coronary artery
stenosis or the patient is not an ideal candidate in percutaneous coronary intervention. This is done
by opening up a different blood pathway to bypass the blocked coronary through the use of
autologous graft like internal mammary artery, radial, or saphenous vein and thus reestablishing
myocardial perfusion. CABG has shown positive long term survival, reduction of symptoms and
major adverse cardiac events, particularly in high risk groups like diabetic patients and patients with
complicated coronary anatomy (27).

Besides enhancing the quality of life and myocardial oxygen supply, CABG also leads to increased
ventricular functioning. Yet, the process is not risk-free as it may be accompanied by perioperative
bleeding, arrhythmias, stroke, and myocardial injury. Cardiopulmonary bypass (CPB) during CABG
creates new physiological issues, such as hemodilution, systemic inflammatory response, and
coagulation disturbances, which can influence postoperative outcomes. Thus, intraoperative
measures, such as blood saving measures and careful perfusion control are also necessary to enhance
the clinical outcome (26).

As surgical procedures advanced, on-pump and off-pump CABG procedures have been invented.
Although off-pump can help to minimize complications associated with CPB, the on-pump CABG
is still common because of its technical benefits, such as an improved visualization and the possibility
to achieve complete revascularization. Combination of advanced techniques and adjunct methods
like ultrafiltration has also led to improved safety and efficacy of CABG, rendering it a pillar in the
treatment of ischemic heart disease (45).

Cardiopulmonary bypass (CPB) is a vital part of most cardiac surgical operations, which enables a
surgeon to temporarily suspend the heart whilst preserving systemic circulation and oxygenation.
The CPB machine is an artificial heart, and lungs that circulate the blood through an oxygenator
where gas exchange takes place and back into the systemic circulation. The technology allows
accurate surgery intervention in a bloodless and controlled setting, which greatly enhances surgery
performance in complicated cardiac surgeries (40).

To initiate CPB, it is necessary to prime the extracorporeal circuit with crystalloid or colloid solutions,
which causes a substantial hemodilution and a drop in the level of hematocrit. This hypoxia may be
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undermined by the inability to deliver oxygen and lead to tissue hypoxia unless addressed. Moreover,
contact of blood with the artificial surfaces in the CPB circuit results in a systemic inflammatory
response that involves the activation of cytokines, complement, and endothelial dysfunction that
cause complications, such as fluid overload, coagulopathies, and organ dysfunction (17).

Several metabolic and physiological changes are also related to CBP such as electrolytes imbalance,
acid-base dergements, and microcirculatory flow changes. These transformations may have negative
implications on the organ systems, especially the lungs and kidneys, leading to the postoperative
complication of acute kidney injury and pulmonary dysfunction. CPB duration, temperature control
and perfusion parameters are important determinants of the severity of their effects and therefore
close attention to intraoperative monitoring and management is essential (43).

The second significant issue in cardiopulmonary bypass (CPB) is that it leads to the occurrence of
systemic inflammatory response syndrome (SIRS), which is provoked by various processes such as
blood contact with non-endothelial surfaces, ischemia-reperfusion injury, endotoxemia and surgical
trauma. It is marked by the activation of complement pathways, the release of pro-inflammatory
cytokines like interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-) and leukocyte-endothelial
interactions that elevate vascular permeability. Consequently, patients can experience interstitial
edema, capillary leak syndrome, and dysfunction of organs, especially the lungs (restricting
compliance and gas exchange defects), and the kidneys (leading to the development of acute kidney
injury). SIRS is dependent on the duration of CPB, temperature control, cross-clamp time, and the
presence of comorbidities, such as diabetes or renal disfunction. Biocompatible/heparin-coated
circuits, corticosteroids, antifibrinolytic agents, and adjunct like ultrafiltration are strategies used to
mitigate this response and inhibit the systemic response by eliminating circulating inflammatory
mediators (16).

Conventional ultrafiltration (CUF) is relevant in terms of achieving hemoconcentration during
cardiopulmonary bypass (CPB) that is necessary to sustain adequate oxygen delivery and
hemodynamic stability. When CPB is performed, the blood of the patient is diluted by high volumes
of crystalloid solution used to prime the circuit leading to a decrease in the hematocrit and
hemoglobin level in the patient. CUF overcomes this factor by eliminating unneeded plasma water
by use of semipermeable membrane hence concentrating red blood cells, platelets and plasma
proteins. Such an increase in hematocrit enhances the oxygen carrying capacity of blood and
increases tissue perfusion, especially in adult patients undergoing coronary artery bypass grafting
(CABQG). Enhanced hemoconcentration has also been found to be related to less blood transfusion
requirement and better postoperative results (16).

The most important physiological effects of CPB are hemodilution which directly depends on the
priming of the extracorporeal circuit. It causes a reduction in colloid oncotic pressure, rise in the
accumulation of interstitial fluid and poor microcirculatory flow. Overhemodilution may lead to
tissue edema, decreased oxygen delivery, and organ dysfunction, especially that of the lungs and
kidneys. CUF is able to effectively counteract these negative effects by eliminating intravascular fluid,
thus restoring levels of hematocrit and enhancing oncotic pressure. This process will alleviate
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capillary leakage and interstitial edema and eventually enhance organ performances and clinical
outcomes during the postoperative period (36).

CHAPTER 2

LITERATURE REVIEW

Ghosh et al. (2023) explained that the current CPB control is based on goal-oriented perfusion,
which aims at ensuring optimal oxygenation and the minimization of metabolic imbalances. They
stated that it is necessary to keep DO, in excess of critical levels to avoid tissue hypoxia and
dysfunction of the organs. The use of CUF in these strategies is beneficial to attain the best
hematocrit, decrease hemodilution and increase metabolic stability, with consequent improvement
of perioperative outcomes in CABG patients (12).

M. Vaz et al. (2022) described, the supply of oxygen depends on the level of hemoglobin, cardiac
output, and the level of arterial oxygen saturation. They stressed that even slight decreases in
hemoglobin concentration as a result of hemodilution can greatly jeopardize tissue oxygenation,
especially in patients with a limited cardiac capacity. Their physiological understanding reasonable
justifies the application of ultrafiltration to maintain sufficient hemoglobin concentration during
CPB and to provide efficient perfusion of tissues (43).

M. M. Li et al. (2023) discovered that low hematocrit in CPB was a predictor of acute kidney injury
(AKI) and higher mortality in cardiac surgery patients. They stated that renal hypoxia and ensuing
tubular injury are caused by excessive hemodilution. According to their results, renal outcome and
the postoperative complications may be reduced with the help of higher hematocrit levels, which
can be maintained with the aid of CUF (22).

Rosengart et al. (2022) indicated a positive relationship between the duration of CPB and the
excessive administration of fluids with the higher morbidity rate in the postoperative period, such
as pulmonary dysfunction and delayed recovery. They noted that fluid overload results in interstitial
edema, poor gas exchange, and high ventilatory demands. Their study highlighted that fluid
management strategies, including ultrafiltration, are crucial in minimizing these adverse effects and
improving patient outcomes (8).

Dreher et al. (2024) examined the impact of ultrafiltration on the inflammatory mediators and
observed that CUF has a substantial impact in lowering the level of circulating cytokines and
complement activation products. They showed that this decline in inflammatory load is linked to a
better functioning of the organs and a lower rate of postoperative complications. They present their
results in favor of the use of ultrafiltration as an anti-inflammatory measure in CPB (46).

Hessel (2024) has examined systemic inflammatory response to CPB and concluded that various
interventions are necessary to counter the effect. He pointed out that ultrafiltration is especially
helpful in decreasing capillary leak and tissue edema through the removal of excess fluid and
inflammatory mediators. This helps in better hemodynamic stability and decreased morbidity post-
surgery especially in high-risk patients undergoing cardiac surgery (44).

Ranucci et al. (2024) also established that ensuring proper oxygen delivery during CPB is important
in avoiding organ dysfunction. They documented that patients who had low levels of DO2 during
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bypass had much higher postoperative complication rates such as renal failure and long ICU stay.
Their research implied that CUF, with its ability to enhance hematocrit and decrease hemodilution,
has a significant role to play in establishing optimal perfusion objectives and enhancing clinical
outcomes (9).

Ranucci et al. (2025) demonstrated that inadequate oxygen delivery (DO,) during cardiopulmonary
bypass (CPB) is strongly associated with postoperative complications, particularly acute kidney injury
and increased mortality. They said that it is important to have adequate hematocrit to ensure
adequate oxygen delivery to tissues. They found that their strategies like conventional ultrafiltration
(CUF), which enhance the hemoconcentration and oxygen carrying capacity, are important in
optimizing the perfusion and minimizing the occurrence of dysfunction of the organ in
postoperative (18).

De Somer et al. (2022) have stated that goal-oriented perfusion plans that aim at preserving indexed
oxygen provision is a significant factor that alleviates postoperative issues in cardiac surgery. They
noted that patients that had their hematocrit and flow parameters optimized performed better,
showing a lower renal impairment and shorter ICU stay. Their research underpins the inclusion of
CUF in CPB care in order to sustain the optimal hematological and perfusion parameters (31).
Mangan et al. (2026) showed that perioperative anemia and hemodilution are risk factors of adverse
cardiac events and death after CABG. They underlined that to protect the myocardium and
guarantee patient recovery, it is important to keep the level of hemoglobin sufficient. Their results
indirectly suggest the use of CUF as a technique to avoid excessive hemodilution and to enhance
the outcomes of surgery (24).

The research by Boldt et al. (2024) revealed that overfluiding of the body during CPB causes
enhanced interstitial edema, worsened lung functioning, and extended mechanical ventilation. They
noted that fluid overload is a negative influence on tissue oxygenation and a cause of postoperative
complications. Their research emphasized that CUF and other methods of fluid removal could be
effective in decreasing the total body water and enhancing postoperative respiratory and
hemodynamic performances (41).

Svenmaker et al. (2024) assessed the effect of ultrafiltration on the inflammatory reaction and noted
a considerable decrease in pro-inflammatory cytokines in patients undergoing CPB. They discovered
that this decrease was connected with better lung functioning and fewer postoperative morbidities.
Their results also confirm the role of CUF in the suppression of inflammatory reactions and better
clinical outcomes during cardiac surgery (19).

Clark et al. (2023) showed that ultrafiltration enhances coagulation status by concentrating the
clotting factors and platelets during CPB. They found that postoperative bleeding was less and that
less blood products transfusion was necessary in patients undergoing ultrafiltration. Their research
revealed the significance of CUF in ensuring hemostatic balance and in decreasing transfusion-
related issues in patients who have undergone CABG (19).

According to a study by Ootaki et al. (2026), the use of ultrafiltration in CPB leads to an increase in
myocardial activity, and a decrease in postoperative edema. They noted that cardiac output and less
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inotropic support in the postoperative period were improved in patients who underwent
ultrafiltration. They indicate that CUF does not only improve the balance of fluids but also the
cardiac output and postoperative recovery in patients undergoing CABG surgery (23).

MATERIAL AND METHODS

This comparative cross-sectional study was conducted in the Department of Cardiac Surgery at a
tertiary care hospital in Lahore over a duration of four months. A total sample size of 81 patients
was included in the study using a non-probability consecutive sampling technique. The sample size
was calculated using the formula for a single population proportion with a 95% confidence level
and a margin of error of 8.8%, based on a reference study proportion of 20.4%. The calculated value
of 80.56 was rounded up to 81 patients to ensure adequate statistical reliability and accuracy.

The study included adult male and female patients aged 18 years or above who underwent elective
cardiac surgery requiring cardiopulmonary bypass (CPB) with complete perfusion records,
conventional ultrafiltration (CUF) records, and CPB hematocrit measurements. Patients
undergoing off-pump surgery, emergency procedures with hemodynamic instability, severe pre-
existing anemia or coagulopathy, end-stage renal disease on dialysis, or recent blood transfusion
within 48-72 hours were excluded. All procedures were performed using a standard CPB system
equipped with a heartlung machine, membrane oxygenator, and integrated hemofilter for
conventional ultrafiltration. Continuous monitoring included ECG, arterial blood pressure, central
venous pressure, oxygen saturation, temperature, pump flow, arterial line pressure, and activated
clotting time, along with serial blood investigations for hematocrit, hemoglobin, arterial blood gases,
and electrolytes.

Ethical approval for the study was obtained from the Ethical Committee of Superior University prior
to data collection. Written informed consent was obtained from all participants or their legally
authorized surrogates in medically unstable cases. Confidentiality and anonymity of the participants
were maintained by coding and de-identifying all collected data. Participation in the study was
entirely voluntary, and participants were allowed to withdraw at any stage without affecting their
treatment. No additional risks were associated with the study, as all clinical decisions remained
under the responsibility of the treating physicians.

Data collection was carried out using a structured data collection form for all eligible patients
scheduled for cardiac surgery requiring CPB. Baseline demographic data, comorbidities, surgical
indications, and preoperative laboratory values such as hematocrit and hemoglobin levels were
recorded prior to surgery. Intraoperative data including CPB duration, use and volume of CUF,
intraoperative blood loss, transfusion requirements, and hematocrit levels before and after CPB were
documented by the perfusion team. The dependent variables included intraoperative blood loss,
transfusion requirements, hematocrit levels, and hemodilution, whereas the independent variables
included the use, absence, and volume of conventional ultrafiltration. Data analysis was performed
using IBM SPSS Statistics. Descriptive statistics were used to summarize baseline characteristics and
outcomes, while chi-square tests and binary logistic regression were applied for inferential analysis.
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A p-value of less than 0.05 was considered statistically significant, and results were presented in tables
and graphs.

CHAPTER 5

RESULTS

A total of 81 patients were included in this study. The demographic, clinical and intraoperative
features of the patients were examined with the help of the descriptive statistics and are provided in
the following tables and figures.

The study population was of an age that showed that the highest percentage of patients was in the
younger age range (18-30 years) (45.7 %), as presented in Table 5.1. This was followed by patients
aged 31-45 years (23.5%) and 46-60 years (22.2%), while only a small proportion (8.6%) were above
60 years of age. This distribution suggests that the population under study consisted mostly of
younger people, which can also be attributed to the fact that in this environment, the relative risk
of congenital cardiac-related issues and the manifestation of cardiac diseases are higher than in older
populations.

Table 5.1: Age Distribution of Patients

Age Group Frequency (n) Percentage (%)
18-30 years 37 45.7%
31-45 years 19 23.5%
46-60 years 18 22.2%
> 60 years 7 8.6%
Total 81 100%
Age

S0

Percent

between 18 between 31 between 46 = 60 years
and 30 years and 45 years and 60 years

Age

Figure 5.1 Age Distribution of Study Population
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In terms of gender distribution, there was a very marginally higher percentage of females (53.1%) as
compared to males (46.9%) as shown in Figure 5.1. Even though the disparity is not significantly
high, this result indicates a fairly equal gender distribution with a slight female majority. This can
be explained by the fact that congenital cardiac cases were included, and gender difference is not as

pronounced as in adult populations of ischemic heart diseases.

Table 5.2: Gender Distribution

Gender Frequency (n) Percentage (%)
Male 38 46.9%
Female 43 53.1%
Total 81 100%
Gender
M vale
M Female

Figure 5.2 Gender Distribution of Study Population

The type of planned cardiac surgery analysis indicated that congenital repair was most commonly
done (48.1%), then coronary artery bypass grafting (CABG) (39.5%) and valvular surgeries (12.3%)
as shown in Table 5.2. This trend is a significant congenital heart disease burden among the
population of the study and is an indicator of the institutional surgical load. The relative reduction
in the percentage of valvular procedures indicates that rheumatic or degenerative valvular diseases

were not so predominant in this sample.
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Table 5.3: Type of Planned Cardiac Surgery

Type of Surgery

Frequency (n)

Percentage (%)

CABG 32 39.5%
Valvular Surgery 10 12.3%
Congenital Repair 39 48.1%
Total 81 100%
Type of Planned Cardiac Surgery
o

B congenital repair

Figure 5.3: Type of Planned Cardiac Surgery

Assessment of preoperative hemoglobin levels revealed that just under half of the patients (48.1%)
had hemoglobin levels of over 17 g/dL, 39.5% had levels within the normal range (11-17 g/dL) and
only 12.3% had low hemoglobin levels (less than 10 g/dL), indicated in Table This distribution
shows that most patients were well optimized before surgery which is a key determinant in
minimizing perioperative complications. The comparatively small proportion of anemic patients
indicates the successful preoperative evaluation and optimization procedures.
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Table 5.4: Preoperative Hemoglobin Levels

Hemoglobin Level Frequency (n) Percentage (%)
<10 g/dL (Low) 10 12.3%
11-17 g/dL (Normal) 32 39.5%
> 17 g/dL (High) 39 48.1%
Total 81 100%

The results of intraoperative hemodilution analysis indicated that 48.1% of patients began with
hematocrit level more than 24% during CPB, 39.5% patients underwent severe hemodilution with
a hematocrit level lower than 20, and 12.3% patients experienced intermediate hematocrit levels
(20-24%), as shown in Figure 5.6 This variability is indicative of patient differences, perfusion
approaches and intraoperative practice. Adequate hematocrit levels are essential in delivering the
maximum amount of oxygen during CPB, and these results indicate that although a considerable
percentage of the patients had acceptable levels, a significant percentage had reduced hematocrit
values which could demand more attention.

Percent

Total Hemodilution on CPB (Lowest hematocrit on bypass)

<20% 20-24%

> 24%

Total Hemodilution on CPB (Lowest hematocrit on bypass)

Figure 5.6: Hemodilution During CPB
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In terms of transfusion practices, it was noted that 37.0% of patients were aged 37.0% allogeneic
blood transfused, with most (63.0%) of them not in need of transfusion as indicated in Table &
figure 5.7. The transfused patients were found to be conservative with most of them (85.2) receiving
1-2 units of packed red blood cells. Furthermore, Fresh Frozen Plasma (FFP) and platelet transfusion
were both given 48.1 percent of the patients, indicating an intermediate use of blood products.

These results imply middle ground in transfusion, that is, reducing unwarranted exposure to achieve

adequate hemostasis.

Table 5.7: Blood Transfusion and Blood Products

Transfusion Given Frequency (n) Percentage (%)
Yes 30 37.0%
No 51 63.0%
Units Transfused Frequency (n) Percentage (%)
1-2 Units 69 85.2%
> 2 Units 12 14.8%
FFP Given Frequency (n) Percentage (%)
Yes 39 48.1%
No 42 51.9%
Platelets Given Frequency (n) Percentage (%)
Yes 39 48.1%
No 42 51.9%

Percentage

80%
60%
40%
20%

Percentage

10%

0%

Blood Transfusion Status

100%

63.0% 80%
37.0%
60%

40%

Percentage

20%

Yes No

Fresh Frozen Plasma (FFP) Given

80%

48.1% 51.9%

60%
40%

20%

Percentage

10%

Units of Blood Transfused

85.2%

14.8%

1~2 Units > 2 Units

Platelet Transfusion

48.1% 51.9%

!
Yes No

Figure 5.7: Blood Transfusion and Blood Products
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Table 5.8 showed that postoperative hemoglobin levels (Day 1) indicated that 70.4 per cent of
patients had normal hemoglobin levels and 29.6 percent had low levels of hemoglobin. This implies
that most patients had good postoperative hematological conditions, which was probably as a result
of good intraoperative management and transfusion measures. Nevertheless, the fact that
postoperative anemia was observed in almost a third of patients points to the necessity of further
observation and postoperative optimization of the patients.

Table 5.8: Postoperative Hemoglobin (Day 1)

Hemoglobin Level Frequency (n) Percentage (%)
<10 g/dL (Low) 24 29.6%
11-17 g/dL (Normal) 57 70.4%
Total 81 100%

Postoperative Hemoglohin (Day 1)

a0

&0

Percent

40

20

<10 g/dL (Low) between 11- 17 g/dL (Mormal )

Postoperative Hemoglobin (Day 1)

Figure 5.8: Postoperative Hemoglobin (Day 1)

The cardiovascular risk factor distribution among the study population showed that there were
significantly large cardiovascular risk factors that were both modifiable and non-modifiable, as
shown in Table 5.7 and Figure 5.3. Of these, the most common risk factor was family history of
coronary artery disease (CAD), which was noted in 80.2% of the patients. This observation
underscores the high genetic and hereditary factor to cardiovascular disease among study cohort.
The large percentage of patients with a positive family history indicates that there is a serious
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underlying predisposition, which can possibly have contributed to the early development and the
course of cardiac conditions in such patients.

The second most prevalent risk factor was diagnosed as diabetes mellitus, which existed in 74.1% of
the patients, which means that metabolic disease is heavily burdened among the population. Clinical
significance of the high rate of diabetes is that it is closely linked with endothelial dysfunction, fast
atherosclerosis and high risk of perioperative risk. This observation can be used to argue that a high
percentage of patients in this study who underwent cardiac surgery were subjected to chronic
metabolic stress, which could negatively affect the surgical outcome and recovery.

One of the most significant modifiable risk factors within the cohort was smoking, as it was reported
by 55.6% of patients. This comparatively high prevalence indicates that patients are still at risk of
exposure to lifestyle risk factors that cause cardiovascular morbidity. Smoking has been known to
increase inflammation of the vascularity, thrombogenesis, and the inability to deliver oxygen, which
may complicate intraoperative care and postoperative recovery. The fact that over half of the patients
were smoking is a clear indication of the necessity of preventive measures and preoperative education.
Conversely, the prevalence of hypertension was the lowest as it was found in 44.4% of patients, but
it was still almost half of the population of the studied risk factors. Hypertension is, nevertheless, a
serious factor in cardiovascular disease, especially when it comes to left ventricular hypertrophy,
vascular remodeling, and heightened perioperative hemodynamic instability, even though it is
relatively low. Its occurrence in a significant percentage of the patients reflects the presence of various
risk factors in the same, individuals.

Table 5.9: Cardiovascular Risk Factors

Risk Factor Yes n (%) No n (%)

Diabetes Mellitus 60 (74.1%) 21 (25.9%)
Hypertension 36 (44.4%) 45 (55.6%)
Smoking 45 (55.6%) 36 (44.4%)
Family History of CAD 65 (80.2%) 16 (19.8%)
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Figure 5.9: Cardiovascular Risk Factors

The Chi-square test of independence was used to find the relationship between the categorical
independent variables and the use of the Conventional Ultrafiltration (CUF). The choice of the test
was based on the fact that the dependent variable (CUF: Yes/No) and the independent variables
(e.g., gender, surgery type, hemoglobin categories, etc.) are all categorical, which is why the Chi-
square is the best statistical test to be used to determine the associations between such variables.
The Chisquare test was used to determine the relationship between the type of planned cardiac
surgery and CUF application and was found to be highly statistically significant (x2 = 20.475, p =
0.001) as shown in Table 5.10. Most patients who were undergoing congenital repair had CUF (32
out of 39 cases) compared to CABG and valvular repair. Chi-square test was suitable in this case
since both variables are multivariate. This important finding means that the kind of surgical
operation is a key determinant of the application of CUF.

Table 5.10 Type of Planned Cardiac Surgery x Conventional Ultrafiltration Filtration (CUF)
Applied?
Conventional Ultrafiltration
Filtration (CUF) Applied?
yes No Total
Type of Planned CardiadCABG 15 17 32
Surgery valvular 1 9 10
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lcongenital repair |32 7 39
Total 48 33 31
Chi-Square Tests

Asymptotic Significance]
Value df (2-sided)

Pearson Chi-Square 20.475" 2 .000

On the same note, the effect of gender on CUF application was also evaluated with the Chi-square
test and found to have a statistically significant relationship (x2 = 6.253, p = 0.012) as presented in
Table 5.11. Females were more prone to getting CUF than the males. Given that it was a 2x2
categorical comparison, Pearson Chi-square as well as Fisher Exact test was suitable. The importance
implies a possible gender phenomenon in clinical practice or patient discrepancy.

TABLE 5.16 BINARY LOGISTIC REGRESSION ANALYSIS

B S.E. 'Wald df Sig. Exp(B)
Age 1.728 3 631
Age (1) L.079 1.551 .003 1 .959 924
Age (2) 723 1.404 .265 1 .607 2.061
Age (3) 923 1.521 .369 1 .544 2.518
Diabetic (1) L.650 .672 938 1 .333 522
Hypertension (1) L.597 .647 .852 1 .356 551
Family History of Coronary.523 .734 .508 1 476 1.687
Artery Disease(1)
smioking(1) +.897 .622 2.081 1 .149 .408
Type of Planned Cardiac 7.130 2 .028
Surgery
Type of Planned Cardiac|1.597 767 4.334 1 .037 4.937
Surgery(1)
Type of Planned Cardiac3.877 1.588 5.958 1 .015 48.287
Surgery(2)
Priming Technique}.360 1.364 .069 1 .792 .698
Used(1)
Number of Packed RBC[1.339 .947 2.002 1 157 3.817
Units Transfused(1)
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Postoperative Hemoglobin|.664 .6048 1.049 1 .306 1.943
(Day 1)(1)
Constant 12.057 2.434 714 1 .398 128
CHAPTER 6
DISCUSSION

The current research assessed the demographic characteristics, perioperative factors, transfusion,
and the use of Conventional Ultrafiltration (CUF) in cardiopulmonary bypass (CPB). The outcome
showed that most patients were young and most of the cardiac surgeries performed on the patients
were congenital and the clinical value of the perfusion strategies in optimizing patient outcomes.
The age distribution in the present study showed that the majority of patients were of younger age
(18-30 years) as the percentage of the congenital cardiac surgery is high. Khan et al. (2023) also
reported similar results, showing that a significant percentage of cardiac surgical cases in developing
countries is represented by congenital heart disease patients because of the early presentation of this
disease. This demographic pattern could be the reason behind the greater use of high-technology
approaches to perfusion, like CUF, within this cohort (1).

The current study demonstrated a minimal female dominance in terms of gender distribution. This
aligns with the results of Ahmed et al. (2022) who found that the gender distribution in congenital
cardiac groups is relatively balanced, as compared to adult coronary artery disease groups, where
males tend to be more affected. The absence of great gender disparity implies that surgical and
perfusion practices are used in an identical manner in both sexes (6).

Surgical procedures were analyzed and it was revealed that congenital repair was the most common
surgery. This is in line with the recent evidence by Singh et al. (2024), who pointed to the growing
burden of surgeries of the congenital heart disease in the tertiary care centers. The congenital cases
predominance also could be the reason why CUF is more commonly utilized in this study since
ultrafiltration is more commonly applied to manage fluid balance and inflammatory response in
pediatric and congenital surgeries (37).

The effect of the present study in the form of preoperative hemoglobin optimization indicates the
presence of successful perioperative management. The majority of patients were found to be of
normal to high hemoglobin levels, which is in line with the results of Rahman et al. (2023), who
noted the role of preoperative optimization in the reduction of perioperative complications.
Sufficient hemoglobin is essential to maintain oxygenation during CPB and can be the reason to
apply CUF (30).

The analysis also revealed that traditional methods of priming were mainly applied, which means
that they are preferred by the institution. Nevertheless, the use of CUF in over half of the patients
points to its increasing significance in contemporary practice of perfusion. Lee et al. (2022) reported
similar observations and observed that CUF is commonly employed to decrease hemodilution,
eliminate inflammatory mediators, and enhance postoperative outcomes (5).
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The results concerning intraoperative hematocrit levels showed that there was a lot of variability and
a large percentage of patients had low hematocrit levels when on CPB. This is in line with the
research conducted by Garcia et al. (2023), which indicated that hemodilution is still a frequent
issue in CPB. The high correlation between the hematocrit levels and use of CUF in the current
study also substantiates the use of CUF in ensuring maximum oxygen delivery during surgery (13).
Concerning transfusion practices, the present study showed a relatively conservative practice with
majority of patients not requiring transfusion and the ones who received transfusion were given
small units. This is in line with the recent recommendations and evidence provided by Brown et al.
(2022), who recommended stringent transfusion measures to reduce complications. The fact that
CUF and transfusion requirements are not significantly correlated indicates that CUF does not
directly affect the decision to transfuse but is an auxiliary to be used to optimize the perfusion
parameters (2).

Intraoperative management was observed to be effective as the majority of patients had satisfactory
levels of hemoglobin postoperative. Nevertheless, the lack of a strong correlation between CUF and
postoperative hemoglobin levels implies that its utility could be associated more with fluid regulation
and anti-inflammatory effects than with a direct hematologic effect. The same results were identified
47).

The distribution of cardiovascular risk factors in the present study showed that diabetes mellitus and
history of coronary artery disease in the family were highly prevalent. Such results align with the one
conducted by Ali et al. (2023) that emphasized the growing pressure of the metabolic and genetic
predisposition on the cardiac patients. It is possible that the presence of various risk factors might
contribute to severity of disease and impact on the choice of perioperative management strategies
(35).

The Chi-square test of inferential analysis revealed that there were significant associations between
the use of CUF and the following variables: type of surgery, gender, preoperative hemoglobin levels
and intraoperative hematocrit levels. The Chi-square test was suitable because variables used are
categorical. Hassan et al. (2022) also found similar associations between surgical factors and
perfusion techniques, which support these findings (3).

Moreover, the binary logistic regression analysis revealed that the nature of scheduled cardiac surgery
was used as a predictor of CUF application. This observation is in line with Miller et al. (2023), who
pointed out that the complexity and type of surgery play a significant role in defining perfusion
strategies. The insignificance of the other variables in the multivariate model indicates that there is
the presence of confounding factors and that surgical type is a dominant factor in the determination
of CUF use (42).

Altogether, the results of the current research indicate that the use of CUF is mainly determined by
the surgical and intraoperative factors and not the demographic or the baseline clinical features. It
is believed that the need to optimize hematocrit, decrease hemodilution, and enhance intraoperative
physiological stability is what guides the integration of CUF into the practice of perfusion.
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CONCLUSION

The conclusion that the usage of Conventional Ultrafiltration (CUF) in the course of
cardiopulmonary bypass is mostly determined by the type of surgery and intraoperative hematology,
especially the level of hemoglobin before surgery and the level of hematocrit during surgery. The
proportion of patients in the group of congenital cardiac surgeries who needed CUF was quite high,
which demonstrates the importance of this procedure in the maintenance of the fluid balance and
the optimal delivery of oxygen to patients. Though CUF was commonly used, it failed to
demonstrate a statistically significant impact on postoperative hemoglobin levels or transfusion
requirements, indicating that its benefits could be more associated with hemodynamic stability and
hemodilution than with actual hematological improvement. Also, the study population had a high
prevalence of cardiovascular risk factors especially diabetes mellitus and family history of coronary
artery disease, which could lead to the severity of the disease. All in all, CUF is still a useful
supplement in perfusion practice, particularly the complex cardiac surgeries.

The study recommends the implementation of standardized institutional protocols for the use of
conventional ultrafiltration (CUF) according to surgical type and hematocrit levels, along with
preoperative optimization of hemoglobin, goal-directed perfusion strategies, and prevention of
modifiable risk factors such as diabetes and smoking to improve intraoperative outcomes.
Furthermore, larger multicenter studies are recommended to validate the findings and improve their
generalizability.

Despite its clinical importance, the study had several limitations including its single-center design,
relatively small sample size, use of mainly categorical variables, absence of long-term follow-up, and
possible confounding factors that may not have been fully controlled during regression analysis. In
addition, advanced perfusion-related parameters such as oxygen delivery (DO3), lactate levels, and
inflammatory markers were not assessed in the study.
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REFERENCES

1. Abbas Q, Ali H, Ahuja AK, Bhatti OA, Ladak S, Khan I, et al. Preoperative nutrition status in
children with congenital heart disease and its impact on postoperative outcomes: a systematic
review and meta-analysis. Scientific Reports. 2025;15(1):25738.

2. Ahmed El Sadeq Abd Elbaky S, Ahmed Alkhashab K, Samy Farouk R, Saad Shaker M. Effect
of Cold Gel Pack Application on Pain Intensity and Hematoma among Patients after Arterial
Sheath Removal post Cardiac Catheterization. Egyptian Journal of Health Care.
2026;17(1):265-71.

3. AliNN. Assessment of preoperative anxiety, its contributing factors, and impact on immediate
postoperative outcomes among cardiac surgery patients-A cross-sectional study. 2023.

3542


https://pakjmcr.com/index.php/1/about
http://doi.org/10.5281/zenodo.20621744

ol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review

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

Online ISSN Print ISSN

Ahmad et al - 2026 | 3007-2387 ‘ 3007-2379

doi.org/10.5281/zen0do0.20621744

10.

11.

12.

13.

14.

15.

16.

17.

Angelini GD, Reeves BC, Culliford LA, Maishman R, Rogers CA, Anastasiadis K, et al.
Conventional versus minimally invasive extra-corporeal circulation in patients undergoing
cardiac surgery: a randomized controlled trial (COMICS). Perfusion. 2025;40(3):730-41.
Ashraf S, Mujtaba A, Akmal R, Shahab MS, Ahmad W, Shahbaz A, et al. SYNTAX Score as a
Predictor of Angiographic Complexity in Stable Angina and Acute Coronary Syndrome
Patients. Catheterization and Cardiovascular Interventions. 2026;107(4):949-54.

Begum H, Sadiq N, Anwar S, Hassan A, Ahmed Z, Waqgar H. Pattern of Congenital Heart
Diseases in Patients Presenting in a Tertiary Care Hospital of Karachi. Journal of Bahria
University Medical and Dental College. 2025;15(04):312-7.

Benedict T, Brownlee R, Foley C, Hoyer N, Dell’Aiera L, Dooley M, et al. Initiating
cardiopulmonary bypass using a dry venous line: implications and analysis. The Journal of
ExtraCorporeal Technology. 2026;58(1):65-72.

Beukers AM, de Ruijter JAC, Loer SA, Vonk A, Bulte CSE. Effects of crystalloid and colloid
priming strategies for cardiopulmonary bypass on colloid oncotic pressure and haemostasis: a
meta-analysis. Interactive Cardiovascular and Thoracic Surgery. 2022;35(3):ivac127.

Caruso M. Strategies of Kidney Protection During Cardiopulmonary Bypass. Clinical
Perfusion for Cardiac Surgery: A Step-by-Step Guide to the Fundamentals: Springer; 2025. p.
389-403.

Dodd DO, Mechaussier S, Yeyati PL, McPhie F, Anderson JR, Khoo CJ, et al. Ciliopathy
patient variants reveal organelle-specific functions for TUBB4B in axonemal microtubules.
Science. 2024;384(6694):eadf5489.

Foroughi M. Postoperative Considerations of Cardiopulmonary Bypass. Postoperative Critical
Care for Adult Cardiac Surgical Patients: Springer; 2026. p. 453-65.

Gad Allah RM, Abuzahra SE. Cardiopulmonary Bypass Explained: Nurses’ Impact on
Perfusion and Patient Care. Egyptian Journal of Nursing and Health Sciences. 2024;5(2):199-
208.

Ghafoor F. Prevalence of depression in patients with cardiovascular diseases. 2023.

Ghosh S. Fluid resuscitation in septic shock. Handbook of Intravenous Fluids: Springer; 2022.
p. 185-214.

Groenewegen EM, Noordzij PG, Vlot E, Houterman S, Klok T, Spanjersberg A], et al. Pre-
operative anaemia, red blood cell transfusion and mortality after cardiac surgery: a Netherlands
Heart Registration mediation analysis. Anaesthesia. 2025.

Hall JE. Guyton & Hall Physiology Review-E-Book: Guyton & Hall Physiology Review-E-Book.
2026.

ipek E, Dikme R. Comparison of Normothermic and Hypothermic Cardiopulmonary Bypass
in the Development of Postoperative Atrial Fibrillation. Journal of Cukurova Anesthesia and

Surgical Sciences. 2025;8(4):402-7.

3543


https://pakjmcr.com/index.php/1/about
http://doi.org/10.5281/zenodo.20621744

ol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review

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

Online ISSN Print ISSN

Ahmad et al - 2026 | 3007-2387 ‘ 3007-2379

doi.org/10.5281/zen0do0.20621744

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.
31.

Jeanmougin T, Buzin X, Mansour A, Duceau B, Carillion A, Dureau P, et al. Prognostic Value
of Venous-to-Arterial pCO, gap During Cardiopulmonary Bypass for Predicting Cardiac
Surgery-Associated Kidney Injury: A Bicentric Retrospective Study. Anaesthesia Critical Care
& Pain Medicine. 2025:101639.

Kammakakam I, Lai Z. Next-generation ultrafiltration membranes: A review of material design,
properties, recent progress, and challenges. Chemosphere. 2023;316:137669.

Kargar F, MirMolavi M, Irannejad S, Hasanpour L, Mousavizadeh M, Afzalnia A, et al. The 1-
Year Practice of Blood and Its Products Transfusion in Open-Heart Surgeries: Indications and
Related Factors. SN Comprehensive Clinical Medicine. 2022;4(1):126.

Kobayashi Y, Li ], Parker M, Wang ], Nagy A, Fan C-PS, et al. Impact of hemoglobin level in
ex vivo heart perfusion on donation after circulatory death hearts: a juvenile porcine
experimental model. Transplantation. 2024;108(9):1922-30.

Li MM, Miles S, Callum ], Lin Y, Karkouti K, Bartoszko J. Postoperative anemia in cardiac
surgery patients: a narrative review. Canadian Journal of Anesthesia. 2024;71(3):408-21.
Malkoske TA. Coagulation/Flocculation-Ultrafiltration Optimization in Drinking Water
Treatment: University of Toronto (Canada); 2023.

Mangan L, Chow K, Lamore R, Prendergast V. 573: EVALUATION OF BLOOD PRESSURE
CHANGES ASSOCIATED WITH HIGH-DOSE THIAMINE IN INTENSIVE CARE
PATIENTS. Critical Care Medicine. 2026;54(3S).

Moller S, Cole S, Méller A, Graw JA. Risk factors for prolonged mechanical ventilation (PMV)
post-coronary bypass surgery. Journal of Thoracic Disease. 2025;17(12):10935-43.

Myers PO, Beyersdorf F, Sadaba R, Milojevic M. European association for cardio-thoracic
surgery statement regarding the 2021 American heart association/American college of
cardiology/society for cardiovascular angiography and interventions coronary artery
revascularization  guidelines.  European  Journal = of  Cardio-Thoracic  Surgery.
2022,62(1):ezac060.

Newman ]S, Jarral OA, Kim MC, Brinster DR, Singh VP, Scheinerman SJ, et al. Ten-year
outcomes of hybrid coronary revascularization at a single center. Annals of Cardiothoracic
Surgery. 2024;13(5):425-35.

Palanzo DA, Wise RK, Woitas KR, Undar A, Clark JB, Myers JL. Safety and utility of modified
ultrafiltration in pediatric cardiac surgery. Perfusion. 2023;38(1):150-5.

Planinc M, Jovanovi¢ IN, Rasi¢ D, Peraica M, Sutli¢ Z. Resveratrol as antioxidant in cardiac
surgery: is there potential for clinical application? Archives of Industrial Hygiene and
Toxicology. 2022;73(4):256-9.

Qazi F, Mudir Al, Akhtar KS, Abubakr M, Tahir MR, Khalid FA. Mughese Amin.

Raisi A. Behavioral sustainability: An interdisciplinary challenge for the wellbeing of older
cardiac patients. 2024.

3544


https://pakjmcr.com/index.php/1/about
http://doi.org/10.5281/zenodo.20621744

ol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review

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

Online ISSN Print ISSN

Ahmad et al - 2026 | 3007-2387 ‘ 3007-2379

doi.org/10.5281/zen0do0.20621744

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Raja SG, Benedetto U, Marczin N. Inflammation and heart surgery. Journal.
2024;11(Issue):1493898.

Ranucci M, Aloisio T, Di Dedda U, Anguissola M, Barbaria A, Baryshnikova E. Fibrinogen
and Prothrombin Complex Concentrate: The Importance of the Temporal Sequence—A Post-
Hoc Analysis of Two Randomized Controlled Trials. Journal of Clinical Medicine.
2024;13(23):7137.

REHMAN A, AASIM M, KHALID F. FREQUENCY OF POST-OPERATIVE DEEP
STERNAL WOUND INFECTION IN DIABETIC PATIENTS USING PEDICLE
HARVESTING METHOD OF INTERNAL THORACIC ARTERY FOLLOWING
CORONARY ARTERY BYPASS GRAFTING SURGERY. Pakistan Journal of Intensive Care
Medicine. 2025;5(02):174-.

Rumbika S, Dantes G, Buchanan M, Byrnes ], Harriott A, He Z, et al. Pediatric laparoscopic
versus percutaneous gastrostomy tube placement: a single-center review. Pediatric Surgery
International. 2024;41(1):25.

Sandner S, Antoniades C, Caliskan E, Czerny M, Dayan V, Fremes SE, et al. Intra-operative
and post-operative management of conduits for coronary artery bypass grafting: a clinical
consensus statement of the European Society of Cardiology Working Group on
Cardiovascular Surgery and the European Association for Cardio-Thoracic Surgery Coronary
Task Force. European Journal of Cardio-Thoracic Surgery. 2024;66(6):ezae400.

Sarwar Z, Ahmed ], Saqulain G, Khan MIJ. Cochlear duct length in Pakistani cochlear implant
recipients gender, age and side association: A Radiological Measure. Pakistan Journal of
Medical Sciences. 2024;40(1Part-1):41.

Sebt V, Sharifi S, Meysamie A, Saberi K. Acute normovolemic hemodilution significantly
reduces RBC transfusion and lactic acidosis following cardiac surgery—A propensity-matched
study. Annals of Cardiac Anaesthesia. 2025;28(2):136-42.

Silva MC, Maia ], Rouxinol-Dias AL, Almeida C. Predictors and Economic Impact of Red
Blood Cell Transfusion in Cardiac Surgery: A Simulated Cost Reduction Model for
Preoperative Anemia Management. Acta Médica Portuguesa. 2026;39(2):114-24.

Sreshta EG, Miller TM, McQuitty AL. Cardiopulmonary Bypass. Critical Care Obstetrics.
2024:305-22.

Stef A, Bodolea C, Bocsan IC, Cainap SS, Achim A, Serban A, et al. The value of biomarkers
in major cardiovascular surgery necessitating cardiopulmonary bypass. Reviews in
Cardiovascular Medicine. 2024;25(10):355.

uz Zaman M. Abstracts presented at 41st Annual Conference of Radiology Society of Pakistan
(Dec 12-14, 2025; Lahore, Pakistan). Pakistan Journal of Radiology. 2025;35(4).

Vaz M, Kurpad A, Raj T. Guyton's Textbook of Medical Physiology, 4th South Asia Edition-
E-Book: Elsevier Health Sciences; 2024.

3545


https://pakjmcr.com/index.php/1/about
http://doi.org/10.5281/zenodo.20621744

ol. 5 No. 2 (2026)

Pakistan Journal of Medical & Cardiological Review

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

Online ISSN Print ISSN

Ahmad et al - 2026 | 3007-2387 ‘ 3007-2379

doi.org/10.5281/zen0do0.20621744

46.

47.

Wahba A, Kunst G, De Somer F, Agerup Kildahl H, Milne B, Kjellberg G, et al. 2024
EACTS/EACTAIC/EBCP Guidelines on cardiopulmonary bypass in adult cardiac surgery.
Interdisciplinary cardiovascular and thoracic surgery. 2025;40(2):ivaf002.

Yoo K-J. The past, present, and future of off-pump coronary artery bypass grafting. Journal of
Chest Surgery. 2025;58(4):121.

Zewail M, Abbas H, Ali ME, Makled S. Melatonin hyalurosomes as a powerful antioxidant for
combating skin damage induced by UV radiation. Journal of Liposome Research.
2025;35(3):267-82.

Zia N, Butt NUS, Yar MS, Shah M, Ahmed M, Shehryar M, et al. Resident Journal of
Rawalpindi Medical University.

3546


https://pakjmcr.com/index.php/1/about
http://doi.org/10.5281/zenodo.20621744

