
ABSTRACT
Although a recognized phenomenon in cardiology, the implications of rebound heparin hypercoagulability following cessation of therapy in microsurgery 
is unreported. In this article we report two cases of late digital circulatory compromise following replantation, shortly after withdrawal of heparin. We 
propose potential consideration for changes in perioperative anticoagulation practice to reduce this risk. In conclusion, if heparin is instituted as the treat-
ment of choice following microvascular repair, continuation of heparin therapy until neovascularization has occurred may reduce the risk of the rebound 
hypercoagulation. Addition of aspirin or other antiplatelet agents as used in the acute coronary setting may also have a role at minimizing the effect.

INTRODUCTION

Rebound hypercoagulation following cessation of heparin therapy has previ-
ously been reported in the cardiology setting [1-3]. Initially it was recognized 
following reinfarction clustering within hours of discontinuation of unfrac-
tionated heparin infusion (UFI) during treatment of ST elevation myocardial 
infarction [4]. Reactivation of the coagulation system and elevated thrombin 
production following heparin withdrawal was proposed as the likely cause 
[3]. With loss of therapeutic heparin levels, prothrombotic factors interact 
with the original thrombus rapidly resulting in propagation, platelet recruit-
ment and new ischaemia [5]. In vivo studies have further explained the mo-
lecular pathogenesis [2]. Increases in plasma prothrombin fragment 1+2 
(F1+2) and thrombin-antithrombin (TAT) levels were recorded on heparin 
withdrawal that were beyond those measured prior to commencing heparin 
therapy [1].

Although a recognized phenomenon in cardiology, the implications of 
rebound heparin hypercoagulability in microsurgery are as yet unreported. 
In both the elective and trauma microsurgical setting, heparin is a compo-
nent of the postoperative protocol for many European and American mi-
cro-surgeons, despite limited evidence for its efficacy [6,7]. Propagation of 
thrombosis in a microvascular anastomosis is similar to the pathological 
progression of thrombosis propagation in coronary arteries, and can result 
in critical tissue loss.

In this article we report two cases of late digit circulatory compromise 
shortly after withdrawal of heparin therapy. Additionally, we propose poten-
tial consideration for changes in perioperative anticoagulation practice to 
reduce this risk.

CASE REPORTS

Case 1
A three-year-old right hand dominant healthy male who sustained near-com-
plete amputation of his right index finger through the distal interphalangeal 

joint when both hands were caught in the hinge of metal portable truck 
ramp. Vaccines including tetanus were up to date and he had no current 
medical issues.

The patient was taken emergently to the operating theatre within 4 
hours of injury, for revascularization of the digit. Open reduction and per-
cutaneous pinning with volar plate, collateral ligament, flexor digitorum 
profundus repair and extensor dermodesis was carried out. The ulnar dig-
ital artery (UDA), nerve (UDN) and a vein were repaired primarily under the 
microscope without requirement of a vein graft. The patient tolerated the 
procedure well, with no flow issues on the operating table and was trans-
ferred to the Pediatric Intensive Care Unit (PICU) for standard flap / replant 
monitoring.

A heparin (500 units) infusion and 60.75mg of daily aspirin were com-
menced postoperatively. The room was kept warm, and a forced air warm-
ing blanket kept on the right hand at all times. On postoperative day three, 

Figure 1. New onset fingertip ischemia following heparin withdrawal in Case 1.
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the heparin infusion was discontinued. He remained in the PICU with ongo-
ing neurovascular checks. No other surgical or medical interventions that 
may have impacted upon circulation were performed in this time period 
(i.e., removal of warming blanket or change in other systemic factors). Ap-
proximately 21 hours later, the finger was noted to be cool and pale (Figure 1). 
No doppler signal was found. The patient returned to theatre emergently 
for exploration and an arterial thrombus at the anastomosis was noted. 
Flow was re-established, he was returned to the PICU postoperatively for 
ongoing neurovascular checks and recommenced on the heparin infusion 
(Figure 2).

This continued for a further five days post return to theatre at which 
stage he was transitioned to therapeutic enoxaparin for the remainder of 
his inpatient stay, for a total of seven days of postoperative anticoagulation. 
He was discharged on a further 30-day course of aspirin. At first outpatient 
follow-up the replanted digit was found to be viable with no further epi-
sodes of vascular compromise noted.

Case 2
A twenty-seven-year-old right hand dominant male presented with right 
thumb amputation by miter saw, through the proximal phalanx with six-
hour cold ischemia time. No significant past medical history. Social history 
included smoker of one pack / day and current occupation as a carpenter.

He was taken to the operating room for emergent replantation, which 
included debridement, shortening and K-wire bony fixation. The flexor pol-
licis longus (FPL) and extensor pollicis longus (EPL) tendon were repaired. 
The radial digital artery (RDA) underwent microsurgical repair in addition 
to two veins and the UDN. Flow was restored without any intraoperative 
issue. The patient was bolused with 3000 units of heparin IV and placed 
on a 500-unit heparin infusion. A therapeutic 300mg aspirin suppository 
was given on transfer to the post-anesthesia care unit, then 81mg aspirin 
was commenced daily. Recovery was uneventful until day three post oper-
atively when the heparin infusion turned off. Again, no other interventions 
in this time period that may have impacted upon circulation were carried 
out. Within two hours of ending the infusion the thumb became clinically 
congested requiring reinstitution of intravenous heparin, and therapeutic 
leaching. Inflow was maintained and the patient improved with the above 
measures therefore operative intervention was not required. The patient 
was subsequently discharged on daily aspirin and therapeutic enoxaparin 
for two weeks. At first outpatient follow-up the thumb was viable with no 
further episodes of vascular compromise.

DISCUSSION

The consequence of intravascular thrombosis was first described in the mid- 
1800s by the German physician Rudolf Virchow [8]. It is only over the past 
three decades, however, that advances in immunohistochemistry and flow 
cytology have allowed molecular mapping of the processes underlying Vir-
chow’s original triad of hypercoagulability, vessel damage and blood flow 
stasis [9]. The cases we present of late thrombosis following the cessation of 
heparin infusion to make hand surgeons aware of this possible preventable 
sequela.

Those undergoing microsurgical reconstruction or digital revasculariza-
tion have their thrombotic risk compounded by a range of injury and pa-
tient specific factors. Transection and trauma to the vessel wall leading to 
exposure of subendothelial structures to blood flow [10], which has been 
shown to have the greatest single impact on acute anastomotic thrombosis 
[11]. This acute insult is followed by postoperative inflammatory response, 
upregulation of endothelial P-selectin surface expression and relative vessel 
wall hypoxia during neo-endothelialization [12], which can take a further two - 
six days in animal models to occur [13]. Localization of the tissue injury (e.g., 
extremities, high energy trauma or concurrent contamination or infection) 
further increase this risk [14].

Additional patient specific risks, namely dehydration and long periods 
of immobility, also exacerbate the likelihood of postoperative thrombosis 
[15]. In this setting a further pro-thrombotic insult, i.e., the acute withdrawal 
of heparin and subsequent thrombotic rebound, could be enough to pro-
duce microvascular thrombosis, as in the cases discussed. Interestingly this 
is in fact opposite to the more commonly recognized HITT (Heparin Induced 
Thrombocytopenia Thrombosis) phenomenon more commonly described 
in the hospitalized population. HITT occurs on initiation of heparin therapy 
rather than cessation. 

Although no specific guidance exists in the microvascular setting to re-
duce the risk of rebound heparin thrombosis at this present time, a signifi-
cant amount of cardiology guidelines have been produced addressing this 
event in acute coronary syndrome following heparin withdrawal. Aspirin has 
been shown to blunt the effects of rebound thrombosis after heparin with-
drawal improving survival in cardiac patients [16]. The patients presented re-
mained on aspirin during heparin withdrawal however, possibly highlighting 
the different pathogenesis in the microsurgical clinical scenario. This compli-
cates drawing any direct conclusion over use of one or both drugs in this dif-
ferent clinical setting. If heparin is instituted however, we would recommend 
the continuation of therapy until vessel neovascularization has occurred (for 
a period of at least 6 days or longer based on animal studies [13]). Given the 
additional risk of side effects, i.e., bleeding or gastric ulceration, the decision 
to institute additional medications in the microvascular setting should be 
judicious and patient specific.

Rebound hypercoagulation following withdrawal of heparin therapy is a 
rare but recognized treatment sequelae. Given the period of inflammation 
that immediately follows microvascular repair in both the elective and trau-
ma setting we would suggest maximizing patient factors through hydration 
and early mobility (i.e., walking, not digit/extremity mobility) as the primary 
treatment modality.

The use of heparin therapy in the post-operative period after revascu-
larization or replantation remains controversial based on current evidence 
[17,18]. To date there is no high-level evidence supporting use of any med-
ications in microsurgery as a means to reduce risk of arterial or venous 
thrombosis. Higher level studies are urgently needed to investigate the clin-
ical efficacy of antithrombotic medications in microsurgery; however, given 
the small failure rates in modern practice, these will need to be large multi-
center trials in order to reach sufficient power [6].

If heparin is instituted in the perioperative setting, the continuation of 
heparin therapy until neovascularization has occurred (for a period of at 
least 6 days or longer [13]) may reduce the risk of the rebound hypercoag-
ulation. Addition of aspirin or other antiplatelet agents as used in the acute 

Figure 2. Image of fingertip following salvage in Case 1.
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coronary setting may have a role at minimizing this effect [19]. However, 
as in the first case presented, Aspirin alone was not effective in preventing 
circulatory compromise. As no current international guidelines exist, use of 
any anticoagulation therapy should be carefully considered. Additionally, a 
full explanation of the potential side effects of anticoagulation prior to insti-
tution should be given to patients.

CONCLUSION

If heparin is instituted as the treatment of choice following microvascular re-
pair, continuation of heparin therapy until neovascularization has occurred 
may reduce the risk of the rebound hypercoagulation. Addition of aspirin or 
other antiplatelet agents as used in the acute coronary setting may also have 
a role at minimizing the effect.
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