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 | R e s u m o |

Introdução: A avaliação da pressão transcutânea 

de O2 (TcPO2) constitui um método não inva-

sivo de diagnóstico que nos permite quantificar 

a difusão de oxigénio a nível tecidular. Dado 

que a sua leitura é independente da calcificação 

arterial a sua utilização na população diabética 

é de particular relevância.

O presente trabalho teve como objectivo avaliar 

o valor preditivo da TcPO2 relativamente á 

cicatrização de lesões do pé em doentes diabéti-

cos submetidos a tratamento conservador. 

Material e Métodos: 127 pacientes diabéticos 

(135 membros) com úlceras crónicas foram 

avaliados prospectivamente tendo-se proce-

dido, respectivamente á medição dos valores 

da TcPO2. A idade média foi de 67, 2 ± 11, 8 

anos (média ± dp) e o tempo médio de duração 

da diabetes foi 17,6 ± 9,8 anos (média ± dp). 

No follow-up final, os doentes foram divididos 

em três grupos, de acordo com a evolução 

clínica: cicatrização completa, melhoria da 

cicatrização e má evolução da cicatrização.

Resultados: Houve correlação significativa entre 

a presença de infecção e os valores de PTcO2 

medidos, 26, 24 ± 15, 04 (média TcPO2 com 

| A b s T R A C T |

Introduction: Transcutaneos oxygen tension (TcPO2) is a noninvasive 

method that reflects the balance between local oxygen supply and 

skin oxygenation and is particularly useful in evaluating diabetic 

vascular disease, because its measurements are not influenced by 

medial arterial calcifications. The aim of the present study was to 

determine the predictive value of TcPO2 for foot ulcer healing in 

diabetic patients submitted to a conservative treatment.

Material/Methods: 127 diabetic patients (135 limbs) with chronic 

foot ulcers were prospectively evaluated. The age was 67, 2 ± 11, 8 

years (mean ± SD) and the diabetes duration was 17,6 ± 9,8 years 

(mean ± SD). TcPO2 mapping (mmHg) of the involved limb was 

obtained. Conservative ambulatory treatment was prescribed and 

wound healing was routinely evaluated. The patients were divided 

into three groups according to the clinical outcome: complete wound 

healing, improved wound healing and impaired wound healing.

Results: A significant correlation was found between the presence 

of infection and TcPO2 values, 26,24 ± 15, 04 (mean TcPO2 with 
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prospectively from March 2004 to December 2008. 
All patients were referred to our multidisciplinary 
department of diabetic foot pathology and initially 
treated as one day clinic regimen with regular visits 
every 4-6 weeks. Clinical evaluation included surgi-
cal and medical history and risk factors for periph-
eral occlusive disease. Foot lesions or rest pain were 
assessed for the presence of sensory-motor neurop-
athy, infection and peripheral occlusive disease. 
Metabolic control was optimized when possible, 
and antibiotics were used when clinical signs of 
infection were present. The ulcers were debrided 
when considered necessary and a foot x-ray  was 
performed in cases of suspected osteomyelitis.
TcPO2 monitor was used to simultaneously meas-
ure the TcPO2 values at the chest and in the prox-
imity of the lesion with the patient resting in the 
supine position. The measuring site was carefully 
cleaned by a disinfection solution. The calibra-
tion time took an average 10 minutes and the 
laboratory room temperature was maintained at 
approximately 25ºC.
After a follow up time, the patients were divided 
into three groups according to the clinical outcome: 
complete wound healing, improved wound heal-
ing and impaired wound healing.

INTRODuCTION
Successful treatment of the patient with diabe-
tes and limb-threatening ischemia requires an 
accurate assessment of limb perfusion[1,2]. Ankle 
and toe pressure measurements are presently 
regarded as optimal criteria for evaluating non 
diabetic patients.[3] In contrast, these methods 
often fail in diabetic patients due to the presence 
of medial arterial calcifications. 
Transcutaneos oxygen tension (TcPO2) is a noninva-
sive method that reflects the balance between local 
oxygen supply and skin oxygenation[3,4] and is partic-
ularly valuable in diabetic vascular disease, since its 
measurements are not influenced by medial arte-
rial calcifications. Used as a diagnostic adjunct in 
predicting wound healing in diabetic patients, it is 
also a tool to determine the decision to perform 
revascularization or amputation surgery.[5]

The aim of the present study was to determine the 
predictive value of TcPO2 for foot ulcer healing in 
patients with diabetes treated conservatively.

MeThODs
An unconsecutive group of 127 diabetic patients 
(135 limbs) with chronic foot ulcers was studied 

infecção ± dp) e 34, 14 ± 16, 9 (média PTcO2 

sem infecção ± dp), p <0,05. Dos 55 membros 

em que se verificou má evolução das lesões, 

37 apresentavam TcPO2 <30 mmHg, enquanto 

que 39 dos 54 membros com cicatrização 

completa apresentavam TcPO2 ≥ 30 mmHg 

(p <0,02) (tabela 1). Sendo que estes valores 

nos permitiram determinar que a pressão 

transcutânea de oxigénio apresenta um valor 

preditivo positivo de 75% para valores superi-

ores a 30 mmmHg. 

Conclusão: Este estudo prospectivo demonstra 

que a avaliação PTcO2 constitui uma ferra-

menta adicional na avaliação da cicatrização 

das lesões dos doentes diabéticos.

 

| Palavras-chave | Pressão TranscuTânea 

 de oxigénio | Pé diabéTico

infection ± SD) and 34, 14 ± 16, 9 (mean TcPO2 with no infection 

± SD), p<0, 05 t test. Of the 55 limbs who deteriorated, 37 had 

TcPO2< 30 mmHg, while 39 of the 54 limbs with complete wound 

healing had TcPO2 ≤ 30 mmHg (p<0,02) (table 1).When a cutoff 

value of 30 mmHg was used for  ulcer healing a positive predictive 

value of 75% was found.

Conclusions: This prospective study shows that TcPO2 evaluation is 

an accurately additional tool predictor to assess the ulcer healing 

outcome in diabetic patients.

| Key-words | TRANsCuTANeOs OxyGeN TeNsION |
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Statistical analysis was performed on SPSS (Statis-
tical Package in the Social Sciences); Categoric data 
was presented as absolute frequencies and percent 
values. Values are expressed as mean ± standard 
deviation. Correlations between the TcPO2 values 
and other variables were analyzed with Pearson’s 
test. The cut-off values were provided by receiver 
operating characteristic (ROC) curves. Differences 
with p value less than 0.5 were considered statisti-
cally significant.

ResuLTs
The diabetic patients evaluated had a mean age of 
67, 2 ± 11, 8 years (± SD) and the diabetes dura-
tion was 17, 6 ± 9, 8 years (mean ± SD).
Fifty four of the patients were women (42, 5%), 
with a mean (SD) age of 68, 7 (± 10, 3 years); the 
mean (SD) age of the male population was 66, 0 
(±12,7 )years. | Table I |

Six major cardiovascular risk factors were assessed, 
Hypertension being present in the majority of 
cases (62, 2%). | Table I |

Fifty nine of the ulcers (43, 7%) had associated 
necrosis and in eighty cases (59, 3%) signs of 
infection were present. A primary minor amputa-
tion was performed in 38 limbs (28, 1%).
Considering the anatomic distribution of the 
lesions, 71,8% were digital, 15, 5% were plantar 
and 12, 7% were at the dorsum of the foot. No 
significant differences were found between ulcer 
distribution and final prognosis. 
Significant correlations were found between the 
presence of infection and TcPO2 values: 26, 24 
± 15, 04 (mean TcPO2 with infection ± SD) and 
34, 14 ± 16, 9 (mean TcPO2 with no infection ± 
SD), p<0, 05 t test. 
Regarding the outcome of the ulcers it was found 
that patients with two or less risk factors, had in 64, 
1% of the cases a good prognosis with improved  
or completed ulcer healing in contrast with the 
patients with three or more risk factors that in 51, 
3% of the cases had impaired ulcer healing | Table II 

|. Ten of them (50%) deteriorated and necessitated 
major amputation. Statistical analysis did not find a 
significant correlation between these two variables 
but it reveals an important tendency, also smoking 
was not associated with poor prognosis.

In the overall series according to the TcPO2 meas-
urements | Table I |, of the 55 limbs who deterio-
rated, 37 had TcPO2< 30 mmHg, while 39 of the 
54 limbs with complete wound healing had TcPO2 
≥ 30 mmHg (p<0,02).
When a cutoff value of 30 mmHg was used it 
provided a positive predictive value of for ulcer 
healing 75%.

DIsCussION
There is no doubt that in diabetic patients with 
chronic foot ulcers the assessment of the healing 
potential of the lesion is of paramount impor-
tance, in order to achieve successful treatment. 
The critical issue appears to be the parameter that 
should be used to evaluate this entity.
TcPO2 measurements has been used over the 
past decade to assess the adequacy of distal 
perfusion[6,7] in order to determine ulcer healing 
capability in the presence of significant peripheral 
vascular disease.
In our study all the diabetic patients had several 
risk factors associated. In contrast  to other stud-
ies smoking was not associated with poor progno-
sis regarding ulcer healing, but the association of 
3 or more risk factors revealed a tendency towards 
worst ulcer healing.[8,9] 

We found that infected lesions were associated 
with lower TcPO2 values when compared with 
no infected lesions. (p<0, 05 t test)
It is reported in some series[10,11], that infection 
may confound the accuracy of TcPO2 mapping; 
if Transmetatarsal TcPO2 level is less than 30 
mmHg  in an ulcer associated with infection the 
test should be repeated after antibiotic adminis-
tration. 
It is also described by Yamada[8] et al that the main 
limitation during the TcPO2 measurement is the 
ulceration or tissue loss associated in diabetic foot 
ulcers; In his series TcPO2 could not be measured 
in 36 out of 211 patients because of the major 
tissue loss reported but that difficulty was not 
reported in our study.
Our findings corroborate other studies [8,12,13,14] 

showing that measurements of less than 30mmHg 
are associated with a high risk of healing failure 
with conservative treatment and that other treat-
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dements and minor foot amputations when 
necessary.

CONCLusION
The etiology of chronic diabetic foot ulcers is 
multifactorial, and prediction of ulcer healing is 
a difficult problem to solve. 
The results of the present study show that TcPO2 
evaluation is a good additional tool predictor to assess 
the ulcer healing outcome in diabetic patients.

ment option such as a revascularization procedure 
should be considered in these patients.
According to our study an absolute TcPO2 
level of 30 mmHg or greater appears to be 
an accurate cut off point for the selection of 
conservative versus surgical treatment for 
almost all diabetic foot problems; it reflects 
a predictive positive value of 75%. We believe 
that the conservative management scheme 
however requires diligent patient follow-up, 
with proper outpatient wound care, debri-

| Table 1 | Demographic and clinical characteristics of study population

Male Female Total

n % n % n %

No. of patients 73 57,5 54 42,5 127 100

Mean age (sd) 66,0 12,7 68,7 10,3 67,2 11,8

Type of

Diabetes

1 5 6,8 3 5,6 8 6,3

2 68 93,2 51 94,4 119 93,7

Mean time of
evolution (years) (sd) 16,3 10,1 19,3 9,1 17,6 9,8

Thera.

D 2 2,7 - - 2 1,6

ADO 43 58,9 20 37 63 49,6

I 28 38, 34 63,0 62 48,8

Hipertension 45 61,6 34 63,0 79 62,2

Smoking 16 21,9 1 1,9 17 13,4

Dyslipidemia 20 27,4 14 25,9 34 26,8

CRI 24 32,9 15 27,8 39 30,7

DCI 19 26,0 17 31,5 36 28,3

AVC/AIT 19 26,0 12 22,2 31 24,4
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| Table 2 | Correlation between final prognosis and risk factors

Complete 
wound healing

Improved 
wound healing

Impaired 
wound healing

Total

Risk 
Factor

≤2

27 14 23 64

42,2% 21,9% 35,9% 100,0%

≥3

11 8 20 39

28,9% 20,5% 51,3% 100,0%

Total

38 22 43 103

36,9% 21,4% 41,7% 100,0%

| Table 3 | TcPO2 values by classes in relation to wound outcome

Complete 
wound healing

Improved 
wound healing

Impaired 
wound healing

Total

PTcO2 mmHg

≤30

15 13 37 65 (limbs)

23,1% 20,0% 56,9% 100,0%

30-40

15 6 8 29 (limbs)

51,7% 20,7% 27,6% 100,0%

≥40  

24 7 10 41 (limbs)

58,5% 17,1% 24,4% 100,0%

Total

54 26 55 135  (limbs)

40,0% 19,3% 40,7% 100,0%

Qui Square test, p < 0,002
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