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ABSTRACT

ARTICLE HISTORY

Background: In this study, markers of coagulation and fibrinolysis were assessed during early and
delayed microsurgical reconstruction in patients with traumatic defects of their lower legs to analyse
whether an imbalance of the hemostasis after trauma might predispose the development of vascular
complications.
Methods: The prospective study included 70 patients. In 35 patients, surgery was performed within
72 hours after injury. In 35 other patients, delayed free flap transfer was performed between 14–21 days
after trauma. In each group, reconstruction was performed with a fasciocutaneous anterior-lateral thigh
flap (ALT, n ¼ 18) or a myocutaneous flap (latissimus dorsi flap; n ¼ 17). Blood samples were collected
preoperatively, intraoperatively, and 3, 6, 12, 24, 36, 48, 72, 96 and 120 hours after the operation.
Analysed parameters included markers of coagulation such as prothrombin fragment 1 þ 2 (F1 þ 2),
thrombin-antithrombin III-complex (TAT), and antithrombin, as well as fibrinolysis markers such as plasminogenactivator inhibitor-I (PAI-1), tissue-plasminogenactivator (t-PA), and plasminogen.
Results: Preoperatively, levels of F1 þ 2, TAT, and PAI-1 were significantly higher in patients with
delayed reconstruction (p < .05). Patients with later vascular complications in this group (n ¼ 5) presented a significant higher concentration of TAT, F1 þ 2, and PAI-1 (p < .05). Twelve and 24 hours after
free flap surgery, patients with vascular complications presented significant elevated levels of these
markers (p < .05).
Conclusions: Patients with delayed free flap surgery after lower leg trauma present a hypercoagulable
state in their blood due to activation of the coagulation system and hypofibrinolysis. Early reconstruction might minimise the risk of flap failure caused by hypercoagulability.
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Introduction
Most of the factors contributing to microvascular thrombosis
and failure of free flaps focus on technical aspects of the
anastomosis [1,2]. Some authors have also pointed to the
importance of systemic factors [3,4]. The relationship
between free flap failure in the lower extremities and periods
of delay from the time of injury have been reported as a
relevant systemic factor [2,5,6]. Godina [6] has reported the
highest rate of complications in those patients undergoing
surgery between 72 hours and 3 months post-injury.
Posttraumatic thrombocytosis is believed to be a key factor
associated with microvascular thrombosis [7]. Only several
studies have been conducted to examine factors of blood
coagulation and fibrinolysis during microsurgery [3,4,8–11].
Multiple enzymatic cleavage reactions, as part of the
coagulation cascade, result in the production of thrombin
and fibrin, which ultimately cause adherence (‘sticking’) of
platelets. Several biomarkers of coagulation activation and
thrombin generation exist. The conversion of prothrombin
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to thrombin by prothrombinase complex results in the production of a degradation product with a half-life of
<90 minutes; prothrombin fragment 1 þ 2 (F1 þ 2) [12].
Thrombin released through this enzymatic process is inactivated by antithrombin to form a thrombin–antithrombin IIIcomplex (TAT) [13]. In the consecutive process of fibrinolysis,
the essential generation of plasmin takes place [14]. Patients
suffering from major trauma often turn into a hypercoagulable state, which then frequently leads to pathological
thrombosis [15]. Abnormal coagulation parameters can be
found in 25% of trauma patients with major injuries [16].
Previous studies in trauma patients were able to highlight a
significant and persistent increase in markers of thrombin
generation and action, such as F1 þ 2 and TAT [17].
Tissue trauma and systemic hypoperfusion appear to be
the primary factors responsible for the development of acute
traumatic coagulopathy immediately after injury [18]. As a
result of overt activation of the protein C pathway, the acute
traumatic coagulopathy is characterised by coagulopathy in
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conjunction with hyperfibrinolysis. This coagulopathy can
then be exacerbated by subsequent physiologic and physical
derangements such as consumption of coagulation factors,
haemodilution, hypothermia, acidemia, and inflammation, all
factors being associated with ongoing haemorrhage and
inadequate resuscitation or transfusion therapies [19]. Later
on, problems related to hypofibrinolysis can occur after different kinds of trauma due to release of plasminogenactivator inhibitor (PAI)-1 from the endothelium [20].
In the setting of free tissue transfer, multiple studies state
an overall success rate from 90%–99% [1]. As mentioned
before, trauma patients are frequently in a hypercoagulable
state before surgery, which will increase the incidence of
thromboembolic events and might encompass problems during or after microsurgical reconstruction [21,22].
In this study, we have assessed markers of coagulation
and fibrinolysis at different time points in patients with previous trauma and early and delayed microsurgical reconstruction in the lower extremities. The aim was to analyse
whether an activated coagulation system after trauma might
predispose a patient to develop thrombosis or coincide with
flap failure in the context of free flap surgery.
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tubes, centrifuged at 3500 rpm for 10 minutes, and plasma
was separated, divided into aliquots, and frozen at 80  C
for subsequent analysis. The analysed parameters included
markers of coagulation and fibrinolysis. Analysed markers
for activation were: prothrombin fragment 1 þ 2 (F1 þ 2) by
ELISA (EnzygnostV F1 þ 2, Behring Diagnostics Inc.,
Westwood, MA), thrombin-antithrombin complex (TAT) by
ELISA (EnzygnostV TAT, Behring Diagnostics Inc.), and antithrombin using semi quantitative ELISA assay (Asserachrom
antithrombinV, Diagnostica Stago, Asnieres, France). Markers
of fibrinolysis included: plasminogen activator inhibitor-1
(PAI-1) by ELISA (Asserachrom PAI-1V, Diagnostica Stago), tissue-type plasminogen activator by ELISA (Asserachrom t-PAV,
Diagnostica Stago), plasminogen by ELISA (ActichromeV
Plasminogen, American Diagnostica, Stamford, CT).
R

R

R

R

R

R

Statistical analysis
Statistical analysis to compare data from the two study
groups was performed using the unpaired Mann–Whitney
U-test. Friedman’s analysis was used to detect changes with
time within each group. p < .05 was considered to be statistically significant.

Patients and methods
Patients

Results

Our prospective study included 70 patients with microsurgical reconstruction of the lower extremity due to complicated
fractures of the lower leg. Patients were included in a consecutive fashion over a period of 18 months. Thirty-five
patients (19 male, 16 female, average age ¼ 42 ± 11 years)
underwent free flap reconstruction within 72 hours after
trauma (early reconstruction group). Eighteen of these
patients received a fasciocutaneous flap (anterior-lateral thigh
flap; ALT), 17 a myocutaneous flap (latissimus dorsi flap; LD).
Thirty-five patients (21 male, 14 female, mean age ¼ 39 ± 9
years) had a delayed free flap transfer between 14–21 days
after trauma (mean ¼ 17 ± 2 days). Seventeen of these
patients had a microsurgical reconstruction with an ALT flap,
18 with a latissimus dorsi flap. The defect size ranged from
10  15 cm to 25  30 cm in both groups and did not differ
significantly from each other. Blood samples were collected
with the written permission of the informed patients and
with the approval of the local Ethical Committee. None of
the patients had taken aspirin or non-steroidal anti-inflammatory drugs or a history of thromboembolic events. Two
patients of the early reconstruction group had a family history of thromboembolic events. Pre- and postoperatively, all
patients received thrombosis prophylaxis with low-molecularweight heparin-dalteparin (Fragmin, Pharmacia & Upjohn) at
5000 IU subcutaneously.

There was no significant difference in the operating time
between both groups (4.7 ± 1.3 vs 4.9 ± 1.5 hours). In the
group with early reconstruction of defects of the lower leg,
two patients underwent reoperation due to venous thrombosis of the free flap. In the delayed reconstructive group,
four patients had a venous thrombosis and one an arterial
problem between 12–24 hours after surgery and underwent
reoperation. Two flaps were lost in this group (Table 1).
Patients with delayed microsurgery after trauma presented
a hypercoagulable state with clotting activation and inhibition
of fibrinolysis. Preoperatively, levels of F1 þ 2 and TAT were
significantly higher in patients with delayed reconstruction,
indicating an activation of the clotting system (p < .05; Figures
1 and 2). Patients in the delayed reconstructive group with
later vascular complications presented a significantly higher
concentration of TAT and F1 þ 2 (p < .05; Figures 3 and 4).
Twelve and 24 hours after free flap surgery, patients with vascular complications presented a significant elevated level of
both markers in comparison with the preoperative value
(p < .05; Figures 3 and 4). PAI-1 was significantly higher in
patients with delayed reconstruction (p < .05; Figure 5).
Between 12–36 hours after operation, this factor showed a significant increase in patients with delayed reconstruction in
comparison to the preoperative value (p < .05). Patients with
later vascular complications in this group had a significantly
higher PAI-1 concentration (p < .05) than those with no

Analysed haemostatic markers

Table 1. Overview of complications: early vs delayed group.

Plasma samples were collected serially at 11 timepoints:
baseline (24 hours before surgery), after opening the microanastomoses (intraoperatively), and 3, 6, 9, 12, 24, 48, 72, 96,
and 120 hours after surgery. Blood was collected into citrate

Thrombosis (n)
Procedure
Partial Flap loss
Total Flap loss

Early
2 (venous)
Revision of anastomosis
0
0

Delay
4 (venous)/1 (arterial)
Revision of anastomosis
0
2
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complications, starting preoperatively (Figure 6). They also
presented a significantly higher concentration between
6–24 hours after operation in comparison to the preoperative
value (p < .05). Plasminogen, antithrombin, and t-PA presented no significant difference between both patient groups.
No significant differences in the concentration of the analysed parameters of the haemostasis and fibrinolysis could be
observed when comparing patients that were reconstructed
with a fasciocutaneous (ALT) or myocutaneous flap (LD).

mutations of the plasminogen activator inhibitor-type 1 gene
(4 G/5 G alleles) are two other clinical relevant genetically
hypercoagulable states [3]. Davison et al. [3] presented four
patients with major free flap microvascular complications who
were later diagnosed with multiple risk factors for hypercoagulability and biochemical abnormalities. Also patients with

Discussion
One reason for free flap failure can be a hypercoagulable state
in the patient’s blood [3,4]. Thrombembolic events based on a
hypercoagulable predisposition (genetic and/or acquired
causes) are quite prevalent in the general population. In the
field of genetically determined hypercoagulable predispositions, mutations of factor V (factor V Leiden gene R506Q
mutation) and factor II (prothrombin G20210A mutation) are
undoubtedly the most prevalent in clinical settings.
Furthermore, elevated homocystein levels as a consequence
of mutations of the methylene tetrahydrofolate reductase
gene (C677T and A1298C polymorphisms) as well as modulation of the endogenous fibrinolytic activity based on

Figure 3. F1 þ 2 (nM) in patients with vascular and without vascular complications after delayed microsurgical reconstruction of a traumatic leg defect.
p < .05 vs no complications. #p < .05 vs preop.

Figure 1. F1 þ 2 (nM) in patients with early and delayed microsurgical reconstruction of a traumatic defect of their lower leg. p < .05 vs early reconstruction.

Figure 2. TAT (ng/ml) in patients with early and delayed microsurgical reconstruction of a traumatic defect of their lower leg.  p < .05 vs early reconstruction.
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malignancy or autoimmune disorders like antiphospholipid
antibody syndrome can produce a hypercoagulable state with
problems for microsurgical reconstruction.
The influence of a disturbed balance between clotting system and fibrinolysis on the complication rate of microsurgical
reconstructions after trauma is still unknown. Severe trauma
significantly predisposes the patient for venous thromboembolic events and syndromes of ‘micro thrombosis’ such as
disseminated intravascular coagulation (DIC) and systemic
inflammatory response syndrome (SIRS) based on elevated
levels of procoagulatory factors [23]. A plethora of studies
have demonstrated a pronounced imbalance between proand anticoagulatory factors in the setting of trauma, e.g.
upregulation of tissue factor (TF) and markers of thrombin
generation [19,24–26] and simultaneous reduction of natural
anticoagulants/fibrinolytic factors such as antithrombin (AT),
protein C (PC), and protein S (PS) [25,26]. However, to which
extent the posttraumatic hypofibrinolytic state contributes to
this hypercoagulability with all its deleterious clinical consequences remains unclear [18,27].

A prothrombotic shift of the coagulation after trauma has
been demonstrated by several authors. Selby et al. [15] measured several markers of in vivo coagulation and fibrinolysis
and their regulation serially for 2 weeks after multi-system
trauma in a prospective cohort of 135 patients who received
no anticoagulant prophylaxis. Thrombin generation had
increased within 24 hours of injury, indicated by a marked
increase in the patients’ baseline levels of F1 þ 2 compared
to normal controls. Another major increase occurred by day
5. The levels decreased to a level of 2.0 nM, which was still
elevated in comparison to normal controls, within
12–14 days. PAI-1 levels were high within 24 hours after
trauma, but decreased by 48 hours after injury, and
decreased further until the end of the study. D-Dimer was
markedly elevated in almost all patients at baseline, and
remained elevated at all subsequent time points for the
entire 2-week study period.
Meissner et al. [24] analysed markers of the clotting system in 101 trauma patients, and found significantly elevated
F1 þ 2 levels on admission. The levels remained elevated

Figure 4. TAT (ng/ml) in patients with vascular and without vascular complications after delayed microsurgical reconstruction of a traumatic leg defect.
p < .05 vs no complications. #p < .05 vs preop.

Figure 6. PAI-1 (ng/ml) in patients with vascular and without vascular complications after delayed microsurgical reconstruction of a traumatic leg defect.
p < .05 vs no complications. #p < .05 vs preop.

Figure 5. PAI-1 (ng/ml) in patients with early and delayed microsurgical reconstruction of a traumatic defect of their lower leg. p < .05 vs early reconstruction.
#p < .05 vs preop.
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throughout the first month of follow-up, indicating an activation of the clotting system. All patients also presented significantly elevated D-Dimer levels.
Beside trauma, also after major surgery, an activation of
the clotting system can be observed [14,21,22]. Several factors can alter postoperative coagulation changes. These
include the type of operation performed and the type of
anaesthesia [14,21,22].
Only a few studies have addressed hypercoagulable states
as a risk factor for the thrombosis in the context of microsurgery [9–11,28]. Olsson et al. [9] analysed coagulation and
fibrinolysis activities in relation to trauma, surgery, and thrombosed microanastomoses during free-flap surgery in eight
patients with lower extremity defects due to recent trauma or
chronic ulcers. One of their patients had an intraoperative
thrombosis. Three patients required reoperations on the same
day due to postoperative thromboses. At the end of primary
surgery, distinct thrombin generation was seen in three
patients with excessive bleeding and later reoperations by
high levels of TAT and F1 þ 2. D-dimer was higher in patients
with recent trauma. In two of these patients with high
D-dimer concentration, reoperation was performed the same
day. These patients also presented increased PAI-1 levels with
hypofibrinolysis. TAT and F1 þ 2 were associated with the
threat of flap failure. Komuro et al. [8] investigated blood
coagulation activity in nine patients who underwent microsurgical reconstruction. Parameters included prothrombin time,
activated partial thromboplastin time, fibrinopeptide A, F1 þ 2,
and TAT. In one patient with free flap failure, FPA, F1 þ 2, and
TAT values significantly increased. The authors postulated that
these markers might be important in indicating a hypercoagulable state.
Other groups investigated the impact of timing of microvascular reconstruction on flap survival as well [29–32].
Kolbenschlag et al. [29] described a significant reduction in
flap loss in the early reconstruction group (within the first
7 days) vs reconstruction after day 7, and advocate some
form of platelet inhibition in addition. Karanas et al. [30], on
the other hand, found no increased level of complications in
delayed reconstruction when certain ramification are considered, such as transfer to a microsurgical facility, radical
debridement, and vessel anastomoses outside the zone of
injury.
We have investigated blood coagulation activity in
patients who underwent early and delayed microsurgical
reconstruction of the lower leg to determine whether these
changes could be responsible for failures in delayed reconstructive surgery. Our results indicate that, after trauma of
the lower extremity, the balance of endothelial properties
can be tipped to favour clot formation through co-ordinated
induction of procoagulant and suppression of anticoagulant
mechanisms.
Free tissue transfer is always prone to bleeding from the
operation field. This circumstance can induce coagulation
and fibrinolysis not only at the wound sites, but also systemically [9]. A thrombembolic event at the site of the microsurgical anastomosis could further stimulate the elevation of
thrombin and plasmin levels, at least locally. Our patients
with high levels of PAI-1 suggest a reduced activity of the

fibrinolytic system, which appears to be another negative factor to stimulate further deposition of fibrin after trauma in
vessels of the lower extremities. Activators and inhibitors of
fibrinolysis are produced and kept in endothelial cells. An
excess of fibrin deposition in the microcirculation under
physiological conditions is prevented by a relative overabundance of t-PA over PAI-1, thus predominantly stimulating
fibrinolytic processes. Trauma increases the synthesis or
release of PAI-1, which leads to a temporary hypofibrinolysis
and a thrombotic diathesis in the patients’ blood.
We are well aware of the circumstance that two different
types of flaps were used in this study regarding their vascular
anatomy. While the LD is based on an axial blood supply, the
ALT-Flap can be based on variable amounts of septo- or
musculocutaneous perforators of different quality. The
authors believe that the anatomical differences are of minor
relevance, and are convinced that both flaps can be used
equally in lower leg reconstruction.
We were able to demonstrate an activation of the coagulation and inhibition of the fibrinolytic system during microsurgical free tissue transfers for the treatment of defects of
the lower extremities. The disturbed balance between coagulation and fibrinolysis leads to a hypercoagulability, as seen
in our patients by increased levels of TAT and F1 þ 2. Our
data indicated accelerated conversion of pro-thrombin to
thrombin (high F1 þ 2) and an increase in circulating thrombin (high TAT), whereas fibrinolysis was disturbed by the
increase of PAI-1. Interestingly, there was no significant difference in clotting activation between fasciocutaneous and
muscle flaps that have a larger wound surface area. All of
our patients received low-molecular-weight heparin to
reduce the risk of thrombotic events during or after surgery.
Anticoagulant therapy has proved effective for preventing
both venous and arterial thromboembolism. Multiple welldesigned studies have confirmed that thromboprophylaxis
decreases the risk of deep vein thrombosis and pulmonary
embolism [33].
Many anticoagulatory regimens have been described in
scientific literature in order to prevent or at least reduce the
incidence of deleterious postoperative thrombembolic complications in microsurgical tissue transfer [31]. These include
employment of systemic medications such as Heparin (intravenously and PTT-controlled or as subcutaneous injections),
HES, Albumine, and techniques of haemodilution using different concentrations of saline infusions. Especially the effect of
haemodilution has been reported contradictory with groups
describing a significant increase in flap loss [34–39]. As one
of the more recent approaches, Sildenafil (ViagraV) has been
shown to postoperatively increase the bloodflow in free LD
transfers in one experimental animal study [40].
Finally, flap loss is attributed to a multitude of colliding
factors at the same time and eventually on the background
of insufficient microsurgery or surgical planning in some
instances. Finding the best postoperative individualised anticoagulatory treatment scheme without increasing the risk for
postoperative bleeding and subsequent constricting haematoma formation while prevailing sufficient anticoagulatory
power remains a matter of ongoing research. Based on common clinical experience and based on studies [41], low-dose
R
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Heparine reduces the postoperative thrombotic risk to some
extent. To assess this effect of postoperative low-dose heparine in detail, we would have had to carry out further extensive diagnostic testings, such as e.g. Thrombelastography
(TEG). The shortcoming of these results could hypothetically
cause a bias in the delayed group, even more so within a
hypercoaguable state. Omitting postoperative low-dose
Heparine in all patients would have adequately addressed
that bias, but would have been considered unethical in terms
of prevention of postoperative thrombotic complications, and
could have hypothetically impacted flap survival rates.
According to the results of our study demonstrating a significant increase of prothrombotic factors such as F1 þ 2, PAI1, and TAT preoperatively, as well as postoperatively in the
delayed reconstruction group with a concomitant increase in
flap failure rate, we favour early microsurgical reconstruction
after lower leg trauma to minimise the risk of flap failure due
to prothrombotic diasthesis. One the other hand, several factors often preclude early reconstruction. In these patients,
markers of blood coagulation and fibrinolysis can be used
preoperatively to target antithrombotic control and to minimise the risk of flap failure due to a hypercoagulable state
in the patient’s blood. Based on our findings in the delayed
reconstructive group, we therefore suggest to consider preand postoperative screening of F1 þ 2, PAI-1, and TAT, especially when microsurgical reconstruction is carried out in a
delayed fashion. Further studies have to evaluate the best
therapeutic interventions in these settings, such as awaiting
normalisation of these parameters with the disadvantage of
further delay of the reconstruction or adjusting the postoperative anticoagulatory regimen accordingly.
Future work of our department will predominantly focus
on platelet function assessment and subsequent therapeutic
interventions in the perioperative course of microsurgical
lower leg reconstruction.
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