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Abstract

Larval therapy in recent years has gained more interest as a method of treating chronic wounds. It could be an alternative to
conventional therapies due to the increasing multidrug resistance of bacteria and observed allergic reactions to antibiotics
and disinfectants. The aim of the study was to evaluate the effectiveness and safety of the treatment on the basis of a review
of medical databases. Results of the studies have demonstrated greater maggot debridement therapy (MDT) effectiveness
in the debridement and stimulation of granulation process over conventional methods. In addition, using this method can
shorten the healing time, reduce the consumption of antibiotics, and reduce the cost of treatment. The results of analysed
studies are promising; however, it would be advisable to perform randomised, blinded studies with longer follow-up time, in
which a larger group of patients would participate.

Streszczenie

Larwaterapia w ostatnich latach zyskuje coraz wigksze zainteresowanie jako metoda leczenia ran przewlektych. Stanowi al-
ternatywe dla konwencjonalnych metod terapii ze wzgledu na rosnaca wielolekooporno$¢ bakterii i obserwowane reakcje
alergiczne na antybiotyki i Srodki odkazajace. Celem pracy byla ocena skutecznosci i bezpieczeristwa larwaterapii na pod-
stawie przegladu medycznych baz danych. Wyniki badan wskazuja na wieksza skuteczno$¢ larwaterapii w oczyszczaniu ran
z martwej tkanki oraz pobudzaniu procesu ziarninowania w stosunku do metod konwencjonalnych. Zastosowanie larwate-
rapii umozliwia skrécenie czasu leczenia, ograniczenie zuzycia antybiotykéw i zmniejszenie kosztéw leczenia. Wyniki anali-
zowanych badan sa obiecujace, natomiast wskazane bytoby zaplanowanie badan z randomizacja przeprowadzonych metoda
podwdjnie $lepiej proby, z dtuzszym czasem obserwacji, w ktérych uczestniczytaby wieksza liczba pacjentéw.

Introduction medical associations have been paying more attention

to the use of biological dressings containing larvae of

Nowadays chronic wounds are becoming a grow-
green bottle fly Lucilla sericata.

ing medical, social, and economic problem. As a result
of prolongation of life expectancy, the epidemic of obe-
sity, and loss of physical activity, patients suffer from
multiple morbidities. Diabetes mellitus type 2, heart
failure, atherosclerosis, and chronic venous disease all
impair proper blood supply to tissues and predispose
to the formation of chronic ulcers. Despite treatment
implementation, hard-to-heal wounds are the reason
for deterioration of quality of life, developing depres-
sion, worsening of functioning in society, disability,
and a higher mortality rate [1-3]. Therefore, there is an

Aim of the research

The aim of this study was the evaluation of the
safety and efficacy of maggot debridement therapy
(MDT) in patients with hard-to-heal wounds, con-
ducted on the basis of a review of medical databases.

Material and methods
Medical databases: PubMed and the Cochrane li-

ongoing search for more effective therapeutic methods
that would shorten treatment time, reduce antibiotic
usage, and improve patients’ prognosis. In recent years
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brary were searched for the following phrases: mag-
got therapy, biosurgery, larval therapy, MDT. No re-
strictions on publication date and larval species were
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made. Only the studies with control groups were
included in the analysis, which was then subdivided
according to the methodology used (randomised and
non-randomised clinical trials, meta-analyses).

Results

Using the aforementioned criteria for the analysis,
a total of 16 studies were included: 5 randomised clin-
ical trials, 8 non-randomised clinical trials (2 prospec-
tive and 6 retrospective), and 3 meta-analyses

Randomised comparative clinical trials (RCTs)

In 2000 Markevich et al. [4] published a clini-
cal study with the participation of 140 patients with
diabetic foot ulcer. Seventy patients received larval
therapy (MDT), and 70 patients received a hydrogel
dressing. The follow-up was 10 days. No statistically
significant difference was found in the proportion
of patients with completely healed ulcers: 7% in the
MDT group vs. 3% in the control group. However, sta-
tistically significant reduction of wound area > 50%
(61% MDT vs. 27% hydrogel) was demonstrated.

In the same year, a study by Wayman et al. ap-
peared [5], involving 12 patients with venous leg ul-
cers: 6 patients received dressings with free larvae
and 6 patients received conventional therapy (Intra-
site gel). There was no statistically significant differ-
ence in the age, sex, size of the ulcer, or percentage of
necrotic tissue at the time of inclusion. Patients with
arterial hypertension or previous ineffective therapy
were excluded. Wounds were reviewed every 72 h,
and the observation time was 1 month. The study
assessed the degree of debridement and the time to
complete healing (< 5% necrosis), the number of nec-
essary check-ups, and the cost to achieve complete
debridement of the wound. The study demonstrated
greater efficacy and lower costs in MDT compared to
patients treated with hydrogel. The wounds in which
the larvae were used were completely debrided af-
ter one application. However, in the control group
only two ulcers were debrided within 1 month. The
MDT required three follow-up visits compared to
19 visits in the hydrogel group. The total cost of larvae
therapy was 78.64 pounds, while conventional thera-
py was 136.23 pounds (p < 0.05).

The next, randomised, multicentre clinical trial [6]
was conducted in the United Kingdom (UK) between
2004 and 2007 by Dumville et al. It involved 267 pa-
tients with venous or arteriovenous leg ulcers with at
least 25% necrosis and with ankle-brachial pressure
index (ABPI) 0.6 or more. As the primary point of the
final assessment was time to complete wound healing,
the secondary endpoints were: time to debridement,
health related quality of life (including ulcer-related
pain), costs of treatment, bacterial load, presence of
methicillin-resistant Staphylococcus aureus (MRSA),
and adverse events. Observation time ranged from
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6 to 12 months. The patients were assigned to three
groups: 86 for the group with usage of larvae in bags,
94 to the group with the usage of free larvae, and 87 to
the group with usage of hydrogel dressing (Purilon).
Dressings with larvae were applied for 3—-4 days. In
the patients with hydrogel dressing, additional com-
pression therapy was used, depending on ABPI and
patients’ tolerance. Finally, 139 subjects (49 with loose
larvae, 46 with bagged larvae, and 44 with hydrogel
dressings) completed the study. Among the causes of
discontinuation of the study there were: widening
of ulcer surface, death for another reason, admission
to the hospital for another reason, and the patient’s
own request. The results showed that there was no
difference in time to healing between patients in
the MDT group and the conventional therapy group
(p = 0.62, 236 vs. 245 days). Also there was no dif-
ference between the group treated with free larvae
and those using larvae in pouches (p = 0.66). On the
other hand, there was statistical significance of the
time required for debris removal (14 days for loose
larvae, 28 days for bagged larvae, and 72 days for
hydrogel dressings, p < 0.001). The time to debride-
ment of wounds in both groups with larval dressing
was not statistically significant. In all groups studied,
the number of bacteria/ml in the ulcers decreased, but
there were no statistically significant differences be-
tween the groups. There was also no significant differ-
ence in reducing the amount of MRSA. Additionally,
the number of adverse events and health-related qual-
ity of life did not differ between the patients receiving
conventional therapy compared to the larval therapy
patients. However, significantly higher pain intensity
was observed in the patients receiving larval therapy.

Opletalova et al. [7] conducted a randomised, mul-
ticentre, single-blind clinical trial (compared with
the previous study, patients did not know whether
they were receiving MDT or conventional therapy).
Between 1993 and 2008, 119 patients were recruited
for the study. The following criteria for inclusion were
taken into consideration: ulcer area less than 40 cm?,
less than 2 cm of ulcer depth, and ABPI above 0.8.
Patients were evaluated for 15 days of hospitalisation
and for 30 days of treatment after leaving the hospi-
tal. Out of 119 patients, 105 patients were eventually
qualified (51 received MDT, 54 conventional therapy).
Larvae in pouches were applied to the wound twice
a week for the duration of hospital stay. In the control
group wounds were surgically debrided three times
a week with scalpel with topical anaesthesia, then
the hydrogel dressing was used for dry wounds and
alginate or fibre-based dressing for oozing wounds.
Due to the blindness of patients, no compression was
applied. Selected endpoints (percentage of necrosis
tissue, wound humidity, wound healing, pain, com-
fort of the dressing, MRSA and Pseudomonas aeru-
ginosa presence, time spent on wound care, adverse
events) were assessed on the 1%, 8, 15, and 30" day

Medical Studies/Studia Medyczne 2018; 34/4



Effectiveness of maggot debridement therapy in treating chronic wounds — review of current literature

of therapy. The study did not show statistical signifi-
cance in the reduction of necrosis surface on day 1,
15, or 30, but on day 8 of treatment, the difference
in necrosis area between the study groups was sig-
nificant (54.5% MDT vs. 66.5% conventional therapy,
p = 0.04). The healing rate was significantly higher for
larval therapy on the 15" day (p = 0.02), but on days
8 and 30 there was no difference. The duration of
MDT ulcer treatment was 10.1 min on average, and
40.1 minutes in the control group (p < 0.001). The as-
sessment of the remaining endpoints did not show
any statistically significant differences.

Another UK study was a randomised, single-blind,
multicentre clinical trial published by Mudge et al. [8]
in 2014. The study involved 88 patients with venous or
mixed arteriovenous ulcers with ABPI above 0.5, and
at least 25% of the necrosis area. Sixty-four patients
completed the 21-day study. The patients were divided
into two groups: 46 patients received larvae dressing
(BioFoam), and 42 patients received hydrogel dressing
(Purilon), protected by Interpose dressing. In these
patients, compression was applied simultaneously.
The main point of the final assessment was the time
to debridement. Blinded assessors evaluated whether
or not the wound was debrided. The amount of dress-
ing changes, the clinical condition of the wound bed
and surrounding skin, and the level of pain were also
taken into account. The relationship between size, du-
ration, and aetiology of ulcers was also analysed. The
wounds were assessed every 3—-4 days up to a total
of 21 days or less if complete debridement occurred.
Twenty-four subjects did not complete the study
(14 MDT patients and 10 control group patients) due to
increase in wound secretion/necrosis, aggravation of
pain, or at the patient’s own request.

In addition, patients were evaluated 7-14 days
after the last study visit for recurrence of necrosis.
A statistically significant difference was found in fa-
vour of larval therapy in removing dead tissue from
wounds. Thirty-one ulcers in the MDT arm were fully
debrided within 21 days, compared to 11 in the con-
ventional therapy arm. Taking into account the entire
population of patients enrolled (88 subjects), this was
67.4% in the MDT group and 26.2% in the hydrogel
group, respectively. However, considering that some
patients did not complete the study, the percentage
of fully debrided wounds increased to 96.9% in MDT
and 34.4% in the hydrogel group. It has also been in-
vestigated whether the size, aetiology, or duration of
ulceration has an effect on the progress of wound de-
bridement, showing only a statistically significant cor-
relation with the size of the wound area. Large ulcers
were not fully debrided within 21 days (p = 0.003).
Patients treated with larvae experienced greater pain
compared to patients in the control group (p < 0.001).
In contrast, there were no differences in condition of
wound bed and the surrounding skin between the
treatments used. Patients treated with MDT required
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significantly fewer visits: an average of 2.88 visits ver-
sus the hydrogel group in which 5.4 visits were re-
quired (p < 0.001). Fifteen patients treated with MDT
required only one visit, while 19 patients treated with
conventional therapy did not receive full therapeu-
tic effect during the study. There was a significantly
higher percentage of recurrence of necrosis in com-
pletely debrided wounds in the MDT group (71% vs.
27% in the control group, p = 0.011).

Non-randomised clinical trials
Prospective

In 1995, Sherman et al. [9] published a prospective,
clinical study evaluating the efficacy of larval thera-
py in patients with pressure ulcers after spinal cord
injuries. The study involved 8 patients previously
treated for 3—4 weeks with conventional therapy - sa-
line dressing, sodium hypochlorite, povidone iodine
dressings, and antimicrobial ointments, combined
with surgical debridement (control group). Patients
were provided with dressings of free larvae of Lucil-
la sericata, which were applied for 48-72 h, once or
twice a week. Between cycles of larval dressings so-
dium hypochlorite, saline, or wet-dry dressings were
used, changed every 8 h. During the study, the wound
was assessed once a week for surface area, tissue qual-
ity, and healing index. During conventional therapy,
none of the wounds with more than 20% of the ne-
crotic area was debrided more than 50%, but after lar-
vae application the wounds were completely debrided
after 1-2 weeks of treatment. Before the application
of maggots, the area of wounds increased on average
by 21.8%, and after the treatment they decreased by
22% (p < 0.001). No adverse events were reported; the
treatment was well tolerated.

The study published by Paul et al. in 2009 [10] con-
cerned another larval species: Lucilla cuprina. Between
2005 and 2007, 59 patients with diabetic foot ulcers
were assigned to two groups: 29 patients were en-
rolled in the larval therapy group and 30 patients in
the control group, and they received surgical debride-
ment and physiological saline dressings, respectively.
Patients were excluded when the ABPI was less than
0.75, with exposed bones or tendons, gangrene, necro-
tising fasciitis, and abscesses. Free larvae were applied
for 48 h, and therapy was repeated when necessary.
The main endpoint of the study was the appearance
of healing, considered as self-healing of wound, when
the wound was suitable for split skin grafting (SSG) or
flap coverage, or when the wound was suitable for SSG
or flap coverage, previously debrided, or surgically re-
moved from necrotic bone and ligament.

In the MDT group, 14 wounds were healed, 11 we-
re not healed, and four patients did not complete the
study. In the control group, 18 wounds were cured,
11 were not cured, and 1 patient did not complete the
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study. There were no significant differences between
the two groups (p > 0.05).

Retrospective

In 2002 Sherman et al. [11] published a retrospec-
tive cohort study evaluating patients with pressure
ulcers in the years 1990-1995. The criteria for inclu-
sion were fulfilled by 67 patients with 92 wounds,
49 of which were treated by conventional methods
and 43 by Lucilla sericata. Local antimicrobial agents,
hydrogel, hydrocolloid dressings, alginates, wet to
dry dressings, chemical debriding agents, growth fac-
tors, or combinations of these methods were used in
conventional treatment. Some of the wounds were
also surgically treated. Larvae were applied twice
a week for 48 h. Once a week the parameters such as
change in wound area, dead tissue presence, amount
of granulation tissue, healing and/or debridement rate
were measured. The median duration of therapy was
5.5 weeks in the conventionally treated group and
4.8 weeks in the MDT group. At that time the larvae
completely debride 80% of wounds, compared to 48%
in the control group (p = 0.021). Within 3 weeks, larval-
treated wounds contained one-third the necrotic tissue
(p = 0.05) and twice the granulation tissue (p < 0.001).
MDT-treated wounds were deprived of half-dead tis-
sue after 1.4 weeks. Twice as many wounds treated
with larval therapy were granulated in over 50% of the
area during treatment (49% vs. 18%, p = 0.002). The
percentage of granular tissue area increased on aver-
age by 13% per week in the MDT group and by 3.3%
in the control group. Thirty-nine percent of wounds
underwent larval therapy and 21% of conventionally
treated wounds were completely healed in less than
12 weeks, which was not statistically significant. The
mean time to complete healing was 12 weeks for MDT
and 13.4 weeks for conventional therapy.

A year later Sherman et al. [12] presented a study
aimed at assessing the treatment of free Lucilla seri-
cata larvae in patients with diabetic foot ulcers non-
responsive to conventional therapy. Twenty wounds
were analysed in 18 patients: 6 wounds were treated
with MDT, 6 were treated with conventional therapy,
and 8 first with conventional therapy and then with
larvae. Wounds were assessed once a week for at least
8 weeks. Larvae were applied 1-2 times per week for
48 h. Conventional methods of therapy were hydro-
gels, hydrocolloid dressings, local antibacterial agents,
wet to dry dressings, and variations of these or surgi-
cal debridement. For the first 14 days of treatment in
the larval group, the reduction of necrosis was on aver-
age 4.1 cm?, but in the control group no effect was re-
corded. In wounds treated with larval therapy a 50%
reduction of necrosis was reached by day 9; conven-
tionally-treated wounds did not achieve this even by
29 days (p < 0.001). After 5 weeks, conventional treated
wounds were debrided less than 67%, as opposed to
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totally debrided wounds in larval group (p = 0.001).
Weekly change in surface area (cm?) was +1.15 for the
conventional therapy group (0.24-2.1) and -0.78 for
MDT (1.6 - 0.1). The healing rate at 8 weeks was —0.02
(-0.08 to 0.04) for conventional therapy and 0.07 for
maggot therapy (0.04 to 0.11). There was also a faster
formation of granulation tissue with larval therapy af-
ter 4 weeks (56% of surface versus 15% of surface of
conventionally treated wounds, p = 0.016). The differ-
ence in wound area in ulcers treated first with conven-
tional therapy and then with larval therapy was also
statistically significant: in the MDT group it decreased
by 0.9 cm?/week while in the conventionally treated
group it increased by 1.0 cm?/week (p = 0.018).

Another study conducted by Sherman and Shimoda
in 2004 [13] evaluated the effectiveness of preopera-
tive larval therapy in the prevention of postoperative
wound infection. Twenty-nine wounds in 25 patients
closed intraoperatively were analysed: in 10 wounds
MDT was used prior to surgery and in 19 it was not. The
median time interval between completion of the MDT
and the operation was 5.7 days. The number of applied
larval therapy cycles was 1 to 29, with an average of 9.7.
Wounds were qualified for procedures such as amputa-
tion, flap coverage, primary closure, and split-thickness
skin graft. There was no post-operative infection in the
MDT group, but in 6 (32%) wounds that had not been
treated with maggots, postoperative infection with
subsequent dehiscence (p < 0.05) occurred. Excluding
from the analysis those patients who subsequently un-
derwent amputation, there was also a statistically sig-
nificant difference between the two groups (p < 0.005).
There are no data of follow-up length.

In 2005, Armstrong et al. [14] published a study
on patients with neuroischaemic diabetic foot ulcers
and peripheral vascular disease. The study included
60 patients with diabetes, a single foot wound, no mo-
bility without assistive devices, and peripheral vascu-
lar disease. Follow-up lasted 6 months. Of the 60 pa-
tients, 27 (45%) had complete healing within 6 months,
with no significant difference between the groups
(57% in the larval group vs. 33% in the control group,
p = 0.07). The time to heal was significantly shorter in
the MDT group (18.5 +4.8 weeks vs. 22.4 +4.4 weeks,
p = 0.04). Twenty-two percent of patients underwent
high amputation of the limb (33% for conventional
therapy group vs. 10% for the MDT group). Patients
undergoing larval therapy had more antibiotic-free
days (126.8 +30.3 days vs. 81.9 £42.1 days, p = 0.0001).

In 2010, Wang et al. [15] published a study in
which 25 patients with diabetic foot ulcers and 18 pa-
tients with pressure ulcers after spinal cord injuries
participated. During the study, all ulcers were fully
healed, and during the follow-up lasting 2 to 6 months
the ulcers did not return. In the clinical group, dress-
ing with 5-10 free larvae/cm? was used. Saline dress-
ings were used in the control group and, if neces-
sary, surgical debridement. In both groups systemic
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antibiotics were not used. Time to granulation, time
to negative culture and time to heal were evaluated.
Both patients with diabetic foot and patients with
pressure ulcers achieved greater efficacy in the MDT
group in all evaluated outcomes (p < 0.05). The time
to reach negative culture in patients with diabetic foot
syndrome and pressure ulcers after core injury was
significantly shorter with MDT (12.0 £2.5 days vs.
16.1 £3.8 days, p = 0.004; 10.4 1.8 days vs. 13.1 +2.2
days, p = 0.022). Time to start granulation respectively
(3.1 £1.2 days vs. 6.3 1.2 days, p = 0.000; 2.5 1.0
days vs. 4.8 £1.0 days, p < 0.001), healing time (26.4
+12.6 days vs. 39.6 £13.4 days, p = 0.042, 18.7 +10.4
days vs. 30.6 +12.2 days, p = 0.039).

Three years later Wilasrusmee et al. [16] published
a study with 111 patients with diabetic foot syndrome.
The qualification criteria were: presence of a single
foot wound, ability to move independently without
assistive devices, period of 6 months of observation,
and a wound without: gangrene, necrotising fasci-
itis, abscess, or osteomyelitis. Fifty-nine patients were
treated with bagged larvae (median: 8.25 applications
per patient), and 52 patients were treated with saline
or hydrogel dressings and, if necessary, surgical de-
bridement (median: 8.79 times/patient). The wounds
were evaluated once per week. The wound was con-
sidered as healed if 95% epithelialisation occurred,
with the absence of scabs, when the wound was suit-
able for split skin grafting, flap coverage or, self-heal-
ing. The mean age of patients and glycated haemoglo-
bin (HbA, ) level was similar in both groups. However,
in the MDT group, more patients had smaller wounds
and shorter duration of ulcer and also had a lower pro-
portion of patients with abnormal ABPI than in the
control group. The ulcers of 64 patients were healed
during a median of 14 weeks. Median healing time
was significantly lower in the MDT group (9 weeks
vs. 28 weeks). In addition, ABPI, duration and size of
the wound affected the healing time. Median heal-
ing time was lower in patients with wounds that
lasted < 20 days (8 weeks vs. 15 weeks, p < 0.001), in
patients with wound area < (9 weeks vs. 15 weeks,
p < 0.001), and correct ABPI (10 weeks vs. 15 weeks,
p = 0.01). Statistical analysis showed that after adjust-
ment for ABPI, HbA , size, and duration of ulceration,
the overall healing chance was about 7.7 times higher
in the MDT group compared to the control group. The
healing rate was 12/100 patient-weeks in the MDT
group compared to 2/100 patient-weeks in the con-
trol group. The cost of treatment was also analysed,
including nursing care, hospital admission, and dress-
ings applied. The median cost of treatment was lower
in the MDT group ($ 292.82 vs. $ 490, p < 0.001).

Meta-analyses

In 2013, Tian et al. [17] performed a meta-analysis
of publications on MDT efficacy in the treatment of
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diabetic foot ulcers. Seven databases up to December
31, 2012 were searched. The RCTs, case-control stud-
ies, and controlled clinical trials were considered.
The required criteria were met by four publications:
Markevich et al. (2000), Sherman (2003), Paul et al.
(2009), and Armstrong et al. (2005) with a total of 356
participants, including 180 patients of MDTs and 176
of conventional therapies. The following results were
analysed: healing rate, time to healing, incidence of
infection, amputation rate, and antibiotic usage. The
analysis of the healing rate showed no difference be-
tween the groups (relative risk (RR) = 1.33, 95% con-
fidence interval (CI): 0.94, 1.88, p = 0.11). However,
in one study, healing was defined in a different way,
which could have resulted in an error in the results.
Excluding the above study, a statistically significant
difference was found in favour of MDT compared
to controls (RR = 1.80, 95% CI: 1.07, 3.02, p = 0.03).
Two trials evaluated the amputation rate. A statisti-
cally significant difference was found between the
study groups in favour of MDT (RR = 0.41, 95% CI:
0.20, 0.85, p = 0.002). There were no differences in
incidence of infection (RR = 0.82, 95% CI: 0.65, 1.04,
p = 0.1). Two studies, which evaluated time to heal-
ing, showed a significant difference between MDT
and control groups (RR = -3.70, 95% CI: -5.76; -1.64,
p = 0.0004). The two studies evaluated the use of an-
tibiotics. In the first study 96% of the MDT group and
97% of the conventional group received antibiotic
therapy (p < 0.05). In the second study, antibiotic-free
days were evaluated, with data in favour of MDT (126.8
+30.3 days vs. 81.9 £42.1 days). The authors draw at-
tention to the numerous limitations of meta-analysis:
a small number of randomised clinical trials, the use
of only English-language literature, the differences in
methodology, and the small number of participants.
In the same year, Wilasrusmee et al. [16] published
a meta-analysis of six studies (Paul et al.; Armstrong
et al.; Sherman et al., 2002; Sherman et al., 2003; Wilas-
rusmee et al., Dumville et al.) on larval therapy in the
treatment of chronic wounds. The wound healing rate
and/or healing time and cost-effectiveness were ana-
lysed. From the studies qualified for meta-analysis,
two studies were prospective, three were retrospec-
tive, and one was a multicentre randomised clinical
trial. Four studies were related to diabetic, one to
venous, and one to pressure ulcers. The total num-
ber of participants was 612. The analysis of wound
healing rate in five trials (171 vs. 174 patients) showed
that the chance of ulcer healing was 77% greater in
larval patients (RR = 1.77; 95% CI: 1.01, 3.11). Pooled
RR after the addition of RCT for analysis was 1.53
(95% CI: 1.23, 1.9). In four studies, healing time was
compared (146 vs. 145 patients). The analysis showed
that the healing time was 15.99 days shorter in the
MDT group, although the difference was not statisti-
cally significant. After the RCT was added for analysis
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(n = 585), the difference in healing times was 14.56
days. The median cost of treatment was lower in the
MDT group ($ 292.82 vs. $ 490, p < 0.001).

The meta-analysis containing the greatest num-
ber of studies was Sun et al.’s work in 2014 [18]. It
pertained to 12 studies selected from available litera-
ture (Markevich et al., Wayman et al., Sherman et al.,
2002; Sherman et al., 2003; Armstrong et al.; Dumville
et al.; Paul et al.; Soares et al.; Wang et al.; Meng and
Zhang; Wilasrusmee et al.; Mudge et al.), with a to-
tal of 959 patients (530 in MDT, 429 in control). The
healing rate, time to healing, incidence of infection,
amputation rate, antibiotic-free days, and antibiotic
usage were analysed. Eight studies compared healing
rates. Pooled RR for the MDT group was 1.8 (95% CI:
1.24-2.6). Subgroup analyses were also performed.
For patients with diabetic foot ulcers (DFU) pooled RR
was 1.79 (95% CI: 0.95-3.38), for pressure and venous
ulcers it was 1.7 (95% CI: 1.28-2.27).

Only one study evaluated infection rate and
antibiotic-free days. It showed no statistically sig-
nificant difference in the rate of infection between
the groups (80% MDT vs. 60% in the control group,
p > 0.05), although there was a statistically significant
difference in antibiotic-free days (126.8 +30.3 MDT
vs. 81.9 £42.1 control, p < 0.001). The results of two
studies did not show a statistically significant differ-
ence in antibiotic consumption (69.2% MDT vs. 69.8%
control). Pooled RR was 1.03 (95% CI: 0.87-1.22) for
MDT. Patients in the control group had almost twice
the risk of amputation (RR = 0.43, 95% CI: 0.21-0.88).
Four studies showed a shorter healing time for larval
therapy. Pooled standardised mean difference (SMD)
was -0.95 (95% CI: -1.24, —-0.65, p = 0.502). In addi-
tion, a study analysis divided into studies of diabetic
(three studies) and other aetiology ulcers (two studies)
demonstrated MDT healing superiority (DFU SMD =
-0.79, 95% CI: -1.18, -0 41; for other wounds SMD =
-1.16; 95% CI: -1.63, -0.63).

Two studies (Wayman et al.; Soares et al.) com-
pared the costs of applied therapies. SMD - 0.48,
95% CI: -1.76; 0.80).

Discussion

The first references to larval therapy come from
1557. It was used by A. Pare on infected battle wounds
of soldiers of the French Army during the battle of
St. Quentin. The next reports of successful wound
debridement by larvae of flies date back to the Na-
poleonic wars and the US Civil War. During the First
World War, William Baer, an American orthopae-
dic surgeon, observed that faster healing occurs in
wounds infected with larvae. In 1929 he successfully
applied Lucilla sericata larvae for the treatment of os-
teomyelitis in children. For many years this method
was widely used by many surgeons. It was abandoned
after the introduction and spread of antibiotics in the
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1940s [19-23]. It is currently returning to grace due to
the increasing antibiotic resistance of bacteria.

Larvae debride the wound through several syn-
ergistic mechanisms: mechanical wound debride-
ment, extracorporeal digestion of dead tissues, and
bactericidal action. They also secrete growth factors
that contribute to the formation of granulation tis-
sue. Larvae are necrophagous, nourishing necrotic
tissues only, saving live tissue. They secrete a number
of enzymes and substances such as carboxypeptidase,
collagenase, lucifensin, chymotrypsin, nuclease, and
MAMP, which besides necrotic tissue digestion, also
digest bonds of bacterial biofilm and bacterial DNA,
as well as inhibit inflammation [24-26].

Currently this method differs from that of the six-
teenth century. Larvae are kept under sterile condi-
tions and stored at a suitable low temperature, to pro-
vide ideal conditions for growth and survival [27-29].

Lucilla sericata is the most widely used species. The
larvae are free or enclosed in special pouches. The
dressing is applied to the wound, usually for 48-72 h,
and protected with moist gauze.

Distribution is wide. In addition to wounds such
as venous leg ulcers, pressure ulcers, arterial ulcers,
and diabetic foot syndrome, they are also increas-
ingly used in burns, traumatic wounds, postoperative
wounds, osteomyelitis, and necrotising fasciitis.

A review of literature indicates the efficacy of lar-
val therapy in the treatment of chronic wounds. Most
studies have shown an advantage of MDT over con-
ventional methods in the debridement, stimulation of
granulation process, and shortening of healing time,
with a relatively small amount of side effects, the most
commonly reported of which is pain. The use of lar-
vae can also reduce the overall cost of treating hard-
to-heal wounds, shortening the time spent in hospital
wards, and reducing the consumption of antibiotics.
This is an alternative for patients who, for medical
reasons, are contraindicated for surgical debridement,
which often involves the need for anaesthesia.

The results of previous studies are promising,
while a relatively small number of them, including
randomised, prospective, blinded studies, with more
participants, with longer follow-ups andclear explicit
criteria for inclusion and exclusion, indicate the need
for further research.
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