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Abstract

Objective: Amputations of the lower extremity due to irreversible ischemic tissue loss are performed as distally as possible.
Therefore, oftentimes wound-healing disorders develop, requiring additional surgical treatment. Methods: The amputations
stumps of 10 patients with irreversible ischemic tissue loss due to arteriosclerosis were investigated within 72 hours postopera-
tively with indocyanine green (ICG) fluorescence. Results: For 6 of the investigated stumps, no perfusion deficit could be seen
through fluorescence angiography. All stumps displayed primary healing. In the fluorescence angiography of 3 amputations, stump
perfusions deficits predicted later tissue necrosis and had to be amputated again in a second operation. One amputation wound
showed a small ICG perfusion deficit that represented a blood clot. Conclusion: Indocyanine green fluorescence angiography
allows a perfusion analysis of amputation stumps and therefore a prediction of the expected tissue necrosis. This tool may allow

reliable prediction of amputation level.
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Introduction

Due to a rising number of patients with risk factors for arterio-
sclerosis, such as tobacco consumption, diabetes, increased
age, and hypercholesterolemia, peripheral arterial occlusive
disease (PAOD) of the lower extremity requiring treatment is
increasingly frequent.'? Thus, severe or critical limb ischemia
(CLI) is estimated to affect 50 to 100 per 100 000 individuals
every year. Even though a revascularization is attempted in
only about one half of these patients, the high morbidity and
mortality of this disease result in high utilization of health-
care and social-care resources.> The prognosis of this patient
population is fatal; in one study, within one year after primary
diagnosis of CLI about 25% had died, 25% were treated suc-
cessfully, 20% were alive with a lingering CLI, and 30% were
alive with an amputated lower extremity.? Due to the enormous
advances in medical, surgical, and endovascular therapies,
modern revascularization techniques led to a decrease in
amputation rates while older techniques did not.*’

Among diabetic patients in Germany, about 40 000 amputa-
tions are performed, half of which are major amputations.
According to 1 study, half of the patients with a major amputa-
tion below the knee did not show any sign or symptom of an

ischemia of the lower extremity over the 6 months immediately
prior to the study.® The rate of below- and above-the-knee
amputations is nearly the same. The prognosis for patients
amputated below the knee is even worse in comparison to
patients with a CLI. Only 40% of these patients retain full
mobility; 30% died, 15% receive a contralateral amputation,
and 15% were amputated above the knee. This last point is due
to the fact that only 60% of below-the-knee amputations will
display primary wound healing. Of the remaining patients,
10% die perioperatively, 15% need an amputation above the
knee and 15% exhibit delayed wound healing.?
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As patients with CLI oftentimes have a multiplicity of
comorbidities like coronary heart or cerebrovascular disease,
additional needless operations should be avoided.” Therefore,
it would be an improvement to predict the perfect amputation
level, or rather the level of tissue necrosis expected soon after
amputation. This issue was first explored with transcutaneous
oxygen pressure (tcPO,) measurements. Nevertheless, findings
in the literature are controversial.®’

Indocyanine green (ICG) fluorescence angiography is used
for tissue perfusion in a lot of different medical fields. Since the
1970s, ICG has been used for measuring retinal microcircula-

tion'; today, it is also used in liver, cardiac, and plastic sur-

gery'll—lé

Because of this broad field of successful application areas,
we tried for the first time to predict the degree of tissue necrosis
after amputation due to CLI with ICG fluorescence
angiography at an early postoperative time point.

Patients and Methods

Indocyanine green is a water-soluble tricarbocyanine dye that
binds to plasma proteins and globulins. Thus, it is confined
to the intravascular space with minimal leakage from abnormal
or fenestrated vessels. Elimination of ICG from the blood is
only via the liver; as there is no entero-hepatic circulation, its
half-life is approximately 3 minutes.

Indocyanine green has an absorption spectrum of 600 to
900 nm and can be activated by a near-infrared laser with a
wavelength of 780 nm, providing a penetration of approxi-
mately 3 mm into tissue.'""!” Thus, ICG localized in the sub-
dermal microvasculature can be used as an index of tissue
perfusion.

A total of 10 patients with a major limb amputation due to
ischemic gangrene, with no possibility for revascularisation,
were examined 72 hours postoperatively. Level of amputation
(below the knee or above the knee) was ascertained by the vas-
cular status determined by angiography. The lowest possible
but reasonable level was chosen by consensus of at least 2 con-
sultants of vascular surgery. The perfusion of the amputation
stump was evaluated with laser-induced ICG-fluorescence
angiography. The approval of the Medical Ethics Committee
was obtained prior to the study. Patients with liver failure or
history of allergic reactions to ICG or iodide were excluded
from the study.

Each patient was injected intravenously with a single dose
of 0.5 mg/kg ICG (ICG-Pulsion, Pulsion Medical Systems
AG, Munich, Germany) using a peripheral venous line in the
cubital fossa. The perfusion of amputation stumps was mea-
sured with the IC-View-System (Pulsion Medical Systems)
consisting of a digital video camcorder and a near-infrared
light. Measurements were made at a distance of 40 to
100 cm from the amputation stumps to be recorded. The
recorded perfusion video was transferred to a computer and
data analysis was performed with the aid of the IC-Calc-
software (Pulsion Medical Systems). Perfusion was analyzed
qualitatively in “perfusion” and “no-perfusion” conditions

Table |. Demographic and Clinical Characteristics of the Study

Population

Characteristic n (%)

Median age 71 years
Male/Female 6/4 (60%/40%)
Smoking 5 (50%)
Diabetes 6 (60%)
Hypertension 10 (100%)
Hyperlipidemia 5 (50 %)

and was correlated with postoperative results. The postoperative
course of wound healing was classified as “primary healing” or
“need for reoperation,” according to the clinical findings.

Results

From January 1, 2009 to June 30, 2009, 10 patients were eval-
uated with laser-induced ICG-fluorescence angiography.
Demographic and clinical characteristics of this study popula-
tion are reported in Table 1. Evaluation of stump perfusion by
ICG angiography was possible in all cases. No side effects,
such as hemodynamic instability, nausea, or allergic reactions
occurred.

Of the 10 amputations, 3 were above knee level and showed
no perfusion deficit (“perfusion”) in the ICG angiography
(Figure 1). All of them healed without any wound-healing dis-
order (“primary healing”).

The remaining 7 amputations were below knee level. Three
of these 7 amputations stumps similarly showed no ICG perfu-
sion deficit (“perfusion”) and healed without any abnormal-
ities (“primary healing’). One stump presented with a small
perfusion deficit of the fluorescence angiography (‘“‘no-perfu-
sion”) in the wound area, which represented a blood clot and
not a dermal necrosis (Figure 2). However, healing took place
uneventfully (“primary healing™).

Three of the stumps had a substantial perfusion deficit (“‘no-
perfusion”) in the early postoperative ICG angiography. All
3 cases developed distinct wound-healing disorders and tissue
necrosis and had to be amputated above the knee level in a sec-
ond operation (“need for reoperation”). Afterward, there were
no further complications in wound healing.

Discussion

Evaluation of amputation level for patients with CLI is impor-
tant. An amputation that is overly proximal would limit the
opportunity for fast and functional prosthesis supply. However,
an overly distal amputation may lead to a wound-healing disor-
der and a second operation or even re-amputation.” This is all
the more important as these patients oftentimes face serious
comorbidities.

Several attempts have been made to find a diagnostic
method for predicting the most distal level of amputation
possible, while avoiding the possibility of wound-healing
disorders. The most promising technique appeared to be tcPO,
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Figure 1. Early postoperative picture of an amputation stump (A) without any perfusion deficit in the indocyanine green (ICG) angiography
(B) and subsequent primary wound healing. False color presentation of the ICG angiography.

Figure 2. Early postoperative picture of an amputation stump (A) with a small perfusion deficit (arrow) in the indocyanine green (ICG)
angiography (B) and subsequent primary wound healing. False color presentation of the ICG angiography.

measurement. The first studies investigating this technique
reported on cut-off values, below which undisturbed wound
healing in amputations could not take place. Subsequent arti-
cles could not confirm these results and the benefit of tcPO,
measurement for amputation level determination was dis-
puted.®® Another approach is contrast-enhanced ultrasound
(CEU), which has promise as an index of tissue perfusion. Even
the degree of vascular collateralization seems to be illustrated
by CEU.'82°

To date, no valid techniques for routine use in the clinic
have been established for determination of tissue perfusion.
Ankle-brachial pressure index (ABI) has been, historically, one
of the most significant markers for the severity of PAOD that
can be applied with a high diagnostic value and at low cost.
However, the impact of collateralization on tissue perfusion
is not considered in the ABI, and local perfusion changes can-
not be displayed.

Indocyanine green fluorescence angiography is repeatedly
reported to provide an accurate assessment of tissue perfusion.
It has been used for years to measure liver blood flow, cardiac
output, and for ophthalmic angiography.?'** Furthermore, a
series of successful studies of ICG angiography have been
reported for evaluation of flap perfusion and as a predictor of
flap necrosis.' !>

Due to these encouraging results, we tried to use this tech-
nique for evaluation of early postoperative amputation stump
perfusion. Primary wound healing was achieved in all above-
the-knee amputations. This was predicted for all cases by the
ICG angiography, as no perfusion deficit was observed
(Figure 1). Likewise, all wound-healing disorders in below-
the-knee amputations could be predicted with this technique.
In the early postoperative period, invisible and visible tissue
perfusion disorders could be detected by ICG perfusion gaps
(Figure 3). Depending on the extend of these ICG perfusion
gaps, the surgeon can decide whether an amputation to a higher
level is required or an attempt of reamputation at the same level
is possible. One particularity in ICG angiography is shown in
Figure 2. The marked ICG gap (white arrow) is not caused
by a tissue perfusion deficit but rather by a blood clot as the
near-infrared laser (780 nm) provides maximal penetration of
light into the tissue of approximately 3 mm.'""!” In contrast, the
strip plaster did not interfere with angiography quality. There-
fore, the wound and the surrounding skin should be cleaned to
obtain the best possible outcome. The limited penetration depth
seems to be one of the limitations of this technique, as deeper
perfusion conditions cannot be determined. However, skin per-
fusion serves as a kind of indicator for PAOD, because necrosis
or ulcerations occur first at the skin level. In addition changes
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Figure 3. Early postoperative picture of an amputation stump (A) with a large perfusion deficit (arrow) in the indocyanine green (ICG)
angiography (B), subsequent wound-healing disorder and the need for secondary amputation. False color presentation of the ICG angiography.

in tissue perfusion due to a higher or lower cardiac output can
result in different ICG angiography findings, whereas a better
blood oxygenation, for example caused by a supplementation
oxygen delivery, does not.

In this limited study, it was possible to develop a prediction
tool for amputation stump wound-healing disorders and necro-
sis during the early postoperative period. This technique needs
further evaluation but seems to be promising with regard to pre-
dicting amputation levels. In this study, the best point of time
for postoperative ICG angiography seemed to be on the first
day after amputation, as the dimension of perfusion changes
of the skin can already be evaluated. However in the future,
ICG angiography should be evaluated intraoperatively to deter-
mine whether perfusion deficits can be seen at this early time
point, as was observed in the context of plastic surgery for flap
viability.!” If this is feasible, amputation levels could be
selected to be as distal as possible and can be adjusted during
the same operation. This would determine the ideal amputation
level, as in every case the approach would continue until no
perfusion deficit could be seen. Therefore, a high chance for
primary wound healing can be obtained without losing any
healthy tissue. While in this study the presented method was
only used for quality measurements, ICG angiography can also
provide a numerical quantification.'' This could allow a preo-
perative determination of the correct amputation level but will
require further research.
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