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Can we predict vascular status and culture result
based through wound status in diabetic foot
infection?
Jin Yong Shin, MDa,b, Si-Gyun Roh, MDa,b, Suk Choo Chang, MDa,b, Nae-Ho Lee, MDa,b,∗

Abstract
Diabetic foot infection (DFI) should be treated by a multidisciplinary team to prevent amputation and morbid status. As physicians
encountering DFI in outpatient clinic, a proper selection of antibiotic treatment and diagnostic approach for a vascular status is
essential. We retrospectively investigated the patients with DFI from 2016 to 2017. All patients were examined for vascular status,
wound status, and pathologic culture preceding the treatment. No statistical significance was observed between PEDIS grade 1 and
2 and 3 and 4 in culture status and culture results. Association analysis between vascular status and other variables, such as wound
score and culture results, has no significant difference. Through these results, the helpful epidemiologic result of microbiology and
necessity of examination for peripheral arterial disease were verified.

Abbreviations: CTA = computed tomographic angiography, DFI = diabetic foot infection, IDSA = Infections Disease Society of
America, PAD = peripheral arterial disease.
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1. Introduction

Diabetic foot ulcers have a high possibility of infection that can
spread rapidly, leading to amputation.[1] Lower limb amputation
in patients with diabetic foot accounts for 50% of nontraumatic
amputations of the lower leg.[2] For preventing amputation in
patients with diabetic foot infection (DFI), proper diagnostic and
treatment approach should be performed and classified by
severity. Clinicians should make decisions on which patients
must be hospitalized and undergo surgical debridement.[3]

Empiric antibiotic treatment should be also chosen according
to clinical and epidemiologic data and other multi-disciplinary
approaches must be performed such as medical assistance for
comorbid disease such as peripheral arterial disease (PAD).
Proper selection of antibiotic regimen is an essential treatment

for DFI. Gram-positive cocci in diabetic foot ulcer are the most
common pathogens. However, according to severity of infection
state, empiric antibiotic treatment is more important.[4,5] The
epidemiologic characteristic of microbiology should be also
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considered. Besides antibiotic treatment, the PAD is also
frequently present in patients with diabetic foot up to 50%.[7]

PAD was also investigated as a main factor of poor prognosis.[8]

Proper revascularization for PAD has been studied and it has
several advantages, such as improved vascularity and wound
healing, in patients of diabetic foot.[9]

This study planned to verify that wound status in first
encountered state of outpatient clinic predict the kinds of
micropathogens and vascular status in patients with DFI. If this
hypothesis is verified, the efficient empiric antibiotic treatment
will be possible and necessity of examination and treatment of
vascular problem will be explained well to patients.

2. Method

Patients with DFI from 2016 to 2017 were investigated
retrospectively. The result of each test and epidemiological
characteristics were checked through medical charts. All patients
were examined for vascular status, wound status, and pathologic
culture preceding treatment.
Lower computed tomographic angiography (CTA) was usually

performed for testing of vascular status and patients with
exceptional kidney disease were tested by Doppler ultrasonogra-
phy. The results were divided with normal and abnormal, noting
one or more vessels have problems. The vessel that has clogging
was marked. When complications in vessels arise, the con-
firmative percutaneous intraluminal angiography was performed
and the vessels were revascularized.
The angiosome concept is a unit of tissue supplied by a source

artery. It has 3-dimensional network of vessels.[10] The wound of
the diabetic foot was examined physically and evaluated with
wound score (DFI wound score) suggested by Infections Disease
Society of America (IDSA) and PEDIS grade.[11] To evaluate
wound, this 10-item scoring system was developed. The PEDIS
grade was classified from 1 to 4 according to wound infection.
PEDIS grade 1 and 2 state that uninfected or mild infection in
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Table 1

Baseline characteristics of variables.

Variable Subgroup N (%) or Mean±SD

Sex 58 (100)
F 13 (22.4)
M 45 (77.6)

Age 60.48±13.43
PEDIS grade (1–4) 58 (100)

1 11 (19)
2 18 (31)
3 28 (48.3)
4 1 (1.7)

Wound parameters (10 item) 7±4.5
Wound parameters (8 item) 4.69±3.12
Wound measurements (subtotal) 9.52±4.55
DFI wound score (10 item) 16.6±7.55
DFI wound score (8 item) 14.21±6.19
Wound angiosome (1, 2, Multi) 58 (100)

ATA 11 (19)
PTA 19 (32.8)
Multi 28 (48.3)

Wound angiosome (Single, Multi) 58 (100)
Single 30 (51.7)
Multi 28 (48.3)

Vascular clogging 58 (100)
No 38 (65.5)
SFA 4 (6.9)
PTA 1 (1.7)

Multifocal Artery 15 (25.9)
Culture 58 (100)

Gram+ aerobic 22 (37.9)
Gram (+ �) aerobic 4 (6.9)
Gram� aerobic 25 (43.1)

Etc. 7 (12.1)
∗
ATA=anterior tibial artery, PTA=posterior tibial artery, SFA= superficial femoral artery.

Table 2

Association analysis between PEDIS grade (1,2 vs 3,4) and categoric

Variable Subgroup N (%) PEDIS grade=

Sample No (%) 58 (100) 29 (50)
Vascular clogging 58 (100)

No 38 (65.5) 17 (58.6
SFA 4 (6.9) 3 (10.3)
PTA 1 (1.7) 1 (3.4)

Multifocal Artery 15 (25.9) 8 (27.6)
Vascular clogging 1 58 (100)

No 38 (65.5) 17 (58.6
SFA or PTA 5 (8.6) 4 (13.8)

Multifocal Artery 15 (25.9) 8 (27.6)
Vascular clogging 2 58 (100)

No 38 (65.5) 17 (58.6
Yes 20 (34.5) 12 (41.4

Culture 58 (100)
Gram+ aerobic 22 (37.9) 12 (41.4

Gram (+ �) aerobic 4 (6.9) 2 (6.9)
Gram� aerobic 25 (43.1) 12 (41.4

Etc. 7 (12.1) 3 (10.3)
Culture 1 58 (100)

Gram+ aerobic 22 (37.9) 12 (41.4
Others 36 (62.1) 17 (58.6

Culture 2 58 (100)
Gram (+ �) aerobic 4 (6.9) 2 (6.9)

Others 54 (93.1) 27 (93.1
Culture 3 58 (100)

Gram� aerobic 25 (43.1) 12 (41.4
Others 33 (56.9) 17 (58.6

Culture 4 58 (100)
Gram+ or � aerobic 51 (87.9) 26 (89.7

Etc 7 (12.1) 3 (10.3)
∗
ATA=anterior tibial artery, PTA=posterior tibial artery, SFA= superficial femoral artery:
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diabetic foot. PEDIS grade 3 and 4 state that moderate and severe
infection in diabetic foot.
Wound culture was performed with deep tissue after surgical

debridement.
The association between wound status, vascular status and

culture results were verified by Fisher exact test or Chi-squared
test. R language version 3.3.3 (R Foundation for Statistical
Computing, Vienna, Austria) and T&F program version 2.5
(YooJin BioSoft, Korea) were used for all statistical analyses
This study was approved by the institutional review board.
3. Result

Epidemiologic characteristics of patients such as sex, age and
wound score, vascular status, and culture results were shown in
Table 1. There were 3 times more men than women and the
average age was 60.48 years old. The ratio between pedis grade
1,2 and 3,4 was 1:1. The normal vascular status was shown in
65.5% of patients and multifocal stenosis of vessels was the most
when there is stenosis of vessels. In the result of culture, gram-
positive and negative aerobic bacteria accounted for most of
them.
There is no statistical significance between PEDIS grade 1,2

and 3,4 in wound status and culture results (Table 2). There is
also no correlation between group of 10 items DFI wound score
less than 20 and DFI wound score more than 20 (Table 3). We
found that gram-negative aerobic bacteria were cultured
significantly in the group of 8 items DFI wound score of more
than 25 (Table 4). Association analysis between vascular status
and other variables like wound score and culture results has no
significant difference (Table 5).
al variables using contingency table.

(1 or 2) PEDIS grade= (3 or 4) p value OR (95% CIs)

29 (50)
0.523

) 21 (72.4) 1
1 (3.4) 0.27 (0.026–2.835)
0 (0) 0.271 (0.01–7.084)

7 (24.1) 0.718 (0.224–2.308)
0.426

) 21 (72.4) 1
1 (3.4) 0.202 (0.021–1.984)
7 (24.1) 0.708 (0.214–2.35)

0.269
) 21 (72.4) 1
) 8 (27.6) 0.54 (0.18–1.621)

0.949
) 10 (34.5) 1

2 (6.9) 1.2 (0.142–10.119)
) 13 (44.8) 1.3 (0.412–4.101)

4 (13.8) 1.6 (0.288–8.901)
0.588

) 10 (34.5) 1
) 19 (65.5) 1.341 (0.463–3.887)

1
2 (6.9) 1

) 27 (93.1) 1 (0.131–7.624)
0.791

) 13 (44.8) 1
) 16 (55.2) 0.869 (0.307–2.458)

1
) 25 (86.2) 1

4 (13.8) 1.387 (0.282–6.83)



Table 3

Association analysis between 10 item DFI score (cutoff=20) and categorical variables using contingency table.

Variable Subgroup N (%) 10 item DFI score<20 10 item DFI score≥20 P value OR (95% CIs)

Sample No (%) 58 (100) 37 (63.8) 21 (36.2)
Vascular clogging 58 (100) .404

No 38 (65.5) 22 (59.5) 16 (76.2) 1
SFA 4 (6.9) 4 (10.8) 0 (0) 0.152 (0.008–3.013)
PTA 1 (1.7) 1 (2.7) 0 (0) 0.455 (0.017–11.877)

Multifocal Artery 15 (25.9) 10 (27) 5 (23.8) 0.714 (0.213–2.399)
Vascular clogging 1 58 (100) .202

No 38 (65.5) 22 (59.5) 16 (76.2) 1
SFA or PTA 5 (8.6) 5 (13.5) 0 (0) 0.124 (0.006–2.402)

Multifocal Artery 15 (25.9) 10 (27) 5 (23.8) 0.714 (0.213–2.399)
Vascular clogging 2 58 (100) .198

No 38 (65.5) 22 (59.5) 16 (76.2) 1
Yes 20 (34.5) 15 (40.5) 5 (23.8) 0.458 (0.138–1.521)

Culture 58 (100) .444
Gram+ aerobic 22 (37.9) 12 (32.4) 10 (47.6) 1

Gram (+ �) aerobic 4 (6.9) 2 (5.4) 2 (9.5) 1.2 (0.142–10.119)
Gram- aerobic 25 (43.1) 17 (45.9) 8 (38.1) 0.565 (0.172–1.852)

Etc 7 (12.1) 6 (16.2) 1 (4.8) 0.2 (0.021–1.95)
Culture 1 58 (100) .252

Gram+ aerobic 22 (37.9) 12 (32.4) 10 (47.6) 1
Others 36 (62.1) 25 (67.6) 11 (52.4) 0.528 (0.176–1.584)

Culture 2 58 (100) .615
Gram (+ �) aerobic 4 (6.9) 2 (5.4) 2 (9.5) 1

Others 54 (93.1) 35 (94.6) 19 (90.5) 0.543 (0.071–4.167)
Culture 3 58 (100) .562

Gram- aerobic 25 (43.1) 17 (45.9) 8 (38.1) 1
Others 33 (56.9) 20 (54.1) 13 (61.9) 1.381 (0.463–4.119)

Culture 4 58 (100) .403
Gram+ or � aerobic 51 (87.9) 31 (83.8) 20 (95.2) 1

Etc 7 (12.1) 6 (16.2) 1 (4.8) 0.258 (0.029–2.309)
∗
ATA=anterior tibial artery, PTA=posterior tibial artery, SFA= superficial femoral artery

Table 4

Association analysis between 8 item score (cutoff=25) and categorical variables using contingency table.

Variable Subgroup N (%) 8 item DFI score < 25 8 item DFI score ≥ 25 P value OR (95% CIs)

Sample No (%) 58 (100) 54 (93.1) 4 (6.9)
Vascular clogging 58 (100) 1

No 38 (65.5) 35 (64.8) 3 (75) 1
SFA 4 (6.9) 4 (7.4) 0 (0) 1.127 (0.05–25.556)
PTA 1 (1.7) 1 (1.9) 0 (0) 3.381 (0.115–99.679)

Multifocal Artery 15 (25.9) 14 (25.9) 1 (25) 1.049 (0.141–7.815)
Vascular clogging 1 58 (100) 1

No 38 (65.5) 35 (64.8) 3 (75) 1
SFA or PTA 5 (8.6) 5 (9.3) 0 (0) 0.922 (0.042–20.394)

Multifocal Artery 15 (25.9) 14 (25.9) 1 (25) 1.049 (0.141–7.815)
Vascular clogging 2 58 (100) 1

No 38 (65.5) 35 (64.8) 3 (75) 1
Yes 20 (34.5) 19 (35.2) 1 (25) 0.614 (0.06–6.318)

Culture 58 (100) .017∗
Gram+ aerobic 22 (37.9) 22 (40.7) 0 (0) 1

Gram (+ �) aerobic 4 (6.9) 2 (3.7) 2 (50) 45 (1.65–1226.962)
Gram- aerobic 25 (43.1) 23 (42.6) 2 (50) 4.787 (0.218–105.311)

Etc. 7 (12.1) 7 (13) 0 (0) 3 (0.055–164.807)
Culture 1 58 (100) .287

Gram+ aerobic 22 (37.9) 22 (40.7) 0 (0) 1
Others 36 (62.1) 32 (59.3) 4 (100) 6.231 (0.319–121.55)

Culture 2 58 (100) .021∗
Gram (+ �) aerobic 4 (6.9) 2 (3.7) 2 (50) 1

Others 54 (93.1) 52 (96.3) 2 (50) 0.038 (0.003–0.431)
Culture 3 58 (100) 1

Gram� aerobic 25 (43.1) 23 (42.6) 2 (50) 1
Others 33 (56.9) 31 (57.4) 2 (50) 0.742 (0.097–5.665)

Culture 4 58 (100) 1
Gram+ or � aerobic 51 (87.9) 47 (87) 4 (100) 1

Etc 7 (12.1) 7 (13) 0 (0) 0.704 (0.034–14.443)
∗
ATA=anterior tibial artery, PTA=posterior tibial artery, SFA= superficial femoral artery.
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Table 5

Association analysis between vascular clogging and categorical variables using contingency table.

Variable Subgroup N (%) Vascular clogging=No Vascular clogging=Yes P value OR (95% CIs)

Sample No (%) 58 (100) 38 (65.5) 20 (34.5)
Wound angiosome (ATA, PTA, Multi) 58 (100) .506

ATA 11 (19) 9 (23.7) 2 (10) 1
PTA 19 (32.8) 12 (31.6) 7 (35) 2.625 (0.437–15.777)
Multi 28 (48.3) 17 (44.7) 11 (55) 2.912 (0.527–16.093)

Wound angiosome (Single, Multi) 58 (100) .457
Single 30 (51.7) 21 (55.3) 9 (45) 1
Multi 28 (48.3) 17 (44.7) 11 (55) 1.51 (0.508–4.484)

PEDIS grade 58 (100) .269
(1 or 2) 29 (50) 17 (44.7) 12 (60) 1
(3 or 4) 29 (50) 21 (55.3) 8 (40) 0.54 (0.18–1.621)

10 item DFI score (cutoff=20) 58 (100) .198
<20 37 (63.8) 22 (57.9) 15 (75) 1
≥20 21 (36.2) 16 (42.1) 5 (25) 0.458 (0.138–1.521)

10 item DFI score (cutoff=25) 58 (100) .701
<25 50 (86.2) 32 (84.2) 18 (90) 1
≥25 8 (13.8) 6 (15.8) 2 (10) 0.593 (0.108–3.248)

8 item DFI score (cutoff=20) 58 (100) .468
<20 48 (82.8) 30 (78.9) 18 (90) 1
≥20 10 (17.2) 8 (21.1) 2 (10) 0.417 (0.08–2.183)

8 item DFI score (cutoff=25) 58 (100) 1
<25 54 (93.1) 35 (92.1) 19 (95) 1
≥25 4 (6.9) 3 (7.9) 1 (5) 0.614 (0.06–6.318)

Culture 58 (100) .821
Gram+ aerobic 22 (37.9) 15 (39.5) 7 (35) 1

Gram (+ �) aerobic 4 (6.9) 2 (5.3) 2 (10) 2.143 (0.248–18.499)
Gram- aerobic 25 (43.1) 17 (44.7) 8 (40) 1.008 (0.295–3.447)

Etc 7 (12.1) 4 (10.5) 3 (15) 1.607 (0.281–9.204)
Culture 1 58 (100) .739

Gram+ aerobic 22 (37.9) 15 (39.5) 7 (35) 1
Others 36 (62.1) 23 (60.5) 13 (65) 1.211 (0.393–3.734)

Culture 2 58 (100) .602
Gram (+ �) aerobic 4 (6.9) 2 (5.3) 2 (10) 1

Others 54 (93.1) 36 (94.7) 18 (90) 0.5 (0.065–3.845)
Culture 3 58 (100) .729

Gram- aerobic 25 (43.1) 17 (44.7) 8 (40) 1
Others 33 (56.9) 21 (55.3) 12 (60) 1.214 (0.404–3.647)

Culture 4 58 (100) .683
Gram+ or � aerobic 51 (87.9) 34 (89.5) 17 (85) 1

Etc 7 (12.1) 4 (10.5) 3 (15) 1.5 (0.301–7.476)
∗
ATA=anterior tibial artery, PTA=posterior tibial artery, SFA= superficial femoral artery.
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4. Discussion

DFI requires careful management and a multidisciplinary foot-
care team. Without proper understanding of this disease, it leads
to medical morbidity, amputation, financial costs, and more
hospital days.[12,13] Besides medical cooperation, this study
concentrated on the microbiology and vascular status in DFI. If
we are able to use microbiology and vascular status through
initial wound assessment, more effective and proper management
of infections will be possible.
Microbiology in DFI was already researched globally in many

previous studies. The most commonly isolated pathogens are
aerobic gram-positive cocci. In chronic and complex wounds, the
variable gram-negative rods or anaerobes could be colo-
nized.[2,11,14] However, there are diverse characteristic of
cultured pathogen depending on region, social and economic
level. Empirical antibiotic treatment previous culture result
should follow regional characteristics of microbiology.[15–17] In
our single center study, the commonly cultured pathogens were
gram-positive cocci and in a little severe wound, gram-negative
4

bacteria were also cultured. (Table 4) Even so, severe wound
status more than DFI wound score 25 was so few (6.9%) that this
result was most likely false positive. Due to improved sanitary
conditions and awareness development, the moderate to severe
foot infection were too few to analyze quantitatively.
PAD is also a common comorbid disease in patients with

diabetic foot. Some previous study showed up to 50% of PADin
diabetic foot patients[7] and even cardiovascular disease was also
present with high possibility in addition to PAD.[18] About 35%
of our investigated patients were found to be have at least 1
arterial problem below knee and more than half of those were
found to be multifocal arterial occlusion. Unlike our hypothesis,
there are no significant relationships between vascular status and
wound status (Table 5). These results support that diagnostic test
for vascular occlusion should be performed in diabetic foot
patients regardless of the wound status.
As mentioned above, the encountered patients with DFI in

clinic can be guided and treated in terms of the wound status,
vascular status, and microbiology. First, unconditional diagnos-
tic test for vascular status should be progressed following result



[5] Gariani K, Uckay I, Lipsky BA. Managing diabetic foot infections: a
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that more than 30% of all patients with DFI had vessel occlusion
below knee. If one or more vessel occlusion below the knee is
found, angioplasty or vascular surgery can be recommended for
better wound healing.[9,19,20] Secondly, although microbiologic
analysis could not be possible due to inadequacy of severe wound
infection, there are almost gram-positive bacteria cultured so that
the target for antibiotic treatment should be determined. Of
course, special situation for choosing empiric antibiotic treatment
should be considered, such as recently received antibiotic
treatment, severe infection or prior history of methicillin-resistant
Staphylococcus aureus, etc.[11,21,22]

Wound assessment by using wound scale is very useful for
determiningwound status and treatmentmodality.However, only
wound status was not enough to assess vascular status and
microbiology in patients of DFI. The empiric antibiotic targeting
gram-positive bacteria should be chosen before culture result in the
majority of cases. There are also other various situations needing
consideration for selection of special antibiotics in treatment of
gram-negative or anaerobic bacteria. Another problem of diabetic
foot is that vascular occlusion should be also assessed in all patients
with DFI. The necessity of revascularization must be appraised by
physical examination and possible diagnostic tests.
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