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Purpose: Total knee arthroplasty is associated with considerable perioperative hemorrhage. The decrease in hemoglobin concentra-
tion and the need for allogenic blood transfusion are related to increased morbidity and mortality. Strategies for minimizing
perioperative bleeding are used, such as tranexamic acid and cell salvage. The study aimed to compare intravenous, intra-articular
tranexamic acid and cell salvage protocols regarding perioperative hemoglobin variation. Secondary outcomes included blood loss;
allogenic transfusions; complications and in-hospital stay.

Patients and Methods: Patients submitted to unilateral total knee arthroplasty between January and December 2018 were retro-
spectively evaluated. After excluding 62 patients, 204 were subdivided into 3 groups according to the protocol used. Statistical
analysis was performed with SPSS version 26.0. One-way ANOVA and Kruskal-Wallis tests were used. Considered a p-value of <0.05
for statistical significance.

Results: Variation of hemoglobin in the intra-articular tranexamic acid group was significantly lower than that of intravenous (p <
0.001) and cell salvage (p = 0.001) groups. Blood loss, variation of hematocrit, need for blood transfusion and in-hospital stay were
also statistically significantly lower in the intra-articular tranexamic acid group. The only related complications were in the intravenous
tranexamic acid group. No thromboembolic complications were identified which further solidifies the safety of tranexamic acid
administration.

Conclusion: This data shows superiority of the intra-articular administration of tranexamic acid over the other techniques in total
knee arthroplasty. We propose this protocol as an efficient, low-risk blood-sparing strategy.
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Introduction
Total knee arthroplasty (TKA) is the procedure of choice for the treatment of degenerative joint disease of the knee and is
associated with considerable perioperative hemorrhage.' Decrease in postoperative hemoglobin (Hb) concentration (<7 g/
dL or >50% of baseline) is associated with ischemic events and increased morbidity and mortality.” Previously, more
than 20% of TKA required transfusion of blood products in the postoperative period.'** With the improvement of surgical
technique, the transfusion rate is currently 1-12%.* However, allogenic blood transfusion is associated with allergic
reactions,® increased risk of infection of the surgical incision’* or prosthetic joint infection,® transmission of infectious
diseases,®’ immune modulation/suppression,” and increased hospitalization time, morbidity, mortality and costs.®'°
Strategies focused on minimizing perioperative hemorrhage and the need for transfusion (controlled hypotension, self-
transfusion, tourniquet, antifibrinolytics and cell salvage) have been used in orthopedic surgery.'’

Tranexamic acid (TXA) is a synthetic lysine analogue that acts as an inhibitor of fibrin degradation through
plasminogen.'" It can be administered orally, intravenously or topically.'" It decreases hemorrhage in the perioperative
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period and transfusion rates in cardiac, pelvic, spinal'"'* and orthopedic surgery.” However, studies differ in
doses, methods and routes of administration, use of tourniquet and cut-off values for transfusion. Cell salvage consists of
filtering and reinfusion of the blood losses collected by surgical drains.'® Currently, there is no consensus on whether it
reduces the transfusion need in TKA.'>'®

At our institution, we use protocols for either intravenous TXA (TXA-iv), intra-articular TXA (TXA-art), or cell
salvage usage in TKA. The primary outcome of our study is the comparison of these 3 methods in terms of perioperative
Hb variation. Secondary outcomes are the comparison of drainage blood losses; number of allogenic transfusions;

variation in hematocrit (Htc) and platelets (PLT) values; complications and duration of hospital stay.

Materials and Methods

After obtaining approval from the Institutional Ethics Committee, the medical records of patients undergoing TKA
between January and December 2018 were retrospectively evaluated. We analyzed both computer and physical registries
to collect clinical and demographic data, perioperative laboratory results and records on postoperative complications. A
total of 266 patients were identified, all classified as ASA 2 or 3, submitted to unilateral TKA. We excluded a total of 62
cases, resulting in 204 admitted patients subdivided into 3 groups according to the transfusion-sparing technique used: 74
patients in the Cell salvage group, 53 in the TXA-iv group and 77 in the TXA-art group (Figure 1). Exclusion criteria
involved previous surgery on the same limb; incomplete registries; pre-operative hemoglobin <10 g/dL; and history of
ischemic cardiac disease.

- Cell salvage protocol: the contents of the surgical drain were collected and filtered in the CellTrans™ system. Re-
administration occurred during the 24-hour post-operative period.

- TXA-iv protocol: 7.5 mg/kg of TXA diluted in 100 mL of NaCl 0.9%. The full dose was slowly administered twice:
firstly, 15 minutes before inflating the tourniquet and, secondly, immediately before deflation (total: 15 mg/kg in 200mL
of NaCl 0.9%).

- TXA-art protocol: after tourniquet deflation, the surgeon injected 1500 mg of TXA diluted in 20 mL of NaCl 0.9%
through the surgical drain, which remained clamped for 30 minutes.

All patients included were operated by different surgeons of the same Orthopedic Department, using the same
technique and protocols. All procedures were performed under tourniquet. A classic medial parapatellar approach and a
conventional mechanical alignment technique were used in all patients. The same primary prothesis was applied to all
patients. The drainage in the postoperative period was recorded during 24 hours by the nursing team.
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Patients submitted to TKA
N=266

Excluded patients (N=62):
- Previous surgery on the same limb (N=18);
- Incomplete registries (N=28);
- No blood sparing technique used (N=9);
- Pre-op Hb lower than 10 g/dL (N=4);
- Background of ischemic cardiac disease (N=3).
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Figure | Exclusion criteria and subdivision of patients included in the study.

Blood sampling for complete blood count (CBC) was drawn 24 hours post operatively.

Our hospital uses a Hb transfusion threshold between 8 and 10 g/dL.

The same immediate post-operative care and rehabilitation was applied to all patients included. This consisted of a
Fast-Track Protocol which included: passive assisted range-of-movement isometric exercises at 8h to 12h after surgery,
followed by active range of movement exercises and walking-assisted gait. Patients were discharged at 3 to 4 days after
surgery depending on in-patient rehabilitation results and absence of complications.

Statistical analysis was performed with SPSS version 26.0. The normality of variables was tested with Kolmogorov—
Smirnov. For variables with normal distribution, we used the One-Way ANOVA test and the Bonferroni or Games-
Howell post-hoc tests, according to homogeneity of variances. For variables without normal distribution, we used the
Kruskal-Wallis test. We considered statistical significance with p-value of <0.05.

Results
We started by analyzing the baseline differences between the 3 study groups (Table 1) and did not find statistically
significant differences between the means of age (p = 0.757), gender (p = 0.184), BMI (p = 0.219), preoperative Hb (p =
0.522), preoperative Htc (p = 0.512) and preoperative PLT count (p = 0.301). About 24% of patients had preoperative
anemia, defined as Hb <13 g/dL. No difference was found between the timing of CBC sampling (p = 0.588).
Regarding the primary outcome (Table 2), we found that the mean Hb variation (vHb) of TXA-art was significantly
lower than that of TXA-iv (p <0.001) and Cell salvage (p = 0.001). On the other hand, the mean vHb in Cell salvage and
TXA-iv groups were not significantly different (p = 0.988). Postoperative anemia was found in 91% of patients.
Regarding secondary outcomes (Table 2), hematic losses in the TXA-art group in the first postoperative 24 hours
were significantly lower than those in the TXA-iv (p < 0.001) and Cell salvage (p < 0.001) groups. We did not find any
difference between the TXA-iv and Cell salvage groups (p = 0.150) for this variable. A total of 39 blood units were
transfused in 25 patients (23 blood units in the cell salvage group, 14 blood units in the TXA-iv group and 2 blood units
in the TXA-art group). The number of transfusions administered did not differ when comparing TXA-art with TXA-iv (p
= 0.724) groups. TXA-art did have fewer transfusion needs than Cell Trans (p = 0.044), as did TXA-iv (p = 0.009). The
mean variation of Htc (vHtc) in the TXA-art group was significantly lower than that in the TXA-iv (p < 0.001) and Cell
salvage groups (p = 0.030). On the contrary, the vHtc of the Cell salvage and TXA-iv groups were not significantly
different (p = 0.919).
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Table | Demographic Characterization and Comparison Between the Cell Salvage, TXA-iv and TXA-art Groups

Total (N = 204) | Cell Salvage (N =74) | TXA-iv (N =53) | TXA-art (N =77) | p value

Age (years) (mean * SD) 70.0 + 6.5 704 % 6.1 70.1 £7.0 1.000
70.1 £7.0 69.6 £ 6.6 1.000

704 + 6.1 69.6 £ 6.6 1.000

BMI (kg/m”2) (mean % SD) 26.5 £33 26.0 £ 3.2 26.5 £ 3.6 1.000
26.5 £ 3.6 27.0 £ 3.0 1.000

26.0 £ 32 27.0 £ 3.0 0.246

Pre-op Hb (g/dL) (mean + SD) 13.7 £ 1.1 13.6 = I.1 137 £ 1.0 1.000
137 £ 1.0 138+ 1.3 1.000

13.6 = I.1 138+ 1.3 0.805

Pre-op Htc (%) (mean * SD) 413 £33 413 3.1 410 32 1.000
41.0 £ 3.2 41.7 £ 3.6 0.760

41.3 £ 3.1 41.7 £ 3.6 1.000

Pre-op PLT (1073/uL) (mean * SD) 219.9 + 52.1 216.5 + 48.6 2143 + 56.6 1.000
214.3 £ 56.6 227.1 £ 52.0 0.509

216.5 + 48.6 227.1 £ 52.0 0.629

Post-op CBC timing (hours) (mean * SD) 234 £ 25 237 £ 24 234122 1.000
234 +£22 232 +£29 1.000

237 £ 24 232 +£29 0.943

Gender, masculine (%) 50 (25%) 23 (31%) 9 (17%) 18 (23%) 0.184
ASA 2 (%) 138 (68%) 45 (61%) 41 (77%) 52 (67%) 0.146
Pre-op anemia® (%) 49 (24%) 21 (28%) 9 (17%) 19 (24%) NA

Note: “Anemia was defined as Hb < 13 g/dL.
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CBC, complete blood count; TXA-art, intra-articular tranexamic acid; TXA-iv,
intravenous tranexamic acid; NA, non-applicable; SD, standard deviation; Hb, hemoglobin; Htc, hematocrit; PLT, platelets; Pre-op, preoperative.

The mean perioperative variation of PLT (vPLT) was not significantly different between the Cell salvage and TXA-iv
groups (p = 0.794), nor between TXA-art and TXA-iv (p = 0.792). VPLT in the TXA-art group was significantly lower
than in the Cell salvage group (p = 0.044).

The duration of in-hospital stay was significantly shorter in TXA-art group than in the Cell salvage (p <0.001) and in
TXA-iv groups (p = 0.001). We found no statistically significant difference between the duration of in-hospital stay in the
TXA-iv and the cell salvage groups (p = 0.853). We found 2 complications in the TXA-iv group, namely seizures and
infection of the surgical wound.

Discussion

We did not find any published studies that directly compared the three methods depicted here in TKA. The use of intra-
articular injection of TXA was associated with less decrease in Hb in TKA compared to other two techniques. We
established the same superiority regarding blood loss through drainage, vHtc and in-hospital stay time. Injection through
the surgical drain allows better exposure to TXA in the surgical site, which may be the reason for decreased blood loss."”
The clamping of the drain further prolongs this contact, which is especially important in TKA in which the operative
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Table 2 Comparison of Primary and Secondary Outcomes

Total Cell Salvage TXA-iv TXA-art P

(N = 204) (N=174) (N =53) (N=177) value

vHb (g/dL) (mean * SD) 26+ 1.0 2809 2912 0.988
2912 2.1 £08 0.001

2809 2.1 £08 0.000

24 hr post-op drainage blood loss (mL) (mean * SD) 5747 + 705.1 + 262.1 591.5 + 188.9 0.015
2600 591.5 + 188.9 4379 £ 2333 0.000

705.1 £ 262.1 4379 + 2333 0.000

Total number of blood units transfused 39 23 14 0.009
14 2 0.724

23 2 0.044

vHtc (%) (mean % S) 77 £33 85+27 82 +42 0919
82+42 6.5+27 0.030

85+27 6.5 27 0.000

VPLT (1043/uL) (mean * SD) 47.6 + 294 53.6 £ 30.5 47.7 + 303 0.794
47.7 £ 303 41.9 +26.7 0.792

53.6 £ 30.5 41.9 £ 26.7 0.044

In-hospital stay (days) (Median /IQR) 5.0/1.0 6.0 /2.0 6.0 /2.0 0.853
6.0 /2.0 50/1.0 0.001

6.0 /2.0 5.0/1.0 0.000

Complications 2 0 2 0 NA
Post-op anemia’ (%) 186 (91%) 71 (96%) 51 (96%) 64 (83%) NA

Note: TAnemia was defined as Hb < 13 g/dL.

Abbreviations: TXA-art, intra-articular tranexamic acid; TXA-iv, intravenous tranexamic acid; IQR, interquartile range; NA, non-applicable; SD, standard deviation; vHb,
hemoglobin variation; vHtc, hematocrit variation; vPLT, platelets variation; Post-op, postoperative.

tourniquet makes the blood loss more evident in the postoperative period.'®! Recent studies have analyzed the efficacy
of the topical/intra-articular route and found a significant decrease in hemorrhage when compared to placebo,”” but not
when compared to its intravenous administration.'’?%?! Some studies report that the topical route promotes fewer losses
and lower transfusion needs compared to the intravenous route.'®

Allogenic transfusions occurred in about 12% of patients, a value similar to that found in the current literature.” The
TXA-art group had reduced need of allogenic transfusions (only 2 patients). Although not statistically significant (p =
0.724), TXA-art seems to be better than TXA-iv in this regard. It has been shown that the benefit of cell salvage
decreases when a more restrictive transfusion cut off (<8 g/dL) is used.'®

It has been demonstrated that the use of TXA is not associated with increased risk of thromboembolic events in

2224 . - 17,18,20,21 . .
7 and the route of administration.!”'#2%2! However, studies still

arthroplastic surgery, regardless of personal history
advise caution for this potential risk.”**** In our study, we did not identify any thromboembolic complications in any
group, which further solidifies the safety of TXA administration. In the TXA-iv group, we identified a case of generalized
seizures and one case of surgical wound infection. High dose (100 mg/kg) of TXA is associated with perioperative

seizures,”® but a single bolus of the usual dose used in orthopedic surgery is considered to be safe in this respect.?
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Topical administration of TXA results in higher local levels, lower plasma levels and, theoretically, lower risk of
associated complications.'”*’

The 24% of preoperative anemia (Hb <13 g/dL) identified is similar to the 12-33% already described in patients
undergoing TKA.?*?? Preoperative anemia is the most important independent risk factor for transfusion and perioperative
morbidity and mortality.’® Postoperative anemia was 91%, higher than the 82% observed in another study.*’

Our study presents some limitations: It is a retrospective study; the choice of blood sparing strategy was made
according to surgeon’s preference, which can cause some group biases not analysed by this study; even though the ideal
dose of tranexamic acid remains a subject of discussion, the difference between the dose of tranexamic acid in the two
protocols (15mg/kg in the TXA-iv group vs 1500mg TXA-art) can contribute as bias of analysis considering patient’s
weight. We tried to minimize this by analysing differences in groups’ BMI; the wide interval of transfusion threshold (Hb
8-10g/dL) was based on a subjective clinical evaluation which can translate as a limitation on the interpretation of the
presented findings. Nevertheless, as it worked as the same bias in all the 3 groups and the results were of significance, we
chose to present them.

Conclusion

Based on the results obtained in this study, our institution assumed the preference for the use of intra-articular tranexamic
acid in TKA. It seems to be a low-risk, highly efficient blood-sparing strategy. Prospective studies are needed, with a
larger sample that allows a conclusive answer to the differences between intravenous and intra-articular administration of
TXA and to evaluate possible associated thromboembolic complications.

Abbreviations

CBC, complete blood count; Hb, hemoglobin; Htc, hematocrit; PLT, platelets; TKA, total knee arthroplasty; TXA,
tranexamic acid; TXA-art, intra-articular tranexamic acid; TXA-iv, intravenous tranexamic acid; vHb, hemoglobin
variation; vHtc, hematocrit variation; vPLT, platelets variation.
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