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Peripheral arterial disease (PAD) is a common complication of Diabetes Mellitus (DM) and often culminates in ampu-
tation of the affected foot. Pseudomonas aeruginosa infections associated with PAD are difficult to treat due to their 
multi-drug resistance. Herein we report a 38 year old male who reported with DM, chronic kidney disease (CKD) 
and rest pain of the right second toe in October 2011. He underwent percutaneous transluminal angioplasty (PTA) 
which was unsuccessful. The gangrene of the toes worsened and amputation of the right second toe was done. 
Bacteriological examination showed presence of P. aeruginosa which during the course of antibiotic therapy became 
multi-drug resistant. Gangrene and abscess of the foot worsened and amputation of the right third toe was performed. 
Then autologous peripheral blood mononuclear cell (PBMNC) therapy was performed but as infection control could 
not still be achieved, the fourth toe was amputated. A protocol of foot bath using carbonic water, local usage of anti-
biotics (Polymyxin-B), and basic fibroblast growth factor (b-FGF) spray was then employed after which the infection 
could be controlled and improvement in vascularity of the right foot could be observed in angiography. This combined 
approach after proper validation could be considered for similar cases. 
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Introduction

  Diabetes mellitus (DM) associated peripheral arterial 
disease (PAD) affects approximately 4∼5% of the patients 
and the incidence of foot amputations in diabetic patients 

range from 5 to 24 per 1000 patients per year (1). Every 
30 seconds, a lower limb is amputated due to diabetes (2). 
Pseudomonas aeruginosa infections are commonly associated 
with the diabetic foot and they are difficult to treat due 
to their multi-drug resistance. Such P. aeruginosa infections 
lead to prolonged hospitalization duration and failure of 
the treatment (3-5). Another complicating factor is the as-
sociation of chronic kidney disease (CKD) in such dia-
betic patients with PAD as there will impaired wound 
healing from the uremia due to CKD leading to increased 
morbidity and mortality (6). Herein we report the success-
ful limb salvage in a diabetic patient with PAD, chronic 
kidney disease and severe P. aeruginosa infection by em-
ploying a combined therapy protocol. 
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Fig. 1. (A) Gangrene of right 2nd toe. (B) Amputation of the right 2nd toe. (C) Amputation of the right 3rd toe and wound debridement.
(D) Improvement in granulation and infection control. (E) Right foot at the time of discharge showing successful limb salvage.

Case Report

A 38 year-old male with Diabetes mellitus (DM) (Type 2) 
and chronic renal failure diagnosed when he was 30 years 
old and on routine hemodialysis reported with rest pain 
of the right second toe in October 2011. His glycemic lev-
els were 90∼170 mg/dl. He was under medication with 
Aspirin, Triclopidine hydrochloride, Beraprost sodium, 
Ethyl icosapentate, Pravastatin sodium and Barnidipine 
hydrochloride. On clinical examination a gangrene of the 
right second toe was noticed (Fig. 1A). Angiography showed 
an occlusion of the anterior and posterior tibial arteries 
of the right leg (Fig. 2A). Skin perfusion pressure (SPP) 
of the dorsal and plantar of the right foot was 42 mmHg 
and 50 mmHg respectively. The treatment procedures de-
scribed below were done in accordance with the institu-
tional and regulatory guidelines, laws that prevailed at the 
time of treatment. The patient was recommended for per-

cutaneous transluminal angioplasty (PTA). PTA for ante-
rior and posterior tibial artery was performed on December 
2nd 2011. However PTA was unsuccessful. The gangrene 
of the toes worsened and abscess of the foot occurred. On 
December 17th 2011, the second toe was amputated and 
drainage of the abscess was performed (Fig. 1B). Bacterio-
logical examination showed P. Aeruginosa that did not have 
multi-drug tolerance. The patient received intravenous 
drip of sensitive antibiotics but later the P. Aeruginosa ac-
quired multi-drug tolerance. Hence the infection was un-
controlled and gangrene became worse. In January 2012, 
amputation of the third toe and wound debridement was 
performed (Fig. 1C). In order to prevent the further spread 
of gangrene and to avoid amputation of the other parts 
of the affected limb, the patient was referred for autolo-
gous peripheral blood mononuclear cells (PBMNC) im-
plantation in February 2012. 60 ml of the PBMNC con-
centrate was extracted (PBMNC count was 2.6×109 cells) 
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Fig. 2. Digital subtraction angiog-
raphy (DSA) images of the right limb.
(A) At the time of admission show-
ing the occlusion of the anterior and
posterior tibial arteries. (B) After the
combined therapy protocol showing
worsening of occlusion in the main 
route of posterior tibial artery but de-
velopment of the collateral arteries.

and injected in various sites of right foot and lower limb. 
However the infection control was still difficult. In May 
2012 the fourth toe amputation and debridement was 
done. In addition, foot bath using carbonic water, local us-
age of antibiotics (Polymyxin-B), and basic fibroblast 
growth factor (b-FGF) spray were also used. From July 
2012, the granulation improved gradually and infection 
could be controlled (Fig. 1D). Angiography showed wor-
sening of occlusion in the main route of posterior tibial 
artery, but the collateral arteries grew and tissue contrast 
changed dark in October 2012 (Fig. 2B). However the SPP 
did not improve. The patient became ambulatory and he 
was discharged from the hospital by foot (Fig. 1E showing 
the foot at the time of discharge) in December 2012. 

Discussion

  PBMNC implantation is considered a strategy with high 
treatment potential for critical limb ischemia and there 
are several studies which have reported significant out-
come after cell therapy (7-9). Mononuclear cell implan-
tation has been proven to result in successful limb salvage 
even in Fontaine Stage IV Critical limb ischemia (CLI) 
patients (10). b-FGF therapy when given synergistically 
with cell therapy has been reported to enhance therapeutic 
recovery (11). However in most of these studies, the asso-
ciated infection could be well controlled and hence the 
outcomes are significant. Severe uncontrolled infections in 
CLI even after cell therapy has shown to lead to limb am-

putations (12). Thus infection control is the foremost fac-
tor for successful limb salvage. P. aeruginosa infections in 
diabetic CLI are very difficult to treat due to their mul-
ti-drug resistance (3-5). The compounding factor in this 
present case is associated CKD. Inspite of these hurdles, 
combined therapy of infection control, cell therapy and 
b-FGF therapy has resulted in successful limb salvage in 
this patient. Angiography showed that despite the fact that 
occlusion in the main route of the posterior tibial artery 
worsened, collateral arteries grew and tissue contrast 
changed dark after the combined therapy. Thus this is one 
of its kind reports wherein a combined approach involving 
cell therapy with b-FGF and stringent infection control 
measures have prevented the limb amputation in a case 
of severe gangrene associated with DM. However, it is dif-
ficult to comment which treatment applied was effective 
and which not. The total algorithm used in the case, al-
though successful finally, needs larger studies for vali-
dation before application in another similar patient.

Conclusion

Infection of the ischemic region is a major threat in CLI 
patients with DM. A combined approach involving cell 
therapy and b-FGF administration along with stringent 
infection control could result in limb salvage in this pa-
tient who had DM and CKD. A beneficial outcome with 
this protocol makes us suggest this therapy for similar cas-
es after thorough validation. 
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