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AIM: This study aimed to evaluate the impact of injectable nicotinic acid as adjuvant therapy on microcirculatory perfusion and digit
survival rate after digital replantation.

METHODS: This single-center retrospective cohort study included 200 patients who underwent digital replantation. Based on the treat-
ment regimen, patients were divided into two groups: the nicotinic acid group (n = 102) and the control group (n = 98). The primary
outcome was the relative perfusion ratio (PU ratio), calculated by normalizing the perfusion value of the replanted digit to that of an
intact and uninjured reference digit from the same patient, measured using a laser Doppler flowmeter. Secondary outcomes included the
incidence of vascular crisis, digit survival rate, postoperative hospital stay, and adverse reactions.

RESULTS: On postoperative day 1, the perfusion ratio did not differ between the two groups. However, on postoperative days 3, 5, and
7, the perfusion ratios in the nicotinic acid group were significantly higher than those in the control group (all p < 0.001). In the nicotinic
acid group, the total incidence of vascular crisis was significantly lower (p = 0.029), and the digit survival rate was significantly higher (p
= 0.030), along with shorter postoperative hospital stay compared with the control group (» < 0.001). Subgroup analysis indicated that
the therapeutic benefit of nicotinic acid was particularly pronounced in the subgroup with more severe “crush/avulsion” injuries. The
incidence of facial flushing was higher in the nicotinic acid group (p < 0.001).

CONCLUSIONS: Adjuvant use of injectable nicotinic acid, in addition to conventional therapy, was associated with improved micro-
circulatory perfusion, reduced incidence of vascular crisis, and increased digit survival rate. The treatment was generally well tolerated
with no serious safety concerns identified. Due to the retrospective and non-randomized nature of this study, these findings should be
interpreted as associations rather than definitive treatment effects.
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cal factors determining long-term survival [4]. The survival
of a replanted digit is essentially a blood supply-dependent
process; even when the major vessels remain patent, inade-
quate perfusion within the distal microcirculatory network
can lead to secondary necrosis due to hypoxia and the ac-
cumulation of metabolites. Therefore, the status of post-

Introduction

Digital amputation is a common severe trauma in hand
surgery, often leading to significant functional impairment

along with substantial psychological and socioeconomic
effects [1]. The development of digital replantation is a
landmark achievement in microsurgery, aiming to restore
anatomical continuity and functional capacity of the injured
digit, and remains an important reconstructive option for
carefully selected patients with complete digital amputation
[2,3]. However, the success of replantation surgery extends
beyond successful anastomosis of blood vessels. During the
postoperative period, the viability of the replanted digit re-
lies largely on the maintenance of sustained and effective
microcirculatory perfusion, which is one of the most criti-
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operative microcirculation is regarded as a key predictor of
replantation outcomes.

Postoperative microcirculatory disturbance after digital re-
plantation is a multifactorial and dynamic pathological pro-
cess. The principal mechanisms include vasospasm and
thrombosis. Tissue trauma, surgical manipulation, and
postoperative pain can stimulate sympathetic excitation, re-
sulting in increased intracellular calcium concentration in
vascular smooth muscle cells. This process causes per-
sistent, rhythmic, and intense vasoconstriction, which in-
creases peripheral vascular resistance and reduces blood
flow [5,6]. Vascular endothelial cell injury occurring during
amputation and anastomosis exposes subendothelial colla-
gen, activating platelet adhesion and aggregation and initi-
ating the coagulation cascade. These events may promote
thrombus formation at the anastomosis site or within dam-
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aged microvessels, ultimately causing lumen occlusion [7].
Furthermore, changes in hemorheological properties, such
as increased blood viscosity, combined with oxida-
tive stress and inflammatory cytokine storm induced by
ischemia-reperfusion injury, and microvascular compres-
sion associated with tissue edema, collectively exacerbate
the deterioration of microcirculation, ultimately reducing
perfusion efficiency [4,8]. These processes form a viscous
cycle that increases the risk of inadequate blood supply in
the replanted digit.

Therefore, improving postoperative microcirculatory per-
fusion is an important therapeutic strategy for enhancing
the success rate of digital replantation. Currently, clin-
ical management frequently uses a postoperative “triple-
antagonistic” therapy comprising antispasmodic, anticoag-
ulant, and anti-infection agents. Among these components,
antispasmodic drugs (e.g., papaverine) directly target one
of the core mechanisms underlying microcirculatory dis-
turbance. However, identifying more effective and safer
vasodilators to further optimize microcirculatory perfusion
remains an ongoing pursuit in hand surgery. Nicotinic acid
(niacin, Vitamin B3) is a water-soluble vitamin with phar-
macological effects that extend far beyond its nutritional
role. It is a potent peripheral vasodilator, a property primar-
ily responsible for its well-recognized side effect of cuta-
neous flushing [9]. This vasodilatory mechanism is primar-
ily mediated through activation of the G protein-coupled re-
ceptor 109A (GPR109A), expressed on skin cells and mi-
crovessels. Activation of this receptor promotes the release
of prostaglandin D2 (PGD-) and E (PGE-:) from Langerhans
cells and related cell types, subsequently relaxing vascu-
lar smooth muscle and significantly increasing local blood
flow [10,11].

Based on these potent vasodilatory properties, we hypoth-
esized that nicotinic acid might counteract the refractory
microvascular spasm caused by sympathetic excitation, en-
dothelial injury, and inflammatory responses after digital
replantation, thereby offering a new adjuvant therapeutic
strategy to interrupt the vicious cycle of microcirculatory
disturbance. Although nicotinic acid is widely used in the
treatment of lipid metabolism disorders, its role in improv-
ing local tissue perfusion, particularly within microsurgical
settings, has not been systematically evaluated. Moreover,
while the conventional “triple-antagonistic” therapy is stan-
dard, the management of severe microcirculatory distur-
bance remains challenging, particularly following complex
injuries such as crush or avulsion amputations. Identifica-
tion of additional adjuvant strategies to optimize perfusion,
therefore, remains a pertinent clinical pursuit.

Therefore, this retrospective cohort study aimed to objec-
tively evaluate the adjuvant therapeutic effect of injectable
nicotinic acid on postoperative microcirculatory function.
The primary objective was to investigate whether adjuvant
use of nicotinic acid could significantly improve standard-
ized microcirculatory perfusion indices, specifically the rel-

ative perfusion ratio (PU ratio), compared with the corre-
sponding healthy digit. Additionally, the study examined
its effect on clinically meaningful outcomes, such as digit
survival rate and vascular crisis.

Methods
Study Design

This single-center retrospective cohort study analyzed the
clinical records of 228 patients who underwent digital re-
plantation at Zhuji Sixth People’s Hospital between Jan-
uary 2024 and June 2025. Based on predefined inclusion
and exclusion criteria, 15 patients with incomplete clinical
data, 8 individuals lost to follow-up, and 5 with severe un-
derlying diseases were excluded. Hence, a total of 200 par-
ticipants were enrolled in the final study cohort for analy-
sis. Based on the postoperative treatment regimen, patients
were divided into two groups. The nicotinic acid group (n=
102) received conventional postoperative therapy in combi-
nation with intravenous nicotinic acid (50 mg/day for 7-10
days), whereas the control group (n = 98) received conven-
tional therapy alone. The study protocol was approved by
the Ethics Committee of Zhuji Sixth People’s Hospital (ap-
proval number: 2025-05) and was conducted in compliance
with the principles of the Declaration of Helsinki. Informed
consent was obtained from all participants for the use of
their anonymized clinical data for research purposes.
Inclusion criteria for patient selection were as follows:
(1) age >18 years; (2) complete single or multiple digi-
tal amputation due to trauma, with at least one intact and
unaffected digit on the same hand serving as an internal
reference for relative perfusion ratio measurement; and
(3) availability of complete postoperative medical records.
Exclusion criteria included: (1) pre-existing severe hep-
atic or renal dysfunction; (2) coagulation disorders or ac-
tive bleeding; (3) documented hypersensitivity to nicotinic
acid; (4) concurrent use of other potent vasodilators (e.g.,
prostaglandin E:) during the study period; and (5) occur-
rence of major systemic complications within the first 24
hours after surgery.

Treatment Protocol

Patients were allocated to either the nicotinic acid group or
the control group based on the actual postoperative medi-
cation regimen applied in the routine clinical practice. The
decision to administer nicotinic acid was made by the at-
tending surgeon based on routine postoperative evaluation,
including assessment of vascular status and overall clinical
judgment of the risk of vasospasm or impaired perfusion.

Patients in the nicotinic acid group (n = 102) received
standard postoperative care in combination with injectable
nicotinic acid (50 mg/vial, manufacturer: Jilin Jinsheng
Pharmaceutical Co., Ltd., Meihekou, China, batch No.
202004032). Each dose of 50 mg nicotinic acid was di-
luted in 250 mL of 0.9% sodium chloride or 5% glucose
solution and administered once daily by intravenous infu-
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sion. Treatment was initiated on the first postoperative day
in all patients and continued for 7-10 days, depending on
individual clinical response and the stability of microcircu-
latory perfusion. However, Patients in the control group (n
=98) received standard postoperative care without nicotinic
acid.

During standard postoperative management, all digital re-
plantation procedures were performed by the same team
of senior hand surgeons using uniform microsurgical tech-
niques. Postoperative management followed a unified in-
stitutional protocol designed to support vascular patency
and tissue viability. Antispasmodic therapy included intra-
muscular papaverine administered at a dose of 30 mg ev-
ery 6-8 hours. Anticoagulation therapy was administered
using subcutaneous low molecular weight heparin sodium
(4000 AXalU) once daily. Prophylactic antibiotics were
initiated intraoperatively and continued postoperatively in
accordance with institutional infection control guidelines.
Limb management consisted of immobilization of the af-
fected limb with splint fixation, elevation to promote ve-
nous return, and maintenance of ambient ward temperature
to support peripheral perfusion. Supportive care, such as
analgesia, fluid management, and hemodynamic stabiliza-
tion, was provided as needed.

To avoid potential confounding effects on microcircula-
tory outcomes, additional vasodilators or microcirculation-
modulating agents, including prostaglandin E:, dexmedeto-
midine, or leech therapy, were not permitted during the
postoperative period. Patient group allocation ultimately
indicated the attending surgeon’s intraoperative assess-
ments and postoperative management approach. Particu-
lar consideration was given to intraoperative indicators of
microcirculatory status, such as vascular tone and capillary
refill after reperfusion and complexity of injury. Nicotinic
acid was used prophylactically in patients perceived to be at
higher risk of postoperative microcirculatory impairment,
especially in cases involving crush or avulsion injuries.

Data Collection

Postoperative microcirculatory perfusion was expressed as
the relative perfusion ratio (PU Ratio), calculated as the per-
fusion unit (PU) value of the replanted digit divided by the
PU value of an intact and uninjured reference digit from
the same patient. Measurements were obtained at the mid-
point of the pulp of the replanted digit at predefined time
points (postoperative days 1, 3, 5, and 7) using a laser
Doppler flowmeter (PeriFlux System 5000, Perimed). All
measurements were conducted by trained technicians who
were blinded to group allocation.

Patient baseline characteristics, such as age, body mass in-
dex (BMI), diabetes mellitus, and hypertension, were con-
firmed by systematically reviewing admission records, pa-
tient self-reported medical history, and long-term medica-
tion use. Surgical variables, such as the number of vas-
cular anastomoses and the use of vein graft, were directly
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extracted from the detailed operative notes and anesthesia
records. The incidence of vascular crisis was determined
by two senior attending physicians who were blinded to
group allocation. Evaluation was based on clinical manifes-
tations, such as digit color, skin temperature, tissue turgor,
capillary refill, and bleeding upon pinprick testing. Sur-
vival rate of the replanted digit was assessed at 3 months
postoperatively, with a successful outcome defined as com-
plete survival of the digit accompanied by primary wound
healing. Postoperative hospital stay was defined as the
number of days from the date of surgery to the date of dis-
charge and was obtained from inpatient medical records.
Adverse events occurring in both groups were recorded
throughout the observation period. The observation indica-
tors included bleeding complications, transient facial flush-
ing, and abnormalities in liver and kidney function.

Statistical Analysis

Statistical analysis was performed using SPSS (version
27.0, IBM Corp., Armonk, NY, USA). Normality of con-
tinuous data was assessed using the Shapiro-Wilk test, and
homogeneity of variances was evaluated with Levene’s test.
Normally distributed variables were presented as mean +
standard deviation (X £ SD), and intergroup comparisons
were performed using an independent samples #-test. Non-
normally distributed variables were presented as median
(interquartile range) [M (Qi, Qs)], and intergroup com-
parisons were performed using the Mann-Whitney U test.
Count data were presented as frequencies and percentages
[n (%)], with intergroup comparisons performed using the
x? test or Fisher’s exact test, as appropriate. Repeated
measurements were analyzed using repeated measures anal-
ysis of variance (ANOVA). Mauchly’s test of sphericity
was performed, and when the assumption was violated,
the Greenhouse—Geisser correction was applied. To de-
compose a significant interaction effect, post hoc pairwise
comparisons between groups at each postoperative time
point were performed using the Least Significant Differ-
ence (LSD) approach. A p-value of < 0.05 was considered
statistically significant.

Results

Comparison of Baseline Characteristics Between the Two
Groups

This study ultimately included 200 patients, with 102 in the
nicotinic acid group and 98 in the control group (Table 1).
There were no statistically significant differences between
the two groups in baseline characteristics, such as age, gen-
der, ischemia time, smoking history, injury type, amputa-
tion level, or thumb injury (all p > 0.05), indicating good
comparability between the groups.
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Table 1. Clinical baseline characteristics of the two groups of patients.

Variable Total (n = 200) Control (n=98) Nicotinic acid (n=102)  Statistic p-value
Ischemia time (h), Mean + SD 597+ 1.75 6.17 £ 1.82 5.78 £ 1.67 t=1.57 0.118
Age (years), M (Q1, Qs) 38.00 (32.00, 47.00)  37.00 (29.00, 47.75) 39.50 (33.25, 46.00) Z=-131 0.189
Gender, n (%) x2=175 0.185
Male 153 (76.50) 71 (72.45) 82 (80.39)
Female 47 (23.50) 27 (27.55) 20 (19.61)
Smoking, n (%) x2=159 0207
No 95 (47.50) 51(52.04) 44 (43.14)
Yes 105 (52.50) 47 (47.96) 58 (56.86)
Injury type, n (%) x2=171 0425
Crush 53 (26.50) 29 (29.59) 24 (23.53)
Laceration 126 (63.00) 61 (62.24) 65 (63.73)
Avulsion 21 (10.50) 8(8.16) 13 (12.75)
Amputation level, n (%) x2=124 0538
I zone 58 (29.00) 31(31.63) 27 (26.47)
11 zone 126 (63.00) 58 (59.18) 68 (66.67)
11T zone 16 (8.00) 9(9.13) 7 (6.86)
Thumb injury, n (%) x2=0.09 0.763
No 145 (72.50) 72 (73.47) 73 (71.57)
Yes 55(27.50) 26 (26.53) 29 (28.43)
Number of vascular anastomoses, M (Q1, Q3) 2.00 (2.00, 3.00) 2.00 (2.00, 3.00) 2.00 (2.00, 3.00) Z=-0.29 0.770
Diabetes mellitus, n (%) x2=0.14 0.705
No 189 (94.50) 92 (93.88) 97 (95.10)
Yes 11 (5.50) 6(6.12) 5(4.90)
Hypertension, n (%) x2=0.10 0.746
No 177 (88.50) 86 (87.76) 91 (89.22)
Yes 23 (11.50) 12 (12.24) 11 (10.78)
Use of vein graft, n (%) x2=006 0.814
No 164 (82.00) 81 (82.65) 83 (81.37)
Yes 36 (18.00) 17 (17.35) 19 (18.63)

Table 2. Comparison of relative perfusion ratios at different postoperative time points between the two groups.

Variable Total (n=200) Control (n=98) Nicotinic acid (n=102)  Statistic p-value
Pu ratio day1 0.47 £ 0.04 0.47 £ 0.04 0.47 £ 0.05 t=-0.52 0.602
Pu ratio day 3 0.64 £ 0.07 0.60 £ 0.05 0.67 £+ 0.06 t=-931 <0.001
Pu ratio day 5 0.77 £ 0.08 0.71 £ 0.06 0.82 £+ 0.06 t=-13.10 <0.001
Pu ratio day 7 0.84 4+ 0.09 0.77 £ 0.07 0.90 + 0.07 =-1232  <0.001
F 1024.90 720.42

p-value <0.001 <0.001

Between-group effect
Time effect

Interaction effect

F = 4467.99, p < 0.001
F=1312.58, p < 0.001
F=1291,p < 0.001

Note: The values have been rounded to two decimal places; minor differences may not be reflected.

Comparison of Microcirculatory Perfusion Between the

Two Groups

On postoperative day 1, the relative perfusion ratio (PU ra-
tio) of the replanted digits did not differ substantially be-
tween the two groups (p = 0.602). Starting from postopera-
tive day 3, patients receiving nicotinic acid showed signifi-
cantly higher perfusion ratios than those in the control group
(» < 0.001). This difference remained persistent on postop-
erative days 5 and 7, with the nicotinic acid group exhibiting
significantly better microcirculatory perfusion (p < 0.001).

Repeated measures ANOVA further confirmed significant
group effects, time effects, and interaction effects (all p <
0.001), suggesting that alterations in the perfusion over the
postoperative period differed considerably between the two

groups (Table 2).

Postoperative Recovery Outcomes Between the Two

Groups

The postoperative hospital stay was significantly shorter in
patients who received nicotinic acid compared with those
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Table 3. Comparison of postoperative recovery outcomes between the two groups.

Variable Total (n =200) Control (n =98) Nicotinic acid (n=102)  Statistic p-value
Hospital stay (days), M (Q1, Qs)  14.00 (12.00, 16.00)  15.00 (12.25, 17.00) 13.00 (11.00, 14.00) Z=-445 <0.001
Vascular crisis, n (%) x2=4.751 0.029
Arterial crisis 7(3.50) 4(4.08) 3(2.94) x2 =0.00 0.975
Venous crisis 20 (10.00) 15 (15.31) 5(4.90) x2 =6.01 0.014
None 173 (86.50) 79 (80.61) 94 (92.16)
Survival, n (%) x2=4.70 0.030
Survived 184 (92.00) 86 (87.76) 98 (96.08)
Failed 16 (8.00) 12 (12.24) 4(3.92)
Table 4. Comparison of adverse reactions between the two groups.
Variable Total (n=200) Control (n=98) Nicotinic acid (n=102)  Statistic p-value
Facial flush, n (%) x2=2745 <0.001
No 175 (87.50) 98 (100.00) 77 (75.49)
Yes 25 (12.50) 0 (0.00) 25 (24.51)
Bleeding, n (%) x2=0.02 0.894
No 179 (89.50) 88 (89.80) 91 (89.22)
Yes 21 (10.50) 10 (10.20) 11 (10.78)
Liver kidney dysfunction, n (%) x2=203  0.154
No 191 (95.50) 91 (92.86) 100 (98.04)
Yes 9 (4.50) 7(7.14) 2 (1.96)
Table 5. Subgroup analysis for laceration injuries.
Variable Total (n=126) Control (n=61) Nicotinic acid (n=65)  Statistic p-value
Pu ratio dayl, Mean £+ SD 0.47 £ 0.04 0.47 £ 0.04 0.47 £ 0.05 =024 0.812
Pu ratio day3, Mean £+ SD 0.64 £+ 0.07 0.60 £ 0.05 0.67 4 0.06 t=-7.24 <0.001
Pu ratio day5, Mean + SD 0.77 4+ 0.09 0.71 £ 0.07 0.83 £ 0.06 t=-10.14  <0.001
Pu ratio day7, Mean £+ SD 0.84 4+ 0.09 0.78 £ 0.07 0.90 £ 0.07 t=-9.51 <0.001
F 642.65 1192.88
p-value <0.001 <0.001
Between-group effect F=85.58,p < 0.001
Time effect F=1298.23, p < 0.001
Interaction effect F=41.35,p < 0.001
Survival, n (%) x2=0.00 0956
Survived 123 (97.62) 59 (96.72) 64 (98.46)
Failed 3(2.38) 2(3.28) 1(1.54)
Table 6. Subgroup analysis for crush and avulsion injuries.
Variable Total (n=74) Control (n=37) Nicotinic acid (n=37)  Statistic p-value
Pu ratio dayl, Mean £ SD  0.46 4 0.04 0.47 £ 0.04 0.46 + 0.05 t=0.96 0.338
Pu ratio day3, Mean £ SD  0.63 £ 0.07 0.59 £ 0.05 0.67 4+ 0.07 t=-5.79 <0.001
Pu ratio day5, Mean £ SD  0.76 £ 0.08 0.70 £ 0.05 0.81 4+ 0.06 t=-8.31 <0.001
Pu ratio day7, Mean = SD  0.83 £ 0.09 0.77 £ 0.07 0.89 £ 0.07 t=-17.76 <0.001
F 374.24 447.04
p-value <0.001 <0.001
Between-group effect F=54.96,p < 0.001
Time effect F=872.04,p < 0.001
Interaction effect F=31.51,p < 0.001
Survival, n (%) x2=4.57 0.032
Survived 61 (82.43) 27 (72.97) 34 (91.89)
Failed 13 (17.57) 10 (27.03) 3(8.11)
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in the control group (p < 0.001). At 3-month follow-up,
the digit survival rate of replanted digits was significantly
higher in the nicotinic acid group (p = 0.030). Further-
more, the overall incidence of vascular crisis was signifi-
cantly lower in the nicotinic acid group (p = 0.029), with a
significantly reduced incidence of venous crisis (p =0.014).
In contrast, there was no significant difference in the inci-
dence of arterial crisis between the two groups (p = 0.975,
Table 3).

Comparison of Adverse Reactions Between the Two
Groups

Transient facial flushing was found in 25 patients (24.51%)
in the nicotinic acid group, representing a significantly
higher incidence compared to the control group (p < 0.001).
The flushing resolved spontaneously after decreasing the
infusion rate, without requiring discontinuation of treat-
ment. There were no significant differences between the
two groups in the incidence of serious adverse reactions,
such as bleeding complications (p = 0.894) or liver/kidney
dysfunction (p = 0.154, Table 4).

Subgroup Analysis

An exploratory subgroup analysis based on injury mech-
anism showed that in the laceration injury subgroup (n =
126), both groups had similarly high digit survival rates
(p = 0.956). However, the perfusion ratios on postopera-
tive days 3, 5, and 7 were consistently higher in the nico-
tinic acid group (all p < 0.001). Conversely, the thera-
peutic effect of nicotinic acid was more pronounced in the
crush or avulsion injury subgroup (n = 74). Within this sub-
group, those receiving nicotinic acid showed a significantly
higher digit survival rate compared with the control group
(»=0.032). Additionally, perfusion ratios on postoperative
days 3, 5, and 7 were significantly improved in the nicotinic
acid group than those in the control group (all p < 0.001,
Tables 5,6).

Discussion

This retrospective cohort study systematically evaluated the
potential impact of injectable nicotinic acid as an adjuvant
to standard therapy on microcirculatory perfusion and clin-
ical outcomes in patients undergoing digital replantation.
The findings indicate that patients who received nicotinic
acid showed improved postoperative microcirculatory per-
fusion compared with those treated with conventional ther-
apy alone. Higher perfusion ratios were observed from
postoperative day 3 onward, and this improvement was ac-
companied by a lower incidence of vascular crisis, higher
digit survival at 3 months, and a shorter postoperative hos-
pitalization.

We observed that by postoperative day 7, the PU ratio in
the nicotinic acid group approached 1, indicating restora-
tion of perfusion levels similar to those found in unaffected
digits. This result may show improvement in microvascular

flow during the early postoperative period. Traditional anti-
spasmodic drugs such as papaverine primarily restore base-
line blood flow by relieving abnormal contraction of vas-
cular smooth muscle [12]. Nicotinic acid, one of the most
potent peripheral vasodilators, acts mainly by activating
the G-protein-coupled receptor 109A (GPR109A), which
promotes the release of prostaglandins (such as PGD> and
PGEy), thereby efficiently dilating microvessels [10,11].
During postoperative tissue stress and relative hypoxia,
enhanced vasodilation may theoretically support compen-
satory increases in local blood flow, which could con-
tribute to the observed improvement in perfusion ratios
over time. However, direct assessment of tissue oxygena-
tion, metabolic activity, or endothelial function was not per-
formed in this study, and therefore, mechanistic interpreta-
tions remain speculative. Pharmacological evidence sup-
ports that nicotinic acid induces vasodilation primarily via
activation of the GPR109A—prostaglandin signaling path-
way [13]. Additionally, a previous clinical and experimen-
tal study have suggested that nicotinic acid may influence
metabolic responses in ischemic tissues [ 14]. Whether sim-
ilar mechanisms operate in replanted digital tissue requires
further investigation. The observed reduction in the inci-
dence of venous crisis in the nicotinic acid group may sug-
gest improved microvascular flow dynamics, as adequate
perfusion pressure and high-flow blood may reduce micro-
circulatory stasis and secondary thrombosis.

The present study contributes to the limited clinical evi-
dence assessing the potential application of nicotinic acid in
microsurgical settings. Even when combined with standard
antispasmodic therapy, nicotinic acid was associated with
improved microcirculatory perfusion parameters, suggest-
ing that these two agents may exert complementary effects.
Papaverine is a non-specific phosphodiesterase inhibitor
that increases intracellular cyclic adenosine monophos-
phate (cAMP), thereby relaxing vascular smooth muscle
[15], whereas nicotinic acid exerts vasodilatory effects
through activation of the GPR109A—prostaglandin signal-
ing pathway. Acting through distinct pharmacological
mechanisms, these agents may provide additive microvas-
cular dilation. Our observations are broadly consistent
with previous reports suggesting that nicotinic acid can
enhance peripheral blood flow in clinical conditions such
as peripheral vascular disease [16], while a experimental
study suggest potential benefits in improving flap survival
[17]. Notably, the decrease in vascular complications ob-
served in the present study was more pronounced for ve-
nous crisis than arterial crisis. While arterial crisis is of-
ten closely related to technical factors at the anastomotic
site, venous insufficiency may be more strongly influenced
by microcirculatory stasis, hypercoagulability, and tissue
edema—yprocesses that could theoretically be modulated by
enhanced microvascular perfusion.

Subgroup analysis is exploratory in nature and should not
be interpreted as confirmatory evidence due to limited sta-
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tistical power. Future studies with larger, prospectively en-
rolled cohorts are needed to validate these preliminary sub-
group findings. Subgroup analysis revealed heterogene-
ity in the efficacy of nicotinic acid across different injury
types. In relatively simple laceration injuries, both groups
had high survival rates, and the advantage of nicotinic acid
was mainly reflected in the faster recovery of the perfu-
sion ratio. However, in the more complex “crush/avulsion”
injury subgroup with more severe microcirculatory disrup-
tion, nicotinic acid demonstrated a particularly significant
advantage in improving survival. These avulsion injuries
are particularly challenging because of extensive endothe-
lial disruption, intimal injury, and severe vasospasm, all of
which contribute to microvascular instability [18]. The po-
tent vasodilatory effect of nicotinic acid may help maintain
residual perfusion through partially preserved microvascu-
lar networks, which support tissue viability during the early
postoperative period. This finding shows that nicotinic
acid adjuvant therapy may be valuable in complex digital
replantation, warranting confirmation in prospective stud-
ies. However, these subgroup findings are exploratory and
should be interpreted with caution, given the modest sample
size and retrospective design.

The therapeutic rationale for nicotinic acid shares certain
mechanistic similarities with prostacyclin (PGI) analogues
used in the management of critical limb ischemia [19],
although direct comparative evidence in digital replanta-
tion is lacking. Both approaches aim to promote perfu-
sion through prostaglandin-mediated vasodilation and inhi-
bition of platelet aggregation. It is worth noting that nicoti-
namide, a metabolite of nicotinic acid, has recently been
confirmed in a study to have effects on improving blood
pressure and promoting placental-fetal growth [20]. This
suggests that the benefits of nicotinic acid and its metabo-
lites may extend beyond traditional vasodilation, and their
actions might align with emerging strategies aimed at com-
prehensively improving vascular endothelial function by
regulating key targets such as SIRT1 [21]. Therefore, the
therapeutic logic of nicotinic acid can be compared not only
to classic prostacyclin drugs but also to the forefront of cur-
rent vascular protection research, which aims to achieve
antioxidant, anti-inflammatory, and endothelial protection
through multiple targets (e.g., SIRT1). Compared with ex-
pensive prostacyclin drugs, nicotinic acid, as a classic, eco-
nomical, and readily available drug, holds significant po-
tential clinical application value that may have practical
clinical relevance in microsurgical settings. The higher in-
cidence of facial flushing in the nicotinic acid group is an
expected pharmacological response due to its activation of
the GPR109A receptor and subsequent prostaglandin re-
lease [22]. This effect was generally mild and manage-
able with infusion rate adjustment. More importantly, there
were no significant differences between the groups in the
incidence of serious adverse reactions such as bleeding and
liver/kidney dysfunction. This indicates that at therapeutic
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doses, when combined with anticoagulants post digital re-
plantation, nicotinic acid did not increase the risk of serious
bleeding, demonstrating a favorable clinical safety profile.

This study has several limitations. First, as a retrospective
study, treatment allocation was based on clinical judgement
rather than randomization, which may have introduced in-
dication bias (e.g., a tendency to administer nicotinic acid
to more complex cases). Although baseline characteris-
tics were comparable between groups, unmeasured con-
founders (such as subtle surgical nuances or unrecorded co-
morbidities) cannot be excluded. Second, as a single-center
study, the generalizability of the findings needs further vali-
dation. Third, despite adjusting for several key baseline fac-
tors, residual confounding factors (e.g., subtle differences
in surgical technique or unrecorded comorbidities) may per-
sist due to the non-randomized design. Moreover, multiple
comparisons were conducted without formal adjustment for
multiplicity, which increases the possibility of type I er-
ror. Importantly, because of the observational design and
the absence of randomization, the findings should be inter-
preted as associations rather than evidence of causal thera-
peutic effects. Furthermore, we did not measure indicators
such as plasma prostaglandin levels to directly confirm its
mechanism of action. Therefore, the statistical significance
of secondary and subgroup findings should be interpreted
cautiously.

Future studies should focus on multicenter, prospective,
randomized controlled trials (RCTs) to elucidate whether
nicotinic acid offers a true therapeutic effect in digital re-
plantation. Therefore, investigation of optimal dosing ap-
proaches, treatment duration and timing of administration
may also help optimize clinical management protocols. Ex-
perimental studies examining molecular mechanisms un-
derlying ischemia-reperfusion damage, endothelial protec-
tion, and inflammatory regulation may offer insights into
the role of nicotinic acid in microvascular healing.

Conclusions

In this retrospective cohort study, adjuvant use of nicotinic
acid was associated with enhanced postoperative microcir-
culatory perfusion, reduced incidence of vascular crises,
and increased digit survival rate compared with conven-
tional therapy alone. The association appeared more pro-
nounced in patients with crush or avulsion injuries. How-
ever, due to the observational and non-randomized design,
these findings should be interpreted as associations rather
than evidence of therapeutic efficacy. Further prospec-
tive, randomized controlled trials are necessary to deter-
mine whether nicotinic acid confers a true therapeutic ben-
efit in digital replantation.

Availability of Data and Materials

The data analyzed are available from the corresponding au-
thor upon reasonable request.
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