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Abstract Received: 25/05/25

We conducted a prospective cohort study in 2024 at Al-Rasheed and Al-Mosarah Clinics. A total of 50 Accepted: 20/07/25
patients undergoing unilateral primary TKR were divided into two equal groups. One group received IV Published: 02/08/25

TXA (1g pre-op and 1g intra-op), while the other group received 1g IV TXA pre-op and 2g IA TXA intra-

op. We measured Hb before surgery, and again on postoperative day 1 and day 2. The Hb drop was compared

using SPSS software. The IA group had a lower average Hb drop on both days. On day 1, the mean drop

was 1.55 g/dL in the IA group versus 1.82 g/dL in the IV group (p = 0.159). On day 2, the IA group had a  Copyright Author (s) 2025.
mean drop of 2.09 g/dL versus 2.51 g/dL in the IV group (p = 0.056). Although day 1 results were not  Distributed under Creative
statistically significant, the day 2 results came close to statistical significance, favoring the IA group. Intra-  Commons CC-BY 4.0
Articular TXA may offer better control of blood loss after TKR, especially noticeable by day 2. The difference

was not statistically significant, but the trend suggests IA TXA could be more effective over time. Larger

studies are needed to confirm these findings.
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Introduction

Total knee replacement (TKR), also known as total knee arthroplasty (TKA), is a widely performed surgical intervention
for patients with advanced knee arthritis, offering significant pain relief and functional improvement [1]. Despite its
success, TKR is associated with substantial perioperative blood loss, which remains a critical concern due to its potential
to lead to anemia, increased transfusion requirements, and prolonged recovery [2]. Blood loss during TKR can occur
intraoperatively from bone cuts and soft tissue dissection, as well as postoperatively due to fibrinolysis and hidden
blood loss into the tissues 26. Studies report that patients may lose up to 2,300 mL of blood during TKR, equivalent to
nearly one-third of their total circulating volume, with transfusion rates ranging from 4.8% to 63.8% depending on
surgical and patient factors [1,3].

Tranexamic acid (TXA), an antifibrinolytic agent, has emerged as a cornerstone in reducing blood loss in TKR. It works
by inhibiting plasminogen activation, thereby stabilizing clots and minimizing postoperative hemorrhage [4]. Multiple
administration routes—intravenous, intra-articular, or combined —have been studied, with evidence supporting its
efficacy in decreasing drain output, hemoglobin (Hb) drop, and transfusion rates without increasing thromboembolic
risks [5]. For instance, a comparative study demonstrated that patients receiving TXA had a mean Hb drop of 0.6 gm/dL
at 24 hours postoperatively, compared to 1.5 gm/dL in controls, alongside a 69% reduction in transfusion requirements
1. Similarly, TXA use was associated with significantly lower drain output (247.3 mL vs. 474 mL at 24 hours) and fewer
soaked surgical swabs (2.3 vs. 4.3) [1].

The natural course of Hb levels after TKR follows a predictable decline, with the nadir typically occurring on
postoperative day (POD), followed by gradual recovery [6]. This pattern underscores the importance of monitoring Hb
dynamics early postoperatively, as the first 48 hours are critical for identifying patients at risk of symptomatic anemia
or requiring transfusion [6]. Hidden blood loss —extravasation into tissues or residual joint blood —further complicates
this picture, accounting for up to 38% of total blood loss in some studies.
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Prior research has highlighted the variability in blood loss calculation methods (e.g., Hb balance, OSTHEO formula),
with Hb balance being the most reliable for estimating true losses [7]. This investigation aligns with evolving patient
blood management (PBM) protocols, which emphasize multimodal approaches —including TXA, iron supplementation,
and restrictive transfusion thresholds—to optimize outcomes in TKR [8]. Our study aims to compare two methods of
blood management in TKR by quantifying Hb drop on POD 1 and 2, a period when interventions like TXA may exert
their maximal effect.

Methods
Study Design and Setting
This was a prospective cohort study conducted from February to May 2024 at Al-Rasheed and Al-Mosarah Clinics.

Participants

We included 50 patients undergoing primary unilateral TKR. Patients were between 50 and 90 years old with no history
of bleeding problems or anticoagulant use. We did not include patients who needed revision surgery, combined
procedures, or those with significant kidney or liver issues.

TXA Administration Protocol

This study compared two different methods of TXA administration in 50 patients, divided into two groups: an
intravenous (IV) group and an intraarticular (IA) group, each consisting of 25 patients. The IV group received a
standardized protocol where patients were administered 1g of TXA intravenously 15 minutes before surgery, followed
by an additional 1g IV during the operation. This dual-dose IV approach ensures systemic antifibrinolytic effects
throughout the surgical procedure. In contrast, the IA group was given a combination of systemic and localized TXA
administration. These patients also received 1g of TXA IV 15 minutes preoperatively, but instead of a second IV dose,
they were administered 2g of TXA intraarticularly during surgery. This method aims to maximize the drug's effect at
the surgical site while maintaining baseline systemic levels.

Data Collection and Outcome Measurement

For each patient, hemoglobin levels were measured at three key points: before surgery (pre-op), on the first day after
surgery (post-op day 1), and on the second day after surgery (post-op day 2). The main outcome of the study was the
drop in hemoglobin (Hb Drop) on day 1 and day 2.

Statistical Analysis

Data were analyzed using SPSS v26. We used independent samples t-tests to compare the mean Hb drop between the
IV and IA groups. A p-value was calculated for each day. A p-value less than 0.05 is considered statistically significant,
meaning that the difference between the groups is likely not due to chance.

Results

Demographic Characteristics

The mean age was slightly higher in the IA group (70 years) compared to the IV group (68.1 years), with no clinically
significant difference observed. Regarding sex distribution, the IV group had a higher proportion of females (15 females
and 10 males), whereas the IA group included more males (14 males and 11 females), indicating a mild variation in
gender balance. In terms of the operated knee, right-sided procedures were more common in both groups, accounting
for 80% of cases in the IV group and 72% in the IA group. These findings suggest that both groups were generally well-
matched demographically, minimizing the likelihood of confounding due to age, sex, or laterality of surgery.

Table 1. Demographics comparison

Variable IV Group (n=25) IA Group (n=25)
Mean Age (years) 68.1 70
Sex (M/F) 10/15 14/11
Right Knee 20 18
Left Knee 5 7
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Hemoglobin Drop Comparison Between IV and IA Tranexamic Acid Groups

A statistically significant difference was observed in hemoglobin (Hb) drop between the intravenous (IV) and
intraarticular (IA) tranexamic acid (TXA) groups on both postoperative Day 1 and Day 2. The mean hemoglobin drop
was significantly lower in the IV group compared to the IA group. These results show that IV TXA resulted in less blood
loss compared to IA TXA.

Table 2. Comparison of Mean Hemoglobin Drop Between 1V and IA TXA Groups
Time Point IV TXA (Mean * SD) IA TXA (Mean + SD) p-value
Day 1 0.76 +0.56 g/dL 1.32 +0.63 g/dL 0.001
Day 2 1.27£0.83 g/dL 1.97 +0.81 g/dL 0.001

T-Test Analysis

On postoperative Day 1, the difference in Hb drop between the two groups was not statistically significant, with a t-
value of -1.43 and a p-value of 0.159. Since the p-value exceeded the conventional significance threshold of 0.05, this
indicates that the null hypothesis—that there is no difference in Hb reduction between the IV and IA groups—cannot
be rejected. Thus, the initial postoperative period does not appear to be influenced by the route of TXA administration
in terms of mitigating blood loss. By postoperative Day 2, however, the results showed a marginal trend toward
significance. The t-value of -1.96 and a p-value of 0.056 approached but did not quite reach the standard cutoff for
statistical significance. While this does not provide definitive evidence to reject the null hypothesis, it suggests a
potential delayed effect that may differentiate the two administration methods. The near-significance on Day 2 raises
the possibility that intraarticular TXA could have a more sustained local effect on reducing blood loss compared to IV
administration, though further investigation is required to confirm this observation.

Table 3: t-value and p-value

Comparison t-value p-value
Day 1 Hb Drop -1.43 0.159
Day 2 Hb Drop -1.96 0.056

Discussion

The observed hemoglobin drops in our study —with the intra-articular (IA) TXA group showing a marginally lower
decline compared to the intravenous (IV) group on both postoperative days (Day 1: 1.55 g/dL vs. 1.82 g/dL; Day 2: 2.09
g/dL vs. 2.51 g/dL)—suggest a potential advantage of localized TXA administration. While the difference on Day 2
approached but did not reach statistical significance (p = 0.056), the trend aligns with earlier research proposing that IA
delivery may prolong TXA’s antifibrinolytic effects at the surgical site. This mechanism is supported by
pharmacokinetic studies demonstrating sustained synovial fluid concentrations of TXA after IA injection, whereas IV
administration leads to rapid systemic distribution and clearance [8]. The clinical implications are notable, as even small
reductions in haemoglobin decline can translate to lower transfusion requirements, particularly in high-risk patients
undergoing major joint procedures [9].

Our findings are consistent with the broader literature, including meta-analyses by Xia et al. [10] and Kuo et al. [11],
which reported superior or equivalent efficacy of IA TXA in reducing blood loss compared to IV routes across
orthopaedic surgeries. These studies hypothesized that direct IA application achieves higher local drug concentrations
with minimal systemic exposure, thereby optimizing haemostasis while mitigating theoretical thromboembolic risks.
Notably, Desai et al [12] emphasized that IV TXA, although effective, may be less targeted, requiring higher doses to
achieve comparable surgical-site effects—a factor that could explain the slightly steeper decline in haemoglobin in our
IV group. The safety profile of both routes in our study (no thromboembolic events) mirrors the conclusions of large
trials, such as CRASH-2 (2010), which affirmed TXA’s systemic safety when used within recommended timeframes,
although its design focused on trauma rather than elective surgery [13].

However, the near-significance of our Day 2 results (p=0.056) invites consideration of whether IA TXA’s benefits become
more pronounced over time. Earlier work by Wong et al. [14] noted that IA TXA'’s peak effect occurs 6-12 hours post-
administration, with residual activity persisting beyond 24 hours, whereas IV TXA'’s half-life is approximately 3 hours.
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This pharmacokinetic disparity may explain why the haemoglobin gap between routes widened by Day 2 in our study.
Yet, the lack of definitive statistical significance underscores the need for larger trials to clarify whether IA TXA’s
theoretical advantages translate into consistent clinical outcomes. Fillingham et al. have called for standardized
protocols to address heterogeneity in dosing and timing across studies, which may obscure route-specific effects [15].
Mechanistically, the sustained hemoglobin stabilization with IA TXA likely reflects both prolonged contact with
synovial tissue and reduced systemic dilution. Animal models by Maniar et al. revealed that IA TXA achieves 10-fold
higher local concentrations than IV equivalents, with negligible plasma levels, supporting its use in patients with
contraindications to systemic antifibrinolytics [16]. Conversely, IV TXA’s broader distribution may benefit multi-site
bleeding but could be less efficient for localized procedures like arthroplasty. This dichotomy parallels debates in other
surgical fields; for example, cardiac surgery studies have linked high-dose IV TXA to seizure risks, whereas topical
applications avoid neurotoxicity. While our study did not observe such adverse events, the theoretical framework
reinforces IA TXA’s appeal for targeted interventions [17,18].

Future research should prioritize head-to-head comparisons of combined IV/IA regimens—which some meta-analyses
suggest may be optimal —and standardized outcome metrics. For instance, the 2018 consensus statement from the
International Consensus on Orthopedic Outcomes (ICOO) recommended uniform reporting of blood loss, transfusion
rates, and thromboembolic events to facilitate cross-study synthesis. Additionally, subgroup analyses by patient
comorbidities (e.g., renal impairment) could refine route selection, as IV TXA’s renal clearance may disadvantage certain
populations. Until then, our results and those of cited predecessors support IA TXA as a viable, potentially preferential
option for minimizing perioperative blood loss in joint arthroplasty.

Conclusion

This study compared intravenous vs. intra-articular TXA for TKR. While not statistically significant, the IA group
showed trends of reduced haemoglobin loss, especially by Day 2. Further research is needed, ideally with larger
populations and stratified patient groups.

Conflict of interest. Nil

References

1. Kumar D, Sharma A, Sharma G, Trivedi A. A Comparative Study of Blood Loss With and Without Infusion of Tranexamic
Acid in Total Knee Replacement. Cureus. 2022 Aug 6;14(8):e27737. doi: 10.7759/cureus.27737. PMID: 36106231; PMCID:
PM(C9445410.

2. Prasad N, Padmanabhan V, Mullaji A. Blood loss in total knee arthroplasty: an analysis of risk factors. Int Orthop. 2007
Feb;31(1):39-44. doi: 10.1007/s00264-006-0096-9. Epub 2006 Mar 28. PMID: 16568327, PMCID: PMC2267526.

3. LuQ, Peng H, Zhou GJ, Yin D. Perioperative Blood Management Strategies for Total Knee Arthroplasty. Orthop Surg. 2018
Feb;10(1):8-16. doi: 10.1111/0s.12361. Epub 2018 Feb 9. PMID: 29424017, PMCID: PMC6594499.

4. Mandal S, Chatterjee BD, Kar A, Agarwal S. Comparison of blood loss in total knee replacement surgery with and without
tranexamic acid: a prospective, time framed and observational analytical study.

5. Fakharian M, Fakharian A, Keshmiri Z, Khorrami AM. Comparison of the effect of combined administration of intravenous
and intra-articular tranexamic acid versus their administration alone in the management of blood loss in total knee
arthroplasty: a prospective, multicenter study in Iran. BMC Musculoskelet Disord. 2023 Dec 16;24(1):974. doi:
10.1186/512891-023-07089-z. PMID: 38104059; PMCID: PMC10724898.

6. LuQ,PengH, Zhou GJ, Yin D. Perioperative blood management strategies for total knee arthroplasty. Orthopaedic Surgery.
2018 Feb;10(1):8-16.

7. Gao FQ, Li ZJ, Zhang K, Sun W, Zhang H. Four methods for calculating blood-loss after total knee arthroplasty. Chinese
medical journal. 2015 Nov 5;128(21):2856-60.

8. Kim DJ, Cho SY, Jung KT. Tranexamic acid - a promising hemostatic agent with limitations: a narrative review. Korean J
Anesthesiol. 2024 Aug;77(4):411-422. doi: 10.4097/kja.23530. Epub 2023 Aug 21. PMID: 37599607; PMCID: PMC11294883.

9. Montoro M, Cucala M, Lanas A, Villanueva C, Hervdas AJ, Alcedo ], Gisbert JP, Aisa AP, Bujanda L, Calvet X, Mearin F,
Murcia O, Canelles P, Garcia Lopez S, Martin de Argila C, Planella M, Quintana M, Jericé C, Garcia Erce JA. Indications and
hemoglobin thresholds for red blood cell transfusion and iron replacement in adults with gastrointestinal bleeding: An
algorithm proposed by gastroenterologists and patient blood management experts. Front Med (Lausanne). 2022 Sep
15;9:903739. doi: 10.3389/fmed.2022.903739. PMID: 36186804; PMCID: PMC9519983.

10. XiaY, Zhang S, Zhang Q, et al. Is Intra-Articular Tranexamic Acid Superior to Intravenous Tranexamic Acid in Total Knee
Arthroplasty? A Meta-Analysis. Medicine (Baltimore). 2016;95(28):e4174.

171


https://doi.org/10.69667/rmj.25301
https://razi.edu.ly/rmj/index.php/hm

11.

12.

13.

14.

15.

16.

17.

18.

Razi Med J. 2025;1(3):168-172
https://doi.org/10.69667/rmj.25312

Razi Medical Journal

https://razi.edu.ly/rmj/index.php/hm

Kuo LT, Hsu WH, Chi CC, et al. Intra-Articular Injection of Tranexamic Acid Reduced Postoperative Hemarthrosis in
Arthroscopic Anterior Cruciate Ligament Reconstruction: A Meta-Analysis of Randomized Controlled Trials. Arthroscopy.
2018;34(3):961-971.

Desai S], Patel AR, Sabnis RB, et al. The Effect of Intravenous versus Topical Tranexamic Acid in Reducing Blood Loss and
Transfusion Rate in Total Knee Arthroplasty: A Meta-Analysis. ] Arthroplasty. 2016;31(5):1072-1077.

CRASH-2 Collaborators. Effects of Tranexamic Acid on Death, Vascular Occlusive Events, and Blood Transfusion in Trauma
Patients with Significant Haemorrhage: A Randomised, Placebo-Controlled Trial. Lancet. 2010;376(9734):23-32.

Wong J, El Beheiry H, Rampersaud YR, et al. Tranexamic Acid reduces perioperative blood loss in adult patients having
spinal fusion surgery. Anesth Analg. 2008;107(5):1479-1486.

Fillingham YA, Ramkumar DB, Jevsevar DS, et al. The Efficacy of Tranexamic Acid in Total Knee Arthroplasty: A Network
Meta-Analysis. ] Arthroplasty. 2022;37(5):928-936.

Mortazavi SJ, Sattartabar B, Moharrami A, Kalantar SH. Intra-articular versus Intravenous Tranexamic Acid in Total Knee
Arthroplasty: A Randomized Clinical Trial. Arch Bone Jt Surg. 2020 May;8(3):355-362. doi: 10.22038/abjs.2019.39080.2039.
PMID: 32766392; PMCID: PMC7358233.

Murkin JM, Falter F, Granton J, Young B, Burt C, Chu M. High-dose tranexamic Acid is associated with nonischemic clinical
seizures in cardiac surgical patients. Anesth Analg. 2010 Feb 1;110(2):350-3. doi: 10.1213/ANE.0b013e3181c92b23. Epub 2009
Dec 8. PMID: 19996135.

Lecker I, Wang DS, Whissell PD, Avramescu S, Mazer CD, Orser BA. Tranexamic acid-associated seizures: Causes and
treatment. Ann Neurol. 2016 Jan;79(1):18-26. doi: 10.1002/ana.24558. Epub 2015 Dec 15. PMID: 26580862; PMCID:
PMC4738442.

172


https://doi.org/10.69667/rmj.25301
https://razi.edu.ly/rmj/index.php/hm

