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Purpose: Unfractionated heparin (UFH) is more commonly used as an anticoagulant
after digital replantation than low-molecular-weight heparin (LMWH). We compared
the success and complication rates of these two anticoagulants, since only a few
studies have made this comparison directly.

Methods: Forty-four patients who underwent digital replantation for complete or in-
complete digital amputation in the past 7 years at a single institution were included.
The patients were divided into LMWH and UFH groups according to the anticoagulant
administered. The success rates for each group were obtained, and the postoperative
serum aspartate aminotransferase (AST) and alanine transaminase (ALT) levels were
analyzed to compare the complication rates.

Results: All patients, except one, had successful recovery of circulation after replanta-
tion, and the success rate did not show a statistically significant difference between
the two groups. The statistical analysis showed that the proportion of patients with
abnormal serum AST or ALT levels in the LMWH group was significantly lower than
that in the UFH group.

Conclusion: Although there was no significant difference in the success rate between
the two groups, the risk of hepatotoxicity was significantly lower in the LMWH group
than in the UFH group. Considering the advantages of LMWH, its extensive use is
highly recommended for anticoagulation therapy in patients after digital replantation.

Keywords: Low-molecular-weight heparin, Replantation, Heparin, Liver function tests,
Postoperative complications

Introduction

Heparin and its derivatives have been widely used in anticoagulation therapy
after digital replantation to reduce thrombotic events and ensure robust blood
flow [1]. There is no consensus among microsurgery centers due to lack of stan-
dardized protocols. The protocols used are mainly based on subjective clinical ex-
perience rather than evidence-based guidelines. Some institutions use unfraction-
ated heparin (UFH) as the main anticoagulant after free tissue transfer, whereas
others use low-molecular-weight heparin (LMWH), acetylsalicylic acid, throm-
bolytics, dextran, or prostaglandin E1 [1-6]. We only found one relevant system-
atic review in the Cochrane database. However, few studies have reviewed and
compared the success rates of LMWH vs. UFH. Nevertheless, the methodological
and statistical limitations of these studies have led to the lack of conclusions [7].
Moreover, the complication rates associated with LMWH or UFH were unclear,
making it difficult for microsurgeons to choose between them [7]. In other words,
the protocols are reliant on individual clinical experience, which can be biased.
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We focused on hepatotoxicity among the complication of an-
ticoagulant use. In our institution, we routinely perform liver
function or anticoagulation panel tests perioperatively to mon-
itor hepatotoxicity based on our clinical experience. Although
well described in the literature, hepatotoxicity is often over-
looked due to its asymptomatic nature, with a rare possibility of
sequelae; however, aggravated symptoms can sometimes occur
[2,8-13]. The rates of hepatotoxicity vary among studies, with
most authors reporting higher rates with LMWH. However,
this finding has not been statistically proven [10,14,15].

In previous studies, the comparison of hepatotoxicity rates
between LMWH and UFH has been limited to particular in-
stances, such as prophylaxis or treatment of pulmonary embo-
lism. However, a comparison of hepatotoxicity rates between
perioperative LMWH and UFH administration after digital re-
plantation has not been presented. By comparing the hepato-
toxicity, success rate, and complication rate between patients
who received LMWH or UFH, the study aimed to promote the
usage of LMWH over UFH as the main anticoagulant.

Methods

Ethics statement: This study was approved by the Institutional
Review Board of Korea University Ansan Hospital (No. 2022AS
1097) with a waiver of informed consent due to its retrospective
nature. Written informed consent was obtained for publishing
accompanying images of this report.

1. Materials

The medical records of patients who received digital replan-
tation and perioperative anticoagulation therapy after complete
digital amputation from 2014 to 2020 were reviewed. All pa-
tients underwent surgery by a single senior surgeon.

Patients were divided into two groups; LMWH and UFH.
The demographics, presentation, treatment, success or failure
of replantation and any major or minor complications were
compared between the two groups. The investigated demo-
graphic variables included age, smoking history, preexisting
medical conditions, zone of injury, elapsed time before surgery,
and operation time.

2. Perioperative anticoagulant therapy protocol

All patients were administered either UFH or LMWH. UFH
(Choongwae Heparin Sodium Inj., JW Pharmaceutical, Seoul,
Korea) was administered intravenously. The patients were ad-
ministered 2,500 IU/day for a week, and the drug dose was ta-
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pered to 500 IU/day. In the LMWH group, 20 mg of LMWH
(Clexane Inj., Sanofi- Aventis Korea, Seoul, Korea) was subcuta-
neously injected once a day for 5 days. Anticoagulants were not
discontinued unless the patients showed signs of associated
complications. Despite an increase in liver function parameters,
anticoagulation therapy was continued unless the patients
showed marked symptoms, which did not occur in any of the
included patients.

3. Replantation status

We defined failure (marked as “failure”) as per the following
three categories described in a previous study [7]: (1) requiring
surgical re-exploration, (2) requiring incision, or (3) microvas-
cular insufficiency due to arterial and venous occlusions. We
further defined successful replantation (marked as “success”) as
the condition that was not marked as a failure.

4. Complications

All possible complications were identified, including hema-
toma and major or minor systemic bleeding, which are com-
mon side effects of anticoagulants [16]. We paid particular at-
tention to hepatotoxicity as no severe or systemic complications
occurred in the patients included in this study. The liver func-
tion test panel was thoroughly analyzed and compared between
the two groups.

S. Analysis of the liver function

When the peak levels of serum aspartate aminotransferase
(AST) or alanine transaminase (ALT) were above three times the
upper normal limit (UNL), the condition was marked as “hepa-
totoxicity,” as described in a previous study [10]. The UNLs of
AST and ALT were 40 and 41 U/L, respectively. Any value below
three times the UNL was considered insignificant and labeled as
“normal” Any abnormalities in liver function tests, other than

serum AST or ALT levels, were also investigated.

6. Statistical analysis

Basic demographic data were compared using the indepen-
dent t-test (for continuous variables) and Fisher exact test (for
categorical variables). The success and complication rates were
compared using Fisher exact test. Statistical analyses were per-
formed using IBM SPSS Statistics ver. 22.0 (IBM Corp., Ar-
monk, NY, USA).

Results

A total of 44 patients underwent digital replantation and
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perioperative anticoagulation therapy. Ten patients were classi-
fied into LMWH group and 34 patients into UFH group. The
patient demographics are summarized in Table 1. Representative
cases are shown in Figs. 1 and 2. The median patient age was
44.0%+14.8 years. Among the patients, 59.1% were non-smokers
and 40.9% were smokers. Regarding medical history, none of the
patients had a history of hepatic diseases, and most patients had
no comorbidities (59.1%). Most patients underwent replantation

Table 1. Demographic characteristics of the patients

of one digit (72.7%), whereas a small number of patients under-
went operations for more than one digit (27.2%). The success
rate was 100% in the LMWH group, whereas one replantation
failed in the UFH group (2.9%; category 3, microvascular insuffi-
ciency due to arterial and venous occlusions). There was no sta-
tistically significant difference in the success rates between the
two groups (p>0.999) (Table 2, Fig. 3). No major complications,
including systemic bleeding or thrombocytopenia, were ob-

Characteristic Total LMWH group UFH group p-value
Patient 44 (100) 10 (22.7) 34 (77.3)
Age (yr) 4401148 475174 43.0+14.0 0.468
Smoking status >0.999
Never 26 (59.1) 6 (60.0) 20 (58.8)
Current 18 (40.9) 4 (40.0) 14 (41.2)
Medical history 0.604
None 26 (59.1) 6 (60.0) 20 (58.8)
Hypertension 10 (22.7) 3(30.0) 7 (20.6)
Diabetes 5(11.4) 1(10.0) 4(1.8)
Hepatitis 0(0) 0(0) 0
Others 3(6.8) 0(0) 3(8.8)
Multiple digits involved 0.702
Yes 12 (27.3) 2 (20.0) 10 (29.4)
No 32(72.7) 8 (80.0) 24 (70.6)
Zone of injury 0.490
Zone 1 33 (54.1) 4(40.0) 29 (56.9)
Zone 2 28 (45.9) 6 (60.0) 22 (43.1)
Time elapsed before surgery (min) 472.45%+253.275 420.8£249.75 487.64£255.98 0.227
Operation time (min) 356.39%196.535 3609t 167.54 355.05£206.56 0.772

Values are presented as number (%) or mean + standard deviation.
LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.

Fig. 1. A 41-year-old man presented with his right index finger completely amputated at the proximal phalanx level by an electrical
saw (A). Replantation was performed immediately, and unfractionated heparin was administered intravenously after the operation. The
patient showed elevated aspartate aminotransferase and alanine transaminase levels (220 U/L and 258 U/L, respectively), without any
marked symptoms of hepatotoxicity. (B) The operation was successful with minimal sequelae.
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Fig. 2. A 21-year-old man presented with complete amputation of his left thumb at the proximal phalanx and index at the mid-phalanx
by an industrial cutter (A). Immediate replantation was performed, and the patient was administered low-molecular-weight heparin for
perioperative anticoagulant therapy. The aspartate aminotransferase and alanine transaminase levels of this patient were normal during

admission, without any evidence of hepatotoxicity. (B) Clinical photograph a year after surgery.

Table 2. Comparison of the success rate between groups

Variable Total (n=44) LMWH group (n=10) UFH group (n=34) p-value
Success or failure >0.999
Success 43(97.7) 10 (100) 33(97.1)
Failure 1(23) 0(0) 1 (2.9

Values are presented as number (%o).
LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
IMicrovascular insufficiency.

served in either group. The rate of hepatotoxicity was higher in
the UFH group than in the LMWH group. The proportion of
patients with elevated AST levels (50.0% and 10.0%, respective-
ly; p=0.031) and the rate of ALT elevation (47.1% and 10.0%,
respectively; p=0.027) were higher in the UFH group than in
the LMWH group (Table 3, Fig. 4).

Discussion

LMWH is a relatively new class of anticoagulants compared
to UFH and is derived from UFH. The anticoagulant activity of
LMWH originates from the inhibition of activated coagulation
factor X (factor Xa), whereas the anticoagulant activity of UFH
originates from its binding to the antithrombin IIT molecule
[17,18]. Since its introduction in the 1970s, LMWH has gradu-
ally replaced UFH in clinical practice and has been used to pre-
vent deep venous thrombosis, pulmonary embolism and to
treat unstable angina and ST-elevation myocardial infarction
[17,18].

However, many institutions still use UFH as the main antico-
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Fig. 3. The success rates showed no difference between the two
groups. LMWH, low-molecular-weight heparin; UFH, unfractionated
heparin.

agulant therapy for perioperative anticoagulation in the micro-
surgical domain. Recently, there have been changes based on
advances in the knowledge of flap dynamics and LMWH [1].
However, it is interesting to consider the advantages of LMWH
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Table 3. Differences in liver function test results between groups

Variable Total (n=44) LMWH group (n=10) UFH group (n=34) p-value
AST 0.031*
Normal 26 (59.1) 9 (90.0) 17 (50.0)
Abnormal” 18 (40.9) 1(10.0) 17 (50.0)
ALT 0.027¢
Normal 25 (56.8) 9(90.0) 16 (47.1)
Abnormal” 19(43.2) 1(10.0) 18 (52.9)

Values are presented as number (%o).

LMWH, low-molecular-weight heparin; UFH, unfractionated heparin; AST, aspartate aminotransferase; ALT, alanine transaminase.
IPeak AST or ALT levels > 3 x upper normal limit (40 U/L for AST and 41 U/L for ALT).

*p<0.05, statistically significant.

100 M Overall
90 1
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50
40
30 4
20
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]

Success rate (%)

Abnormal AST Abnormal ALT

Fig. 4. The complication rates showed significant differences
between the two groups in both aspartate aminotransferase (AST)
and alanine transaminase (ALT) levels. LMWH, low-molecular-
weight heparin; UFH, unfractionated heparin. *p<0.05, statistically
significant.

compared to those of UFH. Some of the advantages of LMWH
include: (1) improved predictability of dose-response relation-
ships due to the lower rate of binding to plasma proteins [19],
(2) increased plasma half-life due to a lower rate of binding to
macrophages and endothelial cells, and (3) lower incidence of
heparin-induced thrombocytopenia [20].

The hepatotoxicity of heparin and heparin-derived products
has been described in several studies. However, heparin-related
hepatotoxicity is often neglected due to its asymptomatic na-
ture. Although heparin-related hepatotoxicity does not cause
any sequelae in most cases, it should be closely monitored since
it can result in elevated levels of liver enzymes and sometimes
shows aggravated symptoms [11].

Our results showed that although patients who were admin-
istered UFH had a higher rate of hepatotoxicity than those who
were administered LMWH, the success rate was not different.
This finding is in agreement with a previous study [7], which
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showed no statistically significant differences between the two
groups in terms of patient demographics. This could indicate
that the hepatotoxicity of LMWH described in the literature
could be exaggerated. There is no evidence to suggest that
LMWH is associated with a high risk of hepatotoxicity in clini-
cal settings. The results section does not include details of other
liver function test panel results, such as bilirubin or ALT levels,
since these were normal. Although there has been a recent case
report regarding the elevation of bilirubin and ALT levels, nei-
ther is usually considered to be related to heparin-associated or
enoxaparin-related hepatotoxicity [9].

The risk of hepatotoxicity due to UFH and LMWH was high
in our results compared to that in other reports, which report-
ed hepatotoxicity risks of 8% and 4%-13%, respectively [14,21].
This could be due to the small sample size or the underreport-
ed nature of heparin-derivative-induced hepatotoxicity. The
mechanism underlying the different results is unknown, and
further research is necessary.

Only enoxaparin was used in this study, despite the availabil-
ity of several classes of LMWH in the market. This helped to
reduce the burden of creating subgroups. Other classes of
LMWH might have introduced additional variables, contribut-
ing to different results. Further, multicenter and double-blind
clinical trials are needed to confirm our results.

A limitation of this study is the small sample size, and miss-
ing medical records owing to the retrospective nature of the
study making the study underpowered. Moreover, the number
of patients in the LMWH group was smaller than that in the
UFH group. The use of LMWH in anticoagulant therapy in the
perioperative period of digital replantation has only occurred
recently at our institution. The indications for the use of
LMWH are gradually expanding in almost all patients who un-
dergo microsurgery, including digital replantation and tissue
transfer. More detailed results, including a larger number of pa-
tients, will be presented in a subsequent prospective study.
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Conclusion

LMWH resulted in no significant difference in the success
rate, but the risk of hepatotoxicity was significantly lower than
that with UFH. Considering the advantages of LMWH, its ex-
tensive use is highly recommended for anticoagulation therapy
in patients after digital replantation.
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