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Abstract

Patients with traumatic ischemic mangled extremities first undergo arterial reconstruction using autogenous vein grafts, follov@
by flap transplantation as a staged treatment for soft tissue reconstruction. This study aimed to report the outcomes of such a
staged treatment. Thirteen patients underwent arterial reconstruction between February 2015 and April 2017 due to damage
to the major blood vessels by the traumatic mangled extremities. Of them, 6 patients (5 males and 1 female with a mean age
of 51 years, age range: 36-60 years) who underwent soft tissue reconstruction due to necrosis were retrospectively analyzed.
The average Mangled Extremity Severity Score was 7.2 (range, 6-8). Injuries were found in the lower leg (4 cases), foot (1 case),
and wrist and hand (1 case). Arterial reconstruction was performed using autologous venous grafts. The reconstructed arteries
included the posterior tibial artery (38 cases), anterior tibial artery (1 case), dorsalis pedis artery (1 case), and radial artery (1 case).
The blood circulation status of the reconstructed blood vessels was assessed using computed tomography angiography at
an average of 5 weeks (range, 4-6 weeks) after arterial reconstruction. For some necrotic soft tissues, debridement and flap
transplantation were performed an average of 7 weeks (range, 6-8 weeks) after arterial reconstruction. Soft tissue reconstruction
was performed with an anterolateral thigh free flap in 4 cases, a local flap in 1 case, and a muscle flap in 1 case. In 5 out of 6
cases, blood circulation was maintained in the reconstructed blood vessels, resulting in the salvaging of the extremities. All the
patients who underwent flap surgery survived. Notably, there were no special complications during a follow-up visit conducted
at an average of 19 months post-reconstruction. To treat an ischemic mangled extremity, the limbs should first be salvaged with
arterial reconstruction, followed by subsequent appropriate flap surgery when soft tissue necrosis occurs at the mangled site as
a staged treatment.

Abbreviations: ALT = anterolateral thigh, CTA = computed tomography angiography, MESS = Mangled Extremity Severity
Score.
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recommended because of long-term patency rate of autogenous
vein graft.**l If it is difficult to treat with direct sutures, the
soft tissue should be reconstructed.”! However, there is a dis-
advantage in that it is difficult to accurately predict the extent
of further infection and necrosis of the contaminated tissue at
an early stage. After the extent of necrosis has been sufficiently
determined, it may be necessary to proceed with the reconstruc-
tion of the soft tissue in stages. Patients with traumatic ischemic
mangled extremities first undergo arterial reconstruction using

1. Introduction

In the treatment of ischemic mangled extremities, major blood
vessels must be reconstructed for limb salvage because of bleed-
ing and ischemia.l'l Soft tissue infections, osteomyelitis, and
nonunion can occur. Thus, it is necessary to reconstruct the
soft tissues as early as possible.?l However, revascularization of
damaged blood vessels is the most important factor in extrem-
ity rescue.’! Methods of revascularization include direct repair,
autologous vein grafting, and artificial blood vessel transplanta-

tion. If direct repair is not possible, an autologous vein graft is
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autogenous vein grafts, followed by flap transplantation as a
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staged treatment for soft tissue reconstruction. This study aimed
to report the outcomes of such a staged treatment.

2. Materials and methods

Thirteen patients underwent arterial reconstruction between
February 2015 and April 2017 because of damage to the major
blood vessels caused by a traumatic mangled extremity. Of these,
6 patients (5 males, 1 female; mean age: 51 years; age range:
36-60 years) who underwent soft tissue reconstruction due to
necrosis were retrospectively analyzed. The causes of injuries
included a traffic accident in 5 cases and an industrial acci-
dent in 1 case. The average Mangled Extremity Severity Score
(MESS) was 7.2 (range, 6-8). Injuries were found in the lower
leg (4 cases), foot (1 case), and wrist and hand (1 case). Bone
fixation for lower-extremity fractures, except for the foot, was
performed by trauma surgeons. Arterial reconstruction was per-
formed using autologous venous grafts. The reconstructed arter-
ies included the posterior tibial artery (3 cases), anterior tibial
artery (1 case), dorsalis pedis artery (1 case), and radial artery
(1 case). In addition, the vein used for grafting was the greater
saphenous vein in 5 cases. The vein for the reconstruction of
the radial artery was obtained from a cephalic vein in the con-
tralateral wrist. The mean length of the grafted vein was 5.2cm
(Table 1). The blood circulation status of the reconstructed
blood vessels was assessed using angiography at an average of §
weeks (range, 4-6 weeks) after arterial reconstruction. For some
necrotic soft tissues, debridement and flap coverage were per-
formed at an average of 7 weeks (range, 6-8 weeks). Based on
our own soft tissue reconstruction treatment algorithm, antero-
lateral thigh (ALT) free flap in 4 cases, local rotational skin flap
in 1 case, and soleus muscle flap in another case were performed
(Fig. 1 and Table 2).

Postoperatively, the extremities were supported using a splint.
The patients stayed in bed for 7 days as much as possible. They
were intensively checked for capillary refilling, surface tempera-
ture, and color. The patients were concurrently treated with
anticoagulant drugs (Prostagladin E1 60 mg/day, heparin 5000
u/day IV for 7 days, and aspirin 100 mg/day PO for 2 weeks).
Wound dressing was performed in the 1st week. Wound irriga-
tion using warm saline was then performed daily in the operat-
ing room to minimize infection until flap surgery.

3. Results

In 5 of 6 patients, the patency of the reconstructed artery was
maintained, and limb salvage was achieved in all 6 patients.
All the flaps survived well. The average flap size used was
100.8 cm? (range, 57-196 cm?). The size of the local flap was
150cm? and that of the muscle flap was 21cm? (Table 2).
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There were no special complications, such as osteomyelitis,
infection, or soft tissue necrosis, at the follow-up visit at an
average of 19 months post-reconstruction. However, ankle
arthrodesis was performed because of traumatic osteoarthritis
in a patient with ankle dislocation. The patient who under-
went reconstruction had discharges continuously. Thus, below
the knee, amputation was performed at the patient’s request 8
months after surgery.

3.1. Case 1

A 36-year-old male patient visited our hospital with a crush
injury to the right lower extremity caused by a motorcycle acci-
dent. At the time of admission, the patient’s MESS score was
6. Clinical photographs and computed angiography showed an
open comminuted fracture of the right tibia and fibula, ankle
dislocation, and impaired blood circulation of the 3 major arter-
ies below the fracture site (Fig. 2A). External fixation was per-
formed by the trauma surgeons. A posterior tibial artery defect
was confirmed in the surgical field. Revascularization through
posterior tibial artery reconstruction using the greater saphe-
nous vein (9cm) was performed (Fig. 2B). For soft tissue dam-
age, the surrounding muscle tissue was applied, and a sterile
dressing was maintained. Seven weeks after revascularization,
blood circulation was confirmed by angiography (Fig.2C).
Eight weeks after revascularization, debridement was per-
formed on the partially necrotic tissues in the distal lower leg
(Fig. 2D). A 19 x 3cm anterolateral thigh (ALT) free flap was
harvested from the contralateral thigh. One artery was anasto-
mosed to the anterior tibialis artery and 2 vena comitantes were
anastomosed (Fig. 2E). Subsequently, the external fixation was
changed to internal fixation in the 6th week. The flap survived
without any complications. One year after the operation, the
flap had survived in all extremities without side effects, showing
satisfactory results (Fig. 2F).

3.2. Case 2

A 56-year-old female patient visited our hospital with a crush
injury to the left lower extremity due to a motorcycle accident.
At the time of admission, her MESS score was 8, and an open
tibial fracture with severe contamination in the left lower leg
was found according to clinical opinion (Fig. 3A). Computed
tomography angiography (CTA) revealed an open fracture of
the left tibia and fibula with impaired blood circulation in the
popliteal artery (Fig.3B). The fracture was fixed externally.
The authors debrided the contaminated and necrotic muscle
tissues. In addition, end-to-end repair of the popliteal artery
was performed. However, reconstruction was performed using
a 2cm greater saphenous vein for the additionally damaged

Demography of the patients.

Reconstructed

vessel° Grafted vein®
Patient No. Age (yr) Sex Cause MESS? Site of injury® (repaired vessel) (length cm)
1 36 M Autobike 6 Rt. lower leg PTA Lt. GSV (9cm)
2 57 M Autobike 8 Rt. lower leg PTA Rt. GSV (3cm)
3 57 M Industrial accident 7 Lt. wrist and hand RA (ulnar artery) Rt. CV (2cm)
4 37 M Car 6 Lt. foot DPA Lt. GSV (5¢m)
5 60 M Car 8 Rt. lower leg ATA Lt. GSV (10cm)
6 56 F Car 8 Lt. lower leg PTA (popliteal artery) Rt. GSV (2¢cm)

aMESS = Mangled Extremity Severity Score.
oLt = left, Rt = right.

°ATA = anterior tibial artery, DPA = dorsalis pedis artery, PTA = posterior tibial artery, RA = radial artery.

9CV = cephalic vein, GSV = greater saphenous vein.



Lee et al. ® Medicine (2024) 103:23

www.md-journal.com

Treatment Algorithm of soft tissue reconstruction

Soft tissue defect due to partial necrosis

Check patency of reconstructed artery

+

l

.Available recipient vessels near the defect

.No available muscles

ALT free flap (4 cases)

.No available recipient vessels
near the defect

Local rotational skin flap (1 case)

.Available soft tissue including muscles

Soleus muscle flap (1 case)

Figure 1. Treatment algorithm of soft tissue reconstruction based on clinical findings.

Demography of the patients.

Patient No. Interval between injury and flap surgery (wk) Flap surgery® method Flap size (cm) Flap survival Complication

1 8 ALT cutaneous 19%x3 Yes

2 7 ALT fascio-cutaneous 13x5 Yes

3 6 ALT fascio-cutaneous 95x9 Yes .

4 7 ALT cutaneous 28x7 Yes Continuous discharge
5 8 Soleus muscle Defect size 7 x 3 Yes

6 8 Local rotational Defect size 15 x 10 Yes

2ALT = anterolateral thigh.

posterior tibial artery, which helped obtain lower limb circula-
tion (Fig. 3C). Soft tissue necrosis was observed at 8 weeks after
revascularization. After debridement, a 15 cm x 10cm local
rotation flap was performed (Fig. 3D). The patient survived
without complications. Satisfactory results were obtained with
extremity salvage without side effects until the final follow-up at
5 years after surgery (Fig. 3E).

4. Discussion

In general, if it seems difficult to treat a mangled extremity
caused by blood vessel damage that cannot be directly repaired,
vascular grafting using autologous veins can be regarded as the
best method. It is known to be excellent considering the poten-
tial risk of infection and the long-term patency rate.[*”? However,
reconstruction using autologous veins might have disadvan-
tages, such as a relatively long surgery time and difference in
blood vessel thickness. For this reason, some recommend the use
of artificial blood vessels for patients with unstable vital signs
or patients with severe damage afterwards.'®! After considering
the infection caused by damage to the soft tissue during emer-
gency surgery, an autogenous vein graft was used, considering
the patency rate. Regarding the patency rate of arteries recon-
structed using vein graft, it has been reported that the patency
rate decreases when vein graft is used, especially for coronary
bypass surgery or distal ulnar artery reconstruction for hypoth-
enar hammer syndrome treatment.”!”) Therefore, Temming et
al" and De Niet and Van Uchelen!"? have introduced arterial
reconstruction using the autogenous descending branch of the
lateral circumflex femoral artery and reported promising results.
In the present study, occlusion of the reconstructed artery was
confirmed in 1 of the 6 cases. Fortunately, limb salvage was
achieved. Although the exact reason is not known, we suspect
that our observation can be attributed to the fact that mangled

limb injuries are different from amputation injuries, where once
the fractured bone is reduced and arterial blood is supplied
through the reconstructed vessel, arterial circulation is restored
in relatively less damaged areas. However, we expect that using
an autogenous arterial graft for artery reconstruction would
result in a better patency rate of the reconstructed artery. Donor
veins were collected from areas that were easy to collect. Thus,
it was not difficult to collect because the thickness of the blood
vessels increased as much as that of the damaged blood vessels.

The MESS is used as a numerical system to objectively judge
the degree of soft tissue damage and decide amputation, espe-
cially when deciding on primary amputation for treating an
ischemic mangled extremity.!'*! In general, in the case of MESS
with a score of 7 or higher, the prognosis is poor and amputa-
tion is predicted. However, in our case series, 4 of the 6 cases
showed a MESS score of 7 or higher. Rather than simply making
an early decision to amputate with MESS, after performing vas-
cular reconstruction, confirming maintenance of blood circula-
tion, and stabilizing soft tissues, reconstruction was performed
in stages, and satisfactory results were obtained by salvaging the
extremities without amputation in any patient. Therefore, treat-
ment of the mangled extremity using MESS is not an absolute
standard but rather a reference for treatment. We believe that
efforts are necessary to achieve extremity salvage.

The decision to reconstruct soft tissue can typically be con-
sidered for cases with direct exposure to important structures,
such as bones, ligaments, and nerves. For soft tissue damage
that cannot be resolved by conservative treatment such as dress-
ing, it might be difficult to protect structures.''¥ It seems very
difficult to decide whether or not to reconstruct limbs after a
certain period of time has passed after damage to soft tissues.
If it is impossible to perform primary repair of injured parts,
it is possible to reduce the possibility of further complications
by performing sufficient debridement and blocking contact
with the outside through appropriate reconstruction as early
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Figure 2. A 36-yr-old man was admitted following a motor vehicle accident with multiple injuries. (A) Preoperative photograph showing soft tissue injury and
exposed bone fragment on the right lower leg (left). Preoperative computed tomography (CT) angiography showing comminuted fracture of the right tibia and
fibula, ankle joint dislocation and the blockage of the right 3 main arteries at the fracture level (right). (B) Intraoperative photographs showing the reconstructed
posterior tibial artery with greater saphenous vein graft (9cm) (white arrows). (C) Angiography at 7wk postoperatively showing good blood flow in the poste-
rior tibial artery reconstruction site (black arrows). (D) Eight weeks later, postoperative photograph showing partial soft tissue necrosis at the fracture site. (E)
Photograph showing soft tissue reconstruction using a 19 x 3cm sized ALF free flap. (F) Photograph taken at 1 yr after ALT free flap showing well survived limb
and well recovered soft tissues.
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Figure 3. A 56-yr-old woman was admitted following a motor vehicle accident. (A) Preoperative photograph showing soft tissue damage and exposed bone
fragments on the left lower leg with soft tissue contamination. (B) Preoperative computed tomography (CT) angiography showing tibia and fibula fractures and
popliteal artery being blocked at knee joint level (black arrow). (C) Intraoperative photographs showing reconstructed posterior tibial artery with greater saphe-
nous vein graft (2cm) (white arrows). (D) At postoperative 8wk, intraoperative photographs showing proximal soft tissue necrosis of the left lower leg (left) and
soft tissue reconstruction using 15 x 10cm sized local flap after debridement (right). (E) Photograph showing limb salvage with satisfactory recovery of soft

tissue at 5 yr after surgery.

as possible.>"I If the fracture site is exposed due to fracture,
exposure to the outside must be blocked by tissues rich in blood
flow as early as possible to reduce the possibility of additional
complications such as osteomyelitis and nonunion. This can be
regarded as the standard treatment guideline for reducing the
likelihood of complications based on Godina research."® Thus,
a number of retrospective studies have reconstructed soft tissues
within 72 hours to reduce the likelihood of soft tissue infec-
tion, osteomyelitis, and nonunion without showing significant
differences until approximately 10 days.'”'sl However, it might
be difficult to apply the same standard treatment guidelines to
all patients. In many cases, it is difficult to immediately perform
early treatment and reconstruction of soft tissue defects within
72 hours for several reasons. It might also be difficult to decide
simultaneously on reconstruction as the primary treatment due
to accumulated fatigue of medical personnel and the possibility
of soft tissue necrosis. Therefore, we attempted to reconstruct
blood vessels after trauma, prevent outside exposure by cov-
ering bones with nearby muscles, and offer an active cure to
prevent complications. As a result, only 6 of the 13 patients
had partial necrosis of their soft tissues after a crush injury.
Thus, we believe that it is not necessary to reconstruct all the
parts of the soft tissue. In addition, soft tissue reconstruction

was performed 7 weeks after the vascular reconstruction. The
results were successful after reconstruction. No special compli-
cations were found, except for chronic foot infection in a patient
who showed continuous foot discharge. Although the timing
of reconstruction is an important standard for treatment, we
do not think it is necessary to apply it as an absolute standard
for strictly observed treatment. The soft tissue reconstruction
method should be determined by considering the patient’s his-
tory, general condition, degree of accompanying injury, size of
the injury, infection, and inflammation. There are several recon-
struction methods such as simple sutures, skin grafts, local flaps,
pedicled flaps, free flaps, and perforated flaps.

A simple method is often considered first, using the concept
of a reconstructive ladder. A more difficult and complicated
method can be considered if it is feasible. However, recently,
new concepts such as a reconstructive elevator and reconstruc-
tive pie have been selected to obtain the best results in patient
treatment, regardless of the difficulty of surgery.!"”!

The ALT flap is versatile. It has the advantages of a large flap
territory, durable skin quality, freedom from design, long vas-
cular pedicle, and 3 to 4mm thickness.?” The authors recon-
structed through an ALT free flap and found that it provided
good soft tissue and blood supply to the defect site in 4 cases
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where the extent of damage was wide and surrounding soft tis-
sues were poor due to crush damage. We obtained good treat-
ment results in patients who survived without complications,
such as infection or nonunion after surgery. In 1 case, the defect
site was relatively small, and the surrounding soft tissue was
in good condition, making it possible to use thick muscle with
abundant blood circulation. Thus, recovery was achieved by
reconstruction using a soleus muscle flap. In another case, the
ischemia time was 25 hours due to an accompanying injury.
During the initial surgery, extensive debridement was performed
up to the muscle, and blood circulation was checked. As a result,
only the repaired popliteal artery and the reconstructed poste-
rior tibial artery maintained blood circulation. Therefore, local
flaps were selected that could be covered without creating a
large empty space. All the patients survived without any side
effects. The reconstruction method should be selected using the
method with the best treatment outcome based on an accurate
evaluation of each patient.

This study had some limitations. First, the number of cases
was small, as data were obtained for 3 years in 1 hospital by 1
senior surgeon. Second, it was retrospectively analyzed without
comparison with a group that underwent vascular reconstruc-
tion and flap surgery simultaneously at the time of injury. Third,
another trauma surgeon treated the fractures. Thus, the long-
term functional results of the injured limb could not be analyzed
after surgery.

5. Conclusion

To treat an ischemic mangled extremity, the limbs should
first be salvaged with arterial reconstruction through clear
debridement and wound healing with subsequent appropriate
flap surgery when soft tissue necrosis occurs at the mangled
site.
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