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Abstract

Charcot foot.

Objective: Charcot foot is a rare complication to neuropathy and can cause severe foot deformities and ulcerations,
which often require prolonged antibiotical treatment. The objective of this retrospective study was to investigate
whether this treatment is associated to impaired renal function.

Results: In total, 163 patients were included, of whom 105 (64%) had received B-lactam antibiotics for a mean total
duration of 13.0 months. There was a significant increase in the urine albumin/creatinine ratio in the group that
received antibiotics (p=0.017), and the use of antibiotics was associated to a subsequent diagnosis of nephropathy
(p=0.01). Patients treated with antibiotics had a 21.9% risk of developing subsequent nephropathy versus 5.2% for
patients not treated with antibiotics. We suggest increased awareness on signs of nephropathy in patients with severe
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Introduction

Charcot foot is a devastating late-stage complication
to diabetes. The fractures, joint dislocations and bone
remodeling caused by an incorrectly treated Charcot foot
precipitate foot deformity, leading to foot ulcerations that
are difficult to heal and prone to infections (1-5).

The slow-healing nature of such ulcers commonly
means that they require extensive antibiotic treatment.
To minimize the risk of infections antibiotic treatment
might be initiated without initial identification of any
responsible pathogenic species (6—9). Therefore, incor-
rect offloading of a Charcot foot could necessitate a sub-
stantial accumulated antibiotic load for the patient.

One of the most common types of antibiotics used
for long-term treatment is oral, semi-synthetic penicil-
lins (i.e., penicillinase-stabilized p-lactam drugs) such
as Dicloxacillin or Flucloxacillin. As with most other
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antimicrobial agents, semi-synthetic penicillins are
known to carry a small risk of nephrotoxicity, most nota-
bly when used in combination with other drugs (10-12).
However, the different classes of B-lactam drugs on the
market today are considered safe for standard clinical
use, and adverse renal reactions are normally only seen
when using high doses in patients with pre-existing
impaired renal function (13-15).

Late-stage diabetic complications, such as a Charcot
foot, is associated to impaired renal function.

Currently, no data describing adverse renal reactions to
long-term antibiotics use in patients with diabetes with a
Charcot foot have been published. Thus, the aim of this
study was to investigate any association between the use
of semi-synthetic penicillins and changes in renal func-
tion in patients with diabetes with Charcot foot.

Main text

Materials and methods

Data used for this study represent a secondary analysis of
a previously described retrospective, longitudinal, obser-
vational study on all patients with diabetes treated for a
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Charcot foot at the Copenhagen Wound Healing Center
(CWHC) at Bispebjerg Hospital, Denmark over a 20 year
period (16). The patients were identified using ICD-10
codes and followed up through medical records.

It was recorded whether the patients received any
long-term treatment with antibiotics from the CWHC
(defined as >1 month’s continual treatment). Only pre-
scriptions for antibiotics signed by staff of the CWHC
was recorded. Patients were seperated into two groups
based upon whether they had received antibiotics for a
Charcot-related foot ulcer for more than a month conti-
nously during the follow-up period or not.

All available anthropomorphic data were registered
(age, sex, diabetes type, duration of diabetes, height,
weight and blood pressure). Blood and urine sam-
ple values were registered at study inclusion (and up to
6 months prior); as close to introduction of antibiotics
treatment as possible (within a margin of 3 months); and
when the treatment was stopped (and up to 6 months
afterwards).

Hemoglobin Alc was used as a marker for glycemic
regulation. Values listed are in IFCC units (mmol/mol),
older values measured in the DCCT (%) scale have been
converted.

A binary pseudomarker for "Less-than-optimal compli-
ance" was estimated based on the medical records. It was
registered as positive if the medical record contained:
Repeated missed appointments, incorrect medication
intake or insufficient off-loading.

For all occurences of nephropathy in the group it
was recorded whether the patient had nephropathy at
first contact to the CWHC, or if the patient developed
nephropathy during the follow-up period.

Nephropathy was defined using the criteria from the
EMPA-REG OUTCOME study as manifest macroal-
buminuria (urine albumine/creatinine ratio >300 mg);
progression from microalbuminuria (urine albumine/
creatinine ratio between 30 AND 299 mg) to macroal-
buminuria; a persistent (two or more consecutive meas-
urements at least a month apart) increase in p-creatinine
(above twice the normal range) without another cause
present in the records (such as severe infections/septice-
mia, trauma or hypovolemic shock); initiation of renal
dialysis; or death from renal disease (17).

Statistics

Data are expressed as [means=+SD] unless otherwise
noted. In all tests an a=0.05 was considered signifi-
cant. T-test and the non-parametric Mann—Whitney
rank sum test were used for variance analysis between
groups in normally and not normally distributed data
sets respectively.
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We tested for correlations using the chi-square test
(categorical data).

Categorical and continuous data were compared using
a logistic regression model. Missing values in binary sets
were excluded by row in the relevant analysis, while miss-
ing values in multiple point data sets were used as last
observation carried forward.

Statistics and generel data handling was done using
IBM SPSS Statistics v. 23 by IBM Corporation, SIG-
MAPLOT v. 11.0.0.77 by Systat Software Inc., Micro-
soft Excel 2000 v. 9.0.2812 by Microsoft Corporation
and Apache OpenOffice 4.0.1 by The Apache Software
Foundation.

Results

Of the 173 patients with diabetes with acute Charcot foot
included, data for antibiotics use were available for 163
patients (Table 1).

A total of 105 patients (64%) had received long-term
antibiotic treatment of infected foot ulcers. Of the
remaining 58 patients, some had received antibiotics
briefly (cumulatively < 1 month during follow-up).

The group that received antibiotics were significantly
younger (¢-test, p=0.004), had a higher ratio of males
(rank sum test, p=0.005) and had significantly higher
systolic blood pressure (t-test, p=0.033) than the group
that did not receive antibiotics.

The main oral antibiotic used was the semi-synthetic
B-lactam drug Dicloxacillin, which was used for a mean
total duration of 13.0 months (median 9.0 months; range
1-45 months). The primary dosage regimes were Diclox-
acillin 1 g 3 times/day or 1 g 4 times/day in case of obese
patients.

There was a significant increase in the u-albumine/cre-
atinine ratio in the group that received antibiotics from
113 to 431 mg (rank sum test, p=0.017), as well as in the
p-creatinine levels from 93 to 154 pmol/L (rank sum test,
p=0.037). There were no differences in the group with-
out antibiotics in either the u-albumine/creatinine ratio
116 to 194 mg (rank sum test, p=0.440) or p-creatinine
88-97 umol/L (rank sum test, p=0.501).

A total of 51 patients were diagnosed with nephropa-
thy either before inclusion (n=25), or during follow-up
(after diagnosis of Charcot foot) (n=26).

A contingency table of the development of nephropa-
thy and use of antibiotics is listed as Table 2. It shows that
23 of the 26 patients who developed nephropathy during
follow-up had received long-term antibiotics for a foot
related infection. Of the patients who did not develop
nephropathy (137 out of the 163) 82 had received long-
term antibiotics while 55 had not. This equals a relative
risk of 4.2 between development of nephropathy and use
of long-term antibiotics.
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Table 1 Anthropomorphic data at baseline for the patients with diabetes and Charcot foot (n=163), distributed into a group that
received long-term antibiotic treatment for foot infections during their Charcot foot treatment, and a group that did not receive

antibiotics for this reason in the period (1996-2015)

Group with antibiotics (n=105) Group without antibiotics (n=58) P-value
Age (years) 554+£100 60.1£9.1 0.004"
Sex (male/female)? 82/23 25/33 0.005"*
Diabetes type (I/11)? 30/75 10/48 0.109
Duration of diabetes (years)® 16.7+124 166+126 0.826
BMI (kg/mz)a 306193 29157 0.362
HbA1c (mmol/mol) 71+£22 65+19 0.146
Systolic blood pressure (mmHg) 154422 145423 0.033"
Diastolic blood pressure (mmHg)? 83+14 81+£15 0.393
P-creatinine (umol/L)*® 93443 88429 0.947
U-albumine/creatinine ratio (mg)™ 113£257 116+£214 0717

2 Not normally distributed

b Reference level: 60-105 pmol/L for adult males, 45-90 umol/L for adult females

¢ Reference level: < 30 mg normoalbuminuria, 30-299 mg microalbuminuria, >300 mg macroalbuminuria

* Significant at chosen a-level of 0.05

* Significant difference in the distribution of male/female between the two groups

Table2 Long-term use of beta-lactam antibiotics for foot
infections and development of nephropathy in patients with
diabetes with Charcot foot

Develops nephropathy after onset of Charcot n

foot

Yes (%) No (%)
Antibiotics (for foot related issues)
Yes 23 (21.9%) 82 (78.1%) 105
No 3(5.2%) 55 (94.8%) 58
n 26 (16%) 137 (84%) 163

In a chi-square test, the use of antibiotics for foot
infections was associated with a subsequent diagnosis
of nephropathy (p =0.01).

Using a logistical regression, the duration of anti-
biotics use was related to the subsequent diagno-
sis of nephropathy with increasing dose significantly
increasing the risk of nephropathy (p=0.005; Hos-
mer—Lemeshow Statistic: 9.548 (p=0.298), R;*>=0.064)
(Additional File 1: Figure S1).

Less-than-optimal compliance and HbA1lc were used
as pseudomarkers to approximate negligent self-care
and blood glucose regulation respectively, and were
correlated to the length of antibiotics use using Spear-
man’s Rank order tests. Both were positively correlated,
however with weak correlation coefficients (length of
antibiotics use and HbAlc; p=0.006, r =0.294)(length

of antibiotics use and less-than-optimal complicance;
p<0.001, r=0.304).

A combined logistic regression analysis model was
performed to approximate the individual impact of each
of the following factors: baseline p-creatinine, baseline
u-albumine/creatinine ratio, length of antibiotics use,
HbAlc and less-than-optimal compliance. Only base-
line p-creatinine and length of antibiotics use remained
significant contributing factors to the development
of nephropathy (p=0.043 and p=0.048 respectively)
(Additional File 2: Figure S2).

Discussion

We have performed a retrospective study of the use of
long-term oral antibiotics for foot infections in patients
with diabetes and Charcot foot.

We found an association between the use of Dicloxa-
cillin and worsening renal function, with long-term use
being associated with a fourfold increase in the risk of
developing diabetic nephropathy. Furthermore, we found
that increased duration of Dicloxacillin treatment was
associated with increased risk of developing nephropa-
thy. As expected, we found that elevated baseline p-cre-
atinine levels were also associated with increased risk of
developing nephropathy.

The association between diabetic foot ulcers and kid-
ney damage is well-known (18-21). It might, in part,
be caused by extended inflammatory conditions as well
as delayed clearance of certain neurotoxic waste prod-
ucts (22-24). Furthermore, nephropathy is associated
to major complications in patients with a Charcot foot
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(such as ulcerations, deformities or amputation) (25).
However, the chronological causality of this is not clear.

There is little-to-no evidence suggesting that extended
usage of large doses of Dicloxacillin might be nephrotoxic
in an unselected population. The few papers available are
of older date and/or concern short-term use as prophy-
laxis before surgery (26—31). The apparant nephrotoxicity
of Dicloxacillin in these cases could very well be due to
usage in patients with a renal vulnerability consisting of
old age and large orthopedic surgery.

It is unknown whether some dysregulated patients
with diabetes have a similiar renal vulnerability. Our
data could well express such a renal vulnerability in the
subgroup of the patients who were at higher risk due
to other factors (such as extended hyperglycaemia or
reduced compliace to treatment).

Furthermore, it should be remembered that this class
of antibiotics is important for treatment of foot infec-
tions, and can be vital for limb salvage.

In conclusion, in this cohort, long-term treatment
with the penicillinase-stabilized B-lactam antibiotic
Dicloxacillin for foot related infections, in patients
with diabetes and a Charcot foot, was associated with
a fourfold increase in risk of developing nephropathy.
We propose that a need for long-term antibiotics might
be seen as a marker for Charcot patients in high risk of
developing renal impairment.

Limitations

The main limitations of this study are that it is retro-
spective, observational and with data drawn from
standard medical records. Hence we are not able to
draw any conclusions on causality.

Data show that the patients prescribed antibiotics also
had the most advanced diabetes and thus a higher risk
of end stage complications (including nephropathy) to
begin with. Most importantly for the development of
renal impairment, they also had a significantly higher sys-
tolic blood pressure. In addition, they had worse blood
glucose regulation and worse estimated compliance.

Whether these factors can attest for the entirety of
the difference between the two groups we cannot say.
It could be speculated that the need for long-term anti-
biotics for foot ulcers in a Charcot patient is in fact a
marker for a complicated patient with a more-than-
average risk of end-stage complications.

Abbreviations
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Page 4 of 5

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513104-021-05811-5.

Additional file 1: Figure S1. Cumulated maximum length of antibiot-
ics use for Charcot-related foot ulcers and subsequent development of
nephropathy (n=91).

Additional file 2: Figure S2. Multiple Logistic Regression.

Acknowledgements
Not applicable.

Authors’ contributions

PEH came up with the idea for the study. OLS, PEH and RBJ designed the
study. RBJ performed the data collection and analysis. OLS funded the study.
RBJ and OLS wrote the manuscript. BJ and KKM provided the data and helped
in interpreting these. All authors helped in proof-reading the manuscript. All
authors read and approved the final manuscript.

Funding
The project was internally funded, none of the authors have any financial
interests in the outcome.

Availability of data and materials
All data and material used will be provided, in anonymized form, upon request
to the corresponding author (RBJ) at rasmus.bo.jansen@regionh.dk.

Declarations

Ethics approval and consent to participate

The study was approved by the Danish Health and Medicines Authority
(Number 3-3013-1107/1) and by the Danish Data Control Agency (Number
BBH-2015-035, I-suite: 03769). By Danish law, further participant consent is
waived for this kind of study.

Consent for publication
Not applicable.

Competing interests
All authors report that they have no competing interests.

Author details

!'Department of Endocrinology, Bispebjerg Hospital, University of Copenha-
gen, 2400 Copenhagen, NV, Denmark. >’Copenhagen Wound Healing Center,
CODIF, Bispebjerg Hospital, University of Copenhagen, 2400 Copenhagen, NV,
Denmark.

Received: 27 April 2021 Accepted: 15 October 2021
Published online: 30 October 2021

References

1. Jeffcoate W, Lima J, Nobrega L. The Charcot foot. Diabet Med J Br Diabet
Assoc. 2000;17(4):253-8.

2. Rogers LC, Frykberg RG, Armstrong DG, Boulton AJM, Edmonds M,

Van GH, et al. The Charcot foot in diabetes. J Am Podiatr Med Assoc.
2011;101(5):437-46.

3. Sinacore DR, Gutekunst DJ, Hastings MK, Strube MJ, Bohnert KL, Prior
FW, et al. Neuropathic midfoot deformity: associations with ankle and
subtalar joint motion. J Foot Ankle Res. 2013;6(1):11.

4. Al-Rubeaan K, Al Derwish M, Ouizi S, Youssef AM, Subhani SN, Ibrahim
HM, et al. Diabetic foot complications and their risk factors from a large
retrospective cohort study. PloS ONE. 2015;10(5): e0124446.

5. Wukich DK, Sadoskas D, Vaudreuil NJ, Fourman M. Comparison of
diabetic Charcot patients with and without foot wounds. Foot Ankle Int.
2017,38(2):140-8.


https://doi.org/10.1186/s13104-021-05811-5
https://doi.org/10.1186/s13104-021-05811-5

Jansen et al. BMC Res Notes

(2021) 14:403

Kim PJ, Steinberg JS. Complications of the diabetic foot. Endocrinol
Metab Clin North Am. 2013;42(4):833-47.

Lipsky BA, Aragén-Sanchez J, Diggle M, Embil J, Kono S, Lavery L, et al.
IWGDF guidance on the diagnosis and management of foot infections in
persons with diabetes. Diabetes Metab Res Rev. 2016;32(Suppl 1):45-74.
Ramanujam CL, Stapleton JJ, Kilpadi KL, Rodriguez RH, Jeffries LC, Zgonis

T. Split-thickness skin grafts for closure of diabetic foot and ankle wounds:

a retrospective review of 83 patients. Foot Ankle Spec. 2010;3(5):231-40.
Rudrappa S, Game F, Jeffcoate W. Recurrence of the acute Charcot foot in
diabetes. Diabet Med J Br Diabet Assoc. 2012;29(6):819-21.

Appel GB, Neu HC. The nephrotoxicity of antimicrobial agents. N Engl J
Med. 1977;296(12):663-70.

. Hammond DA, Smith MN, Li C, Hayes SM, Lusardi K, Bookstaver PB. Sys-

tematic review and meta-analysis of acute kidney injury associated with
concomitant vancomycin and piperacillin/tazobactam. Clin Infect Dis Off
Publ Infect Dis Soc Am. 2017;64(5):666-74.

Bentley ML, Corwin HL, Dasta J. Drug-induced acute kidney injury in the
critically ill adult: recognition and prevention strategies. Crit Care Med.
2010;38(6 Suppl):S169-174.

Lavergne A, Vigneau C, Polard E, Triquet L, Rioux-Leclercg N, Tattevin

P, et al. Acute kidney injury during treatment with high-dose cloxacil-

lin: a report of 23 cases and literature review. Int J Antimicrob Agents.
2018;52(3):344-9.

Imani S, Buscher H, Marriott D, Gentili S, Sandaradura I. Too much of a
good thing: a retrospective study of B-lactam concentration-toxicity
relationships. J Antimicrob Chemother. 2017;72(10):2891-7.

Vardakas KZ, Kalimeris GD, Triarides NA, Falagas ME. An update on
adverse drug reactions related to B-lactam antibiotics. Expert Opin Drug
Saf. 2018;17(5):499-508.

Jansen RB, Jargensen B, Holstein PE, Mgller KK, Svendsen OL. Mortal-

ity and complications after treatment of acute diabetic Charcot foot. J
Diabetes Complications. 2018;32(12):1141-7.

Wanner C, Inzucchi SE, Lachin JM, Fitchett D, von Eynatten M, Mattheus
M, et al. Empagliflozin and progression of kidney disease in type 2 diabe-
tes. N Engl J Med. 2016;375(4):323-34.

Rossboth S, Lechleitner M, Oberaigner W. Risk factors for diabetic foot
complications in type 2 diabetes—a systematic review. Endocrinol
Diabetes Metab. 2021;4(1): e00175.

Bruun C, SiersmaV, Guassora AD, Holstein P, de Fine Olivarius N. Amputa-
tions and foot ulcers in patients newly diagnosed with type 2 diabetes
mellitus and observed for 19 years. The role of age, gender and co-
morbidity. Diabet Med J Br Diabet Assoc. 2013;30(8):964-72.

20.

AR

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Page 5 of 5

Altaf QA, Sadiqi H, Piya MK, Tahrani AA. Foot insensitivity is associated
with renal function decline in patients with type 2 diabetes: a cohort
study. BMC Endocr Disord. 2016;16(1):64.

Guerrero-Romero F, Rodriguez-Moran M. Relationship of microalbuminu-
ria with the diabetic foot ulcers in type Il diabetes. J Diabetes Complica-
tions. 1998;12(4):193-6.

Ndip A, Lavery LA, Boulton AJM. Diabetic foot disease in people with
advanced nephropathy and those on renal dialysis. Curr Diab Rep.
2010;10(4):283-90.

Game FL, Selby NM, McIntyre CW. Chronic kidney disease and the foot
in diabetes—is inflammation the missing link? Nephron Clin Pract.
2013;123(1-2):36-40.

Lewis S, Raj D, Guzman NJ. Renal failure: implications of chronic kidney
disease in the management of the diabetic foot. Semin Vasc Surg.
2012;25(2):82-8.

Samann A, Pofahl S, Lehmann T, Voigt B, Victor S, Méller F, et al. Diabetic
nephropathy but not HbA1c is predictive for frequent complications of
Charcot feet—long-term follow-up of 164 consecutive patients with 195
acute Charcot feet. Exp Clin Endocrinol Diabetes Off J Ger Soc Endocrinol
Ger Diabetes Assoc. 2012;120(6):335-9.

Tune BM. Nephrotoxicity of beta-lactam antibiotics: mechanisms and
strategies for prevention. Pediatr Nephrol Berl Ger. 1997;11(6):768-72.
Nordbring F. Is dicloxacillin nephrotoxic? Acta Orthop Scand.
1984;55(4):405-6.

Khalili H, Bairami S, Kargar M. Antibiotics induced acute kidney injury:
incidence, risk factors, onset time and outcome. Acta Med Iran.
2013;51(12):871-8.

Solgaard L, Tuxoe JI, Mafi M, Due Olsen S, Toftgaard JT. Nephrotoxicity by
dicloxacillin and gentamicin in 163 patients with intertrochanteric hip
fractures. Int Orthop. 2000;24(3):155-7.

Hassan BK, Sahlstrom A, Dessau RB. Risk factors for renal dysfunction after
total knee joint replacement. Acta Orthop Belg. 2015;81(4):647-53.
Challagundla SR, Knox D, Hawkins A, Hamilton D, Flynn RWV, Robertson
S, et al. Renal impairment after high-dose flucloxacillin and single-dose
gentamicin prophylaxis in patients undergoing elective hip and knee
replacement. Nephrol Dial Transplant Off Publ Eur Dial Transpl Assoc.
2013;28(3):612-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Risk factors for development of nephropathy in patients with a diabetic Charcot foot
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Statistics

	Results
	Discussion
	Limitations

	Acknowledgements
	References




