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Abstract

Objective: Cardiac surgery-associated acute kidney injury is a frequent and clinically signifi-
cant complication, while the potential impact of tranexamic acid dosing on postoperative renal 
function remains uncertain. The study aims to compare the incidence of Cardiac surgery-as-
sociated acute kidney injury (CSA-AKI) and the stages of AKI between two different doses 
of Tranexamic acid (TXA) in non-anemic patients undergoing on-pump cardiac surgery; to 
determine whether the TXA dose is independently associated with CSA-AKI; and to identify 
predictors of postoperative renal function change and to compare short term renal outcomes in 
patients with and without CSA-AKI.

Materials and Methods: Prospective, randomized study that evaluated the renal safety of low-
dose (20 mg/kg) and high-dose (50 mg/kg) TXA in 120 non-anemic patients undergoing on-
pump cardiac surgery. Monitored variables were baseline serum creatinine, peak serum cre-
atinine, discharge serum creatinine, creatinine ratio, 24-hour bleeding, and the incidence of 
transfusion.

Results: CSA-AKI occurred in 25% of patients in the low-dose TXA group, and 20% in the 
high-dose TXA group. Among patients who developed CSA-AKI, AKI stage 1 was the most 
common severity stage, 66.7% and 75% respectively. The TXA dose was not independently as-
sociated with CSA-AKI (OR 1.666, 95% CI 0.599–4.634, p=0.328). Transfusion was an inde-
pendent predictor associated with higher peak-to-baseline serum creatinine ratio (β = 0.191, 
95% CI 0.061–0.322, p=0.004). Patients who developed CSA-AKI had lower estimated glomer-
ular filtration rate (eGFR) at discharge compared to patients without CSA-AKI (48 (40–59) vs 
83 (68.5–107.5) mL/min/1.73 m²; Mann–Whitney U test, Z = −5.97, p < 0.001).

Conclusion: Within the studied dosing range, the tranexamic acid dose was not independently 
associated with renal outcomes, suggesting that dosing decisions may prioritize bleeding and 
transfusion risk rather than renal safety concerns.

Keywords: Acute kidney injury; Cardiac surgery; Cardiac surgery-associated acute kidney injury; 
Tranexamic acid.
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Introduction

Acute kidney injury (AKI) after cardiac surgery is ubiquitous. It occurs in a substantial propor-
tion of patients depending on the differences in definitions and patient populations, where the 
incidence ranges from approximately 5% to over 40% (1), based on standardized criteria such as 
the Kidney Disease: Improving Global Outcomes (KDIGO) classification. It is a major factor for 
postoperative morbidity and mortality. Cardiac surgery-associated acute kidney injury (CSA-
AKI) is defined as AKI occurs in the perioperative period after cardiac surgery, usually 48 to 72 
hours after cardiac surgery, and it can be transient. The more severe forms of AKI according to 
the KDIGO classification (2) that may require renal replacement therapy (RRT) are less com-
mon, ranging from 1% to 4%; however they do carry a particularly high risk of postoperative 
morbidity and mortality. The development of CSA-AKI has profound implications for patient 
outcomes. AKI is independently associated with prolonged intensive care and hospital stay, in-
creased incidence of RRT and higher short and long-term mortality in comparison with patients 
without AKI. Severe AKI substantially increases the perioperative mortality rates that can range 
from 20% to 60%, and indicates poorer long-term survival, worsening the preoperative kidney 
function, which may progress to chronic kidney disease (3).

The pathophysiology of CSA-AKI is multifactorial because of the unique conditions that arise 
during the perioperative cardiac surgery period, including surgical stress and cardiopulmonary 
bypass (CPB), which is associated with the hemodynamic and inflammatory response of the 
patient. Central mechanisms are renal hypoperfusion, ischemia and reperfusion exacerbated by 
inflammatory response, hemolysis, oxidative stress, endothelial disfunction and micro embolic 
events (4). At baseline, these insults compromise normal glomerular function and tubular integ-
rity, resulting in declines in renal function and in fluid and electrolyte homeostasis. Tranexamic 
acid, a synthetic lysine analogue, is widely used in cardiac surgery to reduce perioperative bleed-
ing and transfusion requirements by inhibiting fibrinolysis through blockade of plasminogen 
activation and suppression of plasmin activity. By stabilizing fibrin clot formation, TXA effec-
tively reduces blood loss and allogeneic blood transfusion. Although higher doses may provide 
greater antifibrinolytic efficacy, they could also theoretically compromise renal safety. Excessive 
inhibition of fibrinolysis may promote a hypercoagulable state within the renal microcircula-
tion, impairing fibrin degradation, leading to capillary thrombosis and microvascular obstruc-
tion. In addition to its role in fibrinolysis, plasmin participates in key inflammatory pathways 
and contributes to the maintenance of endothelial homeostasis. Its suppression may therefore 
alter the balance of inflammatory mediators and exacerbate acute kidney injury (5). Whether 
the enhanced hemostatic benefits of higher-dose TXA can be achieved without increasing the 
risk of postoperative acute kidney injury remains an important clinical question. The aim of 
the study was to compare the incidence of CSA-AKI and the stages of AKI between the stud-
ied doses of TXA in non-anemic patients undergoing on-pump cardiac surgery; to determine 
whether the TXA dose is independently associated with the incidence of CSA-AKI; to identify 
independent predictors of postoperative renal function change and to compare short term renal 
outcomes in the patients with and without CSA-AKI.

Materials and Methods

Type of study: This was a prospective, randomized, controlled study conducted at the depart-
ment of Cardiac Surgery at Acibadem Sistina Hospital Skopje, between May 2024 and May 2025. 
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The study protocol was approved by the institutional ethics committee and written informed 
consent was obtained from all of the participants before their enrollment. 

Study Population: Adult non-anemic patients scheduled for elective or urgent isolated Aorto-
coronary bypass surgery (CABG), aortic valve surgery and combined CABG, and aortic valve 
surgery requiring cardiopulmonary bypass (CPB) were eligible for inclusion. Anemia was de-
fined according to the World Health Organization (WHO) criteria (6) as Hemoglobin concen-
tration <130g/L in men and < 120g/L in women.

Exclusion criteria: Patients aged less than 18 years; known hypersensitivity or allergy to 
tranexamic acid; pregnancy; preoperative anemia; chronic kidney disease stage 4 and 5; planned 
surgery involving the Aorta or Mitral valve; Re-Do cardiac surgical procedures; off-pump cardi-
ac surgery; treatment with vitamin K antagonists within 5 days before surgery or an Internation-
al normalized ratio (INR) >1,5; treatment with direct oral anticoagulants 2 days before surgery; 
treatment with oral P2Y12 inhibitors without the recommended discontinuation period before 
surgery (Ticagrelor ≤2 days, Clopidogrel ≤4 days or Prasugrel ≤6 days); history of seizure disor-
der or current anticonvulsant therapy.

Randomization and Study Intervention: On the day of hospital admission, patients were ran-
domly assigned in a 1:1 ratio to one of the two study groups using a computer-generated se-
quence of random numbers. Allocation concealment was ensured using sealed, opaque enve-
lopes. Patients were assigned to receive either:

•	Low-dose Tranexamic acid group (n=60): 20 mg/kg intravenous tranexamic acid or

•	High-dose Tranexamic acid group (n=60): 50 mg/kg intravenous tranexamic acid. 

•	Tranexamic acid was administered as a single prophylactic intravenous dose 45 minutes 
before skin incision. 

No additional doses were administered intraoperatively or during the first 24 postoperative 
hours. The selected dosing regimens were based on the recommendations of the International 
Society for Minimally Invasive Cardiothoracic Surgery (7), the Enhanced Recovery After Sur-
gery Society (ERAS) perioperative guidelines for cardiac surgery (8), and published meta-an-
alytic data regarding optimal tranexamic acid dosing in cardiac surgery by Zufferey et al. (9).

Perioperative Management: All patients underwent standardized perioperative care in line with 
institutional protocols, including anesthesia, cardiopulmonary bypass management, surgical 
techniques, and postoperative intensive care. Management was delivered by a multidisciplinary 
heart team.

Data Collection and Outcome Definitions: The following variables were collected for all partic-
ipants: baseline serum creatinine, peak postoperative serum creatinine, serum creatinine level 
at hospital discharge, creatinine ratio (defined as peak serum creatinine divided by baseline se-
rum creatinine), estimated Glomerular filtration rate (eGFR), incidence and stage of CSA-AKI, 
24-hour bleeding (defined as thoracic drain output for 24 hours after surgery) and incidence of 
transfusion during hospitalization. CSA-AKI was defined according to the KDIGO criteria as 
an increase in serum creatinine to at least 1.5 times the baseline value or an absolute increase 
of ≥26.5 μmol/L during the postoperative period (2). The severity of CSA-AKI was classified 
according to KDIGO staging criteria (2). Stage 1: increase in serum creatinine to 1.5–1.9 times 
baseline or an absolute increase of ≥26.5 μmol/L; Stage 2: increase in serum creatinine to 2.0–2.9 
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times baseline; Stage 3: increase in serum creatinine to ≥3.0 times baseline, an absolute serum 
creatinine concentration ≥353.6 μmol/L or initiation of renal replacement therapy. Creatinine 
clearance was calculated using the Cockcroft–Gault equation and was used to estimate preoper-
ative peak and eGFR discharge. Calculations were performed using the MDCalc online calcu-
lator (10). Short-term renal outcomes were assessed by comparing baseline eGFR and hospital 
discharge eGFR between patients with and without CSA-AKI. 

Statistical Analysis: Continuous variables are presented as mean ± standard deviation (SD) for 
normally distributed data and as median (interquartile range (IQR)) for non-normally distrib-
uted data. Categorical variables are expressed as absolute counts and percentages. Baseline char-
acteristics between the two randomized groups were compared using one-way analysis of vari-
ance (ANOVA) for normally distributed continuous variables and the Mann–Whitney U test for 
non-normally distributed variables. Categorical variables were compared using the chi-square 
test or Fisher’s exact test, as appropriate. The primary outcome, the incidence of CSA-AKI, is 
presented as the number and percentage of affected patients in each study group. The associa-
tion between tranexamic acid dose and the occurrence of CSA-AKI was evaluated using mul-
tivariable logistic regression analysis and is reported as odds ratios (ORs) with 95% confidence 
intervals (CIs). 

To identify independent predictors of postoperative renal function, postoperative creatinine 
change was analyzed using a generalized linear model with gamma distribution and log-link 
function. The dependent variable was the creatinine ratio, defined as peak postoperative serum 
creatinine divided by baseline serum creatinine.  All statistical analyses were performed using 
IBM SPSS Statistics version 26. A p value <0.05 was considered statistically significant.

Results

In this study 120 non-anemic patients undergoing on-pump cardiac surgery were enrolled and 
randomized in two TXA groups. The anthropometric measurements and medical history are 
shown in Table 1.

Table 1. Preoperative data, low-dose TXA (20mg/kg) and high-dose TXA (50mg/kg)

 low-dose TXA (n=60) high-dose TXA (n=60) p value

Gender (male) 32 (53,3%) 39 (65%) 0.194

Weight (kg) 80,54±16,18 82,59±16,85 0.498

Height (m) 1,66±0,98 1,69±0,87 0.118

Age (year) 66 (62-73) 66,5 (62,2-73,7) 0.735

Hypertension 57 (95%) 60 (100%) 0.244

Diabetes Mellitus 21 (35%) 23 (38,3%) 0.705

Peripheral artery disease 10 (16,7%) 13 (21,7%) 0.487

ASA   0.810
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 low-dose TXA (n=60) high-dose TXA (n=60) p value

2 10 (16,7%) 11 (18,3%)  

3 49 (81,7%) 47 (79,5%)  

4 1 (1,6%) 2 (2,2%)  

STS risk score 1,11 (0,73-1,72) 1,06 (0,54-2) 0.562

Hemoglobin (g/L) 140 (133-149) 141 (133-154) 0.544

Serum Creatinine (µmol/l) 75 (66-97) 83 (69-94,75) 0.337

eGFR ml/min/1,73² 69 (52,25-88,5) 72,5 (58,25-93) 0.553

ACE inhibitors 45 (75%) 45 (75%) 1

Diuretics 23 (38,3%) 27 (45%) 0.459

There were no statistical differences between the randomized groups. In both groups, the male 
gender was predominant with 53,3% vs 65%. The studied patients were at similar age and with 
similar comorbidities. The preoperative hemoglobin level was similar between the groups, 
p=0.544 for comparison. The high-dose TXA group had higher preoperative serum creatinine 
and preoperative eGFR levels, though statistically insignificant, in comparison to the low-dose 
TXA group, p=0.337 and p=0.553. There was no significant statistical difference in the preoper-
ative therapy in the two study groups.

Elective surgical procedures predominated in both study groups (88,3% vs 93,3%, p=0.529). 
Coronary bypass surgery was the most common procedure in both study groups, 61,7% in the 
low-dose and 51,6% in the high-dose TXA group. In the low-dose TXA group, the aortic cross-
clamp time was insignificantly shorter, 46 min, than in the high-dose TXA group, 50 minutes, 
p=0.226. 

There was no statistical difference in the catecholamine support across the studied groups, 71,7% 
and 75% respectively. There were no significant statistical differences in the postoperative data 
across the studied groups. The volume of 24-hour bleeding between the groups was 355ml and 
340ml, low- and high-dose groups respectively (p=0.944). There was borderline significance 
in the incidence of transfusion across the low-dose and high-dose TXA groups (p=0.060), as 
shown in Table 2.

Table 2. Intra and postoperative data, low-dose TXA (20mg/kg) and high-dose TXA (50mg/kg)

 low-dose TXA (n=60) high-dose TXA (n=60) p value

Status of procedure   0.529

Elective 53 (88,3%) 56 (93,3%)  

Urgent 7 (11,7%) 4 (6,7%)  

Procedure type   0.269
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 low-dose TXA (n=60) high-dose TXA (n=60) p value

Aortocoronary bypass 37 (61,7%) 31 (51,6%)  

Open chamber surgery 23 (38,3%) 29 (48,4%)  

Aortic cross-clamp time (min) 46 (31-60,75) 50 (39,25-64,75) 0.226

Catecholamine support 43 (71,7%) 45 (75%) 0.679

Peak Serum Creatinine (µmol/l) 81 (59,75-112,5) 79 (67-103,5) 0.753

Acute Kidney Injury 15 (25%) 12 (20%) 0.512

24-hour bleeding (ml) 355 (292,5-447,5) 340 (270-475) 0.944

Transfusion 42 (70%) 32 (53%) 0.060

Discharge Serum Creatinine (µmol/l) 75 (57-97,75) 76 (65,25-95,25) 0.378

Discharge eGFR ml/min/1,73² 72,5 (53,25-98,5) 76 (58,25-99,5) 0.444

There was similar renal safety for both dosing groups of TXA. No significant statistical differ-
ence between the incidence of CSA-AKI was observed between the studied groups, (p=0.512), 
although the incidence was higher in the low-dose than the high dose TXA group, (25% vs 
20%), as shown in Figure 1.

Figure 1. Graphical presentation of the incidence of CSA-AKI across the studied groups

As shown in Figure 2, Acute Kidney Injury Stage 1 was the most frequently observed category of 
CSA-AKI in both study groups, occurring in 10 patients in the low-dose group and in 9 patients 
in the high-dose Tranexamic acid group. There was no statistically significant difference in the 
distribution of CSA-AKI stages between the two groups (p = 0.877). Renal replacement therapy 
was required in only one patient in the low-dose tranexamic acid group.
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Figure 2. Graphical presentation of stages of CSA-AKI across the studied groups

In a multivariate logistic regression analysis, after adjustment for age, baseline serum creati-
nine, type of cardiac surgery, aortic cross-clamp time and transfusion incidence there was no 
independent association between the dose of TXA and the incidence of CSA-AKI (OR 1.666, 
95% CI 0.599–4.634, p=0.328). Also, a Gamma log-link generalized linear model was used with 
creatinine ratio (peak creatinine divided by baseline creatinine) as a dependent variable to es-
timate the subtle changes of the two doses of TXA on postoperative serum creatinine change. 
After adjusting for BMI, type of surgical procedure, aortic cross-clamp time and incidence of 
transfusion, the studied doses of TXA were not independently associated with postoperative 
creatinine change (β = -0.015, 95% CI 0.137-0.108, p = 0.813). However, the incidence of trans-
fusion was an independent predictor associated with increased postoperative serum creatinine 
change (β = 0.191, 95% CI 0.061–0.322, p =0.004). Patients with CSA-AKI had a significantly 
lower eGFR at discharge compared to the patients without CSA-AKI (48 (40-59) vs 83 (68,5-
107,5) ml/min/1,73²; Mann-Whitney U test, Z=-5,97, p<0,001), with a large effect size (r=0,55), 
shown in Figure 3.

Figure 3. Graphical presentation of baseline eGFR and discharge eGFR across the  
patients with CSA-AKI and without CSA-AKI
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Discussion

This randomized prospective study evaluated the effects of different prophylactic doses of TXA 
on the incidence and severity of CSA-AKI in non-anemic patients undergoing on-pump cardiac 
surgery and identified predictors of postoperative renal function changes and short-term renal 
outcomes.

The findings suggest that there was no statistically significant difference in the incidence of 
CSA-AKI and the severity of AKI between the low-dose and high-dose TXA groups. The in-
cidence of CSA-AKI was slightly higher in the low-dose than in the high-dose TXA group, 
(25% vs 20%). Although the incidence was statistically insignificant, it does suggest that the 
studied higher dose of TXA does not produce additional nephrotoxic burden in the periop-
erative cardiac surgical setting. Multivariate logistic regression analysis further confirmed the 
absence of independent association between the TXA dose and the incidence of CSA-AKI (OR 
1.666, 95% CI 0.599–4.634, p=0.328), indicating the renal safety of TXA and a possibility that 
other perioperative factors have a more substantial role in the development of CSA-AKI. These 
findings align with the findings from the ATACAS trail (11) where TXA significantly reduced 
perioperative bleeding without increasing the risk of AKI in comparison to placebo in a large 
randomized trial of patients undergoing coronary bypass surgery. Meta-analyses by Henry et al. 
(12) and Zhang et al. (13) evaluating antifibrinolytic use in cardiac surgery have also shown no 
consistent increase in renal complication that can be attributed to TXA. The results of our study 
simply extend these observations by specifically comparing different doses of TXA and suggest 
that dose escalation within clinically acceptable ranges does not produce higher renal risk. The 
lack of dose-response relationship in our study is a strong point against clinically relevant renal 
burden in the studied dosing range.

Stage 1 AKI was the most common severity category, occurring in 10 patients in the low-dose 
TXA group and 9 patients in the high-dose TXA group. Stage 2 AKI was observed in 3 and 2 
patients, respectively, while Stage 3 AKI occurred in 2 and 1 patients, respectively. Only 1 patient 
required renal replacement therapy in the low-dose TXA group. This distribution is consistent 
with the studies from Hobson et al. (14) and Rosner et al. (15), where mild AKI severity cases 
dominate, while more severe AKI cases occur less frequently but have substantial risk of morbid-
ity and mortality. These findings further imply that higher TXA dosing group does not influence 
the CSA-AKI incidence, but also does not influence the clinical progression of AKI severity.

To assess whether TXA dosing exerted an independent effect on subtle postoperative renal dys-
function not captured by KDIGO-defined AKI (2), renal function was analyzed using a gam-
ma log-link generalized linear model, with creatinine ratio (peak serum creatinine divided by 
baseline serum creatinine) being the dependent variable. There was no statistically significant 
association between the TXA dosing group and the creatinine ratio (β =-0.015, 95% CI 0.137-
0.108, p=0.813), supporting the renal safety of the investigated TXA doses. 

These results are consistent with the findings of Myles et al. (11) that demonstrate no excess 
risk of renal injury related to the administration of tranexamic acid in cardiac surgery patients. 
High-dose TXA was associated with a non-significant 1.5% reduction in the creatinine ratio, 
suggesting a potential but unproven renal protective effect. In contrast, perioperative blood 
transfusion emerged as an independent predictor of increased creatinine ratio (β=0.191, 95% CI 
0.061–0.322, p=0.004), corresponding to an approximately 21% higher peak-to-baseline creati-
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nine ratio in transfused patients compared with non-transfused patients. This finding is consist-
ent with prior evidence by Rosner et al. (15) linking red blood cell transfusion to an increased 
risk of postoperative acute kidney injury and adverse renal outcomes in cardiac surgery.

Importantly, the patients who developed CSA-AKI had significantly lower discharge eGFR 
compared with patients without AKI, (Mann-Whitney U test, Z=-5,97, p<0,001). 

This finding highlights the clinical relevance that even predominantly mild CSA-AKI has im-
pact on renal recovery and long-term renal function, supporting evidence that postoperative 
AKI is associated with persistent renal dysfunction, increased risk of chronic kidney disease and 
adverse long-term outcomes (16). Thus, while TXA dosing appears not to influence renal risk, 
prevention of CSA-AKI remains a critical perioperative objective.

Several limitations should be considered. The sample size may limit detection of rare outcomes 
such as severe CSA-AKI and RRT. Renal function was assessed using serum creatinine meas-
urements, which may not fully capture early and subclinical kidney injury. The findings apply 
to the studied dosing groups of TXA and cannot be generalized to the extremely high dosing 
regimens.

Conclusion

Tranexamic acid is widely used to reduce bleeding and transfusion requirements, and clinicians 
often balance hemostatic efficacy against potential adverse effects, including renal complica-
tions. Our results suggest that within the studied dosing range, TXA dose selection may be guid-
ed primarily by bleeding and transfusion risk factors rather than concerns about differential 
renal toxicity. Furthermore, the strong association between CSA-AKI and reduced discharge re-
nal function emphasizes the need for continued focus on established renal protective strategies. 

The absence of TXA dose–related renal burden supports its continued use as part of a compre-
hensive blood conservation protocol in cardiac surgery.
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