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Diabetes mellitus is a condition often 
associated with peripheral vascular 
disease and limb ulcers. Diabetic foot 

ulcers (DFU) are one of the most prevalent 
complications in patients who have suboptimal 
control of their diabetes. It is also a common 
cause for amputation of lower extremities 
(Oliver and Mutluoglu, 2020). There are 1 in 
3 people aged 65 and above with diabetes and 
by the year 2050, up to 1 million Singaporeans 
are projected to be affected by diabetes 
(Ministry of Health Singapore, 2010). Among 
patients with diabetes, 2–3% will develop a DFU 
each year, while the lifetime risk of developing 
a DFU is approximately 15%. There has been a 
rising trend in lower extremity amputation rates 
in Singapore, related to complications arising 
from diabetes. The amputation rates increased 
from 26 per 100 000 residents in 2001 to 47 
per 100 000 residents in 2007 and 55 per 100 
000 residents in 2014. These high rates of lower 
extremity amputations in Singapore, compared 

with other Organization for Economic Co-
operation and Development (OECD) countries 
(Organisation for Economic Co-operation and 
Development, 2015), not only have subsequent 
implications on patients’ quality of life, but also 
have indirect costs on society, as a significant 
number of amputees are unable to return to 
work and require a long-term carer.

Maggot debridement therapy (MDT), using 
sterilised medical grade maggots, was described 
in 1832 for chronic wounds that have moist 
slough, where surgical debridement is not 
required (Larrey, 1832). There has also been 
emerging evidence for its use in wounds 
infected with multiple drug-resistant organisms 
(Naik and Harding, 2017). The technique 
has had a resurgence in recent times due to 
improved ways to deliver maggots to the 
wound bed (Paul, 2009). MDT in Singapore 
since has recently been reintroduced in the 
local healthcare system. It has been shown to 
be associated with faster growth of granulation 
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tissue and greater wound healing rates when 
compared with conventional therapy (Sherman 
et al, 2000). MDT is also useful as a means for 
biological debridement in infected ulcers and 
helps to remove necrotic or sloughy tissue. It 
has also been used in regional countries such as 
Malaysia, with usage in both tertiary hospitals 
and primary health care settings, which has led 
to reductions in lower extremity amputation 
rates in these countries (WHO, 2018). 

While MDT has been reported extensively in 
the UK and the USA where sterile maggots are 
readily available, there is a lack of published 
papers on the effectiveness of MDT in Singapore 
with only one prior report (Pettican and 
Baptista, 2012). 

Aim
In this study, a locally produced Health Science 
Authority (HSA) approved medical device, 
Lucilia cuprina sterile maggots were used in 
the treatment of DFUs. The objective of the 
study was to ascertain the safety and efficacy 
of this locally developed for MDT, and evaluate 
whether MDT improves wound healing, in 
terms of reduction in wound area and reduction 
in slough percentage. We also evaluated 
whether MDT reduces the need for operative 
debridement. The findings of the research could 
be used to support the reintroduction of MDT as 
an adjunct wound therapy locally in Singapore 
and will also add to the growing body of 
literature on MDT in Asian patients.

Methodology 
Maggot preparation process
Colonies of Lucilia cuprina flies were initially 
collected from the wild and allowed to 
reproduce in an Arthropod Containment Level 2 
(ACL 2) insectary facility. Firstly, slivers of sheep 
offal are used as a bait to attract wild type 
blowfly populations, into a transparent box 
which can then be sealed for transportation 
back to the ACL 2 insectary. Then, trained staff 
identify the Lucilia cuprina species of blowfly 
and remove them and kill the other species of 
blowflies/ flies trapped within. When sufficient 
males and females wild-type Lucilia cuprina 
blowflies are collected, they are allowed to 
breed, lay eggs, hatch into larvae, pupate and 
emerge as adults to complete and continue the 
life cycle as Lab reared Lucilia cuprina blowflies. 

Under ISO13485 certified protocols for 
medical device manufacture, lab reared 
Lucilia cuprina blowflies are kept in cages of 
200–500 flies and fed a diet of carbohydrates 
and proteins essential to healthy growth and 

development. At a specific age, the lab reared 
blowflies become sexually active and thereafter 
females become gravid within a few days. A 
high protein substrate comprised of sheep or 
seafood offal is used to stimulate the gravid 
females to lay eggs which are visible as clumps 
of white eggs about 1–2mm in length. Trained 
staff remove these eggs clumps, separate them 
into individual eggs and rinse them in distilled 
water in preparation of the sterilisation process 
to generate the medical grade maggots. 

The sterilisation process involves multiple 
washes in a buffered disinfection solution with 
vigorous agitation, conducted under aseptic 
protocols in a Biosafety cabinet. On each wash 
cycle, eggs that are not viable or damaged, 
will float to the top and are removed with a 
sterile pipette. On the final wash cycle, viable 
eggs remaining are carefully removed and 
placed onto prepared transportation vials 
containing a nutrient agar transport media 
and sealed for delivery. For quality control, all 
batches of sterilised eggs have a sampling of 
eggs and sampling of disinfection wash which 
are streak plated on Blood and Choc agar to 
select for fastidious microbes, then incubated 
at 36.9ºC for a minimum of 18 hours. They are 
observed for signs of microbial growth and 
findings recorded for traceability as stipulated 
in the ISO13485 protocols and HSA guidelines. 
The corresponding vials of hatched larvae 
are labelled and delivered to the designated 
medical facility for clinical use, with each vial 
containing about 200 Lucilia cuprina larvae.

Inpatient study protocol
Prescription of MDT was based on a 
multidisciplinary decision by the clinical team 
and wound care professionals. For baseline 
assessments, vascular assessments were routine 
and performed as part of existing workflow and 
standard of care. 

Sterile, medical-grade HSA-approved maggots 
for MDT were applied onto the wound and 
were changed every 2–3 days. Each patient had 
2 consecutive applications of MDT. 

Patients were allowed to switch between 
MDT and conventional wound therapy, and 
not limited to MDT alone. Revascularisation 
and operative debridement or amputations 
were performed as part of standard of care. 
Standard clinical review with wound inspection, 
pain score and assessment of wound size 
and area was performed every time the MDT 
dressings were changed. Slough percentage was 
recorded at baseline, and after each application. 
Photographs of the wound were taken and 
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stored on the patient’s electronic medical record 
as per existing clinical practice. 

Analgesia was given and titrated as per 
World Health Organisation (WHO) Analgesic 

ladder, using combinations of paracetamol, 
nonsteroidal anti-inflammatory drugs (if no 
history of gastrointestinal bleeding) and weak 
opioids like tramadol. Additional potent opioids 

Table 1.s Patient demographics

Demographics No. (%) or mean ± standard deviation

Study population 11

Study period 1 year

Male:female 10 (90.9%) : 1 (9.1%)

Chinese : Malay : Indian : Other 8 (72.7%) : 1 (9.1%) : 1 (9.1 %) : 1 (9.1%)

Mean age (range) 64 (51–81) years

Cigarette smoking: current: ex: never 2 (18.2%) : 5 (45.4%) : 4 (36.4%)

Diabetes mellitus 11 / 11 (100%)

Mean Hbac (range) 7.1% (5.3 – 9.1%)

Peripheral vascular disease 9 / 11

Toe brachial pressure index 0.25 ± 0.16

Revascularisation performed before MDT application 9 / 11 (81.8%)

Type of revascularisation: angioplasty : bypass : 
hybrid procedure

6 : 2 : 1

Hypertension 10 / 11 (90.9%)

Ischaemic heart disease 8 (72.7%) : 3 (27.3%)

End stage renal failure 4 / 11 (36%)

Table 2. Wound characteristics and study outcomes

Wound characteristics

Side of wound (Right : left) 2 (18.2%) : 9 (81.8%)

Depth of wound (superficial : deep) 25 (75.8%) : 8 (24.2%)

Type of wound (heel : single toe amputation : multiple toes 
amputation : trans-metatarsal amputation)

2 (18.2%) : 2 (18.2%) : 5 (45.4%) :  
2 (18.2%)

Study outcomes

Mean reduction in slough following 2 applications 45% (p<0.001)

Mean change in area of wound (cm²) following 2 applications +0.65 (p=0.71)

Number of vials used (1 : 2 : 3 : 4) 7 : 13 : 1 : 1

Mean number of vials used per application 1.81

Use of antibiotics (yes : no) 32 (97%) : 1 (3%)

Mean Visual Analogue Scale Score 3.3 (2.3 – 4.3, 95% CI)

Mean number of debridements required per inpatient  
(Total : post-MDT)

2 : 1

Complications as a result of MDT 0

Patients who did not complete prescribed length of therapy 1

Wound closure rate 45.5% (5/11) 

Limb salvage rate 90.9% (10/11) 2 patients 
demised from non-wound 
related aetiologies with affected 
limb preserved

Mean time to wound closure 7.2 months (6 – 8.4, 95% CI)

Median time to wound closure 7 months
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Case 1 

 ■ A 64-year-old Chinese male, with a deep left heel wound 
 ■ They received 2 applications of MDT
 ■ Overall reduction in slough percentage of 60%;, with a 8.5% increase in wound size.

Pre MDT Post MDT

Length : breadth : area 6.1 cm : 6.8 cm : 32.9 cm2 Length : breadth : area 6.3 cm : 6.6 cm : 35.7 cm2

Wound bed 100% slough Wound bed 40% slough

Pain score 0/10 Pain score 2/10

like subcutaneous fentanyl injection were 
prescribed as required for dressing changes.

Wound care after usage of MDT varied 
between negative pressure wound dressing 
to promote granulation tissue or conventional 
dressings like hydrofibres (AQUACELAg or 
ExufiberAg) or technology lipido-colloid (TLC) 
nano-oligosaccharide factor (NOSF) dressings 
(Urogostart) with an outer foam dressing.

Patients were also allowed to withdraw from 
participation in the study at any time without 
penalty or affecting their medical care. Clinical 
data that was collected up to the time of 
withdrawal was kept and analysed.

Statistical analysis was conducted using 
GraphPad Prism version 8.0.2 for Windows 
(GraphPad Software, San Diego, California, 
USA). Descriptive analysis was conducted for 
all demographical data. Student’s t-test was 
used on continuous data to compare the means 
between two groups and one-way ANOVA 
was used to compare the means of three or 
more matched groups. A p-value <0.05 was 
considered statistically significant.

Ethics approval for the study was obtained 
from our hospital’s Institutional Review Board 
(NHG DSRB Reference: 2020/00037). All patients 
consented to the study and the use of their data 
for publication purposes.

Results 
Patient demographics
In this study, 11 patients with DFUs were 
prospectively recruited to undergo MDT. The 
participants were selected from inpatients 

admitted under the Tan Tock Seng Hospital 
Vascular Surgery Service. Of the 11 patients 
9 had pre-existing peripheral vascular disease 
(requiring revascularisation) in addition 
to diabetes mellitus. Patients with non-
revascularised and ischaemic wounds, wounds 
with exposed blood vessels or at risk of profuse 
bleeding (haemophiliacs) or rapidly advancing 
soft tissue infection mandating operative 
debridement were excluded.

Table 2 showing the wound characteristics 
and study outcomes. There was a reduction in 
slough percentage of 15% on average after the 
first application. By the second application, the 
average reduction in slough percentage increased 
to 45% (p<0.001) (Figure 1), with all patients 
having reduction in slough after 2 cycles (Figure 
2). The length, breadth and area of the wounds 
were also recorded at baseline, and after each 
application. Change in wound length, breadth and 
area showed no clear trend, with some patients 
seeing a reduction in wound length, breadth 
and area, while others saw an increase in these 
measurements. The changes are reported in the 
individual patients’ case study tables above. A total 
of 3 out of 11 patients (27.3%) had reductions in 
wound lengths and 4 out of 11 patients (36.4%) 
had reductions in wound breadths, after 2 
applications. The change in total wound area was 
also calculated and reported in each individual 
case study, with a total of 2 out of 11 patients 
(18.2%) seeing a reduction in wound area after 
2 applications of MDT.

As seen from the case studies, all patients 
showed a decrease in slough percentage, 18% of 
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Case 3

 ■ A 60-year-old Chinese male, with a superficial wound over 1st and 2nd ray amputation sites on 
left foot, who underwent angioplasty for revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 20%; 9.7% increase in wound size

Pre MDT Post MDT

Length : breadth : area 6.3 cm : 4.4 cm : 19.6 cm2 Length : breadth : area 5.1 cm : 6.0 cm : 21.5 cm2

Wound bed 80% slough Wound bed 60% slough

Pain score 2/10 Pain score 10/10

Case 2

 ■ A 51-year-old  Malay female, with a superficial wound over 3rd, 4th and 5th ray amputation sites 
on left foot; Fem — distal bypass with vein graft for revascularisation.

 ■ She received 2 applications of MDT
 ■ Overall reduction in slough percentage of 40%; 6.0% increase in wound size

Pre MDT Post MDT

Length : breadth : area 7.3 cm : 5.0 cm : 26.5 cm2 Length : breadth : area 6.9 cm : 5.6 cm : 28.1 cm2

Wound bed 80% slough Wound Bed 40% slough

Pain score 4/10 Pain score 8/10

Wound healed 5 months post MDT

the participants had wounds that were less than 
5% covered in slough by their third visit, which 
was after the second application. Pain scores 
increased from an average of 2.6 on the first visit, 

to 3.4 on the second visit, and finally to 3.9 on 
the third visit. Across all visits, a total of 55% of 
the participants reported pain levels below 6 on 
the pain scale.
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Case 4 

 ■ A 65-year-old Chinese male, with a superficial wound over 1st, 2nd and 3rd ray amputation sites 
on left foot. He underwent a left common femoral endarterectomy and tibial vessel angioplasty

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 40%; 20.8% increase in wound size

Pre MDT Post MDT

Length : Breadth : Area 3.4 cm : 5.5 cm : 13.0 cm2 Length : Breadth : Area 3.7 cm : 5.6 cm : 15.7 cm2

Wound bed 80% slough Wound Bed 40% slough

Pain score 5/10 Pain score 5/10

Case 5

 ■ A 64-year-old Chinese male, with a superficial right heel wound. Bypass performed for 
revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 100%; 12.4% increase in wound size

Pre MDT Post MDT

Length : Breadth : Area 5.5 cm : 6.3 cm : 25.0 cm2 Length : Breadth : Area 6.3 cm : 6.5 cm : 28.1 cm2

Wound bed 100% slough Wound Bed 0% slough

Pain score 3/10 Pain score 5/10

The participants came for a total of three visits, 
with the third visit being a follow-up with no 
MDT being administered. Over the 3 visits, there 
were 25 (75.8%) reports of superficial wounds 

and 8 reports of deep wounds (24.2%). Over 
the course of two applications, 7 patients used 
1 vial, 13 patients used 2 vials, 1 patient used 
3 vials and 1 patient used 4 vials. Of the 11 
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Case 6

 ■ A 52-year-old Chinese male, with a superficial wound over trans-metatarsal amputation site on 
left foot. Underwent angioplasty for revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 40%;12.4% increase in wound size

Pre MDT Post MDT

Length : Breadth : Area 7.3 cm : 8.1 cm : 49.0 cm2 Length : Breadth : Area 7.7 cm : 9.1 cm : 55.1 cm2

Wound bed 80% slough Wound Bed 40% slough

Pain score 4/10 Pain score 0/10

Case 7

 ■ A 65-year-old Chinese male, with a superficial wound over 3rd, 4th and 5th ray amputation sites 
on left foot. Underwent angioplasty for revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 20%; 12.0% increase in wound size

Pre MDT Post MDT

Length : Breadth : Area 10.1 cm : 3.2 cm : 27.4 cm2 Length : Breadth : Area 11.6 cm : 4.0 cm : 30.7 cm2

Wound bed 80% slough Wound Bed 60% slough

Pain score 0/10 Pain score 5/10
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Case 8

 ■ An 81-year-old Chinese male, with a superficial wound over 3rd, 4th and 5th ray amputation sites 
on left foot. Underwent angioplasty for revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 40%;13.9% increase in wound size

Pre MDT Post MDT

Length : Breadth : Area 2.3 cm : 6.4 cm : 11.5 cm2 Length : Breadth : Area 2.8 cm : 5.9 cm : 13.1 cm2

Wound bed 100% slough Wound Bed 60% slough

Pain score 3/10 Pain score 2/10

Case 9

 ■ A 66-year-old male, with a superficial wound over big toe ray amputation site on right foot
 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 40%; 7.5% reduction in wound size

Pre MDT Post MDT

Length : Breadth : Area 3.8 cm : 4.4 cm : 13.4 cm2 Length : Breadth : Area 3.8 cm : 4.1 cm : 12.4 cm2

Wound bed 40% slough Wound Bed 0% slough

Pain score 0/10 Pain score 0/10
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In this study, the use of MDT has halved the 
average number of inpatient debridements, as 
seen in Table 2. It is also noteworthy that there 
were no complications experienced by patients 

Case 10

 ■ A 66-year-old Indian male, with a superficial wound over 5th ray amputation site on left foot. 
Underwent angioplasty for revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 60%; 12.1% increase in wound size

Pre MDT Post MDT

Length : Breadth : Area 3.9 cm : 3.3 cm : 9.9 cm2 Length : Breadth : Area 4.5 cm : 3.5 cm : 11.1 cm2 

Wound bed 100% slough Wound Bed 40% slough

Pain score 3/10 Pain score 6/10

Case 11

 ■ A 66-year-old Chinese male, with a deep wound over trans-metatarsal amputation site on left foot. 
Underwent angioplasty for revascularisation

 ■ He received 2 applications of MDT
 ■ Overall reduction in slough percentage of 40%; 31.2% reduction in wound size

Pre MDT Post MDT

Length : Breadth : Area 7.4 cm : 8.7 cm : 51.6 cm2 Length : Breadth : Area 6.0 cm : 7.4 cm : 35.5 cm2

Wound bed 100% slough Wound Bed 60% slough

Pain score 5/10 Pain score 0/10

patients, only one was started on antibiotics 
from the second visit onwards, with the rest 
being on antibiotics throughout the duration of 
the study.
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in this study. The mean change in area of wound 
was an increase of 0.65 cm². The mean pain 
score reported was 3.3 (±1.0) out of 10 at the 
95% confidence interval. Only one out of the 
11 patients in this study did not complete their 
prescribed length of therapy. Of the 11 patients 
10 were on antibiotics for the full duration of 
the study, and one patient was administered 
antibiotics from their second visit onwards.

Discussion
Maggots perform debridement by physically 
feeding on dead tissue, cellular debris and 
exudate present in sloughy wounds. Their 
feeding action physically breaks up necrotic or 
sloughy tissue, which is then consumed and 
digested. This process is mediated by proteolytic 
enzymatic digestion through a process of 
extracorporeal digestion. Collagenases, trypsin-
like and chymotrypsin-like enzymes are secreted 
which breakdown devitalised tissue into a 
semiliquid form which the larvae can ingest. 
The larvae of Lucilia sericata do not digest living 
human tissue. This selective process is one of the 
major advantages of larval debridement therapy 
as it spares the healthy tissues necessary for 
healing (Gottrup and Jørgensen, 2011; Fforwm 
and Meinwe, 2013). 

Additional mechanisms of action include an 
antibacterial effect within the wound as bacteria 
contained in liquefied material is ingested and 
digested, reducing the bioburden within the 
wound and larval secretions that prevent the 
formation of, and reduce pre-formed biofilms 
(Harris et al, 2007; Cazander et al, 2009).

Based on the results of our study, 100% of 

the participants experienced a reduction in 
slough percentage. The average reduction in 
slough percentage after 2 applications of MDT 
was recorded at 45%, with patient 5 and patient 
9 reporting 0% slough after the 2 applications. 
These results demonstrate that MDT is effective 
in removing necrotic tissue  — a finding also 
supported by other similar studies that have 
shown that MDT is able to debride and disinfect 
wounds that are sloughy and infected (Chan 
et al, 2007). These promising results support 
the use of MDT as a non-surgical alternative to 
wound debridement.

The average change in wound size was an 
increase of 0.65cm2 (p=0.71). 2 out of a total of 
11 participants showed reductions in wound 
area from baseline. Patient 9 and Patient 11 
reported a 1.0cm2 and 16.1cm2 reduction in 
wound size respectively. The remaining patients 
showed increases in wound size ranging from 
1.2–6.1cm2. This could possibly be attributed to 
the type of tissue present at the wound edges, 
which would vary from patient to patient. 
Maggots used for medicinal purposes secrete 
digestive enzymes that selectively dissolve 
necrotic tissue (Sherman, 2003), and the wound 
edges with more necrotic tissue present would 
thus experience a transient increase in wound 
size post-MDT before the wound can re-
epithelialise outward in.

The limb salvage rate was 90.9% (10/11), while 
the wound closure rate was 45.5% (5/11) in this 
challenging patient population, 2 patients died 
during follow-up due to non-wound related 
aetiology (myocardial infarction) at 1 week and 
4 months following MDT. Both patients had 

Figure 1. The mean 
percentage slough pre, 
during and post MDT 
(n=11). Error bars indicate 
standard deviation. There 
was 45% reduction in slough 
following the 2nd cycle of 
MDT compared with baseline 
(p<0.001).

Figure 2. Slough reduction by patient
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preservation of the affected limb with no need 
of amputation above the metatarsal level at their 
time of demise.

In our study, MDT did not give rise to any 
major adverse effects or complications, but 
there were reports of discomfort secondary 
to pain from the participants; 45% of the 
participants reported pain levels above 5 
on the pain scale, which is corroborated by 
other studies that also report increased pain 
levels experienced in up to 30% of patients 
undergoing MDT. (Sherman et al, 2001). 
Albeit an undesirable effect, there are several 
effective treatment modalities for pain, which 
can be tailored to each individual patient’s 
requirements. In patients who present with 
severe pain before the initiation of MDT, pain 
control measures can also be preemptively 
taken. Examples of such pain control measures 
include administration of analgesia, shorter 
periods of application of maggots, applying 
smaller-sized maggots, and applying a smaller 
quantity of maggots during each MDT session. 
(Mumcuoglu et al, 2012).

From the results, locally produced MDT is 
an effective method of non-surgical wound 
debridement in this series of challenging 
diabetic foot wounds. Although there was 
an increase in wound size noted, the large 
reductions in slough tissue still result in 
improved wound healing outcomes. 

Conclusion
With stringent quality control measures in 
place for the sterilisation of live maggots 
by the Health Sciences Authority, as well as 
trained professionals handling the application 
of maggots, MDT has proven to be a safe 
and effective method of debridement. 
Pain resulting from MDT can also be easily 
managed. A major consideration would be 
that this form of therapy is dependent on 
the availability of sterile maggots, and our 
ability to get a ready, uninterrupted supply 
for treatment. The short life cycles of maggots 
result in their limited shelf life, which pose 
a challenge. Our study adds to the growing 
body of research that has been done on MDT 
and has demonstrated the efficacy and safety 
of this modality in the local context. WAS
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