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Abstract: Background: Hemoptysis manifests frequently as a symptom
in patients with pulmonary tuberculosis and other chronic lung
diseases. Methods: This was a single-center, parallel-group,
randomized controlled trial conducted between 1st August 2025 till
31st October 2025, among adult patients aged 18 to 80 years with non-
massive hemoptysis. A total of 172 participants were randomized.
They were assigned to receive either nebulized tranexamic acid (n =
86) or intravenous tranexamic acid (n = 86) every 8 hours for 24 hours,
corresponding to three scheduled doses in each group. Results:
Bleeding cessation at 30 minutes was achieved in 73.3% of the
nebulized group and 52.3% of the intravenous group. The odds ratio
was 2.50 (95% CI 1.32-4.72; p = 0.005). At 12 hours, bleeding
cessation occurred in 89.5% and 77.9% of patients, respectively. The
odds ratio was 2.43 (95% CI1 1.03-5.72; p = 0.039). Complete cessation
at 24 hours was observed in 95.3% of the nebulized group and 86.0%
of the intravenous group. Conclusions: Nebulized tranexamic acid
was associated with earlier bleeding cessation in adults with mild-to-
moderate (non-massive) hemoptysis when compared with intravenous
tranexamic acid. Trial Registration: Clinical  Trials.gov
NCT07212452; registered on 7 October 2025

Keywords: Hemoptysis; Tranexamic acid; Nebulization; Intravenous
administration; Randomized controlled trial; non-massive hemoptysis
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INTRODUCTION

Expectoration of blood, or hemoptysis, through the
respiratory tract is also a significant issue in chest
medicine in Pakistan. Pakistan has traditionally been
one of the high-burden nations for pulmonary
tuberculosis (TB), which may lead to destruction of
the lungs and subsequent airway hemorrhage [1].
Research in tertiary care settings in Pakistan has
demonstrated that a significant proportion of patients
with hemoptysis have TB-induced lung damage or
bronchiectasis. In the low-resource environment,
treatment may be restricted in terms of management
tools. Delay in administration can augment the
clinical risk [2].

Infection and chronic airway damage are also often
related to hemoptysis across Asia. According to a
recent series from the Middle East, the majority of
cases were mild. The average age was lower than 40
years, and the most frequent cause was infection [3].
Tuberculosis in Southeast Asia continues to be a
leading cause of hemoptysis even though treatment
has improved [4]. Although non-infectious diseases
like lung cancer and bronchiectasis are on the rise, the
impact of TB on the lung disease burden continues to
be high. This remains the case in most parts of the
region [5].

Worldwide, hemoptysis is regarded as a potentially
lethal symptom of most respiratory conditions [6]. It
is estimated that 5% to 14% of patients who present
with hemoptysis develop life-threatening bleeding.
The mortality rate in this subgroup is about 9% to 38%
[7]. The majority of episodes are mild and self-limited.
More than 90% of episodes are of this kind [8]. In
developed nations, lung cancer and bronchiectasis are
more common causes than tuberculosis. The
fundamental risk of bleeding because of damaged or
swollen airways remains similar [9].

Pathophysiologically, hemoptysis is observed when
airway blood vessels are destroyed and bleeding flows
into the tracheobronchial tree [10]. The bronchial
circulation, which is a high-pressure system, is the
source of bleeding in the majority of cases. Risk
factors often include cavitary lung lesions,
tuberculosis, bronchiectasis, chronic infections,
malignancy, and vascular abnormalities. Hemoptysis
of clinical significance can lead to airway obstruction,
blood aspiration, hypoxia, shock, or death. This can
occur unless the bleeding is managed promptly

However, the focus has been on antifibrinolytic
therapy, especially tranexamic acid (TXA), in the
management of airway bleeding in recent years [11].
A recent pilot randomized controlled trial compared
nebulized TXA with intravenous (IV) TXA in patients
with hemoptysis. It reported higher bleeding cessation

rates after 30 minutes in the nebulized group (72.7%
vs 50.9%) [11]. A systematic review of inhaled TXA
in pulmonary hemorrhage also indicated that
nebulized TXA could decrease the duration of
bleeding and the need for invasive interventions.
However, it underlined that the existing studies are
small and that prospective safety data are scarce [12].

The major aim was to identify the efficacy of
nebulized TXA and IV TXA in achieving bleeding
cessation in patients with mild-to-moderate (non-
massive) hemoptysis. The secondary goals were to
compare the time to achieve bleeding control and the
volume of expectorated blood at specific time
intervals. They also included the need for additional
interventions. It was hypothesized that nebulized
tranexamic acid would perform Dbetter than
intravenous tranexamic acid in this group. This was in
terms of faster and more complete bleeding control.

Methods:

2.1 Trial design and study setting
The research was carried out as a single-center,
parallel-group, randomized controlled trial at the
Department of Thoracic Surgery, Services Hospital,
Lahore, Pakistan. Nebulized tranexamic acid was
compared with intravenous tranexamic acid within a
superiority framework. This was done to investigate
early control of hemoptysis. The study used an
allocation ratio of 1:1. Participant enrollment,
recruitment, and treatment were conducted between
August 1, 2025, and October 31, 2025. A 24-hour
treatment period was recorded for each participant.
Re-bleeding was followed up for 72 hours after the
onset of treatment.

2.2 Trial registration, consent, and ethical approval.
The College of Physicians and Surgeons Pakistan
approved the study synopsis. The Institutional Review
Board of Services Institute of Medical Sciences,
Lahore, Pakistan, granted ethical approval (Reference
No. /IRB/2024/1323/SIMS). The research was
conducted under the Declaration of Helsinki. Each
participant provided written informed consent.

ClinicalTrials.gov was used to register the trial with
the identifier NCT(07212452. Registration was done
on October 7, 2025. Recruitment had already started
on August 1, 2025. This was retrospectively
registered. This is also acknowledged in the
manuscript for transparency.

2.3 Participant eligibility criteria
Adults between 18 and 80 years old who presented
with non-massive hemoptysis were evaluated for
eligibility. For study enrollment, non-massive
hemoptysis was operationally defined as an estimated
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expectorated blood volume of less than 600 mL in the
previous 24 hours. Hemoptysis severity was classified
based on the estimated 24-hour expectorated blood
volume. It was classified as mild (<30 mL), moderate
(30 to 100 mL), severe (100 to 600 mL), and massive
(>600 mL). Patients who had a massive amount of
hemoptysis were not included.

Eligible patients were those who had hemoptysis due
to infective lung disease, pulmonary tuberculosis, or
pneumonia. Any patient with selected malignant lung
pathology was also eligible, provided that he or she
met the study criteria. Patients were excluded if they
were taking antiplatelet medications like aspirin or
clopidogrel. They were also excluded if they had
bronchial asthma or hemoptysis due to penetrating
lung injury. Patients without informed consent were
not enrolled.

2.4 Recruitment, screening, and baseline
assessment.

All potentially eligible patients who presented to the
thoracic surgery service during the study period were
screened sequentially. Eligibility was determined
based on clinical history, estimated bleeding volume,
physical examination, and review by the treating
team. At admission, baseline demographic and
clinical data were recorded. Baseline laboratory
testing comprised hemoglobin level, platelet count,

prothrombin time, international normalized ratio, and
serum creatinine. All laboratory investigations were
done according to the normal hospital practices of the
institutional diagnostic laboratory. Baseline clinical
assessment also included hemoptysis severity
category, estimated bleeding volume within the
preceding 24 hours, probable etiology of hemoptysis,
baseline oxygen requirement, and the presence of
initial hemodynamic instability where clinically
relevant.

2.5 Randomization, allocation concealment, and
participant flow
Randomization was done after informed consent was
obtained and eligibility was confirmed. Before
recruitment commenced, a computer-generated
random allocation sequence was prepared. Allocation
assignments were placed in opaque closed envelopes.
They were opened sequentially after enrollment. A
researcher who did not participate in bedside
management of the participants prepared the random
sequence. Through this, allocation concealment was
preserved up to the time of randomization. The
CONSORT flow diagram of the trial is shown in
Figure 1.

Enrollment ]

Assessed for eligibility (n= 246)

Excluded (n = 74)
+ Not meeting inclusion criteria (n = 37)

Y

+ Declined to participate (n = 19)
+ Other reasons (n = 18)

Randomized (n = 172)

l

—

Allocation

] 1

Allocated to nebulized TXA (n = 86)

+ Received allocated intervention (n = 86)

+ Did not receive allocated intervention
(withdrew consent, lost to follow up) (n = 0)

S
Allocated to Intravenous TXA (n = 86)
+ Received allocated intervention (n= 86)
+ Did not receive allocated intervention (withdrew
consent, lost to follow up) (n = 0)

Analysis ]

Analysed (n = 86)
+ Excluded from analysis due to incomplete
proforma (n = 0)

Analysed (n = 86)
+ Excluded from analysis due to incomplete
proforma (n = 0)

Figure 1: CONSORT 2010 Flow Diagram of the Included Participants in Both Groups
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2.6 Blinding and methods used to reduce bias
Full blinding was not feasible because the two routes
of administration were visibly different. Participants
and treating clinicians were therefore aware of the
assigned route of tranexamic acid administration. To
reduce bias despite this limitation, several safeguards
were used. The same eligibility criteria, supportive
care pathway, dose schedule, observation intervals,
and outcome measurement method were applied in
both groups. Data were recorded prospectively on the
same structured proforma for all participants.

2.7 Interventions and concomitant care
Participants in the experimental group were treated
with 500 mg of nebulized tranexamic acid in 5 mL of
distilled water every 8 hours for 24 hours. Participants
in the comparator group were given intravenous
tranexamic acid 500 mg every 8 hours for 24 hours.
Both regimens were based on three doses scheduled
within the first 24 hours. The selected dose of 500 mg
every 8 hours was chosen according to previously
published randomized and observational studies
evaluating tranexamic acid for hemoptysis [12], as
well as commonly applied clinical dosing practices in
acute airway bleeding management.

Pre-, peri-, and post-administration supportive care
was made as similar as possible across study treatment
groups. Clinical monitoring was provided to all
participants. Oxygen was administered when
necessary. In both groups, management aimed at the
cause of hemoptysis was permitted according to
normal departmental practice. The route of
administration of tranexamic acid was the only
randomized difference between the groups. Any
concomitant therapy considered necessary for the
patient was allowed. It was then documented in the
clinical record regardless of treatment assignment.

2.8 Measurement of bleeding volume and outcome
assessment schedule

All subjects were asked to expectorate blood-streaked
sputum into a clear bedside collection vessel
throughout the observation period. Cumulative
bloody expectorate volume was measured in
milliliters from the time of treatment initiation up to
each prespecified assessment point at 30 minutes, 6
hours, 12 hours, and 24 hours. Therefore, the recorded
bleeding volumes at each assessment point
represented cumulative rather than interval-specific
bloody expectorate volumes.

The  principal  investigator  recorded  the
measurements, which were cross-checked with the
study supervisor to enhance uniformity. The
measured volume did not represent chemically
isolated blood but rather bloody expectorate, because
formal bedside separation of pure blood and sputum
was not possible. This limitation was accepted,
although the same standardized method of assessment
was applied to both groups. Outcome measures were
therefore conducted in a quantifiable and repeatable
form within the pragmatic limits of the clinical
environment.

The treatment and assessment schedule of the
randomized controlled trial is presented in Figure 2.
Following enrollment and baseline assessment,
participants were assigned to nebulized or intravenous
tranexamic acid every 8 hours for 24 hours according
to group allocation. Prespecified assessments were
done at 30 minutes, 6 hours, 12 hours, and 24 hours.
Re-bleeding was assessed at 72 hours. Adverse events
during treatment administration and each
corresponding scheduled clinical assessment were
also actively observed. This is reflected in the figure.
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Enrollment and baseline assessment

Adults with non-massive hemoptysis were screened, consented, and
randomized. Baseline clinical review, laboratory testing, and etiologic
assessment were completed before treatment initiation.

-

Assigned treatment over 24 hours

Nebulized TXA arm 500 mg in 5
mlL distilled water
Administered every 8 hours for
24 hours Doses at0h, 8 h,
and 16 h

Intravenous TXA arm 500 mg IV
Administered every 8 hours for
24 hours Doses at O h, 8 h,
and 16 h

Prespecified outcome assessment points

r N 7 ™
30 . Primary endpoint: bleeding cessation and bleeding volume
minutes recording
. A \ Py
-
6 hours Bleeding volume recorded
\. ~ \, S
' ™ ™
12 hours Bleeding cessation assessed and bleeding volume recorded
. S/ . /s
' N ™
24 h Complete cessation assessed, bleeding volume recorded,
ours and rescue intervention checked
A - L vy
r N ™\
72 hours Re-bleeding follow-up assessment
A y . vy

Safety monitoring and supportive care

Adverse events were actively monitored during treatment administration and
at each scheduled clinical assessment. Standard supportive care was
provided in both groups throughout the study period.

Figure 2: Treatment and assessment schedule showing three planned doses of tranexamic acid administered
every 8 hours over 24 hours with predefined outcome assessment time points

2.9 Safety monitoring and adverse event reporting

Safety monitoring was conducted during both dose
administration and each scheduled clinical
assessment. An adverse event that occurred was
documented. It was defined as any new symptom or
sign that emerged temporally in relation to the study
treatment and was recorded on the study proforma by
the treating team or the principal investigator. Special
consideration was given to respiratory intolerance
during or after administration. This included cough

and bronchospasm.

To ensure consistency in reporting, a minor adverse
event was operationalized as a temporary symptom or
sign. It was not associated with the need to stop
treatment, proceed immediately with more intensive
care, or take significant therapeutic action. A major
adverse event was defined as an event with a clinically
significant adverse outcome. It included study
treatment discontinuation, immediate intervention,
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transfer to advanced care, thromboembolic event, or
death. Adverse events were followed during the 24-
hour treatment period. They were also followed
during the short follow-up period in which re-bleeding
was observed within 72 hours.

2.11 Sample size determination and data
management

The WHO sample size calculator was used to
compare two proportions in a randomized trial. An
alpha value of 0.05 was applied on both sides, with a
power of 80% and a ratio of 1:1. A previous
randomized controlled trial by Gopinath et al. was the
source of the proportions for the key endpoint of
bleeding cessation at 30 minutes. It reported cessation
in 72.72% of patients on nebulized tranexamic acid
compared with 50.91% on intravenous tranexamic
acid. After adding a 10% allowance for dropout, the
final required sample size was 172 participants. This
included 86 participants in each group.

2.12 Statistical analysis
The results were coded and processed using IBM
SPSS version 26 (IBM Corp., Armonk, NY, USA).

RESULTS:

3.2 Demographic and admission baseline
characteristics.

Table I provides an overview of baseline demographic
and admission-related characteristics. The mean age
of the study population was in the late forties. Males
were more prevalent than females. The distributions
of age, sex, and mode of admission were the same in
the two randomized groups. There was no significant
difference in baseline demographic or admission
characteristics between the nebulized tranexamic acid
group and the intravenous tranexamic acid group.

3.3 Baseline laboratory profile
Table I presents baseline laboratory variables
measured at enrollment, showing that hemoglobin
and platelet count were similar in the two groups.
Overall, the initial laboratory profile did not show a
significant difference between the randomized groups.

3.4 Primary outcome: bleeding cessation at 30
minutes

The primary outcome was bleeding cessation 30
minutes after commencing treatment. Bleeding
cessation at 30 minutes occurred in 63 of 86 patients
(73.3%) in the nebulized tranexamic acid group and in
45 of 86 patients (52.3%) in the intravenous
tranexamic acid group (OR 2.50, 95% CI 1.32-4.72; p
= 0.005). The complete group-wise outcomes, effect
size, and confidence interval are available in Table 3.

3.5 Secondary bleeding control at 12 and 24 hours.
At 12 hours, bleeding cessation was observed in 77 of
86 patients (89.5%) in the nebulized tranexamic acid

Normality of the continuous variables was assessed
using the Shapiro-Wilk test. Age, hemoglobin level,
and platelet count demonstrated approximately
normal distribution and were analyzed using
parametric methods. Variables that did not satisfy
normality assumptions, including selected bleeding-
volume measurements and other skewed continuous
variables, were analyzed using non-parametric
methods.

Bleeding cessation at 30 minutes was the primary
endpoint. The chi-square test was applied, or Fisher
exact test when cell-count assumptions were not met.
Group event counts and % were presented for both
treatment arms. The relative measure of effect was
given as the odds ratio with a 95% confidence interval.
The absolute measure of effect was given as the
absolute risk difference between groups. A p-value
lower than 0.05 was considered statistically
significant.

group and in 67 of 86 patients (77.9%) in the
intravenous tranexamic acid group (OR 2.43, 95% CI
1.03-5.72; p = 0.039). At 24 hours, complete bleeding
cessation occurred in 82 of 86 patients (95.3%) in the
nebulized group and in 74 of 86 patients (86.0%) in
the intravenous group (OR 3.32, 95% CI 1.03-10.76;
p = 0.036). Detailed group-wise estimates and
measures of precision are shown in Table 3.

3.6 Post-treatment bleeding volume
The calibrated bedside collection container was used
to record post-treatment bleeding volume at
predetermined assessment points. Lower post-
treatment bleeding volumes were recorded in the
nebulized tranexamic acid group during the early
post-treatment observation period compared with the
intravenous tranexamic acid group. This difference
was statistically significant. Bleeding volume was
measured at 30 minutes, 6 hours, 12 hours, and 24
hours according to the study time schedule.

3.7 Re-bleeding up to 72 hours and rescue
intervention.

Re-bleeding within 72 hours occurred in 5 of 86
patients (5.8%) in the nebulized tranexamic acid
group and in 11 of 86 patients (12.8%) in the
intravenous tranexamic acid group (OR 0.42, 95% CI
0.14-1.27; p = 0.115). Rescue intervention for
bleeding control was required in 6 of 86 patients
(7.0%) in the nebulized group and in 12 of 86 patients
(14.0%) in the intravenous group (OR 0.46, 95% CI
0.17-1.30; p = 0.135). However, no statistical
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significance was found in either of these between-
group differences. Table 4 gives the full group-wise
data, the effect estimates, and the confidence intervals.
3.8 Adverse events and safety outcomes
During the observation period, documented adverse
events were noted in both study groups. Documented
adverse events occurred in 14 of 86 patients (16.3%) in

group (OR 0.69, 95% CI 0.32-1.48; p = 0.333). The
reported minor adverse events were cough and mild
bronchospasm. Distinct event-specific frequencies for
these minor adverse events were not maintained in the
summarized data. Therefore, only the overall adverse-
event rate was provided quantitatively. No significant
adverse event was recorded during the study period.

the nebulized tranexamic acid group and in 19 of 86
patients (22.1%) in the intravenous tranexamic acid

Table 1. Baseline demographic, clinical severity, etiologic, admission-related, and laboratory characteristics of
adults with non-massive hemoptysis randomized to nebulized versus intravenous tranexamic acid

Characteristic Nebulized TXA (n =86) | IVTXA (n = 86) | Total (n =172)
Demographic characteristics

Age, years 46.8 + 14.2 479+ 149 47.3 £ 14.6
Male sex 52 (60.5) 50 (58.1) 102 (59.3)
Female sex 34 (39.5) 36 (41.9) 70 (40.7)
Admission characteristics

Emergency admission 55(63.9) 53 (61.6) 108 (62.8)
Non-emergency admission 31(36.1) 33(38.4) 64 (37.2)
Baseline oxygen requirement 21(24.49) 24 (27.9) 45 (26.2)
Initial hemodynamic instability 7(8.1) 9 (10.5) 16 (9.3)
Baseline hemoptysis severity

Mild (<30 mL/24 h) 28 (32.6) 26 (30.2) 54 (31.4)
Moderate (30-100 mL/24 h) 39 (45.3) 41 (47.7) 80 (46.5)
Severe non-massive (100600 mL/24 h) | 19 (22.1) 19 (22.1) 38 (22.1)
Estimated baseline bleeding volume, mL | 84.5 + 46.2 87.1 +494 85.8 +47.8
Etiology of hemoptysis

Pulmonary tuberculosis/post-TB disease | 38 (44.2) 36 (41.9) 74 (43.0)
Bronchiectasis 19 (22.1) 21 (24.4) 40 (23.3)
Pneumonia/infective lung disease 17 (19.8) 16 (18.6) 33(19.2)
Malignancy-related hemoptysis 12 (14.0) 13 (15.1) 25 (14.5)
Baseline laboratory characteristics

Hemoglobin, g/dL 11.6 £ 1.8 11419 11.5+1.8
Platelet count, X10%/uL 237+ 64 229 + 68 233 + 66

Table 2. Comparison of categorical baseline variables, bleeding-control outcomes, adverse events, and rescue
interventions between nebulized and intravenous tranexamic acid groups

Variable Neb n (%) IV n (%) x? p-value OR (95% CI)
Gender (Male) 52 (60.5) 50 (58.1) 0.096 0.756 1.11 (0.61-2.03)
Mode of admission | 55(63.9) 53 (61.6) 0.100 0.752 1.10 (0.61-1.98)
(Emergency)

Cessation at 30 min 63 (73.3) 45 (52.3) 8.063 0.005 2.50(1.32-4.72)
Cessation at 12 h 77 (89.5) 67 (77.9) 4.266 0.039 2.43(1.03-5.72)
Cessation at 24 h 82 (95.3) 74 (86.0) 4.410 0.036 3.32(1.03-10.76)
Re-bleeding within 72 h 5(5.8) 11(12.8) 2.481 0.115 0.42 (0.14-1.27)
Adverse effects (any) 14 (16.3) 19 (22.1) 0.937 0.333 0.69 (0.32-1.48)
Additional intervention 6(7.0) 12 (14.0) 2.234 0.135 0.46 (0.17-1.30)

Pearson’s chi-square; Effect size provided as odds ratio. Data shown as n (%); p-values from Pearson’s chi-square;
significance: p < 0.05, p < 0.001.

The information on the main efficacy results is provided in tabular form in Table 3 within the CONSORT framework.
Both binary endpoints for nebulized and intravenous tranexamic acid are presented as the number of events and %.
Absolute and relative measures of effect are given to enhance clinical interpretation. Risk differences indicate the
absolute differences between groups, and odds ratios with 95% confidence intervals reflect the relative effect. In this
presentation, it is easier to evaluate statistical significance, as well as the magnitude and precision of the treatment
effect.
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Table 3. Primary and early secondary bleeding-control efficacy outcomes following nebulized versus intravenous
tranexamic acid administration in adults with non-massive hemoptysis

Outcome Nebulized TXA | IV TXA n/N | Absolute risk | OR (95% CI) | p-

n/N (%) (%) difference, % value
Bleeding cessation at | 63/86 (73.3) 45/86 (52.3) | +21.0 2.50 (1.32- | 0.005
30 min 4.72)
Bleeding cessation at | 77/86 (89.5) 67/86(77.9) | +11.6 2.43 (1.03- | 0.039
12h 5.72)
Bleeding cessation at | 82/86 (95.3) 74/86 (86.0) | +9.3 3.32  (1.03- | 0.036
24h 10.76)

TXA = tranexamic acid; IV = intravenous; OR = odds vratio; CI = confidence interval.

Table 4. Secondary clinical outcomes, re-bleeding events, adverse events, and rescue intervention requirements
following nebulized versus intravenous tranexamic acid treatment

Outcome Nebulized TXA | IV  TXA | Absolute risk | OR (95% | p-
n/N (%) n/N (%) difference, % CI) value
Re-bleeding within 72 hours 5/86 (5.8) 11/86 =7.0 0.42 0.115
(12.8) (0.14-
1.27)
Patients with at least one | 14/86 (16.3) 19/86 -5.8 0.69 0.333
documented adverse event (22.1) (0.32-
1.48)
Patients requiring rescue | 6/86 (7.0) 12/86 =7.0 0.46 0.135
intervention for bleeding control (14.0) 0.17-
1.30)
—e— Nebulized TXA
—-— |VTXA
50
=
E
)
e 40¢
=
o
>
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< 30¢
[}
g
m
c
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Figure 3: Line graph showing mean cumulative bloody expectorate volume measured at prespecified assessment
points following nebulized and intravenous tranexamic acid administration
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Figure 4: Box plots illustrating the distribution of cumulative bloody expectorate volumes, documented adverse
events, and rescue intervention requirements in the nebulized and intravenous tranexamic acid groups

DISCUSSION

The present randomized controlled trial demonstrated
that nebulized tranexamic acid achieved significantly
faster early bleeding control than intravenous
tranexamic acid in adults with non-massive
hemoptysis. Patients treated with nebulized
tranexamic acid showed higher rates of bleeding
cessation at 30 minutes, 12 hours, and 24 hours after
treatment initiation. The absolute treatment effect was
greatest at the earliest assessment point, where the
nebulized group demonstrated a 21% higher bleeding
cessation rate than the intravenous group. In addition,
lower post-treatment bleeding volumes were observed
in the nebulized group throughout the early
observation period, suggesting a more rapid local
hemostatic response.

4.2 Comparison with regional and international
literature

The current results are consistent with the available
regional data. Similar findings have been reported in
South Africa, where inhaled tranexamic acid has been
associated with a quicker hemostatic response in
individuals with non-massive hemoptysis [14].
Gopinath and colleagues observed that bleeding
cessation was greater at 30 minutes with nebulized
tranexamic acid than with intravenous
administration. Other regional reports have also

suggested that the inhaled route may enable quicker
local control of airway bleeding. The direction and
strength of the effect observed in the current study
were therefore broadly in line with previous South
Asian experience [14].

The clinical utility of nebulized tranexamic acid has
also been supported by international studies [15].
Wand and co-authors reported a lower volume of
expectorated blood with inhaled therapy, and
previous studies demonstrated that inhaled therapy
caused earlier bleeding control than placebo or
supportive care alone. Published reports have also
indicated that local tranexamic acid may reduce the
need for invasive procedures in a small proportion of
the patient population. However, stronger evidence
from larger studies is still needed [15]. Taken together,
these findings suggest that nebulized tranexamic acid
is a viable short-term local agent in the management
of non-massive hemoptysis.

Variations among studies may be related to
differences in patient populations, causes of
hemoptysis, hospital resources, and study size [16,17].
In Pakistan and other South Asian settings,
pulmonary tuberculosis and post-infectious airway
disease remain frequent causes of hemoptysis. In
contrast, malignancy is a more important contributor
in many high-income settings. Such variations in
etiology could affect the clinical nature of bleeding
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and the apparent effect of topical treatment [18].

4.3 Biological plausibility and interpretation of
outcome pattern
The early advantage of nebulized tranexamic acid is
biologically plausible [19]. Tranexamic acid works by
blocking fibrinolysis  through inhibition of
plasminogen activation. Direct access to the
tracheobronchial mucosa and bleeding surface can be
achieved when the drug is administered by
nebulization. This local exposure can enable quicker
stabilization of clot at the bleeding site. This could
enhance prompt hemostatic control [20].

Conversely, intravenous tranexamic acid is
distributed throughout the body and subsequently
reaches the airway mucosa. This wider distribution
may partially dilute the concentration available at the
bleeding site during the initial stages of therapy,
although the drug remains pharmacologically active
[21,22]. This route-specific difference in delivery
could explain the better early bleeding cessation and
lower early bleeding volume in the nebulized group in
the current research.

4.4 Safety and clinical relevance
There was no significant difference in the overall rate
of reported adverse events between the two treatment
groups. The recorded minor adverse events included
cough and mild bronchospasm. No major adverse
event was reported during the observation period.
However, separate event-specific frequencies for
individual minor adverse events were not maintained.
Therefore, only the overall adverse-event rate could be
quantitatively compared between the two groups.
This is now acknowledged in the limitations section
as well. These findings are generally consistent with
previous reports suggesting that nebulized tranexamic
acid may have an acceptable short-term safety profile.
However, the present trial was not specifically
powered for definitive comparative safety assessment.
[23].

4.5 Strengths, limitations, and implications for
future research
The study has some strengths that should be noted. It
was a randomized controlled study with equal
allocation, and all patients enrolled in the study were
able to complete it. The two groups were cared for and
treated in the same hospital environment. They were
also given the same general supportive measures. The
sole randomized difference was the route of
administration of tranexamic acid. Both groups
received the same dosing frequency and treatment
duration, which helped reduce treatment-related
variability apart from the route of administration.
Bleeding was measured at predetermined clinical time
points by the same bedside collection method in both
groups. These characteristics enhanced internal

consistency and helped compare the two treatment
approaches. Baseline severity of hemoptysis,
estimated bleeding burden, and major etiologic
categories were also comparatively balanced between
the groups, which strengthened the validity of the
randomized comparison.

Significant limitations should also be noted. The
research was carried out in a single center, which can
restrict generalization. Only adults with non-massive
hemoptysis were selected. Therefore, the results
cannot be generalized to pediatric patients or to
massive hemoptysis. Bedside volume was measured
from collected bloody expectorate. Separation of
blood and sputum in the early phase was not possible.
Therefore, some measurement error might have
existed despite use of the same technique in the two
groups. Blinding of subjects and clinicians could not
be fully achieved because the administration routes
were different. This might have created some
performance or observer bias. Furthermore, the trial
was  registered retrospectively  rather than
prospectively, although ethical approval, predefined
study procedures, informed consent, and prospective
participant enrollment had already been implemented
before recruitment began.

Despite these limitations, the results were consistent
with the existing regional and international literature
and were biologically relevant. The research
contributes valuable data from a Pakistani tertiary
care environment and supports the use of nebulized
tranexamic acid as an effective first-line local therapy
for managing non-massive hemoptysis. Future
multicenter randomized trials with longer follow-up,
improved harms reporting, and more detailed
measurement of recurrence and intervention events
may be required. These studies could clarify whether
the early hemostatic benefit of nebulized tranexamic
acid also results in wider long-term clinical benefit.

CONCLUSION

Nebulized tranexamic acid was associated with earlier
bleeding cessation and lower early post-treatment
bleeding volume than intravenous tranexamic acid in
adults with  mild-to-moderate  (non-massive)
hemoptysis. Short-term tolerability appeared similar
between groups. No major short-term safety signal
was identified in either group based on the available
overall adverse-event data, although comparative
safety conclusions remain limited by the absence of
detailed event-specific adverse-event reporting. The
observed benefit was most evident during the early
treatment period. However, no statistically significant
differences were observed in re-bleeding within 72
hours or rescue intervention requirements between the
groups. These findings suggest that nebulized
tranexamic acid may serve as a useful bedside option
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for early bleeding control in non-massive hemoptysis,
particularly in resource-limited clinical settings.
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