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Email: tarria0l @outlook.com infections. This retrospective cohort study included 344 patients with moderate

rate (eGFR) and clinical outcomes in patients hospitalized with diabetic foot

to severe diabetic foot infections. Patients were categorized into three groups
based on presenting estimated eGFR: eGFR >60 (eGFR >60 mL/min), eGFR
30-60 (eGFR 30-60 mL/min) and eGFR <30 (eGFR <30 mL/min). Outcomes
assessed included wound healing, time to heal, re-infection, amputation, mortal-
ity and re-hospitalization for infection. Compared with patients with eGFR <30,
patients with eGFR >60 had significantly lower rates of retinopathy, peripheral
arterial disease and use of beta blockers or calcium channel blockers. Glycated
haemoglobin levels were inversely related to eGFR, decreasing as eGFR severity
increased. Haemoglobin levels were significantly lower, and inflammatory
markers (ESR and CRP) were significantly higher in patients with eGFR <30.
There were no significant differences among eGFR groups in rates of wound
healing, time to heal, re-infection or amputation. However, mortality increased
with decreasing eGFR (1.9% in eGFR >60 vs. 3.2% in eGFR 30-60 vs. 8.1% in
eGFR <30; p = 0.04). Similarly, re-hospitalization for infection at a different site
also increased with decreasing eGFR (20.5% in eGFR >60 vs. 28.1% in eGFR 30-
60 vs. 48.4% in eGFR <30; p < 0.01). In diabetic foot infections, presenting eGFR
severity did not affect rates of wound healing, time to heal, re-infection or ampu-
tation. However, decreasing eGFR was associated with increased mortality and
re-hospitalization for infection at a different site. In this study, presenting eGFR
was not a predictive value for wound healing or time until healing, however was
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1 | INTRODUCTION

Diabetes mellitus (DM) affects over 10% of the
United States population. The prevalence increases in the
elderly population to approximately 30% in people over
the age of 65." It has been estimated that 19%-24% of
patients with diabetes will develop a foot ulcer in their
lifetime. Developing a foot ulcer is a pivotal event associ-
ated with increased risks of infection, amputation and
death.>* Diabetes related foot complications are the lead-
ing cause of non-traumatic lower extremity amputations
and are a significant source of disability and mortality
with 5-year mortality rates reported as high as 70%.”

The causal pathway to amputation is multivariable
and has been associated with social determinants of
health including sex, race and socioeconomic status as
well as physiologic factors such as chronic kidney disease
(CKD), peripheral artery disease (PAD) and diabetes mel-
litus (DM).>” CKD is a significant risk factor for infec-
tion, amputation and re-amputation.

This is due to a complex interplay of factors in CKD
patients including increased prevalence and severity of
peripheral arterial disease (PAD) and peripheral neurop-
athy. This makes foot complications more likely to
develop and less likely to be detected early, increasing
the risk of amputation and mortality. The aim of this
study is to evaluate presenting estimated Glomerular Fil-
tration Rate (eGFR) and diabetic foot outcomes predictor.

2 | METHODS

This is a retrospective cohort study comparing the effect
of presenting eGFR on clinical outcomes in patients
admitted to hospital with moderate or severe diabetic foot

associated with rehospitalization and overall mortality this diabetic foot

chronic kidney disease, diabetic foot infection, eGFR, foot, osteomyelitis

» Decreased eGFR is associated with higher mortality and increased risk of
re-hospitalization for infections, indicating that reduced kidney function sig-
nificantly impacts clinical outcomes beyond wound healing alone.

« Presenting eGFR levels did not significantly influence wound healing rates,
healing time, re-infection, or amputation rates in patients hospitalized with
diabetic foot infections, suggesting that while eGFR affects broader out-
comes like survival and re-hospitalization, it may not directly impact the
wound healing process itself.

infection. This study was approved by the institutional
review board. Clinical, demographic and intraoperative
parameters we collected on all subjects. The patients
were categorized into three groups based on their pre-
senting eGFR: patients with: eGFR >60 mL/min, eGFR
30-60 mL/min and eGFR <30: GFR <30 mL/min. The
primary endpoint of the study was to determine the
effect of presenting eGFR with wound healing and the
time required for healing in patients with diabetic foot
infections. Data was collected from patients’ index hos-
pitalization and at standard intervals over a 12-month
period. For the index hospitalization, we assessed infec-
tion severity, surgeries, amputations, vascular interven-
tions and length of stay. During the 1-year follow-up, we
evaluated wound healing, re-infection, amputation, sur-
gery, readmissions, length of hospitalizations and mor-
tality. We assessed co-morbidities, baseline lab data
history of ulceration and amputation. The diagnosis of
diabetes was based on the American Diabetes Associa-
tion criteria. Peripheral arterial disease (narrowing of
the arterial walls) was defined as non-compressible ves-
sels at the ankle, ankle-brachial index <0.9, claudication
symptoms or history of vascular surgery in the extrem-
ity. Sensory neuropathy was defined as abnormal vibra-
tion sensation or abnormal sensation with 10-g
Semmes-Weinstein monofilament exam. We used the
International Working Group of the Diabetic Foot Infec-
tion Classification to define the presence and severity of
infection.®®

2.1 | Statistical analysis

Continuous variables were presented as mean =+ standard
deviation, and categorical variables were presented as
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n (percentage). Shapiro-Wilk test was used to determine
normality for wound subjects (n < 50). Skewed variables
were presented as median [IQR] (mean). Pearson's chi
square was used to compare dichotomous variables and
t-test to compare continuous variables. Mann-Whitney U
test was applied for non-normally distributed data and
findings were reported as Median [IQR]. Statistical signif-
icance was indicated by p values <0.05. All laboratory
and demographic information were determined from
EPIC patient medical records and procedural
characteristics were extracted from catheterization
reports. All statistical analyses were completed using
STATA(BE18) College Station, TX.
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3 | RESULTS

Among 344 patients with diabetic foot infections,
219 patients had presenting eGFR >60; 63 patients had
eGFR 30-60; and 62 had eGFR <30. Table 1 includes
demographics and clinical outcomes. Significantly differ-
ences were found in sex across presenting eGFR catego-
ries (eGFR >60: n = 174 (males = 79.4%), eGFR 30-60:
n =43 (males = 68.2%), eGFR <30: n =38 (mal-
es = 61.3%); p = 0.008). eGFR <30 patients had signifi-
cantly higher rates of retinopathy (22.8% vs. 34.9%
vs. 41.9%; p = 0.006), PAD (19.2% vs. 74.6% vs. 87.1%;
p = 0.002) use of beta blockers (27.4% vs. 45.3% vs. 74.2%;

TABLE 1 Comparison of demographic data based on eGFR severity.

Variable eGFR > 60 (N = 219)
Age, years of age 54 [47; 61]
BMI, kg/m? 30 [25; 36]
Male 174 (79.4%)
Medical history
Retinopathy 50 (22.8%)
Sensory neuropathy 194 (88.6%)
PAD 42 (19.2%)
Previous amputation 77 (35.2%)
Monkenberg sclerosis 83 (37.9%)
Previous ulceration 140 (63.9%)
Dialysis 1 (0.5%)
Medications
Insulin 172 (78.5%)
Steroid oral/inhaled 5(2.3%)
Beta blocker 60 (27.4%)
Calcium channel blocker 45 (20.5%)
Infection severity
Severe infection (SIRS) 86 (39.3%)

Osteomyelitis

Admission laboratory values

109 (49.8%)

Glycated haemoglobin 9.4[7.6;11.4]
Al1C >12 126 (57.5%)
Haemoglobin 12.0 [10.9; 13.4]
CRP, mg/dL 4.0 [1.2;9.7]
ESR, mm/h 57 [38.0; 90.0]
WBC, 10°/L 9.5[7.3;12.5]
WBC >15 000 26 (11.9%)
Albumin, g/dL 3.4[3.1; 3.8]
Albumin <3.0 49 (22.3%)

Note: Continuous variables represented as median and quartiles 1 and 3. Categorical variables are represented as n and percentage.

*Wilcoxon rank sum test; Pearson's Chi-squared test.

eGFR 30-60 (N = 63) eGFR < 30 (N = 62) p-value*
53[43; 61] 56 [46; 65] 0.43
33 [28; 38] 32 [27; 38] 0.12
43 (68.2%) 38 (61.3%) 0.008
22 (34.9%) 26 (41.9%) 0.006
58 (92.0%) 59 (95.2%) 0.30
47 (74.6%) 54 (87.1%) 0.002
29 (46.0%) 22 (35.4%) 0.30
41 (65.1%) 47 (75.8%) <0.001
47 (74.6%) 36 (58.1%) 0.14
2 (3.1%) 33 (53.2%) <0.001
57 (89.1%) 46 (74.2%) 0.076
5(7.8%) 4(6.5%) 0.234
29 (45.3%) 46 (74.2%) <0.001
26 (40.6%) 31 (50.0%) <0.001
37 (58.7%) 19 (30.6%) 0.501
35 (54.7%) 30 (48.4%) 0.70
8.6 [6.9; 10.3] 7.15 [6.1; 8.6] <0.001
15 (23.4%) 7 (11.3%) <0.001
10.3[9.1; 11.6] 9.8 [8.5; 11.0] <0.001
4.0 [1.0; 10.0] 7.0 [2.1; 14.0] 0.09
88 [58.0; 129.0] 100.0 [70.0; 130.0] <0.001
9.9 [8.0; 13.2] 10.2[7.9; 14.1] 0.17
8 (12.7%) 13 (21.0%) 0.158
3.15[2.7; 3.8] 3.2[2.9; 3.6] 0.02
28 (44.4%) 21 (33.9%) 0.005
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D < 0.001) and calcium channel blockers (20.5% vs. 40.6%
vs. 50.0%; p < 0.001). Glycated haemoglobin levels (9.4%
vs. 8.6% vs. 7.2%; p < 0.001) and haemoglobin (12.0 mg/
dL vs. 10.3 mg/dL vs. 9.8 mg/dL; p < 0.001) were signifi-
cantly different in eGFR >60, eGFR 30-60 and eGFR
<30, respectively. Inflammatory marker, erythrocyte sedi-
mentation rate, was significantly higher (57 mm/h
vs. 88 mm/h vs. 100 mm/h; p < 0.001), and C-reactive
protein (CRP) was elevated in eGFR <30 compared with
eGFR >60 and eGFR 30-60 (7.0 mg/L vs. 4.0 mg/L
vs. 4.0 mg/L); however, this did not meet significance
(p = 0.07). Mockenberg medical sclerosis (MMSC) was
significantly different across groups (eGFR >60: n = 83

TABLE 2 Comparison of outcomes based on eGFR severity.

Variable eGFR >60 (N = 219)

Index hospitalization

Vascular intervention 20 (9.2%)
Number of surgeries 2.0 [1; 3]
Any amputation 78 (35.6%)
Minor amputation 48 (21.9%)
Major amputation 30 (13.7%)

Length of hospitalization (days) 21.1 [18.3, 23.8]

12 month follow-up

Wound healing 138 (63.0%)
Days to heal 106 [53; 241]
Re-infection 99 (45.2%)
Hospital admission (Same) 99 (45.2%)
Hospital admission (Different) 45 (20.5%)
Number of surgeries 2.0 [1; 3]
Any amputations 78 (36.6%)
Minor amputation (Foot) 64 (29.2%)
Major amputation (BKA-AKA) 14 (6.4%)
Mortality 4 (1.9%)

Abbreviation: eGFR, presenting estimated glomerular filtration rate.
*Wilcoxon rank sum test; Pearson's Chi-squared test.

(37.9%) eGFR 30-60: n = 41 (65.1%), eGFR <30 n = 47
(75.8%); p < 0.001).

During the 1-year follow-up, there were no differ-
ences in the incidence wound healing (63.0% vs. 58.1%
vs. 58.1%; p = 0.70), median time to wound healing
(106 days vs. 155 days vs. 116 days; p = 0.30), re-infection
(45.2% vs. 50.0% vs. 35.5%, p =0.33) or amputation
(36.6% vs. 48.4% vs. 37.1%, p = 0.16) between the three
groups (Tables 2 and 3 and Figure 1).

However, patients with lower levels of presenting
eGFR had higher mortality rates (1.9% vs. 3.2% vs. 8.1%;
p = 0.04) and higher rates of hospital admission for infec-
tion at a different site (20.5% vs. 28.1% vs. 48.4%,

eGFR 30-60 (N = 63°) eGFR <30 (N = 62°%) p-value*
7 (11.0%) 10 (16.0%) 0.30
2.0[1; 4] 2.0[1; 3] 0.60
29 (45.3%) 23 (37.1%) 0.33
14 (21.9%) 14 (22.6%) 0.98
15 (23.4%) 9 (14.5%) 0.16
27.6 [21.2, 34.0] 26.7 [20.5, 32.8] 0.06
36 (58.1%) 33 (58.1%) 0.70
155 [85; 240] 116 [56; 225] 0.30
32 (50.0%) 22 (35.5%) 0.06
33 (51.5%) 22 (35.5%) 0.183
18 (28.1%) 30 (48.4%) <0.001
2.0[1; 4] 2.0 [1; 3] 0.25
31 (48.4%) 23 (37.1%) 0.60
25 (35.9%) 18 (28.1%) 0.58
6 (9.4.%) 5 (8.2%) 0.68
2(3.2%) 5(8.1%) 0.04

“Continuous variables represented as median and quartiles 1 and 3. Categorical variables are represented as n and percentage.

TABLE 3

Intergroup analysis of significant 12-month outcomes: The analysis compared eGFR >60 to eGFR 30-60 and eGFR <30 and

eGFR (30-60)to eGFR <30. The association of mortality between eGFR <30 compared with eGFR >60 was OR: 2.17 (1.11-4.27, p = 0.02).
The hospital readmission for a different site association between eGFR <30 compared with eGFR >60 was OR: 1.92 (1.42-2.56, p = 0.0). The
readmission association between eGFR 4/5 compared with eGFR 3 was OR:2.42 (1.15-5.08, p = 0.2).

Variables eGFR > 60 vs. eGFR 30-60
Mortality OR = 1.73 [0.31-9.71]
p=0524
Hospital admission different OR = 1.52 [0.80-2.88]
p = 0.198

eGFR > 60 vs. eGFR < 30 eGFR 30-60 vs. eGFR < 30

OR = 2.17 [1.11-4.27] OR = 2.72 [0.508-14.60]

p = 0.024 p=0.242
OR = 1.92 [1.42-2.56] OR = 2.42[1.15-5.08]
p = 0.000 p = 0.020
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FIGURE 1
outcomes by eGFR classification. All
numbers beside bars indicate

Bar chart of 1 year

percentages. Variables are listed on the
Y axis. The X axis is percent. Green bars
represent eGFR >60, red bars represent
eGFR 30-60 and blue bars represent
eGFR <30. p values for each variables
are as follows: Mortality (p = 0.04),
Vascular Intervention (p = 0.30),
Wound Re-infection (p = 0.06), Wound
Healed (p = 0.70), Minor amputation
(p = 0.98), Major amputation

(p = 0.16), and All

amputation (p = 0.33).

FIGURE 2
the measure of Association (odds ratios)
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for significant outcomes. Blue bars
represent the outcome of mortality,
orange bars represent the outcome of re-
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versus eGFR <30. The Y axis represents
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p < 0.01). Re-hospitalization for the same site of due to
infection was not significant between any eGFR group
(45.2% vs. 51.5% vs. 35.5%, p = 0.183). Figure 2 shows the
bar charts for 1-year clinical outcomes. Figure 3 depicts
the Kaplan-Meier Survival analysis for wound healing.
There was no difference in the time to heal (106 days
vs. 155days vs. 116d, p =0.30) based on eGFR
(Figure 3).

An intergroup analysis was performed on the signifi-
cant 12-month outcomes of this study. The analysis com-
pared eGFR >60 with eGFR <30 and eGFR 30-60 with
eGFR <30. The association of mortality between eGFR
<30 compared with eGFR >60 was OR: 2.17 (1.11-4.27,
p = 0.02). The hospital readmission for a different site
association between eGFR <30 compared with eGFR >60
was OR: 1.92 (1.42-2.56, p = 0.0). The readmission for a
different site association between eGFR <30 compared
with eGFR 30-60 was OR:2.42 (1.15-5.08, p = 0.02). All

60

eGFR > 60 vs eGFR 30-

eGFR > 60 vs eGFR < eGFR 30-60 vs eGFR <
30 30

EMortality ®mRehosp

other comparisons between eGFR groups for these two
variables were not significant.

4 | DISCUSSION

The results of this paper indicate that presenting eGFR
may not be a significant predictor of wound healing, or
the time required for healing in patients with moderate
and severe diabetic foot infections. We did not find a dif-
ference in healing or median days to heal between the
three groups. Even though there was a significantly
higher prevalence of PAD in people with eGFR <30,
there was no difference in vascular surgeries or the inci-
dence or level of lower extremity amputation. These
results contrast most other studies that report higher
rates of wulcers, amputations and death as eGFR
decreases. Most other studies addressing this topic have
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Kaplan—Meier Curve of Wound Healing by eGFR
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FIGURE 3 Kaplan-Meier Curve for Wound Healing by CKD

Level. Kaplan-Meier Curve for wound healing by eGFR. The Y axis
represents the proportion of wounds healed and the X axis
represents the time (days). eGFR was categorized by GFR <30
(blue), GFR 30-60 (green) and GFR >60 (red). There was no
significant difference in time until wound healing between each
group (p = 0.365).

indicated that impaired renal function, as reflected by a
decreased eGFR, is associated with adverse outcomes in
patients with foot ulcers and infections. Epidemiology
studies have consistently shown much higher amputation
incidence rates, more proximal amputations and higher
mortality incidence in people with decreased eGFR and
in end-stage renal disease (ESRD).'*"** It is unclear from
our data if there was a significant difference in the sever-
ity of disease or if our ability to stratify disease severity
was adequate.

There are several co-morbidities that were more com-
mon in people with worsening eGFR such as retinopathy,
PAD and anaemia. Perhaps the most important factor
associated with wound healing is the presence and sever-
ity of peripheral arterial disease. There was a significantly
higher prevalence of PAD in subjects with eGFR<30;
however, there was also a high rate of arterial calcifica-
tion in all three study groups, so ABIs were not reliable
for many of our subjects.’* In addition, there was no dif-
ference in the prevalence of revascularization procedures.
Unfortunately, we did not collect data for toe pressures
or toe brachial indices or if patients were more likely to
have direct or indirect revascularization for this retro-
spective study. This may have given us better insights
into perfusion.

The correlation between increasing glycated haemo-
globin and microvascular disease, macrovascular compli-
cations and mortality have been reported in several
studies.””™'” However, CKD obscures this relationship.
Glycated haemoglobin is known to represent blood

glucose levels across a period of up to 3 months and is
determined by three factors: circulating blood glucose,
the kinetics of haemoglobin and the length of time of
interaction between the two.'® In CKD patients, there is
an array of pathological abnormalities that alter the com-
ponents of glycated haemoglobin such as a shorter red
blood cell (RBC) half-life and diminished erythropoietin
production.'®*® These changes create an anaemic state
that results in less interaction time, and thereby less gly-
cosylation of haemoglobin by blood glucose. Studies have
shown the resultant effect as a weaker correlation
between glycated haemoglobin levels and true blood glu-
cose in CKD patients.'®?° Dialysis patients exhibit simi-
lar changes, with fluctuating RBC half-life and varying
interaction times between haemoglobin and glucose.*'
These mechanisms have presented clinically, with many
studies finding no association between glycated haemo-
globin and wound healing, amputations, re-infection or
mortality. > ~**

The difference in our clinical outcomes compared
with other studies may be explained by the interventions
of a multidisciplinary diabetic limb salvage service. There
are many examples of improved outcomes such as
reduced lower amputations, hospitalizations and emer-
gency room visits in high-risk populations when a collab-
orative team provides care.>>*° In our hospital, the
diabetic limb salvage service is consulted to see patients
in the emergency room before patients are admitted, so
additional consultations and interventions can be initi-
ated early in the admission process. Chung and col-
leagues described the reduction in amputations and
mortality by our multidisciplinary service in a cohort of
CLI patients compared with people treated with standard
care.”!

Our infectious diseases service developed an OPAT
(out patient antimicrobial therapy) programme to provide
self-administered intravenous antibiotics at home for
people with osteomyelitis.>* An extension of the hospital
service is the transition back to outpatient specialty
clinics. Podiatry and physical therapy participate in a
dedicated wound clinic. This type of format provides con-
tinuity of care and communication among team members
to improve the transition from hospital to clinic. Multi-
disciplinary amputation prevention programmes report
39%-56% reduction in amputation.>*>** Specialty foot care
has also been demonstrated to be effective in people with
diabetes and end stage renal disease.’>’® The results of
this study are an extension of the results reported by
Chung and Bhavan with a focus on CKD subpopulations.

There are advantages and limitations in this study.
We included eGFR <30 in the highest risk group rather
than just people with ESRD (stage 5). The number of sub-
jects in presenting eGFR 30-60 and <30 were
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disproportionately small compared with the subjects with
a presenting eGFR >60. This may introduce risk for
a potential Type 2 error. Our hospital serves a dispropor-
tionately poor, minority population that is uninsured or
underinsured. This can limit access to medical services
after hospital discharge such as home intravenous antibi-
otic services, physical therapy and negative pressure
wound therapy. We only included study subjects that had
at least 1 year of follow-up after their index hospitaliza-
tion. We probably lost patients that had good clinical out-
comes because they did not require long-term, continued
medical care.

5 | CONCLUSION

In diabetic foot infections, presenting eGFR severity did
not affect rates of wound healing, time to heal, re-
infection or amputation. However, eGFR was associated
with increased mortality and re-hospitalization for infec-
tion at a different site.

While eGFR severity may not directly influence
wound healing or days to healing in patients with moder-
ate and severe diabetic foot infections, it does have impli-
cations for peripheral arterial disease and readmission
rates. These findings may underscore the significance of
comprehensive management strategies that address both
renal and foot complications in diabetic patients with
compromised eGFR. Further research is warranted to
evaluate the effectiveness of diabetic limb salvage pro-
grammes in high-risk patients with eGFR and ESRD.
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