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Abstract

Aim: Cardiopulmonary bypass (CPB) is a complex process characterised by ischaemia-reperfusion injury, systemic
inflammation, and metabolic reprogramming. Evaluating the cellular stress that develops during this process at
the molecular level in the early stages may contribute to a better understanding of perfusion disorders. Lactate
dehydrogenase (LDH) is an indicator of cellular damage and metabolic stress, while albumin is associated with
antioxidant capacity and modulation of the inflammatory response. The LDH/albumin ratio stands out as a com-
posite molecular indicator that holistically reflects these two parameters. The aim of this study is to evaluate the
relationship between the LDH/albumin ratio, which is considered a composite molecular marker of cellular stress
in patients undergoing CPB, and the metabolic response reflecting perfusion dynamics and tissue hypoperfusion.
Methods: This retrospective study included 125 adult patients who underwent cardiac surgery with cardiopulmo-
nary bypass between January 2024 and January 2025. Preoperative and postoperative LDH, albumin levels, and
LDH/albumin ratios were recorded. Perfusion-related variables and perioperative lactate levels were analysed; cor-
relations between the LDH/albumin ratio and these parameters were evaluated using correlation analyses.
Results: The mean preoperative LDH/albumin ratio was 41.24 + 12.27, while it increased to 139.81 + 47.86 in
the postoperative period. A significant positive correlation was found between the preoperative LDH/Albumin ratio
and postoperative lactate levels (r = 0.206; p = 0.021). The relationship between the postoperative LDH/Albumin
ratio and postoperative lactate levels was found to be stronger (r = 0.293; p = 0.001). No significant relationship
was observed between the LDH/Albumin ratio and aortic cross-clamp time, total perfusion time, intensive care
unit stay, or hospital stay.

Conclusions: The LDH/albumin ratio shows a significant correlation with postoperative lactate levels as a molec-
ular reflection of perfusion-related metabolic stress in patients undergoing CPB. Based on routine biochemical
parameters, this ratio can be considered a practical molecular biomarker that complements perfusion data in the
assessment of cellular stress and tissue hypoperfusion during the CPB process.
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Cardiopulmonary bypass (CPB) is a complex biological process
characterised by systemic inflammatory response, oxidative stress,
ischaemia-reperfusion injury, and metabolic reprogramming. The
metabolic and structural changes occurring at the cellular level dur-
ing this process can lead to impaired tissue perfusion and organ dys-
function. Lactate dehydrogenase (LDH) is an enzyme associated
with increased anaerobic metabolism and impaired cellular mem-
brane integrity, and is an important indicator of cellular damage. Al-
bumin, on the other hand, is considered an indirect biomarker of
systemic cellular stress due to its antioxidant capacity, role in mod-
ulating the inflammatory response, and role in maintaining endo-
thelial barrier integrity. In this context, the LDH/albumin ratio

stands out as a composite molecular marker that comprehensively
reflects metabolic stress and the inflammatory response.1-3
Although studies exist in the current literature evaluating the
LDH/albumin ratio as a prognostic biomarker in various clinical
conditions, these studies have mostly focused on its association with
mortality in intensive care patients and on non-cardiac clinical sce-
narios. For example, the LDH/albumin ratio has been found to be
associated with mortality in intensive care among patients with sep-
sis and has been evaluated as a prognostic marker in different ma-
lignant conditions.*#5 Furthermore, the relationship between the
LDH/albumin ratio and prognosis after cardiac arrest has been re-
ported in PubMed.! However, studies investigating the relationship

Corresponding Author: Bisar Amag, amacbisar@gmail.com, Received: 28.12.2025, Accepted: 17.02.2026, Available Online Date: 15.03.2026.

https:

doi.org/10.36516/jocass. 1850947 Copyright © 2025 This is an open access article distributed under the terms of the Creative Commons Attribution-Non-Commercial-

No Derivatives License 4.0 (CC-BY-NC-ND), where it is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used

commercially without permission from the journal.

192


https://orcid.org/0000-0002-3047-6232
https://orcid.org/0000-0003-0320-4239
https://orcid.org/0000-0002-4088-7510
https://doi.org/10.36516/jocass.1850947
https://doi.org/10.36516/jocass.1850947

Gog 0, et al. Volume 9 Issue 1 2026

between the LDH/albumin ratio during CPB and perfusion dynam-
ics and cellular stress are limited, and data elucidating the molecular
mechanisms in this specific context are not available.

In this context, the association of the LDH/albumin ratio with
perfusion dynamics as a composite molecular marker reflecting cel-
lular metabolic stress, inflammation, and endothelial dysfunction is
consistent with the need to develop new biomarkers reflecting cel-
lular damage and systemic inflammation processes. For example, a
high LDH/albumin ratio has been shown to be associated with in-
flammation and organ damage in various serious clinical conditions;
in critical illnesses such as sepsis, the LDH/albumin ratio has been
reported to show a strong correlation with mortality. Similarly, the
LDH/albumin ratio has been associated with inflammation and im-
mune response and has been evaluated among prognostic markers
in immune-inflammatory disease patterns. Furthermore, the
LDH/albumin ratio is emerging as a novel molecular marker reflect-
ing the pathophysiology of inflammation in different critical condi-
tions.6-8

The aim of this study is to evaluate the relationship between the
LDH/albumin ratio, which is considered a molecular indicator of
cellular stress, and perfusion dynamics in patients undergoing cor-
onary artery bypass graft replacement with CPB.

This study is retrospective clinical research.

In this study, approval was obtained from the institutions and
the local ethics committee (Harran University Clinical Research Eth-
ics Committee) (Date: 01.09.2025 - Approval no: HRU/25.14.84).
The study was conducted following the principles of the Declaration
of Helsinki. Since only anonymized patient data was used and there
was no risk or impact on patient care, informed consent was not re-
quired. This consent waiver was approved by the Institutional Re-
view Board and Ethics Committee and complies with regulatory and
ethical guidelines for retrospective studies.

The study was conducted at the Harran University Hospital car-
diovascular surgery clinic and included cardiac surgery patients un-
dergoing cardiopulmonary bypass (CPB) between January 2024 and
January 2025. The demographic data of the patients included in this
study (age, gender, height, weight, body surface area (BSA), flow,
ejection fraction percentage (EF%), smoking, diabetes, hyperten-
sion, aortic cross-clamp time, total perfusion time, surgical proce-
dure performed), routine haemogram and biochemistry parame-
ters, ACT values, blood gas during CPB, intraoperative aortic cross-
clamp time, total perfusion time, total circulatory arrest time, urine
output, and central venous oxygen saturation, as well as perfusion
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indicators, blood and blood product usage data were recorded. In
the postoperative period, clinical outcomes such as intensive care
unit stay duration, mechanical ventilation duration, neurological
complications, acute kidney injury, haematological and biochemical
parameters, need for reoperation, and mortality were evaluated.
The LDH/albumin ratio was evaluated as an indirect biomarker of
molecular processes reflecting metabolic dysfunction, inflamma-
tion, and cellular damage developing during the CPB process.

Patients undergoing emergency cardiac surgery, patients sched-
uled for additional cardiac surgery such as aortic aneurysm or dis-
section, patients undergoing repeat cardiac surgery, patients with
known systemic inflammatory disease, patients with chronic liver
disease, and patients with chronic kidney disease or on haemodial-
ysis were excluded from the study.

After applying the exclusion criteria, patient data were sequen-
tially included in the study. The included patients were adults aged
18 to 85 years who had undergone cardiac surgery (coronary artery
bypass graft replacement) with cardiopulmonary bypass.

The patient data collected within the scope of the study were an-
alysed using the IBM Statistical Package for the Social Sciences 25
(IBM SPSS Statistics 25®) software package (IBM Corporation, Ar-
monk, NY, USA). Means and standard deviations were calculated for
continuous data. The Kolmogorov-Smirnov test and Shapiro-Wilk
test were used to assess normality of distribution. The Compare
Means (Paired-Samples T Test) and Nonparametric Tests (2 Related
Samples > Wilcoxon) were used to evaluate normally distributed
and non-normally distributed data, respectively. The correlation be-
tween parameters was performed using Correlate (Bivariate) anal-
ysis. A p-value statistically less than 0.05 was considered significant.

The demographic and perioperative characteristics of the 125
patients included in the study are summarised in Table 1. The pa-
tients' ages ranged from 53 to 79 years, with a mean age of 65.81 +
4.68 years. Height and weight values ranged from 143 to 185 cm
(mean 171.16 + 7.90 cm) and 54 to 120 kg (mean 81.17 + 11.03 kg),
respectively. Body surface area (BSA) ranged from 1.75 to 2.23 m?,
with an average of 1.94 + 0.08 m? In terms of cardiac function, the
average ejection fraction (EF) was determined to be 50.73 * 8.68%.
When data related to surgery and perfusion were examined, the aor-
tic cross-clamp time ranged from 41 to 99 minutes (mean 63.99 *
15.01 min), and the total perfusion time ranged from 73 to 164
minutes (mean 98.24 + 19.05 min). The average perfusion flow rate
was measured as 4.64 + 0.17 L/min.

Demographic and perioperative characteristics of the study population

N Minimum Maximum Mean SD

Age (year) 125 53.00 79.00 65.80 4.68
Height (cm) 125 143.00 185.00 171.16 7.89
Weight (kg) 125 54.00 120.00 81.16 11.03
BSA (m2) 125 1.75 2.23 1.93 0.07
Flow (lt) 125 4.06 4.99 4.64 0.17
EF % 125 20.00 65.00 50.72 8.67
Cross clemp time() 125 41.00 99.00 63.99 15.00
Total perfusion time 125 73.00 164.00 98.24 19.04
Valid N (listwise) 125

SD: Standard Deviation, BSA: Body Surface Area, EF %: Ejection Fraction Percentage.
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Preoperative and postoperative LDH, albumin, LDH /albumin ratio, lactate levels, and clinical outcomes of patients

N Minimum Maximum Mean SD
Preop LDH 125 108.00 258.00 169.80 33.05
Preop ALB 125 1.90 5.14 4.24 0.59
Preop LDH-ALB ratio 125 25.60 112.63 41.24 12.27
Postop LDH 125 223.00 701.00 428.76 119.04
Postop ALB 125 1.70 5.40 3.15 0.52
Postop LDH-ALB ratio 125 57.33 387.06 139.80 47.86
ICU time 125 2.00 6.00 2.95 0.96
Intraop Lactate 125 0.64 5.40 1.86 0.82
Postop Lactate 125 0.90 23.00 4.82 4.38
Hospital Stay 125 5.00 20.00 11.51 291
Mortalite 125 0.00 0.00 0.00 0.00
Valid N (listwise) 125
SD: Standard Deviation, LDH: Lactate Dehydrogenase, ALB: Albumin, ICU: Intensive Care Unit.
Correlation of Preoperative and postoperative LDH /albumin ratio with perioperative clinical outcomes
Intubation IABP ICU Time Hospital Stay  Mortality
Time Requirement
Preop LDH-ALB Pearson Correlation  0.141 0.032 -0.010 0.032 a
ratio Sig. (2-tailed) 0.116 0.726 0.908 0.724 .
N 125 125 125 125 125
Postop LDH-ALB Pearson Correlation  -0.028 -0.91 -0.022 -0.048 a
ratio Sig. (2-tailed) 0.755 0.313 0.809 0.591 .
N 125 125 125 125 125

* Correlation is significant at the 0.05 level (2-tailed).
a. Cannot be computed because at least one of the variables is constant.

LDH: Lactate Dehydrogenase, ALB: Albumin, ICU: Intensive Care Unit, IABP: Intra-Aortic Balloon Pump.

Associations of LDH/albumin ratio with intraoperative lactate and perfusion parameters

Intraop Lactate

Cross Clemp

Postop Lactate Total Perfusion Time

Time
Pearson Correlation 0.028 0.206* -0.019 -0.164
Preop LDH-ALB ratio Sig. (2-tailed) 0.760 0.021 0.835 0.067
N 125 125 125 125
Pearson Correlation -0.104 0.293** -0.149 -0.029
Postop LDH-ALB ratio Sig. (2-tailed) 0.249 0.001 0.097 0.748
N 125 125 125 125

* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).
LDH: Lactate Dehydrogenase, ALB: Albumin.

Table 2 summarises the perioperative biochemical parameters
and clinical outcomes of the patients. The preoperative mean LDH
value was 169.81 + 33.06 U/L, albumin was 4.24 = 0.59 g/dL, and
the LDH/albumin ratio was 41.24 + 12.27. In the postoperative pe-
riod, LDH increased to 428.76 + 119.05 U/L, albumin decreased to
3.16 = 0.53 g/dL, and the LDH/albumin ratio was measured as
139.81 * 47.86. The intraoperative mean lactate value was 1.86 *
0.83 mmol/L, while it increased to 4.82 + 4.39 mmol/L in the post-
operative period. The intensive care unit stay was determined to be
2.95 * 0.97 days on average, and the hospital stay was 11.51 + 2.92
days. No mortality was observed in the study (0%).

Table 3 shows the correlation between preoperative and post-
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operative LDH/albumin ratios and perioperative clinical outcomes.
No significant correlation was observed between the preoperative
LDH/albumin ratio and the duration of intubation, the need for
IABP, the duration of intensive care, or the length of hospital stay (p
> 0.05). Similarly, the postoperative LDH/albumin ratio also
showed no significant relationship with these clinical parameters (p
> 0.05).

Table 4 shows the correlations between preoperative and post-
operative LDH/albumin ratios and intraoperative lactate, aortic
cross-clamping time, and total perfusion time. A statistically signifi-
cant positive correlation was observed between the preoperative
LDH/albumin ratio and the postoperative lactate level (r = 0.206, p
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= 0.021); no significant correlations were found with the other pa-
rameters. A stronger positive correlation was found between the
postoperative LDH/albumin ratio and postoperative lactate (r =
0.293, p = 0.001), while the relationship with intraoperative lactate
and perfusion times was not significant.

An increased LDH/albumin ratio can be considered a composite
reflection of cellular metabolic stress, inflammation, and endothelial
dysfunction developing during cardiopulmonary bypass. The signif-
icant relationship between this ratio and perfusion parameters sug-
gests that cellular damage developing at the molecular level is re-
flected in macroscopic haemodynamic and perfusion outcomes.

The CPB process is inevitably characterised by ischaemia-reper-
fusion injury, increased oxidative stress, and a systemic inflamma-
tory response. During this process, when ATP production decreases,
intracellular metabolism shifts to anaerobic glycolysis, which in-
creases lactate production, while LDH release increases due to cel-
lular metabolic stress and impaired membrane integrity. Indeed,
LDH is commonly used as an enzyme that is released outside the cell
when cell membrane integrity is compromised and reflects tissue
damage; serum LDH levels rise in conditions such as myocardial in-
farction, liver damage, and other tissue injuries.® Furthermore, ex-
tensive clinical cohort analyses have demonstrated that serum LDH
activities are significant indicators of cellular damage and metabolic
stress in various disease states.10 Finally, it has been found that both
LDH and lactate levels are associated with disease severity and poor
prognosis in diseases related to inflammation and oxidative stress.11

On the other hand, albumin is not merely a nutritional indicator;
it also plays important roles in maintaining endothelial barrier in-
tegrity, providing antioxidant capacity, and modulating the inflam-
matory response. The albumin molecule can exhibit antioxidant ef-
fects by binding reactive oxygen and nitrogen species, particularly
through its free sulphhydryl (thiol) group, and can contribute to vas-
cular redox balance.'? Additionally, albumin plays vascular protec-
tive roles such as maintaining capillary permeability and inhibiting
inflammation, depending on the endothelial glycocalyx and endo-
thelium cell surface.!3 Conditions such as systemic inflammation
and capillary leak syndrome cause a decrease in albumin levels, and
this decrease is considered an indirect indicator of endothelial dys-
function and cellular stress.14 Therefore, the LDH/albumin ratio
stands out as a composite molecular marker that allows for the com-
bined assessment of increased cellular damage and decreased pro-
tective reserves.

The literature has demonstrated the prognostic value of the
LDH/albumin ratio in various clinical conditions. In particular, it has
been reported that a high LDH/albumin ratio in sepsis and critical
illness is associated with increased mortality and poor clinical out-
comes (e.g. a high LDH/albumin ratio in patients with sepsis in-
creases the risk of mortality).#15 Furthermore, the LDH/albumin ra-
tio in patients with acute heart failure has been independently asso-
ciated with in-hospital mortality, and similar prognostic correla-
tions have been found in post-cardiac arrest assessments.12 How-
ever, studies directly linking the LDH/albumin ratio to perfusion dy-
namics during CPB are limited.

The findings obtained in this study reveal how cellular metabolic
stress is reflected in clinical perfusion disorders through the rela-
tionship between the LDH/albumin ratio and perfusion parameters
and lactate levels. The relationship between increased
LDH/albumin ratio and impaired perfusion indicators suggests that
endothelial dysfunction and microcirculatory impairment play an
important role in this process. It has been reported that endothelial

195

https://dergipark.org.tr/en/pub/jocass

damage and microperfusion impairment associated with CPB are
demonstrated at the clinical and microvascular levels and that this
impairment contributes to organ dysfunction.16-18 This situation
demonstrates that inflammatory and metabolic processes begin-
ning at the molecular level become clinically observable through
macroscopic haemodynamic changes.

One of the notable contributions of this study is the integration
of the molecular dimension of cellular stress with perfusion dynam-
ics using routine biochemical parameters. This approach may con-
tribute to a more comprehensive understanding of the complex bi-
ological processes occurring during cardiopulmonary bypass and
could potentially support the development of clinical risk stratifica-
tion and early intervention strategies.

This study has certain methodological limitations. The single-
centre, retrospective design of the study limits the causal interpre-
tation of the relationship between the LDH/albumin ratio and per-
fusion dynamics. Furthermore, the limited sample size and the ab-
sence of certain biochemical data may have reduced the statistical
power. The LDH/albumin ratio was measured at specific time
points, and the dynamic molecular changes in cellular stress during
cardiopulmonary bypass could not be evaluated in detail. Further-
more, inflammatory mediators, oxidative stress markers, and direct
measurements of microcirculatory perfusion were not analysed.
The lack of evaluation of long-term clinical outcomes is another lim-
itation of the study. Future prospective and multicentre studies will
more clearly demonstrate the prognostic value of the LDH/albumin
ratio as a molecular indicator of cellular stress.

This study has demonstrated the relationship between the
LDH/albumin ratio, considered a molecular indicator of cellular
stress in patients undergoing CPB, and perfusion dynamics and met-
abolic response. Our findings indicate that the preoperative
LDH/albumin ratio showed a significant positive correlation with
postoperative lactate levels, and that this correlation became even
stronger in the postoperative period. This suggests that the
LDH/albumin ratio may reflect the molecular manifestations of
metabolic stress and tissue hypoperfusion developing during the
CPB process.

However, the fact that LDH/Albumin ratios do not show a sig-
nificant correlation with surgical and early clinical outcomes such
as aortic cross-clamp time, total perfusion time, intensive care and
hospital stay durations suggests that this biomarker may have a
more specific role in assessing the cellular metabolic response ra-
ther than predicting surgical times or short-term clinical outcomes.
In this context, the LDH/Albumin ratio can be considered a molecu-
lar reflection of the inflammatory, oxidative, and metabolic pro-
cesses that develop during CPB in relation to perfusion impairment.

In conclusion, the LDH/albumin ratio, a readily measurable and
low-cost biomarker in the preoperative period, provides clinically
meaningful information for the early molecular assessment of post-
operative metabolic stress and tissue hypoperfusion in patients un-
dergoing CPB. The relationship between the LDH/albumin ratio and
perfusion dynamics and lactate levels indicates that metabolic and
inflammatory processes beginning at the cellular level are reflected
in clinical perfusion data. In this respect, the LDH/albumin ratio can
be evaluated as a molecular indicator of cellular stress during the
CPB process, complementing routine perfusion and biochemical pa-
rameters.
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