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Objective: To investigate the association between the use of limaprost and the risk of bleeding.
Methods: A self-controlled case series analysis was conducted using the National Health In-
surance Service-National Sample Cohort database in South Korea. We identified patients 
aged 18 years or older who had at least one prescription of limaprost and were diagnosed 
with at least one case of bleeding between 2003 and 2019. The incidence rate ratio (IRR) of 
bleeding was calculated by dividing the incidence rate in the exposed period to limaprost by 
that in the unexposed period and adjusted for age using conditional Poisson regression model.
Results: Among 72,860 patients with limaprost prescriptions and bleeding diagnoses, there 
were 184,732 events of bleeding. After adjusting for age, the IRR was 1.47 (95% confidence 
interval [CI], 1.43–1.50), wherein the IRR was the highest during the 0–7 days after limaprost 
initiation (IRR, 2.11; 95% CI, 2.03–2.18). Risk of bleeding was higher when limaprost was 
concomitantly used with antithrombotics or other drugs for spinal stenosis treatment, and 
when higher daily doses of limaprost were administered.
Conclusion: Our findings suggest that the risk of bleeding increased by 1.5-fold in periods 
of limaprost exposure compared to unexposed periods, with particularly higher risks ob-
served during the first week after limaprost initiation, with concomitant drugs related to 
bleeding, and with a higher daily dose. A careful risk-benefit assessment is warranted when 
initiating limaprost, especially when administered with other medications or in higher daily 
doses.
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INTRODUCTION

Limaprost, a prostaglandin E1 analog, was approved in Japan 
for the treatment of symptoms associated with thromboangiitis 
obliterans (TAO, Buerger’s disease) and lumbar spinal stenosis 
(LSS),1 and is currently available for use in Korea, Japan, and 
Thailand.

TAO is an occlusive disease of small- and medium-sized, dis-
tal vessels of the extremities, and causes ischemic symptoms 
such as ulcers, pain, and the sensation of coldness of the hands 
and feet. Smoking cessation is the most important treatment 
for TAO, but prostaglandin E1 (e.g., limaprost) improve micro-
circulation for TAO patients with critical ischemia.2 LSS is a de-

generative disease of the narrowing of the spinal canal results in 
the compression of the lumbosacral nerve roots or cauda equi-
na, and causes leg pain, leg numbness, and/or low back pain.3-5 
Although surgical therapy is commonly needed for severe LSS, 
the following pharmacologic therapies are prescribed to patients 
with mild to moderate LSS or contraindicated surgical thera-
py6,7: nonsteroidal anti-inflammatory drugs (NSAIDs),8 corti-
costeroids,9 analgesics, muscle relaxants, neuropathic drugs,10,11 
and prostaglandins (e.g., limaprost).8,11,12 In particular, limaprost 
alleviates subjective symptoms of LSS by improving blood flow 
to the limbs and enhances the supply of nutrients to the cauda 
equina. Although limaprost improves symptoms associated with 
TAO and LSS through vasodilation, it also has the potential to 
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cause bleeding and may act as a risk factor for bleeding during 
spinal surgery due to its antiplatelet action.13-16 Additionally, pa-
tients exposed to this drug are mostly older adults, who have a 
higher probability of comorbidities or use comedications that 
elevate their risk of hemorrhage.17

Premarket clinical trials of limaprost conducted in Japan had 
previously reported several hemorrhagic events of colostomy 
bleeding and hemoptysis,18 and similar adverse events of epi-
staxis, hematuria, subcutaneous hemorrhage, hemorrhagic du-
odenal ulcer, subarachnoid hemorrhage, and cerebral hemor-
rhage in postmarket surveillance (PMS) studies.19 However, the 
number of participants included in these studies was very small, 
hindering the determination of any causal relations between li-
maprost exposure and the risk of bleeding. Moreover, in PMS 
studies, a case of epistaxis occurred in one individual who re-
ceived antiplatelets together, and another case of epistaxis and 
subconjunctival hemorrhage was reported after the combined 
use of limaprost and paroxetine20; However, it remains unclear 
as to how much of the bleeding risk was increased when limaprost 
was used together with other drugs compared with the use of 
limaprost alone. Considering the lack of available literature on 
the potential association between limaprost and the risk of bleed-
ing, we aimed to examine this association using a self-controlled 
case series (SCCS) design, which controls for time-invariant po-
tential confounders.

MATERIALS AND METHODS

1. Database
We used South Korea’s National Health Insurance Service-

National Sample Cohort (NHIS-NSC) database.21 This database 
contains anonymized information on sociodemographics, di-
agnoses, and prescribed drugs of inpatients and outpatients for 

over one million individuals from 2002 to 2019. The NHIS-NSC 
database is also linked to the vital statistics of the Korean Statis-
tical Office, enabling the identification of the date and cause of 
deaths.

2. Ethical Approval
The study was approved by the Institutional Review Board 

(IRB) of Sungkyunkwan University (SKKU 2021-11-003), and 
the requirement of obtaining informed consent from the study 
population was waived by the IRB.

3. Study Design
We used a SCCS design to investigate the risk of bleeding as-

sociated with limaprost use. In this design, the incidence rate of 
bleeding events during periods of limaprost exposure is com-
pared with that during periods of limaprost nonexposure. Con-
sidering that individuals act as their own control (hence, are 
self-controlled), this design can minimize the effects of any un-
measured time-invariant variables (e.g., sex or genetic factors) 
(Fig. 1).22

4. Participants
We initially identified a base cohort of adults aged 18 years or 

older in 2002. Subsequently, from the base cohort, we selected a 
study cohort of individuals who had at least one prescription of 
limaprost and were also diagnosed with a bleeding event at least 
once during the study period from January 1, 2003 to Decem-
ber 31, 2019 (Fig. 2). Among these patients, those prescribed li-
maprost or diagnosed with a hemorrhagic event in 2002 were 
excluded from the study cohort to restrict the subjects to new 
users of limaprost experiencing incident bleeding. The observa-
tion period ended on the date of death or end of the study peri-
od (December 31, 2019), whichever occurred earlier.

Fig. 1. Scheme of the self-controlled case series design in limaprost users with bleeding events.
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5. Exposure
In South Korea, only a single formulation and dosage for li-

maprost exist (5-μg tablet). Consecutive prescriptions of limaprost 
were considered single, continued prescriptions by summing 
up the day’s supply of each prescription. The end date of limaprost 
prescription was calculated by adding the day’s supply to the start 
date of prescription. The daily dose of limaprost was calculated 
as the frequency of doses multiplied by 1 dose (daily dose= 1 
dose× frequency of doses); if the daily dose was missing, it was 
calculated using the total amount, unit price, and duration of 
administration (total amount=unit price×daily dose×duration). 
Despite such efforts, we excluded all prescriptions of limaprost 
that did not include the daily dose or duration information from 
the study.

Risk periods, or periods of exposure to limaprost, were clas-
sified by considering its administration duration and time for 
maximal concentrations (Tmax). Accordingly, the risk (exposed) 
periods were divided into 5 categories as follows: 0–7, 8–14, 15–
30, 31–90, and more than 90 days. The remaining time consid-
ered as the unexposed period.

6. Outcomes
The main outcome of interest included all types of bleeding, 

except traumatic or secondary bleeding, with a clear cause. Bleed-
ing was divided into 6 subgroups according to their site of oc-
currence (intracranial, gastrointestinal, ocular, genitourinary, 
otolaryngeal, and other sites): intracranial bleeding (International 
Classification of Diseases, 10th revision, codes I60-I62), gastro-
intestinal bleeding (codes K22.6, K25.0, K25.2, K25.4, K25.6, 
K26.0, K26.2, K26.4, K26.6, K27.0, K27.2, K27.4, K27.6, K28.0, 

K28.2, K28.4, K28.6, K29.0, K62.5, K66.1, K76.2, and K92.0-K92.2), 
ocular bleeding (codes H11.3, H31.3, H35.6, H43.1, and H45.0), 
genitourinary bleeding (codes N02, N42.1, N92.0, N92.1, N92.3, 
N92.4, N93.8, N93.9, N95.0, and R31), otolaryngeal bleeding 
(codes H92.2 and R04), and bleeding at other sites (codes D69.9, 
I31.2, I85.0, J94.2, M25.0, and R58). Multiple bleeding events 
were considered separate events if they occurred at different sites 
or occurred at the same site more than 3 months after a preced-
ing bleeding event.

7. Potential Confounders
With the SCCS design inherently controlling for unmeasured, 

time-invariant and between-individual confounding factors, we 
only considered potential time-varying confounders of age, con-
comitant drug use (anticoagulants, antiplatelets, thrombolytics, 
NSAIDs, glucocorticoids, analgesics, gabapentinoids, and mus-
cle relaxants), and daily dose of limaprost. In particular, antico-
agulants, antiplatelets, and thrombolytics are drugs with a high 
bleeding potential and the remaining drugs are commonly used 
in combination with limaprost for patients with spinal stenosis. 
We selected formulations of concomitant drugs as oral, injection, 
and patch formulations that exhibit systemic action.

8. Statistical Analysis
We used conditional Poisson regression models to estimate 

unadjusted (crude) incidence rate ratios (IRRs) with a 95% con-
fidence interval (CI), as well as IRRs that were adjusted for age 
(adjusted IRRs [aIRRs]), to compare the incidence rate of bleed-
ing during the exposed period with that during the unexposed 
period. We used SAS Enterprise Guide 8.3 in Korean (SAS In-

Fig. 2. Selection of the study participants. NHIS-NSC, National Health Insurance Service-National Sample Cohort.

72,860 New limaprost users who had incident bleeding events 

1,137,861 NHIS-NSC database, 2002–2019 

739,078 Patients aged ≥ 18 years

128,712 Limaprost users 

128,322 New limaprost users with no history of 
prescription in 2002 

316,229 Patients who had incident bleeding 
events with no history in 2002 

333,641 Patients who had bleeding events 
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stitute Inc., Cary, NC, USA) for data management and statisti-
cal analysis.

Various subgroup analyses were conducted for sex, presence 
of spinal stenosis, bleeding sites, concomitant drugs, and the 
daily dose of limaprost. For the analysis of concomitant drugs, 
we compared the incidence rates of bleeding between 3 differ-
ent periods: periods without exposure to limaprost, periods with 
exposure to limaprost alone, and periods with exposure to both 
limaprost and concomitant drugs of interest (e.g., antithrom-
botics). The recommended daily doses of limaprost are 15 μg 
for LSS treatment, and 30 μg for TAO treatment.23 Therefore, 
the analysis of the daily dose of limaprost was classified into low 
dose (daily dose ≤ 15 μg), medium dose (15 μg < daily dose 
≤ 30 μg), and high dose (daily dose > 30 μg).

We also conducted multiple sensitivity analyses to determine 
the robustness of our main findings. First, to exclude the poten-
tial effect of the first bleeding event on subsequent bleeding events, 
we considered only the first bleeding event as the outcome.24 
Additionally, we altered the outcome definition by considering 
bleeding events that occurred at the same site more than one 
year after a preceding bleeding event as a new event. Second, 
we excluded all individuals who died during the study period 
(including those who died within 60 days of the first bleeding 
event), as the observation period for these individuals may be 
shortened, which could then lead to bias by violating an assump-
tion of the SCCS design.24 Third, we excluded patients with can-
cer records because cancer may affect the hemostatic system.25 
Fourth, in order to account for the patients’ compliance to their 
prescribed medication, we introduced 3 consecutive washout 
periods (1–7, 8–14, and 15–30 days) to the end of the last risk 
period. We also introduced 3 consecutive pre-exposure periods 
(1–7, 8–14, and 15–30 days) preceding the risk period to elimi-
nate any bias arising from event-dependent exposure.24 If a wash-
out period and a pre-exposure period overlapped, the latter was 
included as part of washout period. Fifth, we analyzed a poten-
tially vague time relationship by separating the bleeding events 
that occurred on the same date as that of prescription for limaprost. 
Last, we set a 7-day grace period between prescriptions to en-
sure medication compliance.

RESULTS

Among the 739,078 adults aged 18 years or older, 72,860 pa-
tients were prescribed limaprost and had at least one record of 
bleeding (Fig. 2). The number of deaths during the study peri-
od was 8,322 (11.42%). There were 70,791 (97.16%), 65,040 

(89.27%), and 19,130 (26.26%) patients with spinal canal steno-
sis, dyslipidemia, and cancer, respectively. The most commonly 
used drug with limaprost was NSAIDs (92.83%), followed by 
analgesics (69.90%) and muscle relaxants (68.02%). The medi-

Table 1. Characteristics of patients with bleeding events

Characteristic Value

No. of patients 72,860

Male sex 29,637 (40.68)

No. of deaths during the study period 8,322 (11.42)

No. of patients with comorbidity†

   Spinal canal stenosis 70,791 (97.16)

   Hypertension 54,144 (74.31)

   Diabetes mellitus 51,181 (70.25)

   Dyslipidemia 65,040 (89.27)

   Cerebrovascular disease 31,149 (42.75)

   Peripheral vascular disease 61,067 (83.81)

   Cancer 19,130 (26.26)

No. of patients with comedication‡

   Anticoagulants 5,121 (7.03)

   Antiplatelets 24,407 (33.50)

   Thrombolytics 69 (0.09)

   NSAIDs 67,636 (92.83)

   Steroids 40,556 (55.66)

   Analgesics 50,931 (69.90)

   Gabapentinoids 19,227 (26.39)

   Muscle relaxants 49,557 (68.02)

Age (yr)

   Study entry date 54 (45–63)

   First exposure 64 (55–72)

   First outcome 61 (52–70)

Duration of total exposure (day) 34 (12–117)

Duration of follow-up (yr) 16.53 ± 1.63

No. of bleeding events 184,732

   Intracranial bleeding 7,913 (4.28)

   Gastrointestinal bleeding 63,542 (34.40)

   Ocular bleeding 46,144 (24.98)

   Genitourinary bleeding 37,283 (20.18)

   Otolaryngeal bleeding 22,609 (12.24)

   Other sites bleeding 7,241 (3.92)

Values are presented as number (%), median (interquartile range), or 
mean ± standard deviation.
NSAID, nonsteroidal anti-inflammatory drug.
†Defined as at least one diagnosis during the study period (January 1, 
2003 to December 31, 2019). ‡Defined as at least one concomitant 
prescription with limaprost during the same period.
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Table 2. Risk of bleeding in limaprost users

Variable No. of events Person-years
IRR (95% CI)

Unadjusted Age-adjusted

Unexposed 177,436 1,176,041 1 (reference) 1 (reference)

Exposed (day) 7,296 28,557.81 1.69 (1.65–1.73) 1.47 (1.43–1.50)

   0–7 2,933 8,172.22 2.38 (2.29–2.47) 2.11 (2.03–2.18)

   8–14 877 4,367.46 1.33 (1.25–1.42) 1.17 (1.09–1.25)

   15–30 1,212 6,113.32 1.31 (1.24–1.39) 1.14 (1.08–1.21)

   31–90 1,414 6,621.73 1.42 (1.34–1.49) 1.20 (1.14–1.27)

   ≥ 91 860 3,283.08 1.74 (1.62–1.86) 1.44 (1.35–1.54)

Male

   Unexposed 74,452 473,607.80 1 (reference) 1 (reference)

   Exposed 3,265 11,353.10 1.83 (1.77–1.89) 1.52 (1.47–1.58)

Female

   Unexposed 102,984 702,433.30 1 (reference) 1 (reference)

   Exposed 4,031 17,204.71 1.60 (1.55–1.65) 1.42 (1.37–1.46)

Spinal stenosis† (yes)

   Unexposed 172,887 1,142,653 1 (reference) 1 (reference)

   Exposed 7,244 28,381.58 1.69 (1.65–1.73) 1.46 (1.43–1.50)

Spinal stenosis† (no)

   Unexposed 4,549 33,387.93 1 (reference) 1 (reference)

   Exposed 52 176.23 2.17 (1.65–2.85) 1.91 (1.46–2.52)

Intracranial

   Unexposed 7,449 53,275.97 1 (reference) 1 (reference)

   Exposed 464 1,807.30 1.84 (1.67–2.02) 1.78 (1.62–1.95)

Gastrointestinal

   Unexposed 61,046 578,273.80 1 (reference) 1 (reference)

   Exposed 2,496 14,612.74 1.62 (1.55–1.68) 1.49 (1.43–1.55)

Ocular

   Unexposed 44,731 421,574.30 1 (reference) 1 (reference)

   Exposed 1,413 10,438.61 1.28 (1.21–1.35) 1.14 (1.08–1.20)

Genitourinary

   Unexposed 35,412 354,291.60 1 (reference) 1 (reference)

   Exposed 1,871 8,948.13 2.09 (2.00–2.19) 1.68 (1.60–1.76)

Otolaryngeal

   Unexposed 21,915 237,396 1 (reference) 1 (reference)

   Exposed 694 5,982.02 1.26 (1.17–1.36) 1.15 (1.07–1.25)

Other sites

   Unexposed 6,883 95,682.21 1 (reference) 1 (reference)

   Exposed 358 2,585.39 1.92 (1.73–2.14) 1.73 (1.56–1.93)

IRR, incidence rate ratio; CI, confidence interval.
†Defined as at least one diagnosis during the study period (January 1, 2003 to December 31, 2019).
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an age at the time of first limaprost exposure was 64 years, which 
was older than that at the time of first bleeding (61 years). Dur-
ing a mean follow-up duration of 16.53 years, the median total 

duration of limaprost exposure was 34 days. In total, 184,732 
events of bleeding occurred during the study period, of which, 
gastrointestinal bleeding was the most common, with 63,542 

Table 3. Subgroup analyses for the risk of bleeding based on concomitant drug use and daily doses

Variable No. of events Person-years Age-adjusted IRR (95% CI)

Anticoagulants

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–anticoagulants 6,762 27,659.06 1.41 (1.37–1.44)

   Limaprost+anticoagulants 534 898.74 3.22 (2.96–3.51)

Antiplatelets

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–antiplatelets 4,698 19,573.48 1.41 (1.37–1.45)

   Limaprost+antiplatelets 2,598 8,984.32 1.59 (1.53–1.65)

Thrombolytics

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–thrombolytics 7,288 28,557.24 1.47 (1.43–1.50)

   Limaprost+thrombolytics 8 0.56 77.92 (38.97–155.80)

NSAIDs

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–NSAIDs 2,002 9,439.01 1.22 (1.16–1.27)

   Limaprost+NSAIDs 5,294 19,118.80 1.59 (1.55–1.63)

Corticosteroids

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–corticosteroids 6,062 26,151.22 1.33 (1.29–1.36)

   Limaprost+corticosteroids 1,234 2,406.59 2.99 (2.83–3.16)

Analgesics

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–analgesics 3,569 16,725.94 1.23 (1.19–1.27)

   Limaprost+analgesics 3,727 11,831.87 1.79 (1.74–1.85)

Gabapentinoids

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–gabapentinoids 5,856 23,302.87 1.44 (1.41–1.48)

   Limaprost+gabapentinoids 1,440 5,254.94 1.57 (1.49–1.65)

Muscle relaxants

   Unexposed 177,436 1,176,041 1 (reference)

   Limaprost–muscle relaxants 4,577 19,592.79 1.33 (1.29–1.37)

   Limaprost+muscle relaxants 2,719 8,965.02 1.77 (1.70–1.84)

Daily dose (μg)

   Unexposed 177,436 1,176,041 1 (reference)

   Low ( > 0, ≤ 15) 7,069 27,778.02 1.46 (1.43–1.50)

   Medium ( > 15, ≤ 30) 223 779.24 1.64 (1.44–1.87)

   High ( > 30) 4 0.55 46.41 (17.42–123.70)

IRR, incidence rate ratio; NSAID, nonsteroidal anti-inflammatory drug; CI, confidence interval.
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events of bleeding (Table 1).
The unadjusted IRR for total bleeding during the period of 

limaprost exposure, relative to the unexposed period, was 1.69 
(95% CI, 1.65–1.73). After adjusting for age, the adjusted IRR 
(aIRR) was slightly attenuated to 1.47 (95% CI, 1.43–1.50). In 
the analysis that divided the risk (exposed) period based on the 

administration duration of limaprost, the aIRR for total bleed-
ing was the highest during the 0- to 7-day period (aIRR, 2.11; 
95% CI, 2.03–2.18) and showed a fluctuating risk profile through-
out the 90-day period (Table 2).

Results of subgroup analyses showed that the aIRR for total 
bleeding did not differ by sex (male: aIRR, 1.52; 95% CI, 1.47–

Table 4. Sensitivity analyses for the risk of bleeding

Variable No. of events Person-years
IRR (95% CI)

Unadjusted Age-adjusted

Defining outcomes as the first bleeding only

   Unexposed 70,800 1,176,041 1 (reference) 1 (reference)

   Exposed 2,060 28,557.81 1.20 (1.15–1.25) 1.20 (1.15–1.26)

Considering outcomes that occurred in different sites or in the same site after ≥ 1 yr

   Unexposed 140,178 1,176,041 1 (reference) 1 (reference)

   Exposed 5,511 28,557.81 1.62 (1.58–1.66) 1.44 (1.40–1.48)

Excluding patients who died during the study period

   Unexposed 158,084 1,071,641 1 (reference) 1 (reference)

   Exposed 6,137 25,039.70 1.66 (1.62–1.70) 1.43 (1.40–1.47)

Excluding patients who died ≤ 60 days after the first bleeding during the study period

   Unexposed 176,909 1,169,856 1 (reference) 1 (reference)

   Exposed 7,243 28,349.03 1.69 (1.65–1.73) 1.46 (1.43–1.50)

Excluding patients with cancer records

   Unexposed 124,483 876,385.20 1 (reference) 1 (reference)

   Exposed 4,753 19,916.38 1.68 (1.63–1.73) 1.46 (1.42–1.51)

Including 30 days of washout periods

   Baseline† 172,720 1,154,677 1 (reference) 1 (reference)

   Exposed 7,296 28,557.81 1.71 (1.67–1.75) 1.48 (1.44–1.51)

   Wash out‡ 4,716 21,363.96 1.48 (1.43–1.52) 1.32 (1.28–1.36)

Including 30 days of pre-exposure periods and 30 days of washout periods

   Baseline§ 169,783 1,139,846 1 (reference) 1 (reference)

   Pre-exposedll 2,937 14,831.05 1.33 (1.28–1.38) 1.21 (1.16–1.25)

   Exposed 7,296 28,557.81 1.72 (1.68–1.76) 1.48 (1.45–1.52)

   Wash out 4,716 21,363.96 1.48 (1.43–1.53) 1.33 (1.29–1.37)

Including 7 days of grace periods

   Unexposed 177,296 1,175,065 1 (reference) 1 (reference)

   Exposed 7,436 29,533.71 1.67 (1.63–1.71) 1.45 (1.41–1.48)

Separating the exposed period into 0 day and ≥ 1 day

   Unexposed 177,436 1,176,041 1 (reference) 1 (reference)

   Exposed (0 day¶) 1,492 1,189.90 8.31 (7.90–8.75) 7.36 (6.99–7.74)

   Exposed ( ≥ 1 day) 5,804 27,367.91 1.41 (1.37–1.44) 1.22 (1.18–1.15)

IRR, incidence rate ratio; CI, confidence interval.
†Defined as the unexposed period, excluding the washout period. ‡Defined as days after the end of treatment with limaprost. §Defined as the 
unexposed period, excluding the pre-exposure and washout periods. llDefined as the days before treatment with limaprost. ¶Defined as the date 
when the limaprost prescription was the same as the date of the bleeding event.
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1.58; female: aIRR, 1.42; 95% CI, 1.37–1.46). However, the aIRR 
was slightly lower in patients with spinal stenosis compared to 
patients without spinal stenosis (patients with spinal stenosis: 
aIRR, 1.46; 95% CI, 1.43–1.50; patients without spinal stenosis: 
aIRR, 1.91; 95% CI, 1.46–2.52). Considering the risk of bleed-
ing by site, the aIRR values were the highest for intracranial bleed-
ing (aIRR, 1.78; 95% CI, 1.62–1.95) and the lowest for ocular 
bleeding (aIRR, 1.14; 95% CI, 1.08–1.20) (Table 2). When anti-
thrombotic agents (anticoagulants, antiplatelets, and thrombo-
lytics) were used in combination with limaprost, the bleeding 
risk was higher than that of limaprost use alone (anticoagulants: 
aIRR, 3.22 vs. 1.41; antiplatelets: aIRR, 1.59 vs. 1.41; thrombo-
lytics: aIRR, 77.92 vs. 1.47). When limaprost was used together 
with other drugs for spinal stenosis treatment (NSAIDs, corti-
costeroids, analgesics, gabapentinoids, and muscle relaxants), 
the bleeding risk was also higher than that of limaprost use sep-
arately (NSAIDs: aIRR, 1.59 vs. 1.22; corticosteroids: aIRR, 2.99 
vs. 1.33; analgesics: aIRR, 1.79 vs. 1.23; gabapentinoids: aIRR, 
1.57 vs. 1.44; muscle relaxants: aIRR, 1.77 vs. 1.33). In the anal-
ysis that explored a dose-response relation, the risk of bleeding 
was the lowest at a low dose (≤ 15 μg/day) of limaprost (aIRR, 
1.46; 95% CI, 1.43–1.50), and slightly increased at a medium 
dose (aIRR, 1.64; 95% CI, 1.44–1.87), whereas the risk signifi-
cantly increased at a high dose (> 30 μg/day) (aIRR, 46.41; 95% 
CI, 17.42–123.70) (Table 3).

Results of various sensitivity analyses were generally similar 
to those of the main analysis. Notably, when considering only 
the first bleeding event as the outcome, the age-adjusted IRR 
was slightly lower than that of the main analysis (aIRR, 1.20; 
95% CI, 1.15–1.26). When separately analyzing bleeding events 
that occurred on the same date as that of limaprost administra-
tion, the age-adjusted IRR increased considerably to 7.36 (95% 
CI, 6.99–7.74) (Table 4).

DISCUSSION

1. Principal Results
In this nationwide study that used a SCCS design, the risk of 

bleeding was approximately 1.5-fold higher in periods of expo-
sure to limaprost compared with unexposed periods, with par-
ticularly higher risks observed in the first week of treatment 
initiation. Subgroup analyses showed that the risk of bleeding 
associated with limaprost initiation increased with the use of 
concomitant drugs, and also exhibited a clear dose-response as-
sociation. Therefore, we inferred that the higher risk of bleed-
ing during limaprost exposure periods is likely attributed to its 

antiplatelet function. Furthermore, the highest risk of bleeding 
during the first week, especially on the day of administration, 
can be attributed to the fact that time for maximal concentra-
tions (Tmax) is brief at 0.5 hour13 and because NSAIDs or steroids 
are also commonly used in combination at the beginning of li-
maprost administration.

2. Comparison With Other Studies
To date, studies on limaprost have largely focused on its ther-

apeutic effects and less on its potential risks, especially bleeding. 
Studies on the risk of adverse events with limaprost use were 
conducted through premarket clinical trials and PMS studies in 
Japan, and several cases of bleeding were reported. Additional-
ly, epistaxis or hemorrhagic duodenal ulcer occurred in individ-
uals who concomitantly used antiplatelets or NSAIDs.19 How-
ever, the number of participants included in these studies were 
not sufficient to deduce generalizable results, and only the over-
all occurrence of side effects was confirmed. To the best of our 
knowledge, however, this population-based study is the first and 
largest to have investigated the possible association between the 
initiation of limaprost and the risk of bleeding in a nationwide 
setting that controlled for various time-invariant confounders.

In a post hoc analysis on the use of antiplatelet therapy and 
the early time course of major bleeding, Hilkens et al.26 found 
that the incidence of major bleeding was highest in dual anti-
platelet therapy and during the first 30 days of administration. 
This result is consistent with our findings, wherein the risk of 
bleeding was higher with concomitant drug use (including an-
tiplatelets) and during the 0- to 30-day period (aIRR, 1.57; 95% 
CI, 1.52–1.61) compared with the 31- to 90-day period (aIRR, 
1.20; 95% CI, 1.14–1.27). However, in our study, the first 30 days 
of limaprost use were further subdivided into 0–7, 8–14, and 
15–30 days considering its rapid action (Tmax was 0.5 hour and 
the inhibition of platelet aggregation occurred after 5 days of 
continuous administration27); the risk of bleeding was the high-
est in the first 0–7 days after limaprost initiation (aIRR, 2.11; 
95% CI, 2.03–2.18).

In the SCCS study on respiratory tract infection and risk of 
bleeding in anticoagulant users, Ahmed et al.28 observed a great-
er than twofold increase in the risk of major bleeding and clini-
cally relevant nonmajor bleeding in the 0–14 days after an un-
treated respiratory infection. This result is consistent with our 
findings, wherein the risk of bleeding in all sites was highest 
during the 0- to 7-day period (intracranial bleeding: aIRR, 3.56; 
95% CI, 3.12–4.08; gastrointestinal bleeding: aIRR, 2.40; 95% 
CI, 2.27–2.55; ocular bleeding: aIRR, 1.28; 95% CI, 1.16–1.40; 
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genitourinary bleeding: aIRR, 2.40; 95% CI, 2.23–2.58; otolaryn-
geal bleeding: aIRR, 1.49; 95% CI, 1.31–1.68; bleeding at other 
sites: aIRR, 2.98; 95% CI, 2.57–3.46). However, Ahmed et al. di-
vided outcomes into major bleeding and clinically relevant non-
major bleeding events, based on the severity of bleeding. In con-
trast, our study included all types of bleeding in the main analy-
sis and categorized these events into 6 groups (intracranial, gas-
trointestinal, ocular, genitourinary, otolaryngeal bleeding, and 
bleeding at other sites) in the subgroup analysis based on the 
site of bleeding. This was done because the causes and treatments 
vary depending on the specific bleeding sites.

3. Pharmacological Plausibility
Limaprost, a prostaglandin E1 analog, inhibits platelet adhe-

siveness and aggregation when orally administered in patients 
with thrombotic diseases.29 In guinea-pigs (in vitro), limaprost 
inhibits platelet aggregation induced by various aggregating 
agents and dissociates adenosine diphosphate-induced platelet 
aggregation.30 Limaprost also increases the threshold voltage of 
thrombosis formation in the mesenteric artery of guinea-pigs 
with thrombosis formation induced by electric stimulation.31

4. Strengths and Limitations
The main strength of this study is the use of a SCCS design to 

minimize any bias occurring from time-invariant confounders. 
To further examine the effects of time-varying confounders, the 
effect estimates were adjusted for age, and various clinically mean-
ingful subgroup analyses (e.g., concomitant drugs and daily dose) 
were conducted. Finally, a range of sensitivity analyses were con-
ducted to assess the robustness of the main results. Nevertheless, 
this study has several limitations, that should be considered when 
interpreting our results. First, when considering only the first 
bleeding event as the outcome, the age-adjusted IRR was 1.20 
(95% CI, 1.15–1.26), which was lower than that of the main anal-
ysis (IRR, 1.47; 95% CI, 1.43–1.50). This underestimated result 
could be related to the occurrence of the first bleeding event 
before limaprost administration because the number of prod-
ucts and prescriptions of limaprost were lower in the early study 
period (2003–2010) compared with the later study period (2011–
2019) in Korea.32 However, the additional sensitivity analysis 
that considered bleeding events occurring more than 1 year af-
ter a preceding bleeding event at the same site as a new event 
revealed an age-adjusted IRR of 1.44 (95% CI, 1.40–1.48), which 
was similar to that of the main analysis. Second, we did not con-
sider the use of gastroprotective drugs, which could have subse-
quently contributed to the prevention of gastrointestinal bleed-

ing.33 Hence, further studies are required to compare the effect 
of concomitant use of gastroprotective drugs with limaprost on 
bleeding risks. Third, we did not consider the severity of bleed-
ing owing to the use of claims data. Fourth, patients may not 
have taken the limaprost prescribed. However, any bias arising 
from this is likely minimal, as a sensitivity analysis that applied 
a 7-day grace period between prescriptions found that our re-
sults (aIRR, 1.45; 95% CI, 1.41–1.48) were consistent with those 
of the main analysis. Fifth, some NSAIDs, analgesics, and mus-
cle relaxants may have been used with limaprost as over-the-
counter medications; however, it is common local practice to 
coprescribe these medications with limaprost. Sixth, selective 
serotonin reuptake inhibitors (SSRIs), which have a high bleed-
ing tendency among antidepressants, were not considered as 
concomitant drugs because SSRIs are unlikely to be used in com-
bination with limaprost for the treatment of LSS. Last, despite 
the use of a SCCS design, residual effects from unmeasured or 
unaccounted confounders may be present.

CONCLUSION

In this study, the risk of bleeding was approximately 1.5-fold 
higher in limaprost exposure periods compared with unexposed 
periods, with a particularly higher risk being observed in the 
first week of limaprost treatment. The results of the subgroup 
analysis showed that the risk of bleeding increased when limaprost 
was used together with other drugs or when taken at higher dai-
ly doses. Considering that limaprost prescriptions are continu-
ously increasing in Korea, our results provide important real-
world evidence that could help clinicians in their decision-mak-
ing by recommending minimal co-prescriptions with limaprost 
and its appropriate dose prescriptions.
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