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Background: To investigate whether lower limb vascular intervention or autologous platelet-rich gel (APG)
treatment would benefit diabetic lower extremity arterial disease (LEAD) patients with foot ulcers.
Methods: A total of 82 diabetic LEAD patients with foot ulcers were recruited and divided into three
groups: group A (30 patients received basal treatment), group B (21 patients received basal and APG
treatment), and group C (31 patients received basal and lower limb vascular intervention treatment). All
patients underwent routine follow-up visits for 6 months. The baseline characteristics and parameters were
examined. After treatment, changes in all parameters from baseline were recorded. The differences between
groups and the relationship among each parameter were determined.

Results: There were no differences in the ankle brachial index (ABI) or major amputation between groups
A and B (P>0.05). Compared with groups A and B, the ABI and major amputation rate of group C were
improved (P<0.05). There were no significant differences in transcutaneous oxygen partial pressure (TcPO,),
the heal rate or minor amputation between groups A and C (P>0.05). Compared with groups A and C,
TcPO,, the heal rate and minor amputation of group B were improved (P<0.05). The logistic regression
analysis indicated that major amputation was mainly associated with the ABI, and minor amputation was
mainly associated with TcPO,. Lower limb vascular intervention improves the ABI and reduces major
amputation, and APG improves TcPO, and reduces minor amputation.

Conclusions: In diabetic LEAD patients with foot ulcers, major amputation was mainly associated with the
ABI, while minor amputation was mainly associated with TcPO,. Interventional surgery (angioplasty) mainly
improves the ABI, reduces the incidence of major amputation and improves the macrovasculature, and APG

mainly improves local TcPO,, reduces the incidence of minor amputation and improves the microcirculation.
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Introduction

Diabetic patients have been estimated to have a 15% risk
of developing at least once foot ulcer during their lifetime,
and approximately 40-80% of nontraumatic amputations
are associated with diabetic foot ulcers (DFUs). Since
DFUs are a serious complication of diabetes because of
peripheral arterial disease, they pose a great challenge in the
treatment of diabetes (1). According to Lancet, the number
of patients with peripheral arterial disease in the world
exceeded 200 million in 2010. Compared with nondiabetic
patients, diabetic patients often have multivascular lesions.
Lower extremity arterial disease (LEAD) and cardiovascular
events often coexist, and LEAD is one of the most common
risk factors for cardiovascular diseases: the lower the
ankle brachial index (ABI) is, the worse the cardiovascular
prognosis; and patients with lower limb multivascular lesions
often experience a worse prognosis than those with only
a single vascular lesion. Unfortunately, to a large extent,
LEAD is an invisible disease, and most patients with LEAD
seem to have a negative attitude and do not seek treatment
because they are unaware of symptoms. Additionally, many
studies have indicated that diabetic LEAD is a leading
cause of DFUs and amputation, especially in China. China-
DiaLEAD has declared that the prevalence of diabetic
LEAD is estimated to be approximately 21.2%, and the
severity increases with age and the duration of diabetes,
leading to a higher risk of diabetic LEAD patients with foot
ulcers and amputation than in nondiabetic individuals (2).
Therefore, more attention should be paid to diabetic LEAD
patients with foot ulcers.

At present, the possible treatment options of
diabetic LEAD patients with foot ulcers include drugs,
debridement, dressing, etc. For the complex lesions of
diabetic LEAD patients with foot ulcers, the treatment
effect is unsatisfactory; it often leads to poor outcomes,
such as amputation, morbidity and mortality. In recent
years, lower extremity arterial intervention (angioplasty),
percutaneous transluminal angioplasty (PTA) and stent
implantation have been shown to restore the lower limb
blood supply. However, in diabetic LEAD patients, it
is difficult to restore the blood supply to diffuse artery
disease, especially below the knee. Although many novel
approaches, such as drug-coated balloons and cutting
balloon angioplasty, have been used for therapy, they still
hold high rates of restenosis, recurrence and amputation (3).

As one of the treatment options for diabetic wounds,
autologous platelet-rich gel (APG) therapy can effectively
improve the healing of DFUs. The mechanism of APG in
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wound reparation is mainly associated with concentrated
platelets and high concentrations of growth factors. APG
upregulates the levels of various growth factors; improves
the surrounding microenvironment; regulates the balance
between tissue inhibitors of metalloproteinases (TTMPs) and
matrix metalloproteinases (MMPs); reduces the degradation
of local collagen, the extracellular matrix and growth factors;
provides a fibrin scaffold; prolongs the action time of growth
factors and bonding wound margins; reduces the release
of surface tension; releases antimicrobial active substances;
inhibits the infection of local microorganisms; promotes
the healing of ulcers; and has little adverse effects (4).
However, there are few reports on diabetic LEAD patients
with foot ulcers. Therefore, one question to be addressed
is whether APG can improve wound healing and reduce
amputation. Another question to be addressed, on the basis
of traditional treatment, is whether lower limb vascular
intervention or APG contributes more to wound healing
and the amputation rate in diabetic LEAD patients with
foot ulcers. Therefore, we compared the treatment effects
and amputation rate between lower extremity vascular
intervention and APG in diabetic LEAD patients with foot
ulcers.

Methods
Subjects and group classification

The study protocol was approved by the Southwest
Hospital of the Army Medical University Institutional
Review Board and conformed to the standards of the
Declaration of Helsinki and is registered at ClinicalTrials.
gov (NCT 03248466). Inclusion criteria were as follows: (I)
DFU and hemoglobin Alc (HbAlc) >6.5%; (I1I) between
the ages of 18-85 years; (III) Wagner classification of
diabetic foot grade 2—4; (IV) ABI <0.9 and color Doppler
ultrasonography suggested LEAD. Exclusion criteria were
as follows: (I) nondiabetic patients or patients with type
1 diabetes [serum islet cell antibodies (ICA)- or glutamic
acid decarboxylase antibody (GADA)-positive autoimmune
diabetes] or a special type of diabetes (e.g., gestational
diabetes); (II) patients who had severe liver or renal failure;
(II) severe infections in patients and patients who had
cerebrovascular disease or heart failure; (IV) age >85 years
or <18 years. All patients were recruited from the First
Affiliated Hospital of the Army Medical University after
receiving approval for each treatment. Amputation was
determined by the orthopedists for possible treatment as
needed in the immediate treatment period and based on
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the patient’s willingness. These criteria were determined by
each patient’s physicians prior to the patient being enrolled
in the study.

There were 99 diabetic LEAD patients with foot ulcers
between June 2012 and January 2018 who were recruited.
These patients have been included in the standard diagnostic
criteria of the World Health Organization (WHO) 1999
(judgment was made according to the case history, physical
examination, medication, hormone history, blood testing,
etc.). All of the patients were diagnosed by physicians
and were advised to receive lower extremity vascular
interventional or APG treatment in addition to traditional
treatment. We used random number assignment. A total
of 82 patients were enrolled in the study. Among them,
30 patients were randomly assigned and agreed to receive
lower extremity vascular intervention on the basis of
traditional treatment (group B), 31 patients were randomly
assigned and agreed to receive traditional treatment (group
A), and 21 patients were randomly assigned and agreed to
receive APG treatment on the basis of traditional treatment
(group C). A total of 17 patients withdrew from the study
because they disagreed with the assigned treatment. Lower
limb arterial intervention and APG treatment have been
previously described. According to the size of the wound,
we collected 8-50 mL of venous blood, which was placed
in a vacuum blood vessel containing 3.0% sodium citrate,
and the first centrifugation was as follows: centrifugal force
160 xg, centrifugal time 20 minutes. After centrifugation,
all supernatant fluid, the albuginea layer and the erythrocyte
supernatant were absorbed and transferred to a centrifugal
tube for the second centrifugation, as follows: centrifugal
force 400 xg, centrifugal time 15 minutes, centrifugal radius
13 cm, discarded supernatant fluid 3/4 (the remaining 1/4
was platelet-rich plasma). Thrombin was injected into
calcium chloride, and the platelet-rich plasma and thrombin
calcium were mixed at a 10:1 ratio to yield APG. After the
ulcer was thoroughly debrided, APG was evenly sprayed
onto the ulcer surface, and after stabilization, a Vaseline
gauze was placed on the surface. We changed the dressing
once a week (5,6).

Study methods
The age, height, weight, body mass index (BMI), blood

pressure (BP), and course of disease were measured using
the International Collaborative Study on Hypertension in
Blacks (ICSHIB) standardized protocol. Fasting plasma
glucose (FPG), HbAlc, fasting insulin, homeostatic
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model assessment of insulin resistance (HOMA-IR), total
cholesterol (T'C), triglyceride (T'G), low-density lipoprotein
cholesterol (LDL-C) and high-density lipoprotein
(HDL) were tested by certified laboratories, and the
coefficients of variation within and between batches for
all parameters were <5%. The English Huntleigh MD2
diabetes screening and diagnosis box was applied to the
ABI evaluation. Transcutaneous oxygen partial pressure
(TePO,) was tested with a multichannel TcPO, analyzer
TCM400 from a radiometer company as a reference (7).
The basic treatment program included glycemic control
(insulin or oral hypoglycemic agents), antibiotic therapy,
surgical debridement and drainage (removing corrupt
tissues and drainage but not having minor or major
amputation), microcirculation improvement (alprostadil),
neurotropic therapy (mecobalamin and a-lipoic acid), and
support treatment; all patients received basic treatment (6).
Whether or not to perform an amputation and the level of
amputation were determined according to the judgment of
the orthopedist and the patient’s willingness. We evaluated
each diabetic foot with the wound, ischaemia, and foot
infection (WIFI) classification (5). We also used Armstrong
and Frankberg classifications to classify surgical types into
1-4 levels (8). All these data were recorded as baseline.

Follow-up visits took place during outpatient visits
6 months after leaving the hospital. During follow-up,
we collected data on the rate of DFU healing, the rate
of amputation, the rate of recurrence, the ABI, TcPO,,
hospital admissions, and other adverse events.

Safety variables included adverse events such as
postoperative infection, transient fever, allergic reaction,
postoperative pain, postoperative hemorrhage and patient-
reported hypoglycemic episodes. A serious adverse event
was defined as an adverse event that resulted in major
morbidity, all-cause mortality, hospitalization, amputation,
disability, or an event that required medical or surgical
intervention to prevent one of the other outcomes. A severe
adverse event was defined as an adverse event causing
unacceptable and considerable interference with the
patient’s daily activities.

Data collection and outcome measures

Primary endpoints included the rate of amputation,
including major amputation (an amputation above the ankle)
and minor amputation (an amputation under the ankle),
and the rate of wound healing after 6 months of follow-
up. Complete wound healing was defined as complete
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re-epithelization. Wounds leading to major amputation
were classified as “not healed.” Wounds that healed after
minor amputation were classified as “healed.” Recurring
ulcers after initial healing were classified as healed but are
reported under the secondary outcome “ulcer recurrence”.
Readmission to the hospital for DFUs after initial healing
was classified as “rehospitalization” (9).

Secondary endpoints included the ABI and TcPO, after
6 months of follow-up; additional revascularization on the
index limb that was not planned at the beginning of the
study; new or recurrent ulcers; and (serious) adverse events,
which were defined as any untoward medical occurrence,
including major morbidity, all-cause mortality, ulcer
recurrence, and rehospitalization.

Statistical analyses

The statistical software SPSS 19.0 was employed for
statistical analyses. P<0.05 indicates statistical significance.
The data are shown as ¥ = s. Before statistical analysis, the
data were subjected to normal distribution analysis using
the Kolmogorov-Smirnov test. The differences between
groups were tested using analysis of variance (ANOVA).
Relationships among metabolic and endocrine parameters
at baseline and changes in parameters after treatment were
analyzed by simple correlations. The correlation of variables
was determined by the Pearson correlation, and logistic
regression was used to correct the effects of the covariates
and to test independent factors.

Results
Comparison of clinical data among the three groups

No significant difference was found in age, FPG, HbAlc,
TC, TG, LDL-C, HDL, or BP between the groups.
There were no significant differences in the ABI or TcPO,
between the three groups (see Tuble ).

Comparison of each parameter before and after treatment
(see Table 2)

Our research suggested that after 6 months of each
intervention, some indicators, such as leukocyte count,
ulcer area, ABI, TcPO,, and blood lipid profiles, were
significantly improved. There was no difference in the
ABI between groups A and B (P>0.05), and the ABI in
group C was improved (P<0.05). There was no significant
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difference in TcPO, between groups A and C (P>0.05), and
TcPO, in group B was improved (P<0.05). There was no
significant difference in the leukocyte count, amputation
rate, mortality, incidence of adverse cardiovascular events,
readmission rate or reamputation rate (P>0.05), and there
was no significant difference in the total clinical outcome
(P>0.05). There was no significant difference in mortality
or the incidence of adverse cardiovascular events (P>0.05).
There was no difference in the healing rate between groups
A and C (P>0.05), but the healing rate of group B was
increased significantly (P<0.05).

In addition, we further analyzed the station of amputation
and the healing of wounds. There was no difference in the
major amputation rate between groups A and B (P>0.05),
and that in group C was decreased significantly (P<0.05).
There was no difference in the major amputation rate
between groups A and C (P>0.05). The minor amputation
rate in group B was increased significantly (P<0.05). This
result indicates that lower limb vascular intervention and
APG treatment can significantly improve DFUs.

Relationships among changes in each parameter at 6 months
after treatment (see Table 3)

Our research also provided the correlation between each
indicator with major amputation, minor amputation, and
total amputation after 6 months of each intervention.
Neutrophils (R=0.195, P<0.05), the ABI (R=-0.272,
P<0.05), TcPO, (R=-0.263, P<0.05), total amputation
(R=0.306, P<0.05), total adverse events (R=0.258, P<0.05),
and healing (R=0.188, P<0.05) were associated with major
amputation; systolic blood pressure (SBP) (R=-0.208,
P<0.05), HbAlc (R=0.308, P<0.05), TcPO, (R=-0.340,
P<0.05), total amputation (R=0.638, P<0.05), and total
adverse events (R=0.378, P<0.05) were associated with
minor amputation; neutrophils (R=0.260, P<0.05), uric
acid (R=-0.298, P<0.05), HbAlc (R=-0.200, P<0.05), TC
(R=-0.259, P<0.05), the ABI (R=-0.268, P<0.05), TcPO,
(R=-0.611, P<0.05), total adverse events (R=0.669, P<0.05),
major amputation (R=0.306, P<0.05), and minor amputation
(R=0.638, P<0.05) were associated with total amputation.

Logistic regression analyses in each parameter after
treatment (see Tables 4-6)

Uric acid, glycosylated hemoglobin, TC, and TcPO, were
identified as the risk factors for total amputation, of which
TePO, was the most significant. The ABI and glycosylated
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Table 1 Baseline characteristics of patients in each group (x = 5)

Parameter Group A Group B Group C P value
Age (years) 61.60+13.04 64.62+11.30 72.42+7.00 0.001
Male/female 19/11 14/7 19/12 -
Duration (years) 10.25+10.00 11.00+7.59 8.65+5.83 0.550
Weight (kg) 61.12+9.68 59.86+11.87 56.55+9.97 0.217
Height (m) 1.62+0.07 1.60+0.09 1.59+0.08 0.230
BMI 23.18+3.13 23.11+£3.03 22.32+2.97 0.491
FPG (mmol/L) 8.85+3.22 7.50+3.46 8.09+4.53 0.457
White blood cells 8.29+3.22 7.06+1.69 8.30+2.77 0.207
Neutrophils 5.88+2.87 4.55+1.72 5.74+2.33 0.124
HbA1c (%) 8.62+1.64 8.06+1.86 8.80+1.97 0.354
LDL (mmol/L) 2.57+0.77 2.42+0.69 2.83+0.73 0.126
HDL (mmol/L) 0.98+0.25 1.10+£0.43 1.02+0.21 0.383
TC (mmol/L) 4.14+1.01 4.17+1.04 4.50+0.98 0.317
TG (mmol/L) 1.38+0.52 1.49+0.68 1.58+0.56 0.435
Creatinine (mmol/L) 70.60+19.39 77.39+27.12 78.56+21.79 0.346
History of smoking (years) 8.67+15.02 12.10+19.95 7.39+16.46 0.610
Duration (years) 5.17+10.43 4.60+6.79 3.65+5.22 0.750
Uric acid (umol/L) 301.20+76.87 321.29+109.31 327.13+105.74 0.561
Diabetic retinopathy 16.67% 14.29% 16.13% 0.974
Diabetic peripheral neuropathy 96.67% 85.71% 90.32% 0.381
Diabetic kidney disease 43.33% 28.57% 45.16% 0.455
Coronary heart disease 10.00% 4.76% 22.58% 0.146
PAD 100.00% 100.00% 100.00% 1.000
Metformin 26.67% 38.10% 22.58% 0.473
Insulin secretagogues 23.33% 9.52% 22.58% 0.416
Acarbose 30.00% 33.33% 16.13% 0.306
Insulin 80.00% 66.67% 80.65% 0.450
ACEI/ARB 20.00% 33.33% 45.16% 0.115
CCB 23.33% 28.57% 29.03% 0.867
Diuretic 6.67% 4.76% 3.23% 0.828
SBP (mmHg) 131.67+£17.53 133.90+18.62 141.32+22.43 0.148
DBP (mmHg) 80.70+11.17 78.29+11.35 77.58+£11.34 0.538
PCT (mmol/L) 0.26+0.40 0.19+0.26 0.23+0.29 0.736
ABI 0.72+0.24 0.68+0.18 0.69+0.17 0.757
TcPO, (mmHg) 35.50+14.11 41.52+13.87 40.77+15.12 0.244
Area (cm?) 5.17+5.86 6.31+5.26 4.48+6.32 0.547
WIFI grade

W 2.20+0.55 2.00+0.45 2.16+0.78 0.511

I 0.67+0.71 1.10+0.94 1.03+0.95 0.147

FI 0.93+0.98 0.62+1.02 0.52+0.68 0.176

BMI, body mass index; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; HDL, high-density lipoprotein;
TC, total cholesterol; TG, triglyceride; PAD, peripheral artery disease; ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin
receptor blocker; CCB, calcium channel blocker; SBP, systolic blood pressure; DBP, diastolic blood pressure; PCT, procalcitonin; ABI,
ankle brachial index; TcPO,, transcutaneous oxygen partial pressure; WIFI, wound, ischaemia, and foot infection.
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Table 2 Changes in parameters after each treatment (x = )
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Parameter Group A Group B Group C P value
FPG (mmol/L) 6.64+1.68 6.94+2.24 6.11+£1.19 0.214
White blood cells 6.68+2.58 6.12+1.51 7.04+1.82 0.296
Neutrophils 4.33+2.33 3.62+1.34 4.52+1.58 0.216
Uric acid (umol/L) 306.76+90.38 308.10+71.23 273.90+65.26 0.176
SBP (mmHg) 127.10+£9.15 122.95+15.05 125.47+11.29 0.469
DBP (mmHg) 76.03+6.84 72.95+8.21 73.57+4.81 0.201
PCT (mmol/L) 0.08+0.13 0.09+0.12 0.12+0.23 0.626
HbA1c (%) 6.78+0.77 6.85+0.77 6.99+0.73 0.573
LDL (mmol/L) 2.37+0.58 2.60+0.58 2.43+0.48 0.334
HDL (mmol/L) 0.85+0.24 0.76+0.26 0.79+0.23 0.402
TG (mmol/L) 2.69+0.90 3.03+1.40 2.96+1.17 0.523
TC (mmol/L) 4.94+1.10 5.02+0.91 4.74+0.68 0.537
ABI 0.75+0.10 0.77+0.06 0.87+0.13 0.000
TcPO, (mmHg) 38.67+8.40 49.29+7.46* 39.84+7.47 0.000
Total amputation rate 30.00% 19.05%* 29.03% 0.654
Mortality rate 3.33% 0.00% 3.23% 0.710
Cardiovascular events rate 16.67% 14.29% 16.13% 0.710
Rehospital rate 96.67% 85.71% 90.32% 0.093
Reamputation rate 43.33% 28.57%* 45.16% 0.105
Total adverse events rate 10.00% 4.76% 22.58% 0.082
Major amputation rate 86.67%" 100.00% 100.00% 0.012
Minor amputation rate 26.67% 38.10%" 22.58% 0.153
Heal rate 23.33% 9.52%* 22.58% 0.101
Area (cm?) 2.59+8.72 3.27+4.19 1.65+3.16 0.624
Diabetic foot surgery class 1.77+0.77 1.48+0.75 1.48+0.63 0.224

*, compared with group A: P<0.05; ¥, compared with group C: P<0.05. FPG, fasting plasma glucose; HbA1c, hemoglobin Aic; LDL, low-
density lipoprotein; HDL, high-density lipoprotein; TC, total cholesterol; TG, triglyceride; SBP, systolic blood pressure; DBP, diastolic blood
pressure; PCT, procalcitonin; ABI, ankle brachial index; TcPO,, transcutaneous oxygen partial pressure.

hemoglobin were identified as major risk factors for
amputation, of which the ABI was the most significant.
TcPO,, SBP and glycosylated hemoglobin were identified as
the risk factors for minor amputation, of which TcPO, was

the most significant.

Discussion

In China, LEAD is the leading pathophysiological
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basis of DFUs, and it is also the most important factor
in preventing the healing and amputation of DFUs
(10,11). The ABI is a useful diagnostic measurement of
LEAD. However, the ABI in diabetic LEAD patients
with foot ulcers is often highly evaluated because it is
often associated with vascular calcification and impaired
elasticity (7); therefore, a more reliable diagnostic
measurement is needed. TcPO, reflects the status of
oxygen metabolism and the microcirculation in diabetic
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Table 3 Relationships among each parameter after treatment
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Parameter (R index)

Total amputation

Major amputation Minor amputation

FPG (mmol/L) 0.075
White blood cells 0.133
Neutrophils 0.260*
Uric acid (umol/L) -0.298*
SBP (mmHg) -0.008
DBP (mmHg) -0.083
PCT (mmol/L) 0.073
HbA1c (%) 0.200*
LDL (mmol/L) -0.137
HDL (mmol/L) 0.103
TG (mmol/L) 0.068
TC (mmol/L) -0.259*
ABI -0.268*
TcPO, (mmHg) -0.611*
Total amputation rate 1.000
Mortality rate 0.083
Cardiovascular events rate 0.083
Rehospital rate -0.059
Reamputation rate -0.154
Total adverse events rate 0.669"
Major amputation rate 0.306*
Minor amputation rate 0.638*
Heal rate 0.061

0.035 0.116
0.186 -0.108
0.195” -0.108
0.110 -0.020
0.137 -0.208*
-0.009 -0.143
-0.018 0.160
-0.169 0.308*
-0.024 0.063
-0.079 0.077
0.042 0.111
-0.054 -0.087
-0.272* -0.029
-0.263" -0.340"
0.306* 0.638*
-0.049 0.129
-0.049 0.129
0.019 -0.083
0.104 -0.122
0.258* 0.378*
1.000 -0.147
-0.147 1.000
0.188* 0.005

*, P<0.05. FPG, fasting plasma glucose; HbA1c, hemoglobin Alc; LDL, low-density lipoprotein; HDL, high-density lipoprotein; TC, total
cholesterol; TG, triglyceride; SBP, systolic blood pressure; DBP, diastolic blood pressure; PCT, procalcitonin; ABI, ankle brachial index;

TcPO,, transcutaneous oxygen partial pressure.

LEAD patients with foot ulcers. It is the most common
measurement used to evaluate the blood supply level of
LEAD and to determine whether patients need to undergo
artery reconstruction, ulcer healing and amputation (5).
TcPO, <30 mmHg can be used as a critical value for the
diagnosis of diabetic LEAD patients with foot ulcers and
for predicting the amputation of ulcerations.

Because of the complicated pathogenesis of DFUs,
traditional treatment is often useless, and the ulcer is
difficult to heal. Researchers have aimed to improve the
blood supply to the lower extremities by angioplasty
techniques, such as balloon dilatation, stents, drug-

© Annals of Translational Medicine. All rights reserved.

coated balloons, a plaque spin cutting system and a
thrombus aspiration system. However, because of the
poor coagulation and high oxidative stress environment
in diabetes, the angioplasty in LEAD is difficult to
manipulate, which often leads to a poor vascular situation
and a difficult operation (3). On the other hand, since
diabetic LEAD is usually performed below the ankle,
angioplasty often improves the macrocirculation and
has less effect on the microcirculation; therefore, the
restenosis rate, the incidence of rehospitalization and the
reamputation of diabetic LEAD patients with foot ulcers
are still high (12,13).
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Table 4 Logistic regression analyses in total amputation after treatment

Total amputation B S.E. Wals df P value 95% ClI OR

Neutrophils 0.140 0.209 0.445 1 0.504 0.763-1.732 1.150
Uric acid -0.018 0.009 4.427 1 0.035 0.965-0.999 0.982
HbA1c 1.256 0.600 4.382 1 0.036 1.083-11.375 3.510
TC -1.504 0.780 3.720 1 0.054 0.048-1.025 0.222
ABI -3.965 3.648 1.182 1 0.277 0.000-24.159 0.019
TcPO, -0.363 0.108 11.386 1 0.001 0.563-0.859 0.695

S.E., standard error; Cl, confidence interval; OR, odds ratio; HbA1c, hemoglobin A1c; TC, total cholesterol; ABI, ankle brachial index;
TcPO,, transcutaneous oxygen partial pressure.

Table 5 Logistic regression analyses in major amputation after treatment

Major amputation B S.E. Wals df P value 95% ClI OR

ABI -10.706 5.264 4.136 1 0.042 0.000-0.678 0.000
TcPO, -0.105 0.070 2.211 1 0.137 0.785-1.034 0.901
HbA1C -3.110 1.532 4.118 1 0.042 0.002-0.899 0.045
Total adverse events -0.997 1.006 0.983 1 0.321 0.051-2.649 0.369
TG 0.296 0.452 0.428 1 0.513 0.554-3.260 1.344
Neutrophils 0.411 0.249 2.717 1 0.099 0.925-2.457 1.508

S.E., standard error; Cl, confidence interval; OR, odds ratio; HbA1c, hemoglobin Aic; TG, triglyceride; ABI, ankle brachial index; TcPO,,
transcutaneous oxygen partial pressure.

Table 6 Logistic regression analyses in minor amputation after treatment

Minor amputation B S.E. Wals df P value 95% ClI OR

ABI 1.805 3.214 0.315 1 0.574 0.011-3,309.938 6.078
TcPO, -0.152 0.054 8.023 1 0.005 0.773-0.954 0.859
SBP -0.086 0.034 6.396 1 0.011 0.859-0.981 0.918
HbA1C 1.293 0.516 6.285 1 0.012 1.326-10.021 3.645

S.E., standard error; Cl, confidence interval; OR, odds ratio; HbA1c, hemoglobin Alc; SBP, systolic blood pressure; ABI, ankle brachial
index; TcPO,, transcutaneous oxygen partial pressure.

Research has also indicated that the use of APG may
affect the treatment of DFUs (4,14). APG provides a variety
of growth factors and cytokines that improve the blood
supply of the microcirculation, improves local inflammation
and immune function, inhibits bacterial growth, promotes
wound healing and improves clinical outcomes (15,16).
These findings give rise to several questions, such as which
is more important in the evaluation of diabetic LEAD
patients with foot ulcers: the macrocirculation or the
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microcirculation, ABI or TcPO,; does the macrocirculation
or microcirculation play a more important role in wound
healing and which reduces the amputation rate; and does
APG more effectively improve wound healing and reduce
the amputation rate in diabetic LEAD patients with foot
ulcers than angioplasty?

Our research suggested that the leukocyte count, ulcer
area, ABI, TcPO,, and blood lipid profiles were significantly
improved in each group after treatment. There was no

Ann Transl Med 2019;7(18):485 | http://dx.doi.org/10.21037/atm.2019.07.87



Annals of Translational Medicine, Vol 7, No 18 September 2019

significant difference in the leukocyte count, amputation
rate, mortality, incidence of adverse cardiovascular events,
readmission rate, reamputation rate, mortality, total clinical
outcomes or incidence of cardiovascular events (P>0.05),
which suggested no differences between the three groups.
There was no difference in the ABI between groups A and
B (P>0.05), and the ABI in group C was improved (P<0.05).
There was no significant difference in TcPO, between
groups A and C (P>0.05), but TcPO, in group B was
improved (P<0.05). This finding suggested that basal and
APG treatment had a greater effect on the improvement in
TcPO,, and that basal and angioplasty treatment may have
an effect on the improvement in the ABIL

In addition, we further analyzed the amputation rates and
healing of wounds. There was no difference in the major
amputation rate between groups A and B (P>0.05), but it
was decreased significantly (P<0.05) in group C, while there
was no difference in the minor amputation rate between
groups A and C (P>0.05), but it was increased significantly
(P<0.05) in group B. There was no difference in the heal
rate between groups A and C (P>0.05), but it was increased
significantly (P<0.05) in group B. The above data indicate
that lower limb arterial intervention improves the ABI and
reduces major amputation, but it does not improve minor
amputation or wound healing; APG improves TcPO,,
reduces minor amputation, and improves wound healing,
but it does not improve the major amputation of DFUs.

We also analyzed the correlation between major
amputation, minor amputation, and total amputation
with each indicator. Neutrophils (R=0.195, P=0.042), the
ABI (R=-0.272, P=0.008), TcPO, (R=-0.263, P=0.010),
total amputation (R=0.306, P=0.003), total adverse events
(R=0.258, P=0.010), and healing (R=0.188, P=0.047)
were associated with major amputation; SBP (R=-0.208,
P=0.033), HbAlc (R=0.308, P=0.003), TcPO, (R=-0.340,
P=0.001), total amputation (R=0.638, P=0.000), and total
adverse events (R=0.378, P=0.000) were associated with
minor amputation; neutrophils (R=0.260, P=0.010), uric
acid (R=—0.298, P=0.004), HbAlc (R=—0.200, P=0.038),
TC (R=—0.259, P=0.010), the ABI (R=—0.268, P=0.008),
TcPO, (R=-0.611, P=0.000), total adverse events (R=0.669,
P=0.000), major amputation (R=0.306, P=0.003), and minor
amputation (R=0.638, P=0.000) were associated with total
amputation.

We analyzed the risk factors for each major amputation,
minor amputation, and total amputation. For major
amputation, the ABI and HbAlc are risk factors, of which
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the ABI is the most significant (B=—10.706), because major
amputation is significantly associated with macrocirculation,
and the ABI, which reflects the macrocirculation, is
significantly associated with major amputation (17).
Therefore, we conclude that the ABI is more accurate in
reflecting the needs of major amputation, and angioplasty
improves the ABI and major amputation. Regarding minor
amputation, TcPO,, SBP and HbAlc were identified as risk
factors, with TcPO, being the most significant (B=—0.152),
because minor amputation is more associated with the
local microcirculation; therefore, TcPO,, which reflects
the local microcirculation, is significantly associated with
minor amputation (18,19). The lower TcPO, is, the more
the patient is inclined to have minor amputation, and APG
reduced minor amputation by improving TcPO, (19,20).
Therefore, we conclude that TcPO, is more accurate in
reflecting the needs of minor amputation and that APG
improves TcPO, and minor amputation. Regarding total
amputation, uric acid, glycated hemoglobin, TC, and
TcPO, were identified as the risk factors, among which
TePO, was the most significant (B=—0.363). Since minor
amputation accounted more for total amputation than
major amputation, TePO,, which is more associated
with minor amputation, was also significantly associated
with total amputation (18-20). The above results suggest
that major amputation is associated with the ABI, and
angioplasty therapy has a greater effect on the improvement
in the macrocirculation and ABI and reduced major
amputation. Minor amputation was significantly associated
with TcPO,, APG had a greater effect on the improvement
in the microcirculation and TcPO, and significantly reduced
minor amputation.

One limitation of this study is that the sample size was
limited. Another potential limitation is that the study was
conducted at a single institute, which may result in bias.

This study demonstrates that in diabetic LEAD patients
with foot ulcers, major amputation is mainly associated
with the ABI, while minor amputation is significantly
associated with local TcPO,. Angioplasty mainly improves
the macrovasculature and the ABI and reduces the
incidence of major amputation, whereas APG mainly
improves the microcirculation and local TcPO, and reduces
the incidences of minor and total amputations. We will
increase the sample size and the number of research centers
to explore the mechanism of angioplasty and APG and to
determine which better improves amputation and wound

healing to clarify the wound healing of DFUs.
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