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Abstract. Background: Orthopaedic oncology often causes major blood losses that may put at risk patients’
hemodynamic balance and their overall clinical stability. To this date, transfusion therapy still represents the
pivotal treatment to counterbalance the reduction in hemoglobin levels which occur after surgery. Although
effective, transfusions are expensive and inevitably associated with a number of complications and therefore
other solutions, such as procoagulative drugs, could play an important role to prevent massive blood losses.

Material and methods: We reviewed the clinical intercourse of 37 patients who underwent major bone
resection due to malignant tumors of the lower limb. Cases were divided in two different groups: group G1
consisting of 12 patients treated intraoperatively with tranexamic acid and group G2 which was made of 25
controls.

Results: On average, patients treated with tranexamic acid (G1) required transfusion of 3.9 concentrated
blood cells units during surgery and 0.9 units during the postoperative course. Other patients (G2), for their
part, required on average 3.1 units intraoperatively and 2.1 units postoperatively. No significant difference was
found in intraoperative transfusion rate (p=0.402). Instead, postoperative transfusions were significantly less
frequent for patients treated with tranexamic acid (p=0.023). None of the 12 patients treated with tranexamic
acid had evidence of Deep Vein Thrombosis.

Conclusion: Our outcomes indicate that the use of TXA was effective in reducing blood losses also for
major surgical interventions in orthopedic oncology.
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Traneksamo rugsties naudojimas pooperaciniam
kraujavimui sumazinti ortopedinéje onkologijoje

Santrauka. Jvadas: Ortopediné onkologija daznai sukelia didelio kraujo kiekio praradimg, o tai pavojinga
ne tik pacienty hemodinaminei pusiausvyrai, bet ir kelia pavojy jy bendram klinikiniam stabilumui. Kol kas
transfuziné terapija vis dar yra pagrindinis gydymas siekiant suteikti atsvarg pacienty hemoglobino lygiui po
operacijos sumazéti. Kraujo perpylimas yra efektyvus, taciau brangus ir nei$vengiamai susijes su daugybe
komplikacijy. Tad reikia ir kitokiy sprendiniy, pavyzdziui, skirti prokoaguliacinius vaistus, kurie padéty is-
vengti didziulio kiekio kraujo netekimo.

Medziagos ir metodai: Tyréme 37 pacienty, kuriems buvo atlikta stambaus kaulo rezekcija dél apatiniy
galaniy piktybiniy naviky, gydymo klinikine eiga. Pacientai buvo padalyti j dvi grupes: G1 grupé - 12 pa-
cienty, kuriems chirurginés operacijos metu buvo skiriama traneksamo ragstis, ir G2 kontroliné grupé (25
pacientai).

Rezultatai: Vidutiniskai G1 grupés pacientams, kuriems buvo skiriama traneksamo ragstis, kraujo per-
pylimui buvo sunaudojama 3,9 vieneto koncentruoty kraujo lasteliy operacijos metu, o dar 0,9 vieneto kon-
centruoty kraujo Iasteliy prireiké pooperacinio gydymo metu. Kitiems pacientams (G2 grupés) vidutinis-
kai reikéjo 3,1 vieneto $iy lgsteliy operacijos metu ir 2,1 vieneto pooperaciniu laikotarpiu. Nebuvo nustatyta
reik§mingo skirtumo dél perpylimo masto operacijos metu (p = 0,402). Ta¢iau pooperaciniu laikotarpiu pa-
cientams, kuriems buvo skiriama traneksamo ragstis, reikéjo statistiskai reik§mingai kur kas maziau perpilti
kraujo (p = 0,023). Né vienam i$ 12 pacienty, gydyty traneksamo ragstimi, nebuvo nustatyta, kad buty pasi-
reiskusi giliyjy veny trombozé.

I$vada: Tirty atvejy baigtis rodo, kad yra efektyvu naudoti traneksamo raigstj sumazinti prarandamo atlie-
kant stambaus masto chirurgines intervencijas ortopedinéje onkologijoje kraujo kiekj.

Raktazodziai: koaguliacija, onkologija, ortopedija, sarkoma, traneksamo ragstis, kraujo perpylimas

Introduction

Tranexamic acid (TXA) is a synthetic molecule structurally analogous to the amino acid lysine. It
tulfils its function by reversibly occupying the lysine binding site of the fibrinolytic enzyme Plasmin
(Fig. 1). This bond continuously inactivates the enzyme and makes it unable to perform its normal
activity, which is the clot lysis. The result is an antifibrinolytic procoagulative effect [1, 2].

Released from Shosuke Okamoto’s lab in the early 1960s, TXA was first prescribed to female pa-
tients with heavy menstrual blood losses and patients with hereditary coagulation disorders [2]. It
did not take long before its indications were widened to elective surgery in consideration of its blood
saving effects. Reduction of intraoperative and postoperative bleedings attributable to tranexamic
acid led to a progressively wider use of the drug, not only in the obstetrical and gynecological field,
but also in otolaryngology, cardiac surgery and general surgery [3-5].

In parallel, tranexamic acid progressively established itself as an alternative approach to mini-
mize transfusion requirements also in major orthopedic surgery, alongside the other already exist-
ing methods such as blood salvage, controlled hypotension, hemodilution and stimulation of eryth-
ropoiesis with epoetin alfa. Total joint arthroplasty and spine surgery, for their nature associated
with massive blood losses, first gave fertile field for the experimental use of TXA in orthopedics,
drawing encouraging outcomes [6-9].

To this date, many studies have demonstrated the remarkable safety and efficacy of the drug,
although the scientific community is yet to announce unanimous guidelines to regulate its use for
orthopedics or anesthesia [10-14].

Although the drug is contraindicated in patients with history of venous or arterial thrombosis,
intrinsic risk for thrombosis or thromboembolism, acute renal failure, subarachnoid hemorrhage
and history of seizures and is suspected to actively increase the risk of thrombosis, several studies
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NORMAL FIBRINOLYSIS INHIBITION OF FIBRINOLYSIS

Figure 1. In normal fibrinolysis, plasminogen (linked with t-PA) binds and therefore degrades fibrin.
Tranexamic acid (the red circle in the picture) occupies the binding site for fibrin and consequentially prevents
its lysis.

demonstrated good results in terms of reducing postoperative bleeding and therefore limiting the
need of transfusion therapy [11-15].

Transfusion treatment is often necessary to maintain a good blood balance in patients who un-
derwent major surgery and nowadays represent a relatively safe procedure thanks to all the con-
trols in terms of microscopical composition, antigenic characteristics and microorganism detection.
Nevertheless, their administration is inevitably associated with low but actual risks of developing
fever, allergic reactions or infective diseases [6, 16, 17]. A larger use of tranexamic acid could theo-
retically reduce the transfusion, furtherly decreasing the number of those adverse events and reduc-
ing hospitalization costs. TXA could also reduce the days of hospitalization itself, allowing earlier
discharge in light of a prompt and long-lasting stabilization of blood count.

For these reasons, tranexamic acid has been proposed and used in different branches of ortho-
pedic surgery. Among them, orthopedic oncology represents one of the areas that could benefit the
most from this therapy [10-14]. Systemic use of tranexamic acid has the potential to open a new
horizon in blood loss control for patients treated with massive tumor resection by stabilizing their
blood cells count and reducing their transfusion rate.

To this date, there is still paucity of studies about antifibrinolytic therapy to prevent massive
intraoperative and postoperative hemorrhages in orthopedic oncology. In this paper we report our
experience with tranexamic acid treatment during major interventions in orthopedic oncology.
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Materials and methods

This single-center retrospective study was approved by our local ethics committee and performed
in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments.

Our study consisted of a review of 37 patients treated with major bone resection due to malignant
tumors of the lower limb in our institution between January 2016 and January 2020. Cases were
divided in two different groups: group G1 consists of 12 patients treated with intraoperative use of
tranexamic acid, while group G2 is made of 25 controls. During surgical procedure, patients belong-
ing to G1 received an intravenous injection of tranexamic acid with a dose of 15 mg/kg. The ad-
ministration was carried out 15 minutes before the beginning of the intervention in those surgeries
which did not require pneumatic tourniquet; whereas in those who required the pneumatic tourni-
quet injection was made 15 minutes before exsufflation. Furthermore, 1000 mg of the drug, diluted
in chloride solution and poured on gauzes, were used topically packing the wound for five minutes.

Each patient underwent deep venous thrombosis prophylaxis with enoxaparin 4000 IU once per
day since the day before surgery.

Exclusion criteria for the use of tranexamic acid and the inclusion in G1 were known indi-
vidual hypersensitivity to the drug, coagulation disorders, severe kidney damage (GFR < 30 ml/
min/1.73m?), previous or present coronary artery disease, myocardial infarction, atrial fibrillation,
stroke, arterial or venous thromboembolism.

For each patient we collected data regarding their age, gender, other personal data, anamnestic
data, tumor type and site, reconstructive approach, but also the incidence of intraoperative and
postoperative complications. Daily CBC and coagulation analysis were used during the entire hos-
pitalization in order to assess the early systemic effects of tranexamic acid.

The effectiveness of our treatment with tranexamic acid was assessed counting the number of
packed red blood cells units transfused during and after surgery in order to maintain patients’
hemodynamic situation acceptable and stable.

Each complication with grade II or higher according to the Clavien-Dindo classification poten-
tially attributable to the use of tranexamic acid was reported.

Statistics. Statistical analysis was performed using Stata SE 13 (StataCorp LLC, College Station,
TX). Statistical significance was set at 0.05 for all endpoints.

Results

Male to female ratio was 1.40 (7:5) in G1 and 1.28 (14:11) in G2, with an overall value of 1.31 (21:16).
Mean age at surgery was 50.2 (24-78) years, 47.2 (24-71) for G1 and 53.1 (27-78) for G2.

Involved bones were pelvis in 9 cases, proximal femur in 18 cases, distal femur in 5 cases, the
whole femur in one single case and proximal tibia in the remaining 4. Distribution in detail is re-
ported in Table 1.

In our population 15 patients were suffering from secondary bone lesions, while the remaining
22 had primary bone tumors. Among these latter, 12 were diagnosed with chondrosarcoma, 7 with
osteosarcoma, 2 with malignant fibrous histiocytoma and 1 Ewing sarcoma. Schematized histologi-
cal nature is shown in Table2.

Reconstruction was carried out with mega-prostheses in 25 of our 37 patients. 7 patients required
the implant of custom-made prostheses, whereas 5 were treated with bone allografts.

On average, patients treated with tranexamic acid (G1) required transfusion of 3.9 (2-5) units of
concentrated blood cells during surgery and 0.9 (0-3) units during the whole postoperative course.
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Table 1. Age at surgery, gender ratio, tumor site and major coagulative complications for all patients in the
study.

Gl G2
LORLEAL (Treated with TXA) (Not treated with TXA)
50,2 47,2 53,1
AGE AT SURGERY (y) (24.78) (24-71) (27-78)
GENDER RATIO (m:f) ( 211' :311 6) (17450) ( 114:2181)
SITE
Pelvis 9 3 6
Proximal Femur 18 5 13
Distal Femur 5 2 3
Whole Femur 1 0 1
Proximal Tibia 4 2 2
All 37 12 25
COMPLICATIONS
Deep Vein Thrombosis 1 0 1
(y) : years
(m:f) : males to females ratio
Table 2. Tumor type for each case in our population
TOTAL G? G2 .
(Treated with TXA) (Not treated with TXA)
Metastasis 15 5 10
Osteosarcoma 7 2
Chondrosarcoma 12 4 8
Malignant Fibrous 2 1 1
Histiocytoma
Ewing Sarcoma 1 0 1
TOTAL 37 12 25

Patients who were not treated with tranexamic acid (G2), for their part, required on average 3.1
(2-5) units intraoperatively and 2.1 (0-5) units postoperatively.

Whereas no significant difference was found in intraoperative transfusion rate (p=0.402), statisti-
cal analysis testified postoperative transfusions were significantly less frequent in those patients who
were administered with intraoperative tranexamic acid (G1) (p=0.023).

Mean postoperative hospitalization lasted 7.9 (5-11) days for G1 cases and 8.7 (6-15) days for G2
cases. No significant correlation was evident between the use of tranexamic acid and hospitalization
length.

None of the 12 patients treated with tranexamic acid had evidence of Deep Vein Thrombosis
(DVT). Only 1 of our cases (2.7%), belonging to the G2 group and therefore not involved in the use
of the drug, developed DVT after surgery. No case showed other major complications anyhow at-
tributable to the coagulation process.
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Discussion

Orthopaedic oncology is a surgical field that, for its own nature, is often associated with massive
intraoperative and postoperative blood losses [18] (Fig. 2). On average, patients who suffer from a
malignant tumor, especially in case of systemic spread of the disease, are exposed to a higher risk
of hemorrhage compared to the general population [19-21]. This tendency is attributable to local
anatomic and diffused metabolic variations induced by the neoplasm. Most of the malignant tu-
mor masses in the bone are indeed characterized by intense angiogenesis and neovascularization
to supply the intensely active tumoral cells with high volumes of circulating blood. The cut of these
vessels in surgical theatre often leads to a profuse oozing that at times can be hard to cauterize. On
a metabolic point of view sarcomas and other malignant tumors may also be associated with hypo-
proteinemia, lower levels of hemostatic and coagulation factors and platelet dysfunction: traits that
together predispose to hypocoagulability [22, 23]. An additional incentive to this tendency consists
in the ability of some tumoral cells to produce and expose on their surface enzymatic agents, such as
tissue plasminogen activator or u-PA, capable of enhancing the degradation of fibrin [24, 25].

Coagulation apart, a further concern with oncologic cases candidate for surgery is their frequent
pre-existing low levels of haemoglobin. Anemia may be attributable to continuous blood dripping,
bone marrow infiltration, nutritional deficiencies but also to the metabolic changes induced by the
tumor. An important role is to be credited to the huge secretion of cytokines, including IL-6, which
inhibit the production of erythropoietin and reduce the intracellular intake of iron molecules [26-
28]. These criticalities could be made even more evident for those cases treated with chemotherapy
due to its myelosuppressive effects.

-

oy =" _

Figure 2. Surgical resection of a metastatic renal cell carcinoma involving the pelvis (exposed in the picture).
An example of an orthopedic oncology intervention burdened by high risk of intra-operative blood losses.
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In consideration of all the aforementioned factors, massive intraoperative and postoperative
bleeding are not uncommon in nowadays orthopaedic practice and transfusion therapy often be-
comes necessary. Administration of allogeneic blood inevitably exposes patients to a number of
risks. Transmission of infectious disease, immune system sensibilization, intravascular hemolysis
and acute kidney disease are all documented risks associated with red cells transfusions, although
their incidence has been reduced due to the strict controls made on the blood unit before the treat-
ment as well as on the patient both during and after the injection [6, 16, 17].

Furthermore, production and conservation of every single blood unit costs hundreds of dollars to
the treating institution, often representing one of the main costs during the whole hospitalization [29].

In order to reduce the number of blood units transfused, thereby reducing their risks and the
total cost of the therapy, we recommend the use of tranexamic acid in orthopaedic oncology.

Its effectiveness and reliability has already been widely described when used in other surgical
fields [3-11].

Focusing on orthopaedic and oncologic surgery, Ackerman et al [30] reported 104 oncologi-
cal cases treated with perioperative intravenous injections of 15mg/kg of TXA during orthopaedic
procedures. In their experience the incidence of major complications was relatively low (17%) and
significant postoperative bleeding and hemodynamic instability were extremely uncommon (3%).

In our work TXA was used not only systemically, but also on a local basis. In fact, besides the 15
mg/kg administered intravenously, an additional 1000 mg were placed locally on the surgical field
during intervention. In our opinion this bimodal administration of the tranexamic acid represents
a more reliable way to keep high drug concentrations during surgery and in the hours immediately
subsequent. At the same time this administration protocol limits its levels in distant anatomical
sites, thereby reducing the risk of intraoperative and postoperative complications attributable to its
procoagulative effects. Our study - obtained on oncologic patients who underwent massive bone
resections and subsequent prosthetics orprosthetics or graft reconstructions — is consistent with the
outcomes obtained by Ackerman et al. On the other hand, the control group had significantly higher
blood losses. Although there was no significant difference during the intraoperative phase in terms
of blood units administered, which indeed were slightly more on average for patients who were not
treated with TXA, in the postoperative phase our results suggest the drug has a role in increasing lo-
cal coagulation and therefore reduce the tendency to hemorrhage. In fact, during the hours and days
that followed surgery, patients who were not treated with TXA required on average more than twice
the number of blood units in order to maintain their clinical and hemodynamic stability. Further-
more, these encouraging results obtained with tranexamic acid were not associated with any major
complication attributable to the drug.

Our outcomes thus indicate TXA has good effectiveness in terms of reducing bone losses and low
risks also for major surgical interventions in orthopaedic oncology. This promising risk-benefit ratio
should encourage a greater consideration and a wider intraoperative use, both local and systemic
intraoperative, of tranexamic acid in orthopaedic oncology for those patients who have no previ-
ous absolute contraindications. The administration of the drug could in fact help early blood count
stabilization, reduce the number of transfusions with all the risks and the costs connected to them.

We acknowledge our study had some limitations. The rarity of malignant bone tumors did not
allow us to operate on wider populations, which partially limited the statistical significance of some
of the data associations we wanted to investigate at the beginning of our research. Another limitation
is represented by the retrospective nature of our study, which did not permit the complete standardi-
zation of the postoperative procedures.

Beyond these limits, our outcomes suggest TXA could represent a good addition to the intraop-
erative protocols during major surgeries in orthopedic oncology in order to minimize intraoperative
and postoperative blood loss.
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Conclusion

In conclusion, tranexamic acid represents a reliable therapeutic option for major surgery in ortho-
paedic oncology. Local and intravenous administration of the drug gave good results in reducing
postoperative bleeding of the surgical site, thereby maintaining high the volume of circulating blood
and limiting the reduction of its hemoglobin levels. This theoretically translates to more stable post-
operative clinical conditions and lower transfusion rate during patients’ hospitalization.

Patient consent

All patients gave written consent to the use of their data and the publication of the results.

Disclosure

The authors report no conflict of interest concerning the materials or methods used in this study or
the findings specified in this paper.
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