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A 68-year-old man with a 28-year history ofnon-insulin dependent diabetes mellitus (NIDDM)
was admitted to our hospital because of foot gangrene. He had previously suffered from cerebral
infarction resulting in right hemiplegia and his right foot was amputated because of right femoral
lesion presenting diabetic foot gangrene 5 years previously. The diabetic foot gangrene gradually
becameworse, although he had received various medications. Then, we attempted to treat the
patient with low density lipoprotein (LDL)-apheresis ten times a month. The foot gangrene itself
and the local circulation around the gangrene lesion were remarkably improved after treatment
with LDL-apheresis. We present here the first case of diabetic foot gangrene improved by LDL-
apheresis. LDL-apheresis therapy is anticipated to be a newtherapeutic approach for treatment
of fatal foot gangrene associated with diabetes mellitus.
(Internal Medicine 36: 898-902, 1997)
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Introduction

Diabetes mellitus is one of the most commonand serious
metabolic disorders characterized by various complications
involving diabetic micro- and macroangiopathy (1-3). The
diabetic complications which typically develop due to poor
control of diabetes sometimes induce diabetic foot gangrene.
As it is very difficult to successfully treat diabetic foot gangrene
and achieve complete healing, sometimes it is necessary to

perform amputation. However, lowering of the serum low
density lipoprotein (LDL) by a variety of techniques such as
LDL-apheresis and medications, has beneficial effects for pre-
vention and regression of atherosclerosis in patients with
hypercholesterolemia (4). Moreover, LDL-apheresis is also

well knownto be beneficial for improving peripheral circula-
tory insufficiency such as foot gangrene induced by arterioscle-
rosis obliterance. On the other hand, there have never been any
reports describing whether or not the treatment with LDL-
apheresis improves diabetic foot gangrene. Thus, we attempted
to examine the effect of LDL-apheresis therapy on diabetic foot
gangrene in a patient with non-insulin dependent diabetes
mellitus (NIDDM).

Case Report
A 68-year-old man was admitted to YokohamaRosai Hos-
pital due to foot gangrene in January 1996. He was first noticed
to have diabetes mellitus and hypertension by a regular health
check-up examination when he was 40 years old. However, he
did not visit any hospitals. He was started on insulin therapy
from March 1991 due to poor control of blood sugar levels. He
suffered from cerebral infarction in October 199 1 , resulting in
right hemiplegia. In November 1991, his right foot was ampu-
tated because of a right femoral lesion presenting diabetic foot
gangrene. He smoked 15 to 20 cigarettes a day for42 years until
he stopped smoking in November 1991.
On admission, his height was 160 cm andbody weight45 kg.
His temperature was 36.5°C, radial pulse rate 72/min, andblood
pressure 120/70 mmHg.The visual acuity was normal. No
abnormal heart sounds were heard. A chest roentgenogram
disclosed marked elongation of the aorta with calcification in
the aortic arch and an abdominal roentgenogram showed dis-
tension of the small and large bowels due to a large volume of
air. His right thigh was amputated at one-third lower femoral
lesion. Pulsation was absent at the peripheral arteries in the left
lower extremity, especially at the dorsalis pedis, the tibialis and
popliteal arteries. His tendon jerk reflex was absent at the left
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lower extremity.
He injected insulin (6 units/day of Novolin 30R) by himself
every morning and had a 1,400 kcal-diet; the laboratory data
during this treatment is shown in Table 1. The levels offasting
plasma glucose and HbAlc were 126 mg/dl and 6.0%, respec-
tively. The serum concentrations of total cholesterol, LDL-
cholesterol, triglyceride and high density lipoprotein (HDL)-
cholesterol were 179 mg/dl, 105 mg/dl, 65 mg/dl, and 61.2
mg/dl, respectively.

Clinical course
Although the patient underwent various types of treatment
such as hyperbaric oxygen therapy and, drip infusion of PGEj
and antibiotics, the lesion of gangrene gradually became worse.
Then, we attempted to treat the patient with LDL-apheresisten
times a month in March 1996. The gangrene improved gradu-
ally after LDL-apheresis therapy as shown in Fig. 1A and B. As
shown in Fig. 2, thermography of his left lower extremity
demonstrated a remarkable improvement in the local circula-

tion around the gangrene lesion after the treatment with LDL-
apheresis. His laboratory data including the serum concentra-
tion of lipids, apolipoproteins, fibrinogen and thrombin-anti-
thrombin three complex (TAT) before and after LDL-apheresis
therapy are shown in Table 2. The serum concentrations of total
cholesterol, triglyceride, apolipoprotein B , fibrinogen and TAT
were markedly decreased after LDL-apheresis therapy, al-
though the serum levels of HDL-cholesterol, and apolipo-
protein Al, A2 and E were not changed. Clinical course of
blood glucose and hemoglobin A1C (HbAlc) levels during his
admission is shown in Fig. 3, and the blood glucose level was
well controlled by insulin with restriction of calorie intake. In
October 1996, the lesion of the foot gangrene was nearly
completely cured by treatments with LDL-apheresis and
various types of supportive therapies and he was discharged
from our hospital.

Table 1. Laboratory Data on Admission
(N o rm al ra n g e ) (N o rm a l ra n g e )

W B C     (3 ,5 0 0 - 8 ,7 0 0 )   6 ,3 0 0 /u l T . P . (6 .5 - 8 .0 ) 6 .8  g/ dl
R B C      ( 4 0 0 - 5 7 0 x l O )    4 2 8 x  1 0 A lb . (4 .0 - 5 .3 ) 4 . 1 g /d l
H b        ( 1 3 . 0 - 1 7 . 0 )   1 2 . 8  g / d l U . A . (2 .9 - 5 .9 ) 4 .0  m g/ d l
H t       (3 8 .0 - 5 0 .0 )    3 8 .1 % B U N (9 .0 - 2 2 .0 ) 15 . 4  m g / dl
P its     ( 1 5 .0 - 3 5 .O x l O )   1 7 .1x l O C r (0 .4 - 0 .8 0 . 4 m g /d l
C R P        ( 0 . 0 - 0 . 4 )  0 . 0 5  m g / d l A m y . (3 2 - 8 8 ) 5 4 IU / Z

A S T ( 1 1- 2 9 ) l l I U /Z
P T         (8 0 - 1 0 0 )     8 7 % A L T (9 - 3 6 ) 1 5 IU /Z
A P T T        (3 0 -4 5 ) 3 5 ,8 se c o n d s A L P (9 8 - 2 6 7 ) 1 76  IU /7
F b g        ( 2 0 0 - 4 0 0 )   3 0 8  m g / d l L D H (2 2 6 ^ 0 6 ) 2 5 4 I U /Z

U rin a ly s is C h -E (3 .8- 7 .4 ) 4 .1 IU /m l

P r o t e i  n         ( - )      ( - ) G -G T P (5 - 6 5 ) 20  IU / 7

G lu c o se       (- )     (- ) N a ( 1 3 9 - 14 6 ) 1 4 1  m E q / Z

K e t o  n e         ( - )      ( - ) K (3 .6 - 4 .7 ) 4 . 6  mE q / Z

S e d .  W B C     ( 1 - 2 / F s )     O - 1 / F s c ¥ ( 10 3 - 1 1 0 ) 1 0 1  m E q / /

R B C     (  1 - 2 / F s )     O - 1 / F s T -c h o l. (1  3 0- 22 0 ) 1 7 9  m g / d l

E p i t h .     (  1  - 2 / F s )    O -  1  / F s L D L -c h o l. ( 40 -1  5 0 ) 1 0 5  m g / d l

C c r        (8 0 - 1 2 0 ) 1 6 8 .4 m l/d l T G (3 6 - 15 0 ) 6 5  m g / d l

U r i n a r y  C P R    ( 4 0 - 1 4 5 )  2 8 . 7  u g / d a y H D L -c h o l. (4 0 - 8 0 ) 6 1 . 2  mg / d l

A l b .    ( 0 - 2 1 . 6 )  1 5 . 6  m g / d a y A p o .A l ( 10 5 - 1 8 0 ) 12 7  m g / d l

O c c u l t  b l o o d       ( - )      ( - ) A p o .A 2 (2 8 ^ 9 ) 2 1 . 4  m g / d l

F B G        ( 7 0 - 1  0 0 )   1  2 6  m g / d l A p o .B ( 55 -1  2 0 ) 6 9  m g / d l

H b A IC       (3 .5 - 5 .5 )    6 .0 % A p o .C 2 (2 .2 - 5 .9 ) 3 .4  m g/ d l

T S H       ( 0 . 2 4 - 3 . 7 0 )  3 . 2 3  u l U / m l A p o .C 3 (5 .7 - 1 3 .1) 6. 4  mg / d l

F - T 3        ( 2 . 4 - 4 . 3 )   2 . 6  p g / m l A p o .E (2 .8 - 5 .8 ) 3 .2  m g/ d l

F - T 4        ( 0 . 8 - 2 . 1 )   1 . 4  n g / d l

PT: Prothrombin time, APTT: Activated partial thromboplastin time, Fbg: Fibrinogen, Ccr: Creatinine
clearance, HbAlc: Hemoglobin A l e, TSH: Thyroid stimulating hormone, F-T3 : Free triiodothyronine,
F-T4: Free thyroxin, LDH: Lactate dehydrogenase, G-GTP: y glutamyltranspeptidase, LDL-choL:
Low density lipoprotein-cholesterol, HDL-choL: High density lipoprotein-cholesterol, T.P.: Total
protein, Alb.: Albumin, U.A.: Uric acid, BUN: blood urea nitrogen, Cr: Creatinine, Amy.: Amylase,
AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, ALP: Leucine aminopeptidase,
T-chol. : Total cholesterol, TG: Triglyceride, Apo. : Apolipoprotein.
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Figure 1. Photographs of his left heel. (A) Diabetic gangrene
on the left heel associated with skin cyanosis around the gangrene
lesion before LDL-apheresis therapy. (B) Improved diabetic gan-
grene on the left heel after LDL-apheresis therapy for nine times.

Figure 2. Thermographical examination of his lower extrem-
ity. Thermography before (A) and after (B) treatment with LDL-
apheresis.

Table 2. Serum Lipids, Apolipoproteins, Fibrinogen and TAT
before and after the LDL-Apheresis Therapy

before LDL-apheresis after LDL-apheresis
Total-ch.
TriglycerideHDL-ch.
Apolipoprotein-A 1Apolipoprotein-A2Apolipoprotein-BApoli poprotein -EFibrinogenTAT 176 (mg/dl)

78 (mg/dl)
61.2 (mg/dl)1 25 (mg/dl)
21.0 (mg/dl)68 (mg/dl)
3.3 (mg/dl)
300 (mg/dl)8.3 dig//)

93 (mg/dl)30 (mg/dl)
61.0 (mg/dl)
122 (mg/dl)20.1 (mg/dl)

30 (mg/dl)1.6 (mg/dl)
1 83 (mg/dl)
7.3 (|ig//)

TAT: thrombin-antithrombin three complex.

Discussion

The present study clearly demonstrated that the lesion of
diabetic foot gangrene was almost completely cured by treat-
ment with LDL-apheresisand various supportive therapies,
although it has never been reported that LDL-apheresis therapy
improves diabetic foot gangrene. It is well known that one of the
most severe complications of diabetes mellitus is the loss of a
limb. It has been suggested that three major factors leading to
tissue necrosis in the diabetic foot are peripheral neuropathy,
infection and ischemia. Peripheral ischemia in patients with
diabetes mellitus is believed to be induced by micro- and
macroangiopathy. It is, however, unlikely that the micro- and
macrovascular diseases are a direct cause of diabetic foot
gangrene, since almost all patients with diabetic gangrene have
peripheral neuropathy which may induce an impairment in
protective mechanismsagainst trauma such as burning. Fur-
thermore, infections with anaerobic bacteria coexisting with
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Figure 3. Clinical course of blood glucose and HbAlc levels during admission.

aerobic bacteria are usually observed in most gangrene tissues
of the diabetic foot, suggesting that local infection is also an
important factor for inducing and worsening gangrene. On the
other hand, LDLplays a crucial role in the development of
atherosclerosis (7). In the present case, serum lipid levels such
as total cholesterol, LDL-cholesterol and apolipoprotein B
were not high, compared with the normal range of those lipids,
while diabetic foot gangrene became severe and the possibility
of remission was thought to be very low when treated by usual
therapy.
Many reports have described that LDL-apheresis has a direct
effect on removing LDL-cholesterol, finally resulting in regres-
sion of atherosclerosis (4, 8-12). It is also believed that LDL-
apheresis may improve abnormalities in lipid metabolism (8,
9), peripheral circulation and blood viscosity (10), local im-
mune functions (4), circulating coagulation factors (1 1), and
kallikrein-kinin systems and serum level of NO(12). A previ-
ous study suggested that the decreased levels of peri-wound
cutaneous per fusion and oxygenation maycontribute to the
development of diabetic foot gangrene (5). In the present study,
the local circulation around the gangrene lesion was remarkably
improved after LDL-apheresis. Rubba et al reported that peak
blood flow significantly increased in the leg, and blood viscos-
ity was significantly reduced after LDL-apheresis in ten pa-
tients with hypercholesterolemia ( 1 0). This study also reported
that removal of serum fibrinogen was observed after LDL-
apheresis therapy (from 300 mg/dl to 183 mg/dl). Tasaki et al
reported that LDL-apheresis therapy could remove fibrinogen
by LDL-adsorption and lead to an improvement in the local

circulation in patients with arteriosclerotic obliterance (ASO)
(1 1). The present study suggests that LDL-apheresis may affect
anticoagulant factors, and improve the local blood flow in
patients with diabetic foot gangrene. Although the mechanism
of LDL-apheresis therapy improving diabetic foot gangrene is
not fully understood, it is speculated that the treatment with
LDL-apheresis may induce new collagen synthesis around the
lesion of gangrene. Therefore, it is suggested that aggressive
treatment of local gangrene tissue induced by diabetes mellitus,
such as LDL-apheresis therapy, seems to promote enhance-
ment in local oxygenation of gangrenous tissues.
This study demonstrated that LDL-apheresis therapy may be
a new therapeutic approach for improvement in fatal foot
gangrene induced by diabetes mellitus.
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