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I.

INTRODUCTION - THE MAGNITUDE OF THE PROBLEM
I.

Warren, S., P. M. LeCompte, and M.A. Legg.
Phi !adelphia. Lea & Febiger, 1966.

The Pathology of Diabetes Mel I itus.

Gangrene has long been one of the most dreaded and freque~t campi ications of
diabetes mel I itus. Indee d, of 1854 fatal cases of diabetes mel I itus autopsied at the New
England Deaconess Hospital 543 had either past or active gangrene.
2.

Bel I, E. T. Incidence of gangrene of the extremities in nondiabetic and in diabetic
pe rsons . Arch. Pathology 49 : 469, 1950.

3.

Bel I, E. T. Atherosclerotic gangrene of the lower extremities in diabetic and nondiabetic persons . Am. J. Cl in. Path. 28:27, 1957.

4.

Bell, E. T. Diabetes Mel I itus. A Cl inlcal and Pathological Study o,f 2529 Cases.
Charles C. Thomas, Springfield, Ill., 1960.

In the University of Minnesota Series, furthermore, gangrene was li~ted as the
cause of death in 219 out of 2529 autopsied cases (9,%) and as a contributory cause in 200
additional cases (8%), and Bel I has estimated from his studies that in patients over the age
of 40 gangrene is 53 times as frequent in diabetic men and 71 times as frequ~nt in diabetic
women than in nondiabetics. Although the total numbers are smal I, the discrepancy is even
greater in younger individuals.
5.

Pratt, T. C. Gangrene and infection in the diabetic.
America 49:987, 1965.

Medical Clinics of North

Looked at somewhat differently, 22.3% of alI ~iabetics from the Joslin Clinic
who were hospitalized in 1963 had gangrene and/or infection of the lower extremity.
6.

Joslin, E. P., H. F. Root, P. White, and A. Marble.
Mel I itus. Phi !adelphia, Lea & Febiger, 1952.

The Treatment of Diabetes

7. Zisserman, L. Diabetes in the aged. Geriatrics 24:140, 1969.
In several parts of the country there has been a striking decrease in the
mortality rate from gangrene since the onset of the antibiotic era. In the Joslin Cl iniy
series, for example, the mortality rate decreased from 9.3% in the 1920's to I .I% in 1950's,
and even in e l derly pat i ents with a higher incidence of gangrene, mortality rat~s at the
Home for the Jewish Aged in Phi !ade lphia have diminished markedly:
1930-38
1939-50
1952-63
8.

Whitehouse, F. W. and ~1. A. Block.
Geriatric . Soc . 12: I045, 1964.

22.6%
II .3%
4.0%
The problem of the "diabetic foot".

J. Am.

Nevertheless, although gangrene is no longer a major cause of death in
diabeti cs, it is stilI one of the most frequent major complications of diabetes mel I itus.
In this large series one in six diabetic outpatients had a primary problem involving a
foot or leg. And as was pointed out in the 1920's (see Ref. 6), diabetic gangrene is, in
part at least, a class disease in that many of the contributory factors - poorly fitted
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shoes, lack ~f meticulous foot hygiene and preventive care, and exposure to extremes of
temperature- ere more common in the poor. Possibly because of this reason and qlso
because the diabetic population served by Parkland is so large (1554 active patients in
the Diabetes Clinic at the time of the last survey), diabetic foot lesions have always
constituted one of the major problems of the metabolic service- both inpatient and
outpatient. Because of dissatisfaction with the way we were hand! ing the problem, in
November of 1967 the diabetic outpatient clinic was reorganized so that alI patients with
foot problems were channeled through a 11 special 11,·or 11 foot 11 clinic for education and
therapy.
The purpose of this presentation is threefold - to review the current concepts of the pathogenesis, classification, and therapy of diabetic foot problems, to
summarize the experience of the first three years of the diabetic foot clinic, and to
i I lustrate many of the problems with examples of our own case material. An attempt wi I I
be made to develop the thesis that diabetic gangrene is the only major campi ication of
diabetes that, for the large part, can be prevented from occurring and that can be
treated successfully in many instances when it does occur.
·
I I.

PATHOGENESIS AND EPIDEMIOLOGY

There is an inherent ambiguity in the term diabetic gangrene; whereas some
authors use the term even in diabetics in the con~tricted sense of a vascular occlusion
or i nsufficiency leading to death of tissues, most authors clearly mean death of tissues
due to any etiology in the diabetic, and it is the latter sense which wi I I be used in
this rev iew.
9.

Gu£genheim, W., G. Koch, A. P. Adams, et al. Femoral and pop! iteal occlusive
vascular disease. A report on 143 diabetic patients. Diabetes 18:428, 1969.

10.

Kramer, D. W., and P. K. Peri I stein. Peripheral vascular campi !cations in
diabetes mel I itus. A survey of 3600 cases. Diabetes 7:384, 1958.

I I.

Oakley, W.

Complications of diabetes.

Lancet 2:264, 1970.

(Also Ref. I and 4)
Although there is some correlation with duration of the disease in juvenile
diabetics, in diabetics above the age of 40, gangrene correlates best with the age of the
patient and not with the duration and severity of the disease.
Patient Age
0
30
40
50
60
70
80

-

30
40
50
60
70
80
90

Incidence of Gangrene

<%)

2.2
3.7
II .2
15.5
21 • 5
24.7
17.4

Actually, Guggenheim and co- workers make the point that the perfect correlation would be
between a hypothetical 11 arteriai age 11 (chronological age plus the duration of diabetes)
and the incidence of campi ications. At any rate, it is the consensus that the correlation between the duration of the disease and gangrene is less clear-cut than that between
the du ration of the d ia betes and the other major complications- neuropathy, nephropathy,
and r etinopathy.
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12.

Rudnick, P. A., and P. S. Anderson, Jr.
Diabetes I I :533, 1962.

13.

McFadzean, A. J., and R. Yeung.
Diabetes 17:219, 1968.

Diabetes mel I itus in Hiroshima, Japan.

Diabetes among the Chinese in Hong Kong.

Although there is no significant difference between Hong Kong and the West
in most of the complications of diabetes- retinopathy, neuropathy, nephropathy- there
is a striking decrease in the incidence of myocardial ischemia (4.7%) and gangrene (I .3%)
in 1085 diabetic patients seen at the University of Hong Kong over a 10 year period; two
patients were seen with vascular disease without gangrene, and gangrene was seen in 14.
The incidence of gangrene is said to be even lower in Japanese diabetics.
Evidence tor Cap i.ll ary Disease
14.

Goldenberg, S., M. Alex, R. A. Joshi, and H. T. Blumenthal. Non-atheromatous
peripheral vascular disease of the lower extremity in diabetes mel I itus.
Diabetes 8:261, 1959.

In this important paper two specific vascular lesions were described in
the ski n of the lower extremity of diabetics -a generalized thickening of the basement
memb r ane of capillaries and an intimal lesion of small arteries and arterioles.
15.

Weber, H. W., and C. L. Wicht. The peripheral angiopathy of diabetics. A
pleth ysmographic and histopathological study. S. African J. Lab. Cl in, Med.
8:83 ' 1962.

16.

Barson, B. B., and P. E. Lacy.
Path. 45:4 1, 1964.

17.

Fer rier, T. M.

Diabetic microangiopathy in human toes.

Vasc ular lesions in diabetes .

Am. J.

Brit. Med. J. ii:819, 1965.

No other group of investigators has been able to confirm the presence of
endothelial pr o l iter ation in the smal I arteries and arterioles. However, the generalized
thicken i ng of the capi I lary basement membrane has been confirmed repeatedly , the average
thi c kness in nondiabetics being 5900 A while in diabetics it was 13,300 A. As in alI
other t i ssues o f the body generalized thickening of the basement membrane of the skin
cap i llary is an almost universal finding in diabetics.
18.

Aagenaes, 0., and H. Moe. Light and e Iectron-m i croscop i c study of skin cap i 1lar ies of diabetics. Diabetes 10:253, 1961.

Howeve r , thickening of the basement membrane is approximately as great in
the sk i n of the finge r s as in the toes, whereas gangrene of the fingers is uncommon,
even rare , in diabetics. It is probably justifiable to conclude that smal I vessel disease
is involved only indirec t ly in the pathogenesis of the gangrene (via the vasa nervorum and
vasa vasorum) or as a contributory fac t or rather than directly as the sole cause of
ischemia.
Nat ur e of the L,9rge Vesse I Disease
19.

Ger sler, S. W., H. Haimovici, P. Hoffert, C. Steinman, and T. C. Beneventoro.
Study o f vasc u lar lesions in diabetic, nondiabetic patients. AMA Arch. Surg.
91 : 61 7' 1965.
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20.

Edwards, E. A. Post amputation radiographic evidence for small artery obstruction in arteriosclerosis. Ann. Surg. 150:177, 1959.

21 .

Strandness, D. E., R. E. Priest, and G. E. Gibbons. Combined clinical and pathological study of diabetic and nondiabetic peripheral arterial disease. Diabetes
13 :366, 1964.

22 .

Graziano, J. L., G. A. Olander, and R. B. Lal. Significance of the profunda
femoris artery in extremities with marked ischemia. Amer. Surg. 35:229, 1969.

The incidence of occlusion of the f~moro-popl iteal system is the same in
the diabetic and nondiabetic. And while no specific lesion of the smal I arteries and
arterioles can be found, there is a much higher rate of involvement in diabetics of the
arteries below the knee. Thus, the difference between the two groups is in large part
due to differences in the site, extent, and rate of progression of the large vessel disease . Furthermore, if the profunda femoris vessel is involved diabe·t-ics have a poorer
prognosis following femoro-popl iteal surgery than do nondiabetic;:s, que to the higher
incidence of disease lower down. While it is somewhat risky to project observations made
from selected patients who have had amputations to the much l~rger group who have foot
ulcers in the presence of bounding peripheral pulses, it is jus+ifipble to make two conclusions:
I.) Large vessel atherosclerosis can be the cause of gangrene in the diabetic and
may be a critical contributory factor in alI ulcers of the diabetic foot.
2.)

In s ome of these patients the lesions are surgically correctible.

What has never been published is an arteriographic study of the circulation of the legs
in a large group of diabetic outpatients. Ref. 21 is the nearest to this, an~ these
authors concluded that in patients without large vessel disease, diabetic foot ulcers
are due to neuropathy .
Neuropatby as a Cause of Foot Ulcers__j n the Diabetic
23.

Ba i ley, C. C., and H. F. Root.
J. Cl in. Invest. 21 :649J 1942.

Neuropathic joint lesions in diabetes mel I itus.

24 .

Bailey, C. C. , and H. F. Root.
NEJM 236 : 397, 1947.

Neuropathic foot lesions in diabetes mel I itus .

25 .

Mi I ler, D. S . , and W. F . Lic htman.
AMA Arch . Surg. 70:513, 1955 .

26 .

Oak I ey, W,
1954.

27.

Kel ley, P . J. , and M. B. Coventry.
47 cases. JAMA 168:388, 1958.

28 .

Pomeranze, J., and E. J. King .
Geriatrics 20 :353, 1965.

29 .

Meltzer, A. D., N. Skversky, and B. J. Ostrum. Radiographic evaluation of softtissue necrosis in diabetics. Radiology 90:300, 1968.

Diabetes in surgery.

Diabetic neuropathic arthropathy of feet.
Ann.

f3.QY...!

Co lj__._·-~~_Qf_J:..!l9-1B nd I 5: I08,

Neurotrophic ulcers of the feet.

Review of

Neuropathic ulcers in diabetes mel I itus.
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(Also Ref . 8)
Beginn i ng with the obs ervations of Bailey and Root in 1942, a vast body of
ev i dence has accumu late d that ne uropathy is the most frequent cause of diabetic foot ulcers.
Accord i ng to t his i nterpretation, neuropathy leads to the painless foot, which renders it
susceptible to trauma and ischemic necrosis and the end stage of the characteristic neurotrophic bone and joint changes of t he metatarsophalangeal joints.
30 .

Larson, C. B.

Foot complications in diabetes.

Llowa State Medical Association

48 ; I 8 7, I 9 58 •

Al though neurotrophic ulcers occur in other forms of peripheral neuropathy,
it is generally assumed that the diabetic must be particularly vulnerable to pressure due
to some lowered local factor, most I ikely a diminished circulatory capacity due to the coexisting large and small vessel disease. It is also worth emphasis that because of their
painless character , diabetic foot ulcers are brought belatedly to the physician's attention :
Class i fication of Neuropathic Lesions
of the Feet (Ref. 25)
Cases
Diabetes
17
Tabes Dors a I is
4
I
Alcoholic
I
Traumatic
Leprosy
2
__§_
Idiopathi c
31
Total
Distr ibution of Neurotrophic Ulcers
i n 47 Patients (Ref. 27)
Many patients had more than one ulcer.
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I.

CLASSIFICATI ON OF DIABETIC FOOT LESIONS
31.
A.

Oakley , W., R. C. F. Catteral I, and M. M. Martin. Aetiology and management of
lesions of the feet in diabetics. Brit. Med. J. i i :4999, 1956.
Neurotrophic Foot Ulcer s
I.

32.

Pressu re Ischem i a

Montgomery, R. M. Corns, cal I uses, and warts.
State J . Med. 63:1532, 1963.

Differential diagnosis.

N. Y.

(Also Ref. 8)
Ca I Ius formation is the "Ach iII es Hee I" of the diabetic foot. There is a
widesp rea d but unproven impression t hat diabetics form cal Ius more readily than do nondiabetics. It is ikel y, however , that the real danger is that it is painless, and walk in g on cal Ius has the same effect as walking on a foreign body, ischemic necrosis even tually developing under neath. Certainly, pafi ~g of non-ulcerated cal I uses and corns in
dia betics reveals hemorrhagic necrosis at the base, evidence of longstanding pressure.
It is also clear that removal of the cal Ius in many patients is the key to therapy.
J

33.

Rakow, R. B., and S. A. Friedman. The significance of trophic foot changes in
th e aged. Geriatrics 24:135, 1969.

It should be emphasized that neglect of the feet is not I imited to diabetics. ln t his ser ies from a chronic disease hospital 90% of elderly patients with or
without diabetes and with or without pedal pulses had significant trophic changes of the
skin or nai Is. It i s just that these lesions are more ominous to the diabetic.
Case I
Neurotrophic Ulcer Du e to Pressure Necrosis as the Result of Cal Ius Formation.
This 52 year old woman has had known diabetes since 1954, first treated with diet
and later with oral hypoglycemic agents; on 3 grams of Orinase and 50 mg OBI, s he has mild
hyperglycem ia and a per sistent mild glycosuria (2-3+). Approximately one year ago she
developed a pain ful ulcer on a cal Ius of the right foot which has drained pus intermittently since that time. She was refer red to the
outpatient department in
of 1970. PE revealed mild hyper tension ( 170/90), obesity, decreased vibratory sensation
in the lower extremities, and a large draining ulcer in the center of a plantar cal Ius on
the right foot . x~ray of the foot revealed no evidence of bony involvement. On
she was seen in Foot Clinic where a regimen of aggressive cal Ius paring and soaks was
begun. With i n one week improvement was striking, and by
the uicer had healed
comp lete l yo
34.

Mi I ler, D. S., and R. L. Gi I bert. Neurotrophic ulcer of the foot.
Med. School Qua r terly 22:69, 1962.

Chicago

This paper emphasizes t he importance of planing the edges of the ulcer that
is surrounded by heaped cal Ius. With each successive debridement the local base improves
in vita lity and allows granulation tissue and healing to proceed from the revitalized
edge.
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Case 2
Tropll i c UIcer of -!-he Hee I •
This 68 year old woman has been a known diabetic for approximately I I years, wei I
control led on Orinase (3 grams) and OBI (100 mg). In 1968 she was worked up for a pelvic
mass which proved to be a distended neurogenic bladder, for which a Foley catheter was
inserted -for several months, and she was found at the same time to have widespread periphera I neuropathy and· an indo I ent u Icer on the I eft hee I • She was referred to the
in
of 1969, and on a regimen of periodic local debridement and frequent
soaks, the ulcer healed over a period of four months. It is noteworthy that the most
striking period of improvement occurred when she was hospitalized for an episode of
urinary tract infection in
and
of 1969. There has been no recurrence of foot
ulcers, although she has continued to have urinary tract problems and has undergone eye
surgery in the past year.
2.

Trauma- Penetrating, Crushing, Thermal, Chemical

The painless foot is subject to a variety of types of trauma (Ref. 8):
Mechanical

New shoes
Home surgery
Stumped toes
Splinters and foreign bodies

Thermal

Electric pads
Hot foot baths

Chemical

Strong antiseptics
Keratolytic agents

Case 3
Neurotrophic Ulcer and Cellulitis Caused by Crushing Injury.
This 49 year old
developed the symptoms of diabetes mel lltus approximately six months prior to admission -polyuria, polydipsia, weight loss, and mild fatigue.
Approx imately two mont hs P.T.A. he dropped a very large brick on his foot; the shoe was cu-r
completely through and the great toe crushed, but he felt no pain and continued to work,
despite the -fact that the toe became necrotic. Two weeks P.T.A. he had the onset of fever,
chi! Is, vomiting, and abdominal pain at approximately the same time that he noted that the
toe had become reddened and more purulent and the leg painful. Because of a progressive
worsening of these symptoms and the development of fever and cl6uding of co~sciousness he
came to the EOR on
and was admitted with a multitude of problems - a widespread
infection of the toe and foot, osteomyelitis of the right great toe, a group A, betahemolytic streptococcal septicemia, and a septic arthritis of the left knee. His course
was extraordinarily complicated, including a laminectomy for a subdural cyst at L-2, an
exploratory laparotomy which proved to be negative, a urinary tract infection (probably
catheter i nduced}, the development of congestive heart failure and a LBBB, and anemia
thought to be due to an iron reuti I ization defect in a man with sickle eel l trait. At
the time of discharge, the toe had begun to heal.
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3.· Diabetic Osteopathy
35 .

Martin, M. M.
503, 1952.

Charcot joints in d i abates me I I i tus.

36.

Jacobs, J. E. Observations of neuropathic (Charcot) joints occurring indiabetes mellitus. ). Bone an9 Joint S~rgery 40:1043, 1958.

37.

Naida, M., and C. Schnal I. Bone changes in necrosis in diabetes mel I itus.
Arch. Int • .M.§.g_ . i 07 : 380, 1961 •

38.

Boehm, H. J., Jr.

39.

Pogonowska, M. J., L. C. Col I ins, and H. L. Dobson.
Radiology 89:265, 1967.

40.

Gondos, B.
1968 .

41.

Kattan , K. Bone changes in the diabetic with gangrene of the foot.
As.s..£. R_9diol. 19:34, 1968.

42.

Meltzer, A. D., N. Skversky, and B. J. Ostrum. Radiographic evaluation of
diabetic gangrene. Amer. Fam. Physic,i_g,n GP I :76, 1970.

Diabetic Charcot joint.

Proc. Roy.EJ...2.oc. Med. 45:

AMA

NEJM 267:185, 1962.
Diabetic osteopathy.

Roentgen observations in diabetic osteopathy.

Radiology 91:6,
J. Canad.

(Also Ref. 23-34)
Beginning with the studies of Bailey and Root in 1942, a vast literature has
accumulated on the bone lesions of the neurotrophic foot. Although the ankle and knee may
be involved, t he vast majority of cases (52 out of 54 in one series) involve the ta i·sal and
metatarsal joints. It is interesting that the involved foot actually becomes shorter and
thicker as the result of the bon e resorption. Most cases were originally thought to be
os t eomyel itis, and some may be difficult to differentiate from osteomyelitis. It is very
likely that tra uma and/or infection precedes bone destruction in many cases, and nearly
alI cases of bone resorption are associated with neurotrophic ulcers. The course is im possible to predict. In some it may be self I imited, particularly if weight bearing is
avoided, and in other patients the foot I iteral ly disintegrates under the eyes of the
physician.
AI I the radiological references emphasize a point which may or may not be
true- e.g. that bone destruction implies a normal blood supply and that the worse looking
the bones, the better the chance for healing.
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Variety of Bone Changes in the Neurotrophic Foot
(after Ret. 39)
I.
2.
3.

4.
5.
6.
7.

Osteoporosis
Juxta-articular cortical bone defects
Osteolysis of t he ends of the bone
a. localized loss of cortex
b. lysis of the ends of bone
c. penci 1-1 ike or candlestick deformities
d. loss of the adjacent ends of two bones with approximation
of the remainder of the bones
e. loss of tips of the distal phalanges
Apparent destruction of an entire bone
Apparent reconstruction of phalanges which appeared to have
been destroyed previously
Slight periostial reaction along the shafts
Sclerosis of the shaft of bone

Case 4
Ne urotrop hic Foot Ulcer, Diabei·i c Osteopathy, and Cellulitis.
Th i s 65 year ol d woman has had diabetes since 1964, control led fairly wei I on
Or inase with the FBS usually ranging between 180 and 220 mg%. In addition, she has a
smal I euthyr oid go iter, ami ld anemia t hought to be due to iron reuti I ization defect,
and pr obable diabet ic nephropathy with azotemia, chronic hyponatremia, and hyperchloremia.
She has severe peripheral neuropathy and has had several foot ulcers over the past few
years that have responded wei I to conservative management in the
. In
of
1970 she developed an i nf ection of the right second toe, and X-ray showed destruction of
the proxi mal phalanx of this toe. She was treated with erythromycin and debridement with
an improvement of the second toe , but by
the right great toe had become involved with ulceration and eel lui itis, and she was admitted on
with a fever of 102°.
Se rratia and Aerobacter were cult ured from the lesion. On a regimen first of Kefl in and
then Ampici I I in , frequent soaks, and daily debridement, the foot healed in a very striking
manner with no c han ge in the X- ray pictures wl1ich have been interpreted as typical of
diabeti c osteopathy. During the month since discharge she has had no further foot prob1 ems.
4.

Leg Uleers

Although leg ulcers also occur in other forms of neuropathy, it is unclear
in the diabetic ulcer exactly wha·r rol e is played by varicose veins, by neuropathy, by
extr·eme obesity, and by vascular disease. ~~hi le callus formation is not involved, the
remainder of t he natural hi story and co urse of these lesions is identical to neurotrophic
lesions of the foot. It is a clinical impression that leg ulcers tend to be more painful
than do similar lesions on the foot.
Case 5
Leg Ulcer.
This 52 year old, obese man has had known, adult onset, stable diabetes mel I itus
for ap proximately 12 years. His fasting blood sugars range between 130- 170 mg%, and he
has cons i stently negative urine sugars. He has also been hypertensive for 10 years, and
he had a cerebral vascular accident 3t years ago with a residual right sided weakness.
!n the s ummer of 1968 he became troubled with a leg ulcer, beginning with a smal I,
atraumatic lesion on the right leg which spread and worsened, despite conscientious care
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and repeated visits to the outpatient department. By
of 1969 the ulcer had become
very extensive, involving tendon and reaching to the surface of the bone. He was admitted
to the surgery service and t he area was debrided under anesthesia with the assumption that
when the infection was control led grafting would be required in order for the lesion to
close . Over the next several months the lesion did improve somewhat on a regimen of
peroxide soaks. He was first seen in the diabetes clinic in
of 1970, and because
of the persistence of the lesion for 18 months it was decided to try an Unna Paste Boot,
which was begun on
first biweekly and then with weekly changes, cleansing and soaking the wound with each change of boot. Within a month, definite healing was visible, and
despite a second CVA in
1970, the ankle completely healed by
, 1970. After
resuming walking, the area broke down and again healed by
/70 following reapplication
of the Unna paste boots for several months.
B.

Ischemic Gangrene
(See Ref. 6, 19 -22, and 31 .)

The generalized ischemic lesion unassociated with neuropathy is said by Oakley to
be not so common as generally assumed. The foot is typically cold and painful of a burning type ; associated intermittent claudication greatly favors the diagnosis of ischemia.
The skin is smooth, hairless, and shiny, and there may be trophic changes in t he nai Is.
Ar terial pulsation may be absent, and arteriography provides accurate and precise information . Ischemic gangrene usually starts in the distal phalanges of one or more toes and is
often painless. Purple discoloration leads to the formation of a black patch which tends
to extend proximally.
C.

Mixed Ischemic and Neuropathic Lesions

In many, possibly most, instances as emphasized by Oakley and co-workers (31) more
tha n on e fa ctor may be involved as wei I as secondary infection, and conservative management may be da ngerous if the delay in amputation is too long or if a raw wound is left
open which cannot heal and prevents rehabilitation.
IV .

MANAGEMENT OF DIABETIC FOOT PROBLEMS
A.

Conservative Management of the Neurotrophic Lesion
I.

Experience Elsewhere

43.

Root, H. V., et al.

Surgical lesions of diabetic feet.

44.

Syme, G. A.

45.

Pedersen, J., and S. Olsen. Smal I vessel disease of the lower extremity in
diabetes mel I itus. Acta Med. Scand. 171:551, 1962.

46.

Col lens, W. s., E. Vlahos, G. B. Dobkin, E. Neumann, R. R. Rakow, M. Altman,
and F . Siegman. Conservative management of gangrene in the diabetic patient.
JAMA 181:692, 1962.

Surgery in diabetes.

(Also see Ref. 30.)

NEJM 253:685, 1955.

Guy's Hospital Reports I I I :170, 1962.

- 12 In most older published series 50% of diabetic patients who develop foot
infections and gangrene ultimately required some form of amputation. Experience with
conservative management in 215 diabetic patients at the Maimonides Hospital with gangrenous
infection revealed that the amputation rate was reduced to I 1%, the remainder healing completely {Ref. 46). Although most authors have felt that routine use of antibiotics was of
I ittle help (30), the regimen at the Maimonides Hospital consisted of antibiotics, soaking
in iodine solution, avoidance of weight bearing and trauma, and no debridement whatsoever.
According to Larsen the most important single factor in the treatment of the neuropathic
foot lesion is the avoidance of weight bearing (30).
47.

Viskum, K. The prognosis of conservatively treated diabetic gangrene.
Med. Scand. 185 :319, 1969.

Acta

Although the gains of conservative management may be I imited, mutilating
thigh and calf surgery can be avoided in 60% of patients with severe enough lesions to
warra~t hospitalization.
48.

LoCascio, W. V.

Therapeutic value of properly fitted shoes.

Cutis 3:1221, 1967.

This paper emphasizes the role of the shoe in the treatment of the neurotrophic ulcer. The fact that these patients have diminished sensation means that they
cannot tel I whether their shoes fit or not, and consequently th~y frequently wear outlandishly fitted shoes.
2.

EXPERIENCE AT THE PARKLAND MEMORIAL HOSPITAL DIABETIC FOOT CLINIC

Year
!969
1970 (II mon

Total Visits to Diabetes Clinic
4021
2925

Visits to Diabetic Foot Clinic
526
405

AIMS OF FOOT CLINIC
I.

2.

Education of the patient in the principles of foot care proper nai I cutting, prevention and early treatment of
ca! Ius, avoidance of trauma, the principles of foot
hygiene.
Treatment and long term follow-up for neurotrophic and
mixed ulcers
a. Search for foreign bodies, including X-ray
b. Local debridement, principally of cal Ius
c. Frequent soaks
d. Avoidance of weight bearing
e . Appropriate antibiotics (sometimes)
f. Treatment of fungal infections
g. Improvement of circulation -elastic stockings and Unna paste
boots
h. Tetanus prophylaxis

- 13 BREAKDOWN OF PATIENTS SEEN OVER A THREE YEAR PERIOD
(Nov. I, 1967- Oct. 30, 1970)
Number

Percentage

Total Number ot Patients 452
1.)
2 .)
3.)
4.)
5.)
6.)

7 .)

Education, nai I trimming, mild calluses
Exte nsive ca I I uses, hard and soft corns,
bad i·oena i Is
Foot ulcers
Ankle and leg ulcers
Stump problem ( not seen prior to surgery)
Hospitalizations
Medical Service
Surgery Service
Amputations
Incision and Drainage
Total
Known dead

312
60
70
10
6

69%
13.2%
15.5%
2.2%
I .3%

12
14

3.1%

2

28

6.2%

5

I .I%

Case 6
Foot Ulcer of Eleven Years ' Duration Requiring Debridement of Cal Ius and
Bed Rest for Healing.
This 61 year o l d woman was found -ro have diabetes mel I itus and hypertension in 1959
for which she has taken I gram of Orinase per day under the intermittent care of her
physician; durin g the same year she stepped on a sliver of glass which penetrated a cal Ius
on -t-he sol e of her left foot, and an open draining lesion resul-t-ed (the sliver of glass
did not come out for six months) and perEisted up to the time she was first referred to
the
in
of 1969. On PE she was founcl to have obesity, osteoa rt hri tis of the knees, hypertension, diabetic neuropathy with absen-t" pain and decreased
vibratory sensation of both lower extremities, and a large draining ulcer of the left
foo·r. X- ray of the foot revea I ed i rregu Iar i -t"y of the f i Hh metatarsa I bone and a bony
overgrowth of the fifth MP joint. She was referred to the
where the extensive
cal Ius was r emoved on a regular basis, and a regimen of soaks was begun. The improvement
was only modest un-t"i I the spring of 1970 when she was hospitalized elsewhere for pneumonia and diarrh ea, following which she was so weak that she stayed in bed for several
months . By the time she returned to the
in
of 1970 the foot u leer had hea I ed
comp letely.
B.
49.

The Treat ment of Inf ection
Rosenbe r g, N. Long-term antibiotic administration for localized gangrene.
Amer. Surg. 35:348, 1969.

Although most authors feel that the value of routine antibiotics is
I imited, others such as this author have used it without microbial monitoring and have
about the same results which are obtained in alI series of conservative management.
However, in fection may play an important role in lesions which do not heal readily.
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Case 7
Healing of Toe Ulcer Despite Osteomyelitis.
This 47 year old man has been an insulin dependent, unstable diabetic for 12 years with
several episodes of ketoacidosis. Beginning in
of 1969 he had repeated exacerba~
tions and remissions of what was thought to be osteomyelitis which drained periodically
from various sites on the right foot. He had six admissions during the ensuing eight
months to
Hospital and had a variety of courses of antibiotic therapy.
The foot would heal only to break down a few weeks later. The last such episode began in
of 1970 with a purulent drainage of the fourth toe, during which some of the bone
fell out; cultures grew only a proteus which was thought to be a contaminant. During his
last hospitalization in
, the foot healed dramatically on a conservative regimen consisting of elevation and soaks, and it was recommended that he be tried on a six week
course of Lincomycin, a regimen which was completed in
in the outpatient department.
There have been no subsequent breakdowns in the foot since that time.
50.

Rhodes, E. L.
132, 1968.

Dermatological problems in the diabetic patient.

Geriatrics 23:

51.

English, M. P. Invasion of the skin by filamentous non-dermatophyte fungi.
Brit . J. Derm. 80:282, 1968.

52.

Meade, J. W., and C. B. Mueller. Necrotizing infections of subcutaneous tissue
and fascia. ~nn. Surg. 168:274, 1968.

These papers emphasize that in diabetics organisms which do not usually
cause skin infection- E. coli, Pseudomonas, fungi such as Fusarium, etc.- may be the
critical pathogens. Every patient who does not heal promptly or who has pus should be
cultured. Rhodes (44) emphasizes furthermore that ordinary fungal infections should be
treated routinely since they may not only be worse in the diabetic but also because they
predispose to bacteria I in feet ions.
C.
53.

Amputation and the Problem of Prosthesis Fitting
Goldner, M. G.
9 : I 00, I960.

The fate of the second leg in the diabetic amputee.

Diabetes

The second leg of the unilateral diabetic amputee shares the fate of the
first often and soon. This probably reflects the fact that if one leg has extensive
atherosclerosis the other is I ikely to have the same involvement, or it may mean that
patients who neglect one foot or ignore 1'/ounds wi II do the same with the other.
54.

Silbert, S., and H. Haimovici. Results of midleg amputations for gangrene in
diabetics. JAMA 144:454, 1950.

55.

Smith, B. C. A twenty year follow-up in fifty below knee amputations for
gangrene in diabetics. Surgg[Y, Gynecology, and Obstetrics 103:625, 1956.

56.

Hoar, C. S., and J. Toones. Evaluation of below the knee amputation in the
treatment of diabetic gangrene. NEJM 266:440, 1962.

57.

Caine, D., R. Klein, and G. Freed. Amputation site and morbidity in relation
to circulatory disease. Medt..J. Aust. 2:250, 1967.

- 1558.

Ecker, M. L., and B.S. Jacobs.
Diabetes 19:189, 1970.

Lower extremity amputation in diabetic patients.

Of the types of amputation, it is clear that the probability of use of
prostheses and the degree of ambulation is much greater following below-the-knee than
with above-the-knee amputation.
59.

McKittrick, L. S., J. B. McKittrick, and T. S. Risley. Transmetatarsal amputation for infection or gangrene in patients with diabetes mel I itus. Ann. Sur~.
130:826, 1949.

60.

Baddeley, R. M., and J. C. Fulford. A trial of conservative amputations for
lesions of the feet in diabetes mel I itus. Brit. J. Surgery 52:38, 1965.

61 .

Singer, A., and G. Rossi. Radical local surgery in diabetic gangrene.
Sinai Hasp. NY 35:390, 1968.

62.

Smith, A. G., and E. L. Casingal. Management of diabetic patients with foot
lesions. Surgery, G~n~cology, a~d . Obstetrics 128:85, 1969.

J. Mt.

(Also Ref. 30)
What is not clear is whether procedures less extensive than BK amputation
are generally successful. Such procedures may result in stumps on which weight bearing
is difficult and for which proper fitting of a prosthesis is campi icated. Larsen has
emphasized the necessity for the patient to be left with a useful foot following foot
surgery. For example, at Mount Sinai radical local debridement prevented amputation in
19 of 24 patients, but 7 of these 19 required skin grafting (55). Smith and his coworkers reported a somewhat better series:

Procedure
Not operated - soaks,
antibiotics, etc.
I&D
Toe amputation
Trans - metatarsal amputation
BK amputation
AK amputation
Case 8

Total
Number

Number Requiring
Revision to
Higher Level

33
6
13
13
41
4

0
0
0
4
0
0

Successful
Rehabilitation
With Prosthesis

33/35
2/4

,
Pressure Necrosis and Probable Neurotrophic Osteopathy Following Amputation.

This 48 year old man stepped on a needle, and within a week the distal third of his
right foot turned black; despite initial attempts to remove only toes the infection
sp r ead upward, for which an amputation was performed at
in 1963~ On this admission
diabetes was first diagnosed and although wei I control led on Orinase and DBI, he has had
multiple complications, including retinopathy, nephropathy, neuropathy, widespread atheroscler otic disease, and another episode of gangrene. The second episode occurred in 1966
when he stumped his toe during the night and within a few days he had developed extensive

- 16 eel lui itis of t he left leg. He was hospitalized on the surgery service, and after a very
stormy course, the leg itself was saved after three toes had been removed. He subsequently
returned to work, and because of the prosthesis on the right, he bears major weight on the
balI of the left foot, and despite attempts to design appliances which distribute the
pressure evenly, during most the ensuing years he has had a large pile of cal Ius with a
draining necrotic center on the left foot. He first came under the care of the
in
of 1967, and over a two year period (during which time he worked regularly as
a truck driver) on a regimen of soaks jnd d~bride~ent, the lesion improved very slowly but
never healed, and it was considered likely that this might be due to osteomyelitis underlying the lesion. Because of an episode of eel lui itis he was hospitalized on the Medical
Service in
. of 1969, and following aggressive debridement under anesthesia and antibiotics, frequent soaks and local debridement, the lesion slowly began to diminish in size.
The improvement continued in the outpatient department, despite the fact that the X-rays of
the foot revealed even more extensive involvement, and by
. of 1970 the ulcer had
healed completely. Although the cal Ius is trimmed biweekly, the foot has now been healed
for 8 months .
D.

Vascular Reconstruction

63.

Trippel, 0 ., J. J. Bergan, and H. Laufman. Progress of I imb salvage angioplasty in arteriosclerotic occlusive disease. Sur~. Clinic N. America 43:295,
1962.

64.

Kapl itt, M. J., s. Sobel, and P. N. Sawyer. Review of femoral-pop! iteal reconstruction uti I izing gas endarterectomy. Surgery 62:872, 1967.

65.

Alderman, D. B. Limb salvage in diabetics with "hopeless" ischemia. Use of
autogenous tissue reconstruction (ATR). JAMA 201:251, 1967.

In patients with extensive arterial disease revascularization procedures
offer diabetics almost as good a result as in nondiabetics -somewhat more than 50% of
"hopeless" limbs in these series were salvaged.
E.

Lumbar Sympathectomy

66 .

Heringman, E. C., T. B. Masse! I, and S.M. Greenstone. Lumbar sympathectomyan evaluation in the treatment of peripheral vascular disease. Vase. Surg. I:
53, 1967 .

67.

Demmer, K., and C. Gajdusek. Is lumbar sympathectomy in gangrene conditions
practical. Zbl. Chir. 92:606, 1967 .

68.

Fulton, R. L., and W. R. Blakeley. Lumbar sympathectomy- a procedure of
questionable value in the treatment of arteriosclerosis obi iterans of the
legs. Amer. J. Surg . I 16:735, 1968.

Although it is possible to find papers which claim the contrary, it is
I il<ely that the conclusions ot Fulton and Blakely are correct; as the result of a review
ot the I iterature and t heir own study ot 54 diabetic and nondiabetic patients they concluded that sympathectomy does not aid in the salvation of gangrenous I imbs, has no
effect on the amputation r ate or the level of amputation, and is associated with a finite
and significant mortality rate.
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Anci I lary Measures of Uncertain Value

69.

Schreiber, F. K. Peripheral blood circulation disorders and nicotinic acid.
Med. Welt. 3:176, 1967.

70.

Pau I , T. N.
a diabetic.

71.

Lopez, J. E., and B. Mena.
1968.

72.

Baffes, T. G., M. H. Agustsson, F. H. Ketola, C. G. Baffes, and D. Parker.
Administration of hyperbaric oxygen in an individual high pressure chamber.
Surgery 60:319, 1966.

73.

Dunlop, J., W. G. Trapp, and J. A. Ganshorn. Atraumatic non-Clostridial gangrene
of the abdominal wal I treated with hyperbaric oxygen. Canad. Med. Ass. J. 99:
1138' 1968.

Treatment by local application of insulin of an infected wound in
Lancet 2:574, 1966.
Local insulin for diabetic gangrene.

Lancet I :1199,

Although a variety of claims have been made for the efficacy of various
substances - nicotinic acid, local insul i n, hyperbaric oxygen, iodine, and most recently
zinc, in the i-reatment of diabetic gangrene none of these forms of therapy have been
subjected to control study.
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Results of 79 Skin Ulcers Treated in the
Parkland Hospital Diabetic Foot Clinic
(November 1967-0ctober 1970)
(Some patients had more than one lesion)
Location of Lesion

Result

Foot Ulcers
Improved
Healed
Unchanged

Number
63
17
29
17

Percenta~e

27
46

27

13

Leg Ulcers
Improved
Healed
Unchanged
Stump UIcers

I
8
4

8

62
31

;3

Improved
Healed
Unchanged

3

100

