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ARTICLE INFO ABSTRACT

Keywords: Introduction and importance: Diabetic foot ulcers (DFUs), as one of the most debilitating complications of diabetes,
Diabetic foot can lead to amputation. Treatment and management of d DFUs are among the most critical challenges for the
Lart:”? patients and their families.

De m_iemem Case presentation: The present case report is of a 63-year-old man with a 5-year history of uncontrolled type 2
Negative-pressure wound therapy . . .

Silver diabetes who has had DFU for the past three years on three sites of the left external ankle in the form of two deep
Amputation circular ulcers with sizes of 6 x 4 cm and 6 x 8 cm, the sole as a superficial ulcer with a size of 6 x 3 cm, and the

left heel as a deep skin groove. Moreover, the left hallux was completely gangrenous. The patient’s ulcers were
infected with Staphylococcus aureus and multidrug-resistant Pseudomonas aeruginosa. The patient was transferred
to our wound management team. DFU was treated and managed using a combination of surgical debridement,
maggot therapy, the Negative Pressure Wound Therapy (NPWT), and silver foam dressing. After three months
and ten days, the patient’s ulcers completely healed, and he was discharged from our service with the excellent
and stable condition.

Clinical discussion: DFUs are caused by various pathological mechanisms, the monotherapy strategy would lead to
a very low level of recovery. Therefore, DFU management requires multimodal care and interdisciplinary
treatment.

Conclusion: Based on the present case report study’s clinical results, wound-care teams can use the combination
therapy applied in this case report to treat refractory DFU.

dressing, and glycemic control [4,5]. In this regard, newer treatment
strategies include Maggot Therapy (MT), NPWT, Hyperbaric Oxygen

1. Introduction

Diabetic Foot Ulcer (DFU) is one of the most important and debili-
tating complications of diabetes [1]. More than 25% of people with
diabetes develop DFU during their lifetime [2], and about 20% of
moderate to severe DFUs lead to amputation [3]. The mortality risk in a
diabetic patient with DFU due to the ulcer complications (such as
infection and sepsis) is twice as high in 10 years as in a diabetic patient
without DFU [1].

Current methods for managing DFU include necrotic tissue
debridement, wound care and exudate management, Negative Pressure
Wound Therapy (NPWT), vascular health assessment, combating dia-
betic wound infection through topical antibiotic therapy, silver foam

Therapy (HBOT), stem cell-based therapy, growth factor therapy, and
therapeutic application of extracellular matrix proteins [6]. The MT,
also known as larval therapy, is the intentional application of medical-
grade fly larvae (such as St. Lucilia sericata) grown under controlled
laboratory conditions for therapeutic purposes, especially for the treat-
ment of DFUs [7]. The main therapeutic mechanisms of MT are the
ability to reduce wound bacteria through their digestion, production of
antibacterial secretions and destruction of bacterial biofilms [8]. MT has
been shown to be effective for a variety of wounds with necrotic and
gangrenous tissue [5].The NPWT is used as another modern treatment
method for complex wounds, especially DFUs, which involves applying
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a foam dressing attached to a negative pressure vacuum pump through
which wound exudate is collected in a capsule [9]. The NPWT also in-
creases local blood flow, inhibits pathogenic bacteria’s growth and
minimizes tissue edema [10]. Another common and cost-effective
treatment method for DFUs is silver foam dressing. Silver ions bind to
bacterial DNA, interfere with bacterial electron transfer, and disrupt
bacterial growth [11].

Regarding that DFU does not respond to standard drug therapies,
combination therapies are recommended for treating and managing
DFUs [12]. This case report describes a patient with DFU who
completely recovered using combination therapy (surgical debridement,
MT, NPWT, and silver foam dressing).

2. Case presentation

The patient is a 63-year-old man with a 5-year history of type 2
diabetes who has had left DFUs for three years. He is also a retired
employee of the education department with a middle level of socio-
economic status. So far, he has been hospitalized three times for the
routine treatment of DFU (normal saline wound dressing and antibiotic
therapy). He shows poor glycemic control and has a history of hyper-
tension and iron deficiency anemia. The patient also has a family history
of diabetes and high blood pressure. In addition, to control blood sugar,
he was on Novorapid insulin six units TDS and Lantus Insulin 25 units at
night before bedtime. To control blood pressure, he was taking Tab
Captopril 25 mg BID. He is not a smoker and denies a history of drug and
alcohol abuse. He was also from a low-income family and commanded
the full social support of his family. He was a taxi driver transporting
passengers from the village to the city.

The patient had referred to Imam Reza Hospital in Urmia on 8 June
2019 with a chief complaint of ulceration on the left foot. In history-
taking and physical examination, it was found that the patient had
antibiotic-resistant DFUs (the organisms of Staphylococcus aureus and
Pseudomonas aeruginosa has been reported responsible for the infection
in patient culture-antibiogram) on three sites of the left external ankle in
the form of two deep, circular ulcers with sizes of 6 x 4 cm and 6 x 8 cm,
the sole as a superficial ulcer with a size of 6 x 3 cm, and the left heel as a
deep skin groove (Fig. 1). Moreover, the left hallux was completely
gangrenous (Fig. 1). Some of the patient’s laboratory data on admission
were as follows:

1- Hemoglobin A1C = 7/5%
2- Blood Sugar = 550 mg/dl
3- High-density lipoprotein 38 mg/dl
4- Low-density lipoprotein 75 mg/dl
5- Cholesterol 182 mg/dl
6- Triglycerides 79 mg/dl
7- Blood urea =19.1 mg/dl
8- Blood creatinine =0.83 mg/dl
9- Hemoglobin = 8/9 g/dl
10- Hematocrit = 32%
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During the hospital stay, the patient first received Amp Ciprofloxacin
400 mg Intravenous (IV) q12h (BID) and Amp Clindamycin 900 mg IV
q8h (TDS) for four days, and then he received Amp Meropenem 1 g IV
TDS and Amp Vancomycin 1 g IV BID for two weeks.

The patient underwent an initial examination, Color Flow Doppler,
and Magnetic Resonance Imaging (MRI). The findings did not show any
abnormalities in the left foot’s circulatory system, although the results of
the MRI confirmed the diagnosis of osteomyelitis of the left hallux.
Moreover, due to a low hemoglobin level on admission, a single unit of
packed red blood cells was injected into the patient. The patient’s DFU
also had an annoying odor, so that other patients complained of an
unpleasant odor. The severity of diabetic foot infection was such that the
patient suffered from sepsis symptoms (fever, chills, tachycardia, and
hypotension). The patient’s vital signs on admission were as follows:
Temperature: 38.3 °C, Respiration Rate: 19 bpm, Pulse Rate: 103 bpm,
Blood Pressure: 150/85 mmHg. During the hospital stay, the patient
received the routine DFU care (normal saline dressing twice a day and
intravenous antibiotic therapy). However, she did not recover from DFU
using routine wound care, so she was referred to our wound manage-
ment team. This case report has been reported in line with the SCARE
2020 Guidelines [13].

2.1. Management

First, nonviable and necrotic tissue was removed by surgical
debridement, then St. Lucilia Sericata (L1 larvae) medicinal maggots
were provided from the laboratory of medical entomology of the School
of Public Health, Tehran University of Medical Sciences, Iran. Then on
11 June 2019, the MT was begun to conduct debridement and bacterial
disinfection. For this case, the MT included preparing the wound,
putting the larvae on DFUs, and finally dressing and removing the larvae
after 48 h (Fig. 2). After beginning the MT, the odor of the infection
completely ended, and the MT continued for four weeks.

Furthermore, after the completion of MT, the patient’s DFUs were
stimulated by mechanical debridement and saline irrigation so that the
whole necrotic tissue was completely removed and granulation tissue
formed on the surface of the DFUs (Fig. 3). At each stage of the inter-
vention, every 10 min the patient was asked a question to tolerate the
intervention and continue it, and if the answer was “yes”, the inter-
vention was continued and if the answer was “no”, the intervention was
stopped. After completing the MT on 12 July 2019, the patient was
discharged from the hospital with good general condition, and the
treatment process was continued as home care by the wound manage-
ment team. After completing the MT, to accelerate the treatment process
and speed up recovery, the NPWT (applying a pressure of 125 mmHg
intermittently) was used for five four-day sessions. After each session,
foam dressings of the DFUs were changed until the next session (Fig. 4).
All deep parts of the DFUs, especially the deep heel ulcer, were recov-
ered due to the rapid granulation tissue growth.

Fig. 1. Diabetic foot ulcer before starting the combination therapy.
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Fig. 4. NPWT applied following maggot therapy.

a) Moreover, after completing the MT, silver dressing was used once
every three days for two months to completely heal the DFUs (Fig. 5).
The patient was finally able to walk on his left foot. Another essential
part of the DFU treatment was offloading, in which the patients were
instructed to avoid excessive pressure on the granulation tissue
throughout the treatment period. Thus, the patient was educated to
use the crutch and wheelchair to transfer until the completion of the
treatment. He was also instructed about the complications of the
procedures after the intervention and their warning signs and how to
manage them. The patient’s DFUs were completely healed after three
months and ten days, and the patient was discharged from our ser-
vice with a good and stable general condition (Fig. 5). It should be
noted that the procedures were performed by a nurse who was
trained in this field.

3. Discussion

Diabetic foot infections are associated with considerable significant
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Fig. 5. Diabetic foot ulcer of the patient after combination therapy.

mortality and morbidity, affecting the quality of life. It can also be life-
threatening and cause complications such as infection, sepsis, and
amputation. Common standard treatments for DFU include the
following: (a) reduction of pressure on the area, (b) necrotic tissue
debridement, (c¢) infection control, and (d) revascularization [14].
However, with standard treatment methods of DFU, only 30% of DFUs
heal within 20 weeks [15]. Since DFUs are caused by various patho-
logical mechanisms, the monotherapy strategy would lead to a very low
level of recovery. Therefore, DFU management requires multimodal care
and interdisciplinary treatment [14].

In our case report, the patient had poor glycemic control for 2 years
after diagnosing type 2 diabetes, which led to microcirculatory changes
and eventually DFU [2]. The patient’s DFU has spread due to poor
glycemic control over 3 years and antibiotic resistance.

In this regard, the basic and essential conditions for treatment suc-
cess are adequate tissue perfusion and the absence of osteomyelitis, as
osteomyelitis can negatively affect wound healing [12]. However, due
to the lack of underlying and chronic disease in the case of the present
study, he was an appropriate case for treatment.

In this case report study, after obtaining the patient’s written
informed consent to the treatment, we used a combination therapy
(surgical debridement, MT, NPWT, and silver foam dressing) to treat the
patient’s DFUs. After one month of hospitalization, the patient was
discharged from the hospital, and the physician prescribed him post-
discharge oral antibiotics. To continue the treatment process, the
wound management team went to the patient’s home and performed
five sessions of NPWT with debridement and silver foam dressing. After
completing the treatment process on 19 September 2019, the patient’s
DFUs recovered significantly (Fig. 5), and the patient could walk. The
patient stated after recovery that “I was completely disappointed with
the treatment of my DFU and was completely terrified of amputation of



N. Parizad et al.

my leg, but with the appropriate therapeutic approaches I have
completely recovered.”

In line with the results of the present case report study, Zhang et al.
[10] and Liu et al. [9] showed that NPWT, along with maggot
debridement therapy and silver foam dressing, is an appropriate treat-
ment method for DFU. Hajimohammadi et al. [16] showed that NPWT
with silver foam dressing effectively treats DFU [16]. In line with the
present case report study results, Malekian et al. [8] conducted a clinical
trial on the effect of maggot therapy on DFU indicated that MT is a safe
and effective method for the treatment of DFU [8]. In addition, Siavash
et al. [17] concluded that MT is an effective and new treatment for
complex DFUs which are resistant to conventional and routine therapies
[17]. However, due to limited studies in this area, the effectiveness of
NPWT on the prevention of diabetic foot amputation remains clinically
unclear [12]. It should be noted that all studies in this area have sug-
gested approaches for the treatment of DFUs. But according to the re-
sults of this case report, it potentially suggests an appropriate approach
to prevent of amputation in DFUs.

4. Conclusion

Despite current standard treatments, DFUs are a major cause of
mortality and morbidity in patients with diabetes. DFUs are complex
wounds due to multiple pathological mechanisms. Therefore, instead of
a single treatment approach, new and innovative treatment methods,
especially the combined use of surgical debridement, MT, NPWT, and
silver foam dressing, should be used to prevent the spread of the wound
and control diabetic foot infection. Since the treatment of complex
wounds (such as DFU) is a time-consuming and costly process, it is
recommended to use innovative methods to reduce costs and accelerate
the wound healing process.

Sources of funding

None.
Ethical approval

Our study is exempted from ethnical approval.
Consent

Written informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this
journal on request.
CRediT authorship contribution statement

Rasoul Goli: Study concept, data collection, writing the paper and
making the revision of the manuscript following the reviewer’s
instructions.

Naser Parizad: Study concept, reviewing and validating the manu-
script’s credibility.

Kazem Hajimohammadi: reviewing and validating the manuscript’s
credibility.

Research registration

Not applicable.

International Journal of Surgery Case Reports 82 (2021) 105931

Guarantor

Rasoul Goli.
Provenance and peer review

Not commissioned, externally peer-reviewed.
Declaration of competing interest

None.

References

[1] D.G. Armstrong, A.J. Boulton, S.A. Bus, Diabetic foot ulcers and their recurrence,
N. Engl. J. Med. 376 (24) (2017) 2367-2375, https://doi.org/10.1056/
NEJMral615439.

[2] J.J. Hurlow, G.J. Humphreys, F.L. Bowling, A.J. McBain, Diabetic foot infection: a
critical complication, Int. Wound J. 15 (5) (2018) 814-821, https://doi.org/
10.1111/iwj.12932.

[3] B.A. Lipsky, A.R. Berendt, P.B. Cornia, J.C. Pile, E.J. Peters, D.G. Armstrong, et al.,
Infectious Dis s Society of America clinical practice guideline for the diagnosis
and treatment of diabetic foot infections, Clin. Infect. Dis. 2012 (54(12)) (2012)
(e132-73. DOL: 10.1093/cid/cis346).

[4] J. Adeghate, S. Nurulain, K. Tekes, E. Fehér, H. Kaldsz, E. Adeghate, Novel
biological therapies for the treatment of diabetic foot ulcers, Expert. Opin. Biol.
Ther. 17 (8) (2017) 979-987, https://doi.org/10.1080/14712598.2017.1333596.

[5] K. Hajmohammadi, R.E. Zabihi, K. Akbarzadeh, N. Parizad, Using a combination
therapy to combat scalp necrosis: a case report, J. Med. Case Rep. 14 (1) (2020)
1-5, https://doi.org/10.1186/513256-020-02450-5.

[6] D. Baltzis, I. Eleftheriadou, A. Veves, Pathogenesis and treatment of impaired
wound healing in diabetes mellitus: new insights, Adv. Ther. 31 (8) (2014)
817-836, https://doi.org/10.1007/5s12325-014-0140-x.

[7]1 F. Stadler, The maggot therapy supply chain: a review of the literature and
practice, Med. Vet. Entomol. 34 (1) (2020) 1-9, https://doi.org/10.1111/
mve.12397.

[8] A. Malekian, G.E. Djavid, K. Akbarzadeh, M. Soltandallal, Y. Rassi, J. Rafinejad, et
al., Efficacy of maggot therapy on Staphylococcus aureus and Pseudomonas
aeruginosa in diabetic foot ulcers: a randomized controlled trial, J. Wound Ostomy
Continence Nurs. 46 (1) (2019) 25-29, https://doi.org/10.1097/
WON.0000000000000496.

[9] Z. Liu, J.C. Dumville, R.J. Hinchliffe, N. Cullum, F. Game, N. Stubbs, et al.,
Negative pressure wound therapy for treating foot wounds in people with diabetes
mellitus, Cochrane Database Syst. Rev. (10) (2018), https://doi.org/10.1002/
14651858.CD010318.pub3.

[10] J. Zhang, Z.C. Hu, D. Chen, D. Guo, J.Y. Zhu, B. Tang, Effectiveness and safety of
negative-pressure wound therapy for diabetic foot ulcers: a meta-analysis, Plast.
Reconstr. Surg. 134 (1) (2014) 141-151, https://doi.org/10.1097/
PRS.0000000000000275.

[11] P. Davies, S. McCarty, K. Hamberg, Silver-containing foam dressings with Safetac: a
review of the scientific and clinical data, J. Wound Care 26 (Sup6a) (2017),
https://doi.org/10.12968/jowc.2017.26.Sup6a.S1 (S1-32).

[12] K. Futrega, M. King, W.B. Lott, M.R. Doran, Treating the whole not the hole:
necessary coupling of technologies for diabetic foot ulcer treatment, Trends Mol.
Med. 20 (3) (2014) 137-142, https://doi.org/10.1016/j.molmed.2013.12.004.

[13] R.A. Agha, T. Franchi, C. Sohrabi, G. Mathew, A. Kerwan, A. Thoma, et al., The
SCARE 2020 guideline: updating consensus Surgical CAse REport (SCARE)
guidelines, Int. J. Surg. 1 (84) (2020 Dec) 226-230, https://doi.org/10.1016/j.
ijsu.2020.10.034.

[14] P.C. Aldana, A. Khachemoune, Diabetic foot ulcers: appraising standard of care and
reviewing new trends in management, Am. J. Clin. Dermatol. 21 (2) (2020)
255-264, https://doi.org/10.1007/540257-019-00495-x.

[15] D.J. Margolis, L. Allen-Taylor, O. Hoffstad, J.A. Berlin, Healing diabetic
neuropathic foot ulcers: are we getting better? Diabet. Med. 22 (2) (2005)
172-176, https://doi.org/10.1111/j.1464-5491.2004.01375.x.

[16] K. Hajimohammadi, K. Makhdoomi, R.E. Zabihi, N. Parizad, NPWT: a gate of hope
for patients with diabetic foot ulcers, Br. J. Nurs. 28 (12) (2019) S6-S9, https://
doi.org/10.12968/bjon.2019.28.12.5S6.

[17] M. Siavash, A. Najjarnezhad, N. Mohseni, S.M. Abtahi, A. Karimy, M.H. Sabzevari,
Efficacy of maggot debridement therapy on refractory atypical diabetic foot ulcers:
an open-label study, Int J Low Extrem Wounds (2020 May), https://doi.org/
10.1177/1534734620920403.



https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1056/NEJMra1615439
https://doi.org/10.1111/iwj.12932
https://doi.org/10.1111/iwj.12932
http://refhub.elsevier.com/S2210-2612(21)00433-8/rf0015
http://refhub.elsevier.com/S2210-2612(21)00433-8/rf0015
http://refhub.elsevier.com/S2210-2612(21)00433-8/rf0015
http://refhub.elsevier.com/S2210-2612(21)00433-8/rf0015
https://doi.org/10.1080/14712598.2017.1333596
https://doi.org/10.1186/s13256-020-02450-5
https://doi.org/10.1007/s12325-014-0140-x
https://doi.org/10.1111/mve.12397
https://doi.org/10.1111/mve.12397
https://doi.org/10.1097/WON.0000000000000496
https://doi.org/10.1097/WON.0000000000000496
https://doi.org/10.1002/14651858.CD010318.pub3
https://doi.org/10.1002/14651858.CD010318.pub3
https://doi.org/10.1097/PRS.0000000000000275
https://doi.org/10.1097/PRS.0000000000000275
https://doi.org/10.12968/jowc.2017.26.Sup6a.S1
https://doi.org/10.1016/j.molmed.2013.12.004
https://doi.org/10.1016/j.ijsu.2020.10.034
https://doi.org/10.1016/j.ijsu.2020.10.034
https://doi.org/10.1007/s40257-019-00495-x
https://doi.org/10.1111/j.1464-5491.2004.01375.x
https://doi.org/10.12968/bjon.2019.28.12.S6
https://doi.org/10.12968/bjon.2019.28.12.S6
https://doi.org/10.1177/1534734620920403
https://doi.org/10.1177/1534734620920403

	Surgical debridement, maggot therapy, negative pressure wound therapy, and silver foam dressing revive hope for patients wi ...
	1 Introduction
	2 Case presentation
	2.1 Management

	3 Discussion
	4 Conclusion
	Sources of funding
	Ethical approval
	Consent
	CRediT authorship contribution statement
	Research registration
	Guarantor
	Provenance and peer review
	Declaration of competing interest
	References


