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a) I have done maggot therapy multiple times.

b) I have done it once, or watched it being done.

c) I have never done it, but I plan to do it

d) Is this where we get to learn magnet therapy?

Experience with Maggot Therapy 



a) Never heard a lecture on maggot therapy.

b) Attended a lecture on maggot therapy; not BTER.

c) Attended a BTER lecture on maggot therapy 

- What questions do you still have? 

- What more do you want to learn? 

Experience with BeTER Lectures 



Retired, University of California, Irvine, CA

Board of Directors - BioTherapeutics, Education & 

Research (BTER) Foundation

Co-Founder & Laboratory Director - Monarch 

Labs, producer of medicinal animals

Staff Physician - Orange County Health Care 

Agency

Qualifications & Disclosures



Chronic wounds

Antimicrobial resistance 

Health care costs

Inadequate staffing

Big Problems!



Many Solutions!



• Squirts proteolytic enzymes into wound bed

• Microscopic raspers loosen & remove necrotic 

tissue

New Wound-Debriding Device

(50 Million years in development)

• Self-propelled;  batteries  

not required 

• Guided by internal optics

• 100% disposable and 

completely biodegradable



Objectives

• List at least 3 indications for using MDT

• List at 3 warnings or problems associated with MDT 

• Describe 3 ways that we control therapeutic myiasis 

(maggot therapy) to ensure safety & efficacy

• Describe 3 mechanisms of action

• Apply MDT dressings with confidence

Maggot Therapy: 

Back to the Future of Wound Care



History and Current Status of MDT

Clinical Data & Review of the Literature

Maggot Biology 101

Indications, Contraindications, Warnings

Concluding Remarks

MDT Dressings Workshop

Lecture Outline

Maggot Therapy: 

Back to the Future of Wound Care



History and Current Status 

of Maggot Therapy

Principles & Practice of

Maggot Debridement Therapy
History of Maggot Therapy



William S. Baer, MD (1872 - 1931)



William S. Baer, MD (1872 - 1931)



Maggot Therapy – 1940’s



1990 – Controlled Clinical Trials



1990 – Controlled Clinical Trials

2003 – FDA regulates medicinal maggots



2004 – FDA permits marketing of first live 
medicinal animal (Medical Maggots™) for:

“ . . . debriding non-healing necrotic 
skin and soft-tissue wounds, including 
pressure ulcers, venous stasis ulcers, 
neuropathic foot ulcers, and non-healing 
traumatic or post surgical wounds.”



 23 laboratories

 Patients treated 

in  30 countries

 50,000+

treatments

Maggot  Therapy - Current Status



Why such a rapid adoption of this “new” 
technology?

1. Chronic Wounds:                     

a growing problem

2. Antimicrobial Resistance 

3. Clinical studies now available

4. Personal successes. 



59 year old man with 

DFU & osteomyelitis, 

refused amputation.  

Maggot therapy 

debrided his wounds, 

including the non-

viable big toe; the 

remains of that toe 

were removed 

surgically.  He left the 

facility with his foot 

fully healed.
Photos by RA  Sherman

Maggot Debridement Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©



73 yo man with sclerodactyly 

and bilat. foot ulcers for 3 yrs; 

seen here before and after 

first maggot treatment, and 

then 1 year later.

Photos by RA  Sherman

Maggot Debridement Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©



61 year old diabetic man, receiving 

surgical and IV antibiotic Rx for weeks, 

without improvement of foot ulcer.  

After 3 weeks of MDT, his wound was 

debrided and healing rapidly.  

Photos by RA  Sherman

Maggot Debridement Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©



Photos by RA  Sherman

43 year old paraplegic man after IV adrenergic drugs 

infiltrated during ICU treatment for acute MI.  He could not 

tolerate surgery, so his wound was debrided with MDT.  

Seen here before, during, and 5 weeks following MDT.

Maggot Debridement Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©



67 year old man, who’s ischial pressure 

ulcer was treated with 2 cycles of MDT.  

Seen here before MDT and 10 days later.

Photos by RA  Sherman

Maggot Debridement Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©



55 yo woman treated 
“conservatively” for 2 
months; (still draining, 
malodorous, painful); then 
treated with MDT for less 
than 24 hours.

Fungating Breast CA



46 year old paraplegic man, s/p bilateral flaps for 
trochanteric pressure ulcers. Maggot therapy 
healed the 4-month old sacral donor site as he 
awaited his scheduled STSG. 

Photos by RA  Sherman

Maggot (Debridement) Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©



Maggot Biology 101

Maggot Therapy: 

Back to the Future of Wound Care





. . . use only species and strains 

proven to be safe and effective

Controlled, Therapeutic myiasis



. . . controlled environments

Controlled, Therapeutic myiasis



. . . disinfect the maggots (“germ-free”)

Controlled, Therapeutic myiasis



. . . quality control, inspection, testing

Controlled, Therapeutic myiasis



. . . controlled access to wound -

“cage dressings”

Controlled, Therapeutic myiasis



Clinical Data & 

Review of the Literature

Principles & Practice of

Maggot Debridement Therapy
Maggot Therapy: 

Back to the Future of Wound Care



1. Debridement

 enzymatic

 mechanical

2. Disinfection  

 kills bacteria

 dissolves and inhibits biofilm

3. Promotion of wound healing 

 granulation tissue growth

 epithelial proliferation and migration

 tissue oxygenation

Maggot  Therapy –

Mechanisms of Action



• Baer - 1929

• Hobson - 1931

• Maseritz - 1934

• Ziffren et al - 1953

• Waterhouse & Irzykiewicz - 1957

• Fraser et al; Brookes - 1961

• Pendola & Greenberg - 1975

• Vistnes et al - 1981

• Casu et al - 1994

• Sherman et al - 1991, 1995, 2001, 2002

• Schmidtchen et al - 2003

• Chambers et al - 2003

• Dumville et al – 2009

• Marineau et al - 2011

Studies Demonstrating Debridement



Vistnes LM, et al. Surgery. 90: 835, 1981 

Experimental burns in rats; eschar debrided by larval 
secretions. Trypsin, leucine aminopeptidase, and 
carboxypeptidase activities identified; chymotrypsin-like 
activity and collagenases not identified.



Sir,

For centuries, larval therapy has been recognized as an aid in wound healing. During the 

1930s and 1940s, before the antibiotic era, larval therapy was commonly used by 

surgeons in the USA and Europe when treating various soft-tissue and bone infections. 

The most commonly used larval species is Lucilia sericata (LS). From a clinical point of 

view, the two major effects of larval therapy have been ascribed to their antibacterial 

and debriding mechanisms (1-4). In regard to the latter function it has been speculated 

that the larvae, when introduced into the wound, secrete proteolytic enzymes that enable 

them to degrade and ingest necrotic tissue. Here, we address this question and 

demonstrate that these larvae secrete a group of serine proteases when cultured in vitro. 

Furthermore, these serine proteases were detected in the wound fluid of a patient with a 

chronic leg ulcer treated with larvae. The data suggest that serine proteases of LS are 

released during treatment.



Phaenicia (Lucilia) sericata 

Figure 5 from: Fleischmann, 

Grassberger & Sherman: 

Maggot Therapy –

A Handbook of Maggot-

Assisted Wound Healing. 

Thieme, 2004



Maggot Therapy vs Conventional Therapy for 

Treatment of Chronic Wounds.

VAMC, Long Beach, CA; 1990-1995

Pressure ulcers (145)

Diabetic foot ulcers (31)

Venous stasis ulcers

Post-operative wounds 

Burns
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Maggot vs Conservative Debridement Therapy 

for the Treatment of Pressure Ulcers

Sherman RA: Wound Repair Regen 2002; 10:208-14

0

Error bars indicate standard error.      = p<0.05*

Maggot Therapy (N=43)
Conventional Therapy (N=49)
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Maggot vs Conservative Debridement Therapy

for the Diabetic Foot Ulcers

Sherman RA: Diabetes Care 2003; 26:446-51
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Maggot Therapy for Diabetic Neuropathic Foot 
Wounds: A Randomized Study
Y.O. Markevich, McLeod-Roberts, M. Mousley, E. Melloy

Lviv Medical University, Lviv, Ukraine

Nene-University College, 

Northampton, UK





BioTherapeutics, Education, 
&  Research  Foundation ©



Time to debridement differed significantly between 

the three groups (25.38, df=2, log rank test 

<0.001). The median time to debridement with 

loose larvae was shorter (14 days, 95%confidence 

interval 10 to 17) than with bagged larvae (28 days, 

13 to 55) and with hydrogel (72 days, 56 to 131).

The rate of debridement at any time in either larvae 

groups was about twice that of the hydrogel group; 

the hazard ratio for the combined larvae group 

compared with hydrogel was 2.31 (95% confidence 

interval 1.65 to 3.24, P<0.001).



• Baer, 1929

• Livingston & Prince, 1932

• Robinson & Norwood, 1933

• Simmons, 1935

• Pavillard & Wright, 1957

• Greenberg, 1968

• Erdmann & Khalil, 1986

• Mumcuoglu et al, 2001

• Armstrong et al, 2005

• Contreras-Ruiz et al, 2005

• Tantawi et al, 2007

• Bowling, Boulton et al, 2008

• Cazander, Jukema, et al, 2008, 2010

Studies Demonstrating Disinfection





ABSTRACT Green fluorescent protein-producing Escherichia coli were used 
to investigate the fate of bacteria in the alimentary tract of sterile grown maggots, 
Lucilia sericata (Meigen), using a laser scanning confocal microscope. A 
computer program was used to analyze the intensity of the fluorescence and to 
quantify the number of bacteria. The crop and the anterior midgut were the most 
heavily infected areas of the intestine. A significant decrease in the amount of 
bacteria was observed in the posterior midgut. The number of bacteria decreased 
even more significantly in the anterior hindgut and practically no bacteria were 
seen in the posterior end, near the anus. The viability of bacteria in the different 
gut sections was examined. It was shown that 66.7% of the crops, 52.8% of the 
midguts, 55.6% of the anterior hindguts, and 17.8% of posterior hindguts 
harbored living bacteria. In conclusion, during their passage through the 
digestive tract the majority of E. coli was destroyed in the midgut. Most of the 
remaining bacteria were killed in the hindgut, indicating that the feces were 
either sterile or contained only small numbers of bacteria. 

BioTherapeutics, Education, 
&  Research  Foundation ©





Tantawi et al:  et al, J Wound Care 2007; 16, 

379











• Baer (clinical observations) - 1929

• Robinson  (allantoin) - 1935

• Livingston, 1936

• Sherman et al, 1991, 1995, 2002, 2003

• Mumcuoglu et al, 1997

• Prete, 1998

• Markevich et al, 2000

• Wollina et al, 2002

• Horobin et al, 2003-06

• Sealby, 2004

• Armstrong et al, 2005

• Picazo et al, 2005

• Tanyuksel et al, 2005

Studies Demonstrating Growth Stimulation

• Steenvoorde et al, 2007

• Pecivova et al, 2008

• [Dumville et al, 2009]

• Bexfield et al. 2010

• Wang et al, 2010

• Zhang et al, 2010, 2010b

• Honda et al. 2011



Maggot vs Conservative Debridement 
for the Treatment of Pressure Ulcers

Sherman RA: Wound Repair Regen 2002; 10:208-14

• Cohort, 

92 PU’s, 63 pts

• MT x 8 wks   vs  

Control x 8 wks

• Results: 

– Faster 4- and 8-wk 
healing rates 

– Faster wound bed 
preparation



Sherman RA: Wound Repair Regen 2002; 10:208-14

Maggot vs Conservative Debridement Therapy for 
the Treatment of Pressure Ulcers
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Maggot vs Conservative Debridement 
for Diabetic Foot Ulcers

Sherman RA: Diabetes Care 2003; 26:446-51

• Cohort; DM subjects; 

20 chronic wounds, 18 
Pts; neuropathic and 
neuro-ischemic foot 
ulcers

• Results: 

– Faster 4- and 8-wk      
healing rates 

– Faster wound bed 
preparation



Maggot vs Conservative Debridement Therapy for 
the Treatment of Diabetic Foot Ulcers

Error bars indicate standard error.      = p<0.05

Sherman RA: Diabetes Care 2003; 26:446-51
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Sherman RA: Int J Foot Leg Wounds. 2002; 1:79-86

Biopsy of rapidly granulating toe 
wound in patient undergoing MDT







Wollina et al, International Journal of Dermatology  2002, 41, 635–9





46 year old paraplegic man, s/p bilateral flaps for 
trochanteric pressure ulcers. Maggot therapy 
healed the 4-month old sacral donor site as he 
awaited his scheduled STSG. 

Photos by RA  Sherman

Maggot (Debridement) Therapy

BioTherapeutics, Education, 
&  Research  Foundation ©





Debride with maggots, and the 

wound heals normally. Continue 

applying maggots after the wound 

has been debrided, and the wound 

heals even faster than normal.

William  Baer
Proc Intern Assembly Inter-state Postgrad Med Assoc N Am; 1929

Photo furnished by 

The Alan Mason Chesney Medical Archives 

of The Johns Hopkins Medical Institutions



1. Debridement  

 enzymatic

 mechanical

2. Disinfection  

 kills bacteria

 dissolves and inhibits biofilm

3. Promotion of wound healing 

 granulation tissue growth

 epithelial proliferation and migration

 tissue oxygenation

Maggot  Therapy –

Mechanisms of Action





Indications & Contraindications

Maggot Therapy: 

Back to the Future of Wound Care



“ . . . debrideing non-healing necrotic 

skin and soft-tissue wounds, including 

pressure ulcers, venous stasis ulcers, 

neuropathic foot ulcers, and non-

healing traumatic or post surgical 

wounds.”

Maggot  Therapy - Indications



Adverse Events 

• Pain or Discomfort 

• Anxiety

• Inconvenience due to courier-

delayed deliveries

BioTherapeutics, Education, 
&  Research  Foundation ©



BioTher apeutics, Education, 
&  Resear ch  Foundation 8
BioTher apeutics, Education, 
&  Resear ch  Foundation 8



Concluding Remarks

Maggot Therapy: 

Back to the Future of Wound Care



Objectives

• List 4 indications and 3 warnings or relative 

contraindications for MDT 

• Describe 3 ways that we control therapeutic 

myiasis (maggot therapy) to ensure safety & 

efficacy

• Describe 3 mechanisms of action

• Apply MDT dressings with confidence

Maggot Therapy: 

Back to the Future of Wound Care







woundcareadvisor.com









“Mr. Osborne,  

May I be excused? 

My brain is full”

Questions?
The making of Medicinal 

Maggots

Reimbursement & 

Coding

Confined vs contained 

(bagged) maggots



Scene from Tim Burton’s  Corpse Bride  ~  Warner Bros ©  

Can we play with the people now?

Break ends in 15 minutes.ppt
Break ends in 15 minutes.ppt


Wound BioSurgery:

How to Train 

your Maggots 

& Leeches

Ronald A. Sherman, MD, DTM&H

Director, BTER Foundation

RSherman@uci.edu



• Medicare reimbursement is based on site of delivery of care. 

• Documentation is more important than “the right code.”

• Insurers’ goal is to keep as much money as possible.  

• “Appeal” is the process wherein someone knowledgeable 
actually listens to your claim.

• BTER Foundation will assist with your appeal (nominal cost to 
non-members).

• BTER Foundation will cover some or all of cost of                   
maggots & dressings for eligible patients,                               
through its Patient Assistance program.

Reimbursement Eligibility for Maggot Therapy



Reimbursement Eligibility for Maggot Therapy

Inpatient

Acute Hospital Care Wound care and dressings are included within the 

DRG (Diagnosis Related Group) payment.

Rehabilitation Facility Wound care and dressings are included within the 

CMG (Case-Mix Group) payment.

Long-Term Care facility Wound care and dressings are included within the 

MS-LTC-DRG (Medicare Severity Long-term Care 

Diagnosis-Related Groups.

Skilled Nursing Facility For Part A Recipients: Wound care and dressings 

are included within the RUG (Resource Utilization 

Group) payment. 

For Non-Part A Recipients: 

Dressings may be billed separately 

to Medicare Part B



Reimbursement Eligibility for Maggot Therapy

Outpatient

Hospital Outpatient Wound Care: Use CPT® * debridement codes.

Normally, dressings used on the day of service 

are included within the APC (Ambulatory Payment 

Classification) payment. However, MDT dressings 

and supplies are considered non-routine (see 

AMA’s guidance document, CPT Assistant, 

September 2008, Vol 18, Issue 9, page 11), and 

should be billed separately, either by adding their 

HCPCS codes (if existent and known), or 

describing them in detail, under a miscellaneous 

CPT (99070) or HCPCS (A4649) code. 

Dressings used at home between 

visits may be billed separately to 

Medicare Part B if coverage criteria 

are met.



Reimbursement Eligibility for Maggot Therapy

Outpatient

Physician/Podiatrist Office Wound Care: Use CPT® * debridement codes.

Routine dressings used during an office visit are 

the responsibility of the provider; compensation 

is considered to be “covered” by the CPT code. 

However, MDT dressings and supplies are 

considered non-routine (see AMA’s guidance 

document, CPT Assistant,), and should be 

billed separately, either by adding their HCPCS 

codes (if existent and known), or describing 

them in detail, under a miscellaneous CPT 

(99070) or HCPCS (A4649) code. 

Dressings used at home between visits may be 

supplied by a DME and billed 

separately to Medicare Part B 

if coverage criteria are met.



Reimbursement Eligibility for Maggot Therapy

Outpatient

Beneficiary themselves 

(+/- family assistance) at 

Home

Dressings used at home may be billed 

separately to Part B if coverage criteria are met.

Home Health Agency Wound Care: Use HHRG (Home Health 

Resource Group) payment codes. 

Dressings: Routine dressings can not be billed 

separately; but non-routine dressings (such as 

MDT dressings and supplies) may be billed 

separately.
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The making of Medicinal 
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Wound BioSurgery:

How to Train 

your Maggots 

& Leeches

Ronald A. Sherman, MD, DTM&H

Director, BTER Foundation

RSherman@uci.edu



The Making of a Maggot-Doctor
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Wound BioSurgery:

How to Train 

your Maggots 
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Typical Blow Fly Life cycle



Controlled, Therapeutic myiasis



. . . controlled access to wound -

“cage dressings”

Controlled, Therapeutic myiasis



What is a Maggot Dressing?

Principles & Practice of

Maggot Debridement Therapy



Fine A and Alexander H: Maggot 

therapy - Technique and Clinical 

Application. J Bone Jnt Surg Am, 

1934.



Baer WS: Treatment of Chronic Osteomyelitis with the Maggot, Clin Orthop Relat Res, 1931

McKeever DC: Maggots in the 

Treatment of Osteomyelitis. 

Am J Nursing, 1932



HYDROCOLLOID  PAD

SKINULCER

MAGGOTS

ON GAUZE

CHIFFONGLUE

TAPE +/- SEMI-

PERMEABLE

TRANSPARENT

DRESSING

BioTherapeutics, Education, 
&  Research  Foundation ©
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BioTherapeutics, Education

& Research Foundation ©



BioTherapeutics, Education, 
&  Research  Foundation ©

Confinement Maggot Dressings

Containment Maggot Dressings

“Free-Range Maggots” 

“Loose Maggots” 

“Plain Maggot therapy”

“Bagged Maggots” 

“Tea-Bag Maggots” 

“Maggot Ravioli”



Free-Range vs  Bagged Maggots

 Therapist does not touch maggots

 Faster application 

 Do not need peri-wound skin to 
support the dressing

BioTherapeutics, Education, 
&  Research  Foundation ©

Advantages of Contained Maggots



Free-Range vs  Bagged Maggots

 Maggots have no direct contact with 
necrotic tissue; can not access 
undermined areas, sinus tracts, etc

 Less effective and efficient

 More expensive (more labor-intensive 
to produce)

BioTherapeutics, Education, 
&  Research  Foundation ©

Disadvantages of Contained Maggots



Free-Range vs  Bagged Maggots

 Maggots have direct contact with 
necrotic tissue, including undermined 
areas, sinus tracts, etc

 More effective and efficient

 Less expensive (less costly to 
produce)

BioTherapeutics, Education, 
&  Research  Foundation ©

Advantages of Confined Maggots



Free-Range vs  Bagged Maggots

 Touching the maggot or maggot-
impregnated gauze

 Requires “cage-dressing” 

 Need  1 cm peri-wound skin to 
support the cage-dressing

BioTherapeutics, Education, 
&  Research  Foundation ©

Disadvantages of Confined Maggots







Time to debridement differed significantly between 

the three groups (25.38, df=2, log rank test 

<0.001). The median time to debridement with 

loose larvae was shorter (14 days, 95%confidence 

interval 10 to 17) than with bagged larvae (28 days, 

13 to 55) and with hydrogel (72 days, 56 to 131).

The rate of debridement at any time in either larvae 

groups was about twice that of the hydrogel group; 

the hazard ratio for the combined larvae group 

compared with hydrogel was 2.31 (95% confidence 

interval 1.65 to 3.24, P<0.001).





55 yo woman treated 
“conservatively” for 2 
months; (still draining, 
malodorous, painful); then 
treated with MDT for less 
than 24 hours.

Fungating Breast CA
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Questions?
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Scene from Tim Burton’s  Corpse Bride  ~  Warner Bros ©  
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How to apply MDT Dressings


