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INTRODUCTION

Distal fingertip replantation, which was considered difficult in 
the past, has recently become a viable choice of treatment due 
to improvements in surgical techniques and microsurgical 
equipment that have increased its reported survival rate up to 
96% [1-8]. In distal fingertip amputations, arteries can be iden-

tified and repaired in most cases. However, the more distal the 
level of amputation, the more difficult it becomes to find even a 
vein for anastomosis [2-5]. In the context of severe tissue dam-
age, such as crush or avulsion injury, difficulties are often en-
countered when searching for veins to repair.

When replants become congested postoperatively, external 
bleeding is required to relieve congestion until venous outflow 
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is reestablished. Various techniques have been reported to re-
lieve congestion, such as applying medical leeches [6], punctur-
ing or lacerating the replants [9-11], periungual stub incisions 
or fish-mouth incisions [2,10,12], or making a venocutaneous 
fistula [13]. These techniques have several drawbacks, such as 
excessive bleeding, an unpredictable success rate, and the need 
for frequent monitoring of the replants by experienced medical 
staff. Although high survival rates have occasionally been re-
ported for external bleeding, blood transfusion is required for 
most patients [12,14]. An optimal method of external bleeding 
must fulfill the following requirements: high survival rate of re-
plants, low invasiveness, infrequent interventions, and minimal 
blood loss [2]. To date, few standardized and ideal protocols 
have been described for external bleeding of congested replants 
[4,10,12,14].

Heparin calcium is a highly concentrated heparin preparation 
that is used as a “chemical leech” to relieve implant congestion 
[10]. In our facility, induction of external bleeding by local in-
jections of heparin calcium into replants, in addition to routine 
systemic heparinization, is the method used to manage postop-
erative congestion of replants. In this study, we investigated the 
survival rate of replants and the amount of blood loss in patients 
managed under our protocol for external bleeding.

METHODS

Patients
From July 2008 to May 2013, 15 replanted fingertips in 14 pa-
tients developed postoperative congestion and were subjected 

to external bleeding with local injections of heparin calcium in 
addition to the routine systemic administration of heparin sodi-
um at Okinawa Chubu Hospital (Table 1). There were 13 males 
and one female, with ages ranging from 6 to 50 years (mean, 31 
years). The affected fingers included five index, six middle, and 
four ring fingers. The level of amputation was categorized ac-
cording to the Ishikawa subzone classification (Fig. 1) [5,15]. 
The level was subzone I in two fingers, subzone II in six fingers, 
subzone III in six fingers, and subzone IV in one finger. All af-
fected fingers were severely damaged by a crush or avulsion in-
jury, and no clean cuts were observed. 

No. Age 
(yr) Sex Finger Sub 

zone Injury Arterial 
anastomosis

Venous 
anastomosis

Minimum 
single 

dose of 
HC (U)

Maximum 
single 

dose of 
HC (U)

Initial 
day of 

injection 
(POD)

Final day 
of 

injection 
(POD)

Maximum 
blood loss 

(g/day)

Total 
blood 

loss (g)
Outcome

  1 6 M Middle I Crush 1 None 500 500 2 2 96 96 Survived
  2 20 M Middle I Crush 1 None 5,000 5,000 0 0 636 1,170 Survived
  3 23 M Ring II Crush 1 2 500 1,250 2 4 - - Survived
  4 38 F Middle II Crush 1 None 2,500 2,500 2 5 - - Survived
  5 44 M Index II Crush 1 1 2,500 5,000 1 6 880 1,430 Survived
  6 10 M Index II Crush 1 None 500 1,250 1 3 422 963 Survived
  7 32 M Index II Crush 1 None 200 500 1 5 255 892 Survived
  8 36 M Middle II Avulsion 1 None 500 1,250 0 5 165 425 Survived
  9 50 M Index III Crush 1 None 500 2,500 0 6 185 265 Necrosis
10 41 M Ring III Avulsion 1 None 500 1,000 0 6 -   - PN
11 42 M Ring III Crush 1 None 2,500 2,500 1 1 190 190 Survived
12 25 M Middle III Crush 1 None 1,250 1,250 3 4 -   - PN
13 30 M Middle III Crush 1 None 1,250 1,250 0 2 -   - Survived
14 36 M Ring III Avulsion 2 1 500 1,000 0 5 5 20 PN
15 36 M Index IV Avulsion 1 None 500 2,500 0 6 165 425 PN

HC, heparin calcium; POD, postoperative day; M, male; F, female; PN, partial necrosis. 

Table 1. Clinical details of congested replants that underwent external bleeding

The level of fingertip amputation is classified into four subzones.

Fig. 1. Ishikawa subzone classification 
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One artery was anastomosed in 14 fingers, and two arteries in 
one finger. One vein was anastomosed in two fingers, two veins 
in one finger, and venous anastomosis could not be performed 
in 12 fingers.

Methods
According to our protocol for fingertip replantation, continuous 
systemic administration of 12,000 U/day of sodium heparin 
and 80 µg/day of prostaglandin E1 was initiated at the time of 
arterial anastomosis and continued for 7 days postoperatively to 
prevent postoperative thrombosis in all patients. Oral adminis-
tration of 100 mg of aspirin was initiated immediately after sur-
gery and continued for 1 month postoperatively. For pediatric 
patients, the doses of the medications were reduced based on 
the instructions of the pediatrician.

When a replanted fingertip exhibited signs of congestion post-
operatively, a small fish-mouth incision was made at the most 
distal part of the replant, and a subcutaneous injection of hepa-
rin calcium into the replant was performed once or twice daily. 
Given the lack of an established protocol for heparin calcium 
administration, the dose of heparin calcium used in each proce-
dure varied according to the replant and ranged widely from 
500 to 5,000 U. Inspection of the color of the replant and blood 
oozing from the fish-mouth incision helped determine whether 
the replant remained congested. The dose and dosing interval 
of heparin calcium injection were titrated according to the com-
plexion of the congested replant. In majority of the cases, the 
heparin calcium combination treatment was initiated from the 
day of surgery or on postoperative day (POD) 1, and the dura-
tion of the treatment ranged from 1 to 7 days (mean, 4.1 days).

Surgical outcomes and amount of blood loss were reviewed 
retrospectively. Whether a replanted fingertip survived or failed 
was judged by careful daily observation of the color and bleed-
ing from the replant. Even a small area of discoloration suspect-
ed of necrosis was diagnosed as partial necrosis. The daily 
amount of blood loss was determined by measuring the weight 
of dressings over the replants. In all cases, brisk hemorrhage was 
induced and continued from the fish-mouth incision using our 
method of external bleeding. Such bleeding does not occur 
without arterial anastomosis. Hence, fingertips surviving as 
composite grafts were not included in this series.

To evaluate the efficacy of using heparin calcium for external 
bleeding, 12 patients who developed postoperative congestion 
after fingertip replantation and underwent external bleeding 
without heparin calcium from 1999 to 2013 were selected as a 
control group, and their postoperative outcomes were compared 
with those of patients who received heparin calcium. In the con-
trol group, there were 11 males and one female, with ages rang-

ing from 2 to 60 years (mean, 37 years). The level of amputation 
was subzone I for one finger, subzone II for four fingers, and 
subzone III for seven fingers. One artery was anastomosed in 11 
fingers, and two arteries in one finger. One vein was anasto-
mosed in three fingers, and venous anastomosis could not be 
performed in nine fingers. External bleeding was performed by 
a fish-mouth incision and/or pin pricking in all patients, with 
continuous systemic administration of 12,000 U/day of sodium 
heparin in seven patients. 

The Fisher exact test and the unpaired Student t-test were em-
ployed for the statistical analyses, and differences exhibiting a P-
value ≤ 0.05 were considered statistically significant. 

RESULTS

Fourteen of the 15 replants survived, and the overall survival 
rate was 93.3%. One case of total necrosis resulted from arterial 
insufficiency, and was therefore not related to insufficient exter-
nal bleeding. The overall outcomes were compared with those 
of the control group. In addition, surgical outcomes and amount 
of blood loss were compared according to the Ishikawa subzone 
classification.

Comparison with the control group
The overall survival rate in the control group was 83.3%. This 
was lower than that of the heparin calcium group, but the differ-
ence was not statistically significant (P = 0.569). All two cases of 
necrosis in the control group resulted from progressive venous 
congestion due to insufficient external bleeding. The amount of 
blood loss in the control group was not recorded in the patients’ 
medical charts, but one patient required blood transfusion, as-
sumedly due to an inappropriately large fish-mouth incision and 
an excessive effect of systemic heparin sodium anticoagulation.

Rate of venous anastomosis 
In the heparin calcium group, venous anastomosis was per-
formed in 25% (2/8) of replants in subzones I and II, compared 
with 16.7% (1/6) of replants in subzones III and IV. No statisti-
cally significant difference was noted (P = 1.000). 

Survival rate 
In the heparin calcium group, the survival rate was 100% for 
subzones I and II and 87.5% for subzones III and IV. No statisti-
cally significant difference was noted (P = 1.000). 

Rate of partial necrosis
In the heparin calcium group, no partial necrosis was observed 
in replants in subzones I and II (0%), while four cases of partial 
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necrosis occurred in replants in subzones III and IV (66.7%), 
which was a significant difference (P = 0.015). 

Blood loss
The daily amount of blood loss by external bleeding was record-
ed in the patients’ medical charts for 10 fingers in the heparin 
calcium group (Fig. 2). The total amount of blood loss ranged 
from 20 g to 1,430 g (mean, 588 g). In five patients, postopera-
tive hemoglobin levels were measured on POD 1 to 3. The 
mean decrease in the hemoglobin level was 4.5 g/dL (range, 
4.1–5.1 g/dL). No patients required blood transfusion, and oral 
iron tablets were prescribed for most patients.

The average amount of blood loss of the two fingers in which 
venous anastomosis was performed at the time of replantation 
was 725 g, whereas that of the eight fingers without venous 
anastomosis was 553 g. No significant difference was observed 
between these two groups (P = 0.342). 

The mean blood loss was 633 g in subzone I (two fingers), 795 g 
in subzone II (five fingers), 105 g in subzone III (two fingers), 
and 425 g in subzone IV (one finger). The relationship between 
the total amount of blood loss and the level of amputation was 
examined by comparing the amount of blood loss in every sub-
zone. However, no statistically significant difference was found. 

Two replants experienced a large amount of blood loss, exceed-
ing 1,000 g in total. In these fingers, the maximum amount of 
blood loss per day exceeded 600 g, with a single dose of 5,000 U 
of heparin calcium. In contrast, the minimum amount of total 
blood loss was 20 g, with a single dose of 500 U of heparin calci-
um.

All fingers exhibited a reduced tendency to bleed after POD 3. 

On POD 7, congestion was relieved in all fingers, and additional 
external bleeding was no longer required.

Cases
Case 1
A 6-year-old boy got his middle finger caught in a door, and the 
finger was completely amputated. The level of amputation was 
subzone I (Fig. 3). Replantation was performed, and one artery 
was anastomosed distal to the distal transverse palmar arterial 
arch. No vein was available for anastomosis. Systemic continu-
ous administration of 2,400 U of heparin sodium daily was per-
formed postoperatively, but congestion of the replant developed 
and worsened starting on POD 2. A fish-mouth incision was 
made at the distal edge of the replant, and 500 U of heparin cal-
cium was subcutaneously injected into the replant. Congestion 
was gradually relieved, and the replant survived without any ne-
crosis. The total amount of blood loss was 96 g.

After 1.5 years, no atrophy was observed, and the patient cur-
rently uses his right hand without any limitations.

Case 14
The ring finger of a 36-year-old man got caught between the 
hull of a ship and a ladder during scuba diving and was com-
pletely amputated. The level of amputation was subzone III 
(Fig. 4). Replantation was performed, and two arteries and one 
vein were anastomosed on the volar side. Since congestion of 
the replant was detected immediately after surgery, a fish-mouth 
incision was made. Heparin calcium was locally injected once 
daily (500 U on the day of surgery, 500 U on POD 1, 1,000 U on 
POD 2, 500 U on POD 4, and 500 U on POD 5). Slow and 

Fig. 2. Amount of daily blood loss

Changes in the amount of daily blood loss due to external bleeding in 10 replants are shown. The red round dotted line shows two cases of exces-
sive bleeding (more than 600 g per day). The blue linear dotted line shows a case of minimal bleeding (less than 20 g in total).
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Fig. 3. Replantation in Ishikawa subzone I

Fig. 4. Replantation in Ishikawa subzone III 

The right middle finger of a 6-year-old boy was amputated by 
a crush injury. (A, B) A photograph at the initial visit. (C) An 
anastomosed artery distal to the distal transverse palmar arte-
rial arch. (D, E) Appearance at 1.5 years after surgery. Neither 
atrophy nor nail deformity was evident (white arrows show the 
level of amputation.) 

The right ring finger of a 36-year-old 
man was amputated by an avulsion inju-
ry. (A, B) A photograph at the initial visit. 
(C) Two arteries were anastomosed on 
the volar side. (D) Partial necrosis oc-
curred at the distal tip of the replant. (E, 
F) Appearance 2 years after surgery. Mild 
atrophy and nail deformity were evident. 
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gradual fresh bleeding from the fish-mouth incision was ob-
served (which presents the replant 12 hours after the subcuta-
neous injection of heparin calcium on POD 2) (Supplemental 
Video 1). The total amount of blood loss was 20 g on POD 5. 
On POD 6, congestion was relieved, and additional external 
bleeding was no longer required.

After the operation, partial necrosis occurred at the tip of the 
replant, but all the other parts survived. Mild atrophy occurred 
2 years after surgery. 

DISCUSSION

In recent years, high survival rates have been reported for distal 
fingertip replantation. In a systemic review of 2,273 replanted 
fingertips, the survival rate of replantations in Ishikawa subzones 
I and II was reported to be 87%, which is equivalent to that in 
Ishikawa subzones III and IV [1]. That report implies that even 
in the most distal fingertip replantations, microsurgical anasto-
mosis is technically possible. However, in our experience, the 
more distal the level of amputation, the more difficult it is to 
find a vein to repair, especially in severely damaged fingers [2-5].

When venous anastomosis cannot be performed or thrombo-
sis is present, congestion of the replant is inevitable. If conges-
tion progresses, external bleeding to relieve the congestion is 
necessary to salvage the replanted fingertip. Ideally, external 
bleeding should be performed with the least amount of blood 
loss necessary to maintain a high survival rate of the replanta-
tions. However, no previous studies have examined the actual 
volume of blood loss induced by external bleeding. 

Buntic and Brooks [14] reported 100% survival of 19 artery-
only fingertip replantations in which external bleeding was per-
formed, but 65% of the patients received blood transfusion. 
Blood transfusion was also reported to be necessary in up to 
88% of patients undergoing external bleeding in another study 
[12], and in fact, the need for blood transfusion has been re-
ported in almost all studies. Fingertip replantation is not major 
surgery; therefore, avoiding blood transfusion whenever possi-
ble is ideal.

A characteristic feature of heparin calcium is its higher concen-
tration (25,000 U/mL) than that of sodium heparin (10,000 
U/mL). Heparin calcium is long-acting, with a half-life of ap-
proximately 3 hours and an inactivation time of approximately 
12 hours. Bleeding from a replant can persist for hours with just 
a single dose of this agent, without the risk of systemic bleeding 
as it does not readily enter the systemic circulation, especially 
when the replant becomes congested. A study reported contin-
ued bleeding for 4–7 hours after the first subcutaneous injection 
of 1,000 U of heparin calcium in a replant, and the duration of 

action was no longer than approximately 6 hours as it was elimi-
nated from the drainage site [10]. 

At our institution, we combined local injections of heparin cal-
cium with continuous systemic administration of heparin sodi-
um. Few studies have examined the combination of these two 
types of heparin [9,12], and an optimal protocol has not been 
established to date. As our protocol was a combination of local 
and systemic heparin, the frequency of local injections of hepa-
rin calcium was once or at most twice daily. During its use, per-
sistent bleeding was observed from the fish-mouth incision, and 
regular scratching to prevent coagulation of the fish-mouth inci-
sion was not necessary. After POD 7, complete relief from con-
gestion was noted in all cases, and additional external bleeding 
was no longer required. Frequent local injections of heparin cal-
cium are associated with an elevated risk of replant damage [9]. 
Using our protocol, congestion could be relieved with a low fre-
quency of injections, which were mainly performed once daily 
without stimulation of the drainage site. This procedure mini-
mized the risk of tissue injury and the burden on both patients 
and medical staff, providing the greatest advantage of the com-
bined use of local and systemic heparin. 

In this study, we achieved a relatively high survival rate of 
93.3%. With the exception of reports with small samples, to the 
best of our knowledge, our study on external bleeding has re-
ported the highest success rate without blood transfusion. Al-
though the difference was not statistically significant, the surviv-
al rate of replants in the patients who received heparin calcium 
was higher than that of the control group, which contained pa-
tients who underwent external bleeding without heparin calci-
um. In addition, whereas necrosis occurred in two patients in 
the control group as a result of progressive venous congestion 
due to insufficient external bleeding, no patients who received 
heparin calcium experienced insufficient external bleeding. Be-
cause of the small number of patients in this study, we could not 
definitively demonstrate the efficacy of our method with statis-
tical significance. However, we feel that external bleeding using 
heparin calcium is beneficial for increasing the survival rate and 
reducing blood loss in clinical practice. A prospective compara-
tive study to confirm the efficacy of our method is needed.

Although we made considerable efforts to minimize blood 
loss by external bleeding, blood loss exceeding 1,000 g was ob-
served in two fingers. Such a large amount of blood loss is con-
sidered excessive. The dose of heparin calcium necessary for ex-
ternal bleeding may vary depending on the volume of the re-
plant and the degree of congestion. Due to the small study pop-
ulation analyzed here, it is difficult to determine the appropriate 
dose of heparin calcium. A greater number of cases must be 
evaluated prospectively in the future to provide guidelines for 
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the use of heparin calcium. However, we experienced a case 
where congestion was successfully relieved by local injections of 
500 U of heparin calcium once daily with minimal blood loss. 
This finding suggests that heparin calcium injections could be 
started with a minimum dose of 500 U to avoid excessive blood 
loss.

Replantation in subzones I and II was successful in all cases 
without partial necrosis. These findings suggest that replanta-
tions in subzones I and II can survive completely using our pro-
tocol for external bleeding. In contrast, replantations in sub-
zones III and IV exhibited a higher rate of partial necrosis than 
those in subzones I and II. In cases of amputation in subzones 
III and IV, which involve a larger tissue volume than subzones I 
and II, external bleeding with heparin calcium could not com-
pletely relieve postoperative congestion, which is a limitation of 
our protocol. For this level of amputation, it may be advisable to 
consider selecting another method of relieving postoperative 
congestion, such as delayed venous anastomosis [16]. A further 
prospective study would be required to determine the appropri-
ate dose of heparin injections and to evaluate the effectiveness 
of our method of external bleeding.
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