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INTRODUCTION 

 
Diabetic foot ulcer is one of the major health 

care problems and it also contributes greatly to social 
problems related to costs for people with diabetes 
mellitus (DM). It is estimated that there are around 
422 million people worldwide suffering from diabetes 
in 2014.1,2 According to the Riset Kesehatan Dasar 
(Riskesdas)/ Primary Health Research report from the 
Ministry of Health of the Republic of Indonesia in 
2013, the proportion of people with diabetes in 
Indonesia have reached 6.9% with an estimation of 
176,689,336 on people aged over 15 years in 
Indonesia, thus it is estimated that the absolute 

number could reach around 12 million people.3 DM is 
included in the 10 most prominent diseases based on 
the 2016’s Surveilans Terpadu Puskesmas 
(STP)/Puskesmas-based Integrated Surveillance 
report in North Sulawesi province with a number of 
cases of 5,055 cases with an estimated population of 
North Sulawesi province people aged over 15 years as 
many as 1,813,975 people.4 More than 25% of 
diabetic patients will suffer from diabetic foot ulcer in 
the course of their life, in which ulcers are a primary 
factor causing infections and amputations. About 50% 
of diabetic foot ulcer patients will experience infection 
and 20% of them require amputation. The prevalence 
rate of lower extremities amputation in the diabetic 
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Background: Diabetic foot ulcers (DFU) is one of the major health care problems. Diabetic 
foot ulcers are a combination of vascular and non-vascular disorders. Vascular disorders that 
occur in the form of diabetic angiopathy which can be in the form of macro angiopathy if the 
condition occurs in large blood vessels, and micro angiopathy if it occurs in arterioles and 
capillaries. Revascularization can be done minimally invasive and has become the gold 
standard in the management of chronic limb ischemic (CLI). WHO recommends Perfusion, 
Extent / Size, Depth / Tissue Loss, Infection, Sensation (PEDIS) classification to diagnose and 
to determine the management of diabetic foot. We conduct a study to find out whether there 
are improvements in the PEDIS score of diabetic foot ulcer patients post angioplasty 
 
Methods: This study was designed in the form of a quasi-experiment, in which measurements 
before and after treatment were carried out on patients with diabetic foot ulcers (DFU) who 
underwent revascularization angioplasty without any measurement for control patients. 
From November 2019 to September 2020, there were 48 cases of diabetic foot ulcer with 
peripheral artery disease (PAD) who underwent angioplasty. Before the procedure, a clinical 
evaluation and calculation of the PEDIS score were carried out then angioplasty was 
performed, after the procedure the PEDIS score was calculated and evaluated in the first, 
second and third weeks.  
 
Results: The PEDIS scores of the patients prior to angioplasty had a median score of 8 (IQR 7; 
9). Post-procedure the median quantity fell to 6 on both the immediate post angioplasty and 
two weeks afterward measurement with the width of the IQR narrowing slightly at the last 
measurement. The male patients' PEDIS scores did not differ relatively from those of the 
female patients at the three measurement times, and their scores were almost identical to 
the scores for the patients as a whole.  
 
Conclusion: The results of this study indicate that there is an improvement in the PEDIS score 
in diabetic foot ulcer patients after revascularization angioplasty. 
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population increases up to 10-20 times compared to 
the  non-diabetic patients. Approximately 70% to 
80% of all non-traumatic amputations occur in 
diabetic patients.5 Diabetic foot ulcers are a 
combination of vascular and non-vascular disorders. 
Vascular disorders occur in the form of diabetic 
angiopathy; which can form macro angiopathy if the 
condition occurs in large blood vessels, alternately 
micro angiopathy if it occurs in arterioles and 
capillaries.6 The progress of diabetic foot ulcers is a 
combination of ischemic problems, peripheral 
neuropathies and infections.7  

WHO recommends Perfusion, Extent / Size, 
Depth / Tissue Loss, Infection, Sensation (PEDIS) 
classification to diagnose and to determine the 
management of diabetic foot.8 In several studies 
using the PEDIS classification, it predicts the needs 
for hospital treatments and amputations in diabetic 
foot patients which only reviewed from the infection 
aspect.8,9 Patients with diabetic foot ulcer require a 
longer healing time and comprehensive 
multidisciplinary managements, ranging from 
controled of blood sugar levels, the use of antibiotics, 
debridement of the ulcer, wound care, offloading and 

Table 1. Characteristics of Diabetic Foot Ulcer Patients 
 Total (N = 48) Male (n = 24) Female (n = 24)  

Characteristics n (%) or 
Mean (SD) 

Median (Q1; 
Q3) 

n (%) or 
Mean (SD) 

Median (Q1; 
Q3) 

n (%) or 
Mean (SD) 

Median (Q1; 
Q3) pa 

Age 61,7 (9,0) * 59,8 (8,0) * 63,6 (9,6) * 0,141 
Hemoglobin 
(g/dL) * 9,3 (8,6; 

10,0) * 9,5 (9,0; 
10,6) * 8,9 (8,1; 9,6) 0,039 

Leucocytes 
(×103/µL) * 12,8 (8,6; 

18,6) * 12,8 (8,9; 
13,9) * 12,7 (8,1; 

21,2) 0,606 

Platelets 
(×103/µL) 

314,0 
(104,6) * 319,8 

(104,8) * 308,1 
(106,4) * 0,704 

Urea (mg/dL) * 54,5 (23,5; 
80,0) * 55,0 (32,2; 

81,5) * 52,5 (20,8; 
68,5) 0,293 

Creatinine 
(mg/dL) * 1,4 (0,9; 1,9) * 1,6 (0,9; 2,2) * 1,2 (0,9; 1,8) 0,235 

PEDIS Score        
Pre-Angioplasty * 8,0 (7,0; 9,0) * 8,0 (7,0; 9,0) * 8,0 (7,0; 9,0) 0,941 
Post Angioplasty * 6,0 (5,5; 7,0) * 6,0 (5,0; 7,0) * 6,0 (6,0; 6,8) 0,642 
2 Weeks Post 
Angioplasty * 6,0 (5,0; 6,0) * 6,0 (5,0; 6,0) * 6,0 (6,0; 6,0) 0,223 

Note: SD standar deviation, Q1 Quartile I, Q3 Quartile III. a Result uji t or Mann-Whitney U on numeric variables, test χ2 or 
Fisher’s Exact on Categorical Variables. 
 

Table 2. Distribution of PEDIS Scoring System Data on Diabetic Foot Ulcer Patient 
Variable Diabetic Foot 

Ulcer 
Perfusion 
Grade I, No PAD (0) 
Grade II, PAD (1) 
Grade III, CLI (2) 
Extent 
Grade I, skin intact (0) 
Grade II, < 1cm2 (1) 
Grade III, 1-3 cm2 (2) 
Grade IV, >3 cm2 (3) 
Depth 
Grade I, skin intact (0) 
Grade II, Superficial (1) 
Grade III, Fascia Muscle, tendon (2) 
Grade IV, bone or joint (3) 
Infection 
Grade I, none (0) 
Grade II, Surface (1) 
Grade III, Abscess, fasciitis, septic arthritis 
(2) 
Grade IV, SIRS (3) 
Sensation 
Grade I, No loss (0) 
Grade II, Loss (1) 
Total PEDIS Score 
5 
6 
7 
8 
9 
10 
11 

 
0 
39 (81,2 %) 
9 (18,8 %) 
 
0 
0 
4 (8,3 %) 
44 (91,7 %) 
 
0 
6 (12,5 %) 
27 (56,2 %) 
15(31,3 %) 
 
2 (4,2 %) 
15 (31,3 %) 
28 (58,3 %) 
3 (6,25 %) 
 
40 (83,3 %) 
8 (16,7 %) 
 
4 (8,3 %) 
3 (6,25 %) 
7 (14,6 %) 
17 (35,4 %) 
9 (18,7 %) 
4 (8,3 %) 
3 (6,25 %) 
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revascularization of ischemic diabetic ulcers, but so 
far there is no satisfactory treatment method.10 
Revascularization can be done openly and has become 
the gold standard in the management of chronic limb 
ischemic (CLI). However, the morbidity of an open 
revascularization is higher than that of endovascular 
interventions, so it is slowly being replaced by 
endovascular interventions in the last two decades. 
The advantages of endovascular intervention such as 
it can be performed under local anesthesia to prevent 
complications of general anesthesia, avoiding 
ischemic leg incisions, better wound healing, reduced 
cardiovascular stress, earlier recovery and outpatient 
care, and easier reintervention when needed.11, 12 
Diabetic foot ulcer intervention can be in the form of 
Surgical by-pass or using an endovascular 
intervention approach such as percutaneous 
transluminal angioplasty (PTA). Both of these produce 
good results, but the re-intervention incidence in the 
surgical by-pass is more frequent than percutaneous 
transluminal angioplasty (PTA). A study conducted by 
Mala et al, showed that the surgical by-pass approach 
received 54% more reintervention in 2 years 
postoperative time than percutaneous transluminal 
angioplasty (PTA). 13 

Research by Namgong et al found that 
patients who underwent PTA had better recovery 
rates assessed by the value of the transcutaneous 
measurement of the partial oxygen pressure (TcPO2) 
which increased by around 32.8 mmHg for 6 weeks 
post PTA.14 Research by Abdelmieniem et al found 
that the treatment of PTA in diabetic patients with 
infrapopliteal disease is a safe and effective choice, 

the PEDIS score represents the most significant 
angiographic parameter for evaluating the possibility 
of ulcer healing and its consequences.15 Based on 
those literatures, we hereby conduct a study to find 
out whether there are improvements in the PEDIS 
score of diabetic foot ulcer patients post angioplasty. 
 
METHOD 

 
This study was designed in the form of a 

quasi experiment, in which it measures patients with 
diabetic foot ulcers who underwent revascularization 
angioplasty before and after treatment without any 
measurement for control patients. The absence of 
such a comparison group was inevitable, because 
according to standard procedures for diabetic foot 
ulcer patients with indications for angioplasty, this 
procedure has to be performed. Thus, the absence of 
a control group of patients without angioplasty 
performed occurred for ethical reasons. There were 
48 cases of diabetic foot ulcer with peripheral artery 
disease (PAD) who underwent angioplasty during the 
study period. Patient data in the study taken from a 
November 2019 to September 2020, data processing 
was done in the Surgery Department of Prof. R D 
Kandou Manado General Hospital. Angioplasty was 
performed in a cath lab with diagnostic and 
intervention facilities according to the Standard 
Operating Procedure. The operators are specialists in 
vascular surgery. Before the procedure, a clinical 
evaluation and calculation of the PEDIS score were 
carried out then angioplasty was performed, after the 
procedure the PEDIS score was calculated and 
evaluated in the first, second and third weeks. The 
research was conducted in accordance to human 
subject research ethical principles and had received 
ethical clearance from the Commission on Ethical 
Research. 

 
RESULT 

 
Characteristic of the Subject  

Forty-eight diabetic foot ulcer patients 
participated in the study. The men and women had 
the same ratio. Their characteristics of the 
participants are summarized in Table 1. The median 
age of the patients was 62 years with a deviation of 
approximately 9 years. Female patients had a higher 
median age than male but the difference between 
them was not significant (p = 0.141). In general, 
these patients were anemic with a median hemoglobin 
level of about 9 g / dL. Table 1. shows that  this 
characteristic was quite different between the sexes 

 
Figure 1. PEDIS Score of Diabetic Foot Ulcer 

Patients on (1) Pre, (2) Post, and (3) Two Weeks 
Post Angiography Measurements 

 

 
Figure 2. Results of ANOVA analysis dan post hoc Tukey HSD test. 
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(p = 0.039), but the difference in the median values 
of them (9.5 and 8.9 g / dL for men and women 
respectively) is relatively insignificant clinically, urea 
and creatinine levels tend to be high with a median of 
54.5 (IQR 23.5; 80.0) mg / dL and 1.4 (IQR), 
respectively. 0.9; 1.9) mg / dL.  In general, these 
patients also had leukocytosis with a median 
leukocyte counts of nearly 13,000 / µL. The average 
platelet counts was within the normal limits. There 
were no differences in the levels of leukocytes and 
platelets count in both sexes. Meanwhile, urea and 
creatinine levels tend to be high, with a median of 
54.5 (IQR 23.5; 80.0) mg / dL and 1.4 (IQR 0.9; 1.9) 
mg / dL, respectively. This situation did not differ 
much in male and female patients. 

The PEDIS score of the patients prior to 
angioplasty had a median score of 8 (IQR 7; 9). Post-
procedure the median quantity fell to 6 on both the 
immediate post angioplasty and two weeks post 
angioplasty measurement with the width of the IQR 
narrowing slightly at the last measurement. The male 
and female patients' PEDIS scores relatively 
indifferent at the three measurement times, and their 
scores were also nearly identical to the scores of the 
patients as a whole. 

Table 2. shows the distribution of PEDIS 
scores on diabetic foot ulcers patient. In Perfusion 
criteria, 81.3% of the patients had Peripheral Artery 
Disease (PAD) and 18.2% had Critical Limb Ischemic 
(CLI). 91.7% of the patients had an ulcer size of more 
than 3 cm2. Most of the wound depth was grade 3 with 
a percentage of 56.2%. Infections were found mostly 
in the fascia, muscles, tendons by 56.2%. Sensory 
loss experienced by 83.3% of the patients. Total 
PEDIS score ≤ 7 = 14.6%, score ≥ 7 = 85.4%. 

Figure 1. showed a distinct reduction 
(improvement) in the post angioplasty-PEDIS score. 
This improvement was more distinguishable before 
and immediately after the angioplasty than in the 
other two measurements after the procedure. 

The results of the ANOVA analysis as shown 
in Figure 2. confirm the difference in PEDIS scores 
across the three measurements (p <0.001). The post 
hoc Tukey HSD test indicates a significant differences 
between the first and second measurements, and 
between the first and third measurements, but no 
statistically significant differences between the second 
and third measurements. 

To complement the results earlier shown in 
Table 1, Figure 1. showed a distinct reduction 
(improvement) in the post angioplasty-PEDIS score. 
This improvement was more distinguishable before 
and immediately after the angioplasty than in the 
other two measurements after the procedure. The 
results of the ANOVA analysis as shown in Figure 2. 
confirm the difference in PEDIS scores across the 
three measurements (p <0.001). The post hoc Tukey 
HSD test indicates a significant differences between 

the first and second measurements, and between the 
first and third measurements, but no statistically 
significant differences between the second and third 
measurements. 

Table 3. shows the improvement in the 
PEDIS score after angioplasty, the patients had an 
average PEDIS score improvement of 1.78 points 
after angioplasty, and at the end of the second week 
after angioplasty the improvement reached about 
2.01 points, when compared with the PEDIS score 
before the procedure. After the variability of other 
variables in the data was controlled, the improvement 
in the PEDIS score after angioplasty and two weeks 
afterwards was 1.77 (95% CI -1.97; -1.57 with p 
<0.001) and 2.00 ( 95% CI -2.20; -1.81 with p 
<0.001) points respectively. 
 
DISCUSSION 
 

Diabetic foot is one of the most feared and 
common complications in diabetic patient because it 
brings disability and even death. Diabetic foot is also 
a primary cause of nontraumatic amputation on the 
inferior limb. Thus, it becomes an economic burden 
not only for patients but also for the health 
institutions. 

Prior from November 2019 to September 
2020, there were 48 cases of diabetic foot ulcers in 
the Surgery Department of Prof. DR.R.D. Kandou 
Manado. They were 24 men and 24 women. In other 
epidemiological studies of diabetic foot ulcers in 
Romania (2008), Sydney (2011), and Egypt (2012), 
showed that male has the highest incidence of 
diabetic foot ulcers, with a ratio of 2:1.16,17,18 While 
Kristiani study in Manado (2015) found more 
incidence on women than men, so that the gender 
differences in some research were not the same.19 
However, the theory in the literature review showed 
that male gender has a higher risk factor for diabetic 
foot. 

The median age of the patients was 62 years 
with a deviation of approximately 9 years. Female 
patients had a higher median age than male but the 
difference between them was not significant (p = 
0.141). Studies by Zaine et al. and Nwabudike et al. 
showed that the highest incidence of diabetic foot 
ulcers was in the 6th decade. Research in America 
also reports that the highest percentage of diabetic 
foot is at the age of 45-64 years.20,21 

In general, these patients were anemic with 
a median hemoglobin level of about 9 g / dL, this 
characteristic was quite different between the sexes 
(p = 0.039), but the difference in the median values 
of them (9.5 and 8.9 g / dL for men and women 
respectively) is relatively insignificant clinically, urea 
and creatinine levels tend to be high with a median of 
54.5 (IQR 23.5; 80.0) mg / dL and 1.4 (IQR), 
respectively. 0.9; 1.9) mg / dL. This situation is 

Table 3. Random Intercept Model from PEDIS Scoring System on Diabetic Foot Ulcer Patient Pre and Post Angioplasty 
 PEDIS Score 

 Univariable Model Multivariable Model 
Time β (95% CI) p β (95% CI) p 
Pre-Angioplasty 
(ref) * * 

  
Post Angioplasty -1,78 (-1,97; -1,58) < 0,001 -1,77 (-1,97; -1,57) < 0,001 
2 Weeks Post 
Angioplasty -2,01 (-2,21; -1,81) < 0,001 -2,00 (-2,20; -1,81) < 0,001 

Note: CI confidence interval. a Model multivariable control for gender variation, age, hemoglobin, 
leucocytes, platelets, urea and creatinine 
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indifferent in male and female patients, a decrease in 
hemoglobin levels and an increase in kidney function 
is confirmed by the study of Clara Adelia Wijaya et al 
(2015).22 

In general, these patients also had 
leukocytosis with a median leukocyte counts of nearly 
13,000 / µL, the same as a study by Anak Agung Ayu 
Rosita et al (2017).23 The average platelet counts was 
within the normal limits. 

In Perfusion criteria, 81.3% of the patients 
had Peripheral Artery Disease (PAD) and 18.2% had 
Critical Limb Ischemic (CLI). 91.7% of the patients 
had an ulcer size of more than 3 cm2. Most of the 
wound depth was grade 3 with a percentage of 
56.2%. Infections were found mostly in the fascia, 
muscles, tendons by 56.2%. Sensory loss 
experienced by 83.3% of the patients. Total PEDIS 
score ≤ 7 = 14.6%, score ≥ 7 = 85.4%. 

The PEDIS score of the patients prior to 
angioplasty had a median score of 8 (IQR 7; 9). Post-
procedure the median quantity fell to 6 on both the 
immediate post angioplasty and two weeks post 
angioplasty measurement with the width of the IQR 
narrowing slightly at the last measurement. 

Mark Rockley et al (2020) stated that the 
changes in the ABI (perfusion) value can be seen after 
one day post procedure and lasted for one month, the 
study also showed the (Perfusion, Infection) score had 
significantly improved, while (Extent, Depth, 
Sensation) score showed minimal improvement 
during the study time because it took a longer time to 
heal ulcers.24 The male and female patients' PEDIS 
scores relatively indifferent at the three measurement 
times, and their scores were also nearly identical to 
the scores of the patients as a whole. 

The patients had an average PEDIS score 
improvement of 1.78 points after angioplasty, and at 
the end of the second week after angioplasty the 
improvement reached about 2.01 points, when 
compared with the PEDIS score before the procedure. 
After the variability of other variables in the data was 
controlled, the improvement in the PEDIS score after 
angioplasty and two weeks afterwards was 1.77 (95% 
CI -1.97; -1.57 with p <0.001) and 2.00 (95% CI -
2.20; -1.81 with p <0.001) points respectively. 

The maximum score for PEDIS is 12, while 
scores of above 7 is difficult to recover. In this study, 
it showed most of the patients score were 8 (35.4%), 
followed by a score of 9 (18.7%), 7 (14.6%), 5 and 
10 (8.3%), and a score of 6 and 11 (6.25%). 

Diabetic ulcers occur because of two 
mechanisms, which is angiopathy and neuropathy. 
Ulcers can occur as a result of either one or both of 

these mechanisms. Ulcers can be worse depending to 
the severity of the tissue ischemia. 

As a summary, this research shows a distinct 
reduction (improvement) in the post angioplasty-
PEDIS score. This improvement was more 
distinguishable before and immediately after the 
angioplasty than in the other two measurements after 
the procedure. The results of the ANOVA analysis as 
shown in Figure 2. confirm the difference in PEDIS 
scores across the three measurements (p <0.001). 
The post hoc Tukey HSD test indicates a significant 
differences between the first and second 
measurements, and between the first and third 
measurements, but no statistically significant 
differences between the second and third 
measurements. 

Statistics and research show that the degree 
of ischemia, ulcer dimension, infection and sensory 
influence the occurrence of diabetic ulcers. Special 
attention should be given to the diabetic foot patients 
to prevent ulcers by controlling risk factors, 
identifying threatened limbs, and educating people 
with diabetes. Prevention of nontraumatic limb 
amputation due to diabetes must be a top priority, by 
examining the circulation of the inferior extremities, 
especially in patients with diabetes who have 
cardiovascular risk factors. For this reason, the 
authors recommend limbs monitoring in patients as 
mentioned above. 
 
CONCLUSION 
 

Special attention should be given to the 
diabetic foot patients to prevent ulcers by controlling 
risk factors, identifying threatened limbs and 
educating people with diabetes. Prevention of 
nontraumatic limb amputation due to diabetes must 
be a top priority, by examining the circulation of the 
inferior extremities, especially in patients with 
diabetes who have cardiovascular risk factors. For this 
reason, the authors recommend limbs monitoring in 
patients as mentioned above. The results of this study 
indicates that there was an improvement in the PEDIS 
score in diabetic foot ulcer patients after 
revascularization angioplasty 
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