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Tranexamic acid (TXA) is used to reduce perioperative bleeding in fracture surgery, but
the preferred administration route and its effects on fracture healing remain uncertain.
This narrative review examines intravenous, topical, and combined TXA in adult femoral
and tibial fracture surgery, emphasizing direct route comparisons and the distinction
between blood conservation and patient-centered outcomes. Publications identified in an
initial Elicit-assisted evidence report were selectively checked against primary sources,
supplemented by targeted source searches. No meta-analysis or formal risk-of-bias
assessment was performed. Randomized trials generally support reductions in calculated
blood loss with intravenous TXA, although transfusion benefits are not uniform. Topical
TXA improves selected blood-conservation outcomes, while direct comparisons with
intravenous administration yield procedure-dependent results. Adding local TXA to
intravenous treatment reduced calculated blood loss in a tibial nailing trial, but
observational hip-fracture studies do not establish a consistent advantage for combined
administration. Studies generally did not detect increased thromboembolic events;
limited sample sizes and selected populations preclude firm conclusions about
uncommon harms or comparative safety. Fracture-union evidence is sparse and does not
establish that TXA accelerates healing or that one route is preferable for this purpose.
TXA is a useful blood-conservation adjunct in selected femoral and tibial fracture
procedures, but current evidence does not support a universal ranking of administration
routes. Procedure-specific randomized comparisons with standardized transfusion
criteria and longer-term union and functional outcomes are needed.

INTRODUCTION fracture surgery.>* However, these populations and proce-
dures differ from elective arthroplasty and from resuscita-
tion of patients with major traumatic hemorrhage.

Blood loss in femoral and tibial fracture surgery reflects
The practical question is whether one route offers a

both the original injury and subsequent operative treat-
ment. Measured intraoperative bleeding may capture only meaningful advantage for a particular fracture procedure.
part of the total burden, because blood can accumulate in Available comparisons include complex tibial plateau fixa-
injured tissues and the medullary canal. Trials of tranex- tion, hip hemiarthroplasty, and tibial intramedullary nail-
amic acid (TXA) have therefore evaluated calculated total ing.>"7 Observational proximal femur studies add informa-
blood loss, hidden blood loss, postoperative hemoglobin, tion but yield inconsistent route rankings.8® A separate
and transfusion requirements as distinct outcomes.l question concerns fracture union, for which direct clinical
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These measures are clinically related, but improvement in ~ evidence is limited. T}.ns TEVIEW €Xamines the ev1d?n.ce
one does not necessarily demonstrate improvement in the ~PY route and outcome, with emphasis on femoral and tibial
others. fractures because these dominate the available source ma-

TXA inhibits fibrinolysis through interactions with ly- terial.

sine-binding sites on plasminogen and plasmin.! Intra-

venous administration provides systemic exposure, METHODS

whereas local application places the drug directly into a

wound, joint, or medullary cavity. Randomized studies sup- REVIEW DESIGN AND SOURCE IDENTIFICATION

port blood-conservation benefits in several fracture set-

tings, including hip arthroplasty performed for an acute This is a focused narrative review rather than a systematic
femoral neck fracture and topical treatment during hip- review or meta-analysis. The starting material was an
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Elicit-assisted evidence report addressing the following
question: “Among adult trauma patients with acute long-
bone fractures, which route of tranexamic acid adminis-
tration (IV, topical, or combined) most effectively reduces
surgical complications and promotes bone healing?” Elicit
is an artificial intelligence research assistant (Elicit,
elicit.co).!! The report describes a ranked semantic search
returning 500 records and the addition of nine uploaded
sources. Its original search date was January 6, 2026.

The report listed 69 records after abstract screening and
22 entries after full-text screening. These figures were not
treated as a validated study-selection flow: duplicate en-
tries, incomplete bibliographic fields, and uncertainties
about eligibility and full-text retrieval were identified. Tar-
geted searches of PubMed and publisher websites were used
during manuscript preparation on October 2, 2026, to check
selected study identities, intervention comparisons, and
findings. A relevant 2025 route-comparison report was
added. These checks were selective and do not constitute an
exhaustive search update.

SCOPE AND SYNTHESIS

The synthesis prioritizes comparative clinical studies of pe-
rioperative intravenous, topical, or combined TXA in adults
undergoing femoral or tibial fracture surgery. Outcomes
of interest were blood loss, transfusion, thromboembolic
events, wound complications, mortality, and fracture heal-
ing. Arthroplasty for an acute femoral neck fracture was
included for blood-conservation outcomes, but it was not
treated as evidence of fracture union. Mixed pelvic, acetab-
ular, and femoral cohorts were used only as contextual ev-
idence. A uniform injury-to-surgery interval of 24 to 48
hours could not be verified and was not imposed retrospec-
tively.

The initial report used large-language-model-assisted
extraction. For this narrative synthesis, selected findings
were checked against primary article text or indexed ab-
stracts, as available. Duplicate citations were consolidated,
comparisons were described within their original proce-
dural context, and unsupported pooled counts and route
rankings were removed. No pooled effect estimates, formal
risk-of-bias ratings, or certainty-of-evidence grades were
calculated. The study flow is summarized in figure 1.

RESULTS

INTRAVENOUS ADMINISTRATION

Intravenous TXA has been evaluated in several randomized
fracture-surgery trials. Zhou et al randomized 100 patients
undergoing intertrochanteric fracture fixation and reported
total blood loss of 563.37 versus 819.25 mL with TXA and
control, respectively. Postoperative transfusion was re-
quired in 5 versus 27 patients.!2 These findings support
efficacy in that setting, but the magnitude of transfusion
reduction should not be extrapolated to populations with
different baseline hemoglobin concentrations or transfu-
sion practices.

Additional uploaded sources

Ranked Elicit search records
(n=9)

(n = 500)

T
v

Records reported to pass abstract screening
(n=69)

v

Entries in the initial evidence report Duplicate Batibay report
(n=22) removed (n = 1)

RECONCILIATION FOR THE NARRATIVE MANUSCRIPT
v

Not selected for the focused
— narrative synthesis (n = 9)
Not systematic exclusions

Citations after removing the identified duplicate
(n=21)

l

Reports retained from the initial source set
(n=12)

Additional 2025 report
from targeted source checks
(n=1)

Primary reports discussed in the manuscript
(n=13)

Report counts are not independent-study counts: two proximal femur
contain ppi cohorts.

Figure 1. Review workflow

Ekinci et al studied 102 patients undergoing proximal
femoral nailing. A preoperative intravenous dose of 15 mg/
kg reduced total blood loss from 971.2 to 684.6 mL; intra-
operative measured loss did not differ significantly. Trans-
fusion occurred in approximately 8% versus 23.5% of pa-
tients.2 Chen et al evaluated a three-dose regimen in 176
patients and reported lower perioperative blood loss and
transfusion frequency than placebo.! Neither trial estab-
lishes that repeated doses outperform a single dose, be-
cause dosing schedules were not compared directly.

In the randomized trial by Watts et al involving 138
patients undergoing arthroplasty for acute femoral neck
fracture, intravenous TXA reduced blood loss, but the dif-
ference in transfusion frequency was not statistically sig-
nificant: 17% versus 26% (P=.22).3 This distinction matters
when interpreting the clinical importance of blood-loss re-
ductions. Hanke et al also reported lower blood loss and
transfusion frequency in a retrospective comparison with
historical controls, although the apparent benefit differed
between the two participating centers.!3 Changes in peri-
operative care and institutional practice remain potential
explanations for part of that association.

TOPICAL ADMINISTRATION

Topical treatment is not a single standardized intervention.
Wound application, intra-articular delivery, and medullary
instillation differ in the tissue exposed, timing, and oppor-
tunity for systemic absorption. Costain et al analyzed 65
patients in a randomized trial of topical TXA versus placebo
during hip-fracture surgery. Hemoglobin was higher on
postoperative days 1 and 2, but not day 3. The apparent re-
duction in transfused units was no longer significant after
excluding units given intraoperatively before topical treat-
ment, and the proportion of patients receiving transfusion
did not differ significantly.# The trial supports an early
blood-conservation effect without establishing a reliable
reduction in transfusion incidence.
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Table 1. Selected direct comparisons of TXA administration routes.

analysis of
prospectively
collected trial data

plateau fractures

Study and design Population Comparison and principal finding Interpretation
Wang et al, 2020*5* 90 patients IV vs topical vs control. IV produced the Procedure-specific finding; not
Retrospective Complex tibial lowest calculated total blood loss. asimple stand-alone RCT

classification.

Yerli et al, 2022”6 100 patients IV vs topical vs control. Mean blood No detected difference
Retrospective series Hip loss: 710.9, 695.7,and 1011.5 mL, between TXA routes; does not
hemiarthroplasty respectively. establish equivalence.
Xiao et al, 2023~7* 97 patients IV plus medullary TXA vs IV plus local Estimates the incremental
Randomized trial Tibial saline. Total blood loss: 252.10 vs effect of local TXA; no topical-
intramedullary 417.03 mL. only or no-TXA group.
nailing
Fenwick et al, 1,479 patients 1V, topical, combined, and no TXA. Nonrandom allocation and
202378* Proximal femur Combined treatment appeared small route subgroups limit
Retrospective cohort fractures favorable in selected procedures. causal interpretation.

Anna et al, 2025"9*
Retrospective cohort
extension

884 femoral neck
arthroplastiesin a
broader cohort

IV vs topical vs combined vs no TXA.
Topical treatment had the lowest
calculated blood loss.

Overlaps the earlier Fenwick
cohort; not independent
confirmation.

1V, intravenous; RCT, randomized controlled trial; TXA, tranexamic acid. Results are individual-study findings, not pooled estimates. The Fenwick article appeared online in 2022 and
in its journal issue in 2023. Reference 9 follows the publisher’s indexed citation name “Anna K.”

DIRECT COMPARISONS AND COMBINED
ADMINISTRATION

The main route-comparison studies are summarized in
Table 1. Wang et al reported a retrospective analysis of
prospectively collected trial data from 90 patients with
complex tibial plateau fractures. Intravenous treatment
produced lower calculated blood loss than the topical regi-
men, but clinical and safety outcomes did not establish an
overall advantage across all endpoints.5 In a retrospective
hemiarthroplasty series, Yerli et al found less blood loss
with either intravenous or topical TXA than with no TXA,
without a significant difference between routes. Transfu-
sion was required in 5 of 25 topical recipients, 6 of 25 in-
travenous recipients, and 30 of 50 controls.® These small,
nonrandomized groups cannot demonstrate equivalence.

Xiao et al randomized local medullary TXA or saline dur-
ing tibial nailing in patients receiving intravenous TXA.
Among 97 analyzed patients, adding medullary TXA re-
duced calculated total blood loss from 417.03 to 252.10
mL.” The comparator was intravenous TXA plus local
saline, not a group receiving no TXA. The result supports
an incremental effect of local treatment in this protocol,
but cannot determine whether local treatment alone would
achieve the same result or whether the additional reduction
improves recovery.

Fenwick et al examined multiple routes in a retrospec-
tive cohort of 1,479 proximal femur fracture patients and
suggested that combined treatment could be advantageous
in selected procedures.® However, a subsequent extension
of the same institutional cohort reported the lowest calcu-
lated blood loss with topical treatment in the femoral neck
fracture arthroplasty subgroup.® These reports overlap and
must not be counted as independent confirmation. Their
conflicting rankings, nonrandom treatment allocation, and
differences in procedure mix prevent a general conclusion
that combined TXA is superior.

THROMBOEMBOLIC EVENTS WOUND COMPLICATIONS
AND MORTALITY

Across the selected trials, statistically significant increases
in thromboembolic events were generally not detected.l-7:
10,12 Thyis is reassuring, but it is not evidence that the routes
have identical safety profiles. In the tibial nailing study
by Xiao et al, deep venous thrombosis occurred in 2 of 47
combined-treatment recipients and 3 of 50 intravenous-
only recipients.’” Event counts of this size leave substantial
uncertainty about clinically important differences. Wound
complications and mortality were also infrequent or sec-
ondary endpoints in many studies.

Patient selection affects interpretation. Costain et al ex-
cluded several higher-risk groups, including patients with
previous venous thromboembolism and recent anticoagu-
lant exposure.* Conversely, the observational Fenwick co-
hort included patients receiving anticoagulants.8 Evidence
from selected trials and broader observational cohorts
should therefore be interpreted separately. The available
studies do not justify choosing topical treatment solely on
the assumption that it eliminates systemic risk, nor do they
establish TXA as a treatment to prevent infection, throm-
bosis, or death in isolated fracture surgery.

FRACTURE HEALING

Batibay et al provide direct clinical evidence relevant to
union. In their randomized study of 70 patients undergoing
tibial intramedullary nailing, all fractures healed. Mean
healing time was 14.14%1.48 weeks with intravenous TXA
and 15.23%2.30 weeks in controls (P=.042).10 The finding
does not suggest impaired union in this cohort, but a small
single study is insufficient to establish an osteogenic effect
or a reproducible acceleration of healing. The two Batibay
entries in the initial evidence report describe the same pub-
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Perioperative TXA in femoral and tibial fracture surgery

Clinical outcomes beyond blood loss and transfusion

THROMBOSIS MORTALITY

No increase detected No consistent benefit established
Most selected studies did not detect
an increase in DVT or pulmonary
embolism.

Selected studies did not detect
significant mortality differences
between TXA and control groups.

Small event counts cannot exclude
uncor mbolic harm.

Limited power and follow-up prevent
firm conclusions about survival.

TXA

IV - topical
combined

'WOUND COMPLICATIONS FRACTURE HEALING

No consistent reduction established Evidence remains limited
Infection, wound dehiscence, and
hematoma were generally infrequent
or secondary outcomes.

One tibial nailing trial (n = 70).
all fractures healed; mean union time
14.14 vs 15.23 weeks (TXA vs control).

No impairment observed in that trial
a healing benefit is not established.

Evidence is insufficient to establish
a protective effect or route advantage.

No significant difference does not establish equivalence or absence of risk.

Qualitative
E

synthesis; no pooled esti
ot establish a pref

ates or formal certainty ratings.
d route for these outcomes.

Figure 2. Summary of perioperative TXA in femoral
and tibial fracture surgery on clinical outcomes.

lication and therefore do not represent independent stud-
ies.

Blood-loss outcomes, early inflammatory markers, pain
scores, and short-term functional measures cannot sub-
stitute for radiographic union, nonunion, or reoperation.
Likewise, femoral neck fracture arthroplasty studies cannot
establish union of the replaced femoral neck. The studies
provide no robust direct comparison of intravenous, topi-
cal, and combined TXA using fracture healing as the pri-
mary endpoint. Route selection to promote union is there-
fore unsupported. Figure 2 summarizes clinical outcomes.

DISCUSSION

INTERPRETATION FOR ORTHOPEDIC PRACTICE

The clearest conclusion is that TXA can improve periop-
erative blood conservation in selected femoral and tibial
fracture procedures. The strength and clinical relevance of
that benefit vary with the endpoint and operation. Calcu-
lated blood loss is sensitive to laboratory timing, fluid ad-
ministration, and the formula used, whereas transfusion
also depends on baseline anemia, symptoms, and insti-
tutional thresholds. A reduction in calculated blood loss
should therefore be reported alongside the absolute trans-
fusion risk and recovery outcomes, rather than treated as
sufficient evidence of fewer surgical complications.

Direct route comparisons answer a different question
from TXA-versus-control trials. Evidence that intravenous
TXA works during closed reduction and nailing does not es-
tablish that a single intravenous dose is optimal. Similarly,
a lower mean blood loss after combined treatment does not
isolate a route effect when the combined group receives a
larger total dose. Future comparative protocols must ac-
count for dose, timing, local dwell time, and surgical ex-
posure. Table 2 separates conclusions supported by the re-
viewed findings from questions that remain unresolved.

Fracture anatomy is another source of heterogeneity.
Intracapsular femoral neck fractures treated with arthro-
plasty, extracapsular fractures treated with a nail, and tibial
plateau fractures requiring plate fixation should not be
treated as interchangeable populations. In a randomized
mixed cohort of 93 patients with pelvic, acetabular, or prox-
imal femoral fractures, Spitler et al found lower calculated
blood loss with intravenous TXA but no significant reduc-
tion in overall transfusion measures.!4 Because pelvic and
acetabular fractures are not long-bone fractures and sepa-
rate femoral estimates were unavailable in the indexed ab-
stract, these results provide context rather than a femur-
specific effect estimate.

RESEARCH PRIORITIES

Future trials should compare routes within a defined frac-
ture and procedure, prespecify transfusion thresholds, and
report both calculated and measured blood loss. Absolute
event counts and confidence intervals are needed for trans-
fusion, symptomatic venous thromboembolism, infection,
and reoperation. Similarity of P values across separate trials
cannot establish equivalence between regimens. Observa-
tional analyses should address treatment selection, base-
line anemia, anticoagulant exposure, renal function, and
overlapping institutional cohorts.

Fracture healing requires a distinct research framework.
Trials should prespecify clinical and radiographic union cri-
teria, use blinded assessment where feasible, and maintain
follow-up long enough to identify delayed union,
nonunion, and revision procedures. Functional recovery
and return to weight bearing should be reported alongside
union rather than assumed from reduced bleeding. Such
data are necessary before any administration route can be
recommended specifically to improve healing.

LIMITATIONS

This review is limited by its narrative design. Formal risk-
of-bias assessment was not performed. Selective inclusion,
publication bias, heterogeneous outcomes, and nonrandom
treatment allocation may influence the synthesis. The evi-
dence emphasized here is concentrated in femoral and tib-
ial procedures and should not be generalized to all upper-
extremity long-bone fractures, pediatric injuries,
pathological fractures, or major hemorrhage resuscitation.
These limitations preclude pooled estimates and definitive
route recommendations.

CONCLUSIONS

Intravenous, topical, and combined TXA can reduce periop-
erative blood loss in selected femoral and tibial fracture op-
erations. Evidence for transfusion reduction is less uniform,
and direct comparisons do not establish a universal hierar-
chy of routes. Available safety findings are reassuring but
cannot exclude uncommon harms or establish comparative
safety in high-risk patients. Evidence concerning union re-
mains insufficient to support TXA as a means of acceler-
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Table 2. Clinical interpretation of the reviewed evidence.

Outcome Supported interpretation Remaining uncertainty
Blood loss Selected fracture-surgery trials favor TXA over Optimal route, dose, and timing differ by
control. procedural context and remain unsettled.
Transfusion Some trials show fewer recipients; others do not Absolute benefit depends on baseline anemia,
show a significant reduction despite lower blood transfusion thresholds, and procedural blood
loss. loss.
Thromboembolism Most selected studies did not detect an increased Small event counts and exclusions limit
event rate. assessment of rare harm and high-risk
populations.
Wound No consistent benefit is established by this focused Studies are commonly underpowered for these
complications and review. endpoints.
mortality
Fracture union One small tibial trial found healing in both groups No established effect on nonunion and no
and shorter mean time with IV TXA. reliable comparison of routes for healing.
Combined Adding local TXA reduced blood loss in one tibial Universal superiority and patient-centered
administration nailing protocol. benefit have not been established.

Interpretive summary of references 1-13. It is not a formal certainty-of-evidence assessment or a prescribing protocol.

ating fracture healing. Administration protocols should be  Submitted: October 10, 2026 EDT. Accepted: October 11, 2026
evaluated in the context of the specific procedure, patient  gpr, pyblished: October 21, 2026 EDT.
population, and outcomes they were designed to improve.
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