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ABSTRACT

Since ancient times humans have used a variety of plants and animals to both prevent and treat ailments.
Hirudotherapy is a traditional treatment modality using medicinal leeches. In both traditional and modern
medicine, medicinal leeches have been important in the treatment of eczema, chronic ulcers, psoriasis,
osteoarthritis, thrombosis, and hypertension. Hirudotherapy is a trustworthy, easy-to-use, helpful, and
affordable treatment option for draining blood from deeper tissues in localized venous congestion related
with surgical replantations and flap reconstructions. Hirudotherapy has also been commonly used to treat
soft tissue oedema and haematomas in trauma situations. Throughout the feeding process, leeches secrete
biologically and pharmacologically active components into the wound. This article aims to present a broad
assessment of the potential use of hirudotherapy, indications, contraindications, and therapy-related
complications. Providing detailed evidence-based information about the usage areas of hirudotherapy will
help spread healthy medicinal leech practices and prevent possible complications, thus infectious diseases
and public health problems.
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Introduction

Humans have used plants and animals to prevent
and treat diseases since prehistoric times (1, 2).
Medicinal leeches have played an essential role in
traditional and modern medicine (3, 4). The oldest
legibly documented record of leeches used for
therapeutic purpose was revealed in a painting of
an Egyptian Tomb around 1500 BC The odyssey of
the hirudotherapy reached its peak in 17th and 18th
centuries AD in Europe, while in the Arab era
leeches were used only for bloodletting. (5).
Leeches are used not only in medicine but also in
the production of drugs and cosmetics, as well as in
veterinary medicine (3, 6, 7, 8). Revealing the
biodiversity of their habitat by analysing the blood
they sucked and, providing the opportunity to
determine the trophic levels of the wetlands they
inhabit thanks to their partial indicator properties
are some of the not very well-known functions of
medicinal leeches in addition to the health field (9,
10).

Today, more than 800 leech species have been
described. However, very few of them function as
"medicinal leeches" (11). Leech species that are
frequently used in medicine and subject to
international trade are in the genus Hirudo (12, 13).
A total of seven  species (Hirudo
medicinalis, Hirudoverbana, Hirudo orientalis, Hi
rudo troctina, Hirudo nipponia, Hirudo
sulukii and Hirudo  tianjinensis) have been
described in the genus Hirudo. Although there is a

suggestion that the leeches in the
genus Hirudo in Asian geography should be
classified under the genus Hirudinaria,
according to the scientific reports and papers,
leeches in the genus Hirudo are distributed in
Europe, Asia, and North Africa (14-17).
Leeches belonging to the
genus Macrobdella are found in in North
America),  Richardsonianus in  Australia,
Whitmania and Hirudinaria in Asia (4, 18, 19).
Medicinal leeches live in freshwater wetlands,
1.e., shallow water rich in aquatic plants (20,
21). They feed by sucking the blood of
mammals, fish, amphibians, and birds (10, 22,
23).

Two medicinal leech species (H. verbana and
H. sulukii) are prevalent in Turkish wetlands
(16) (Figure 1). While H. verbana has a wide
distribution in the Mediterranean and steppe
zones from Western Europe to Tiirkiye and
Uzbekistan (24), H. sulukii lives in the
Southeastern Anatolia region of Tiirkiye (16,
25).

Although leeches have been used in traditional
medicine since ancient times, scientific proof of
the effectiveness of the active ingredients they
secrete has made medicinal leeches one of the
complementary treatment modalities of modern
medicine (26).

Figure 1. Dorsal view of the medicinal leeches, Hirudo sulukii (above) and H. verbana (bottom),
distributed in wetlands of Tiirkiye (Scale: 10 mm).
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The approval of the US Food and Drug
Administration for the use of leeches in plastic and
reconstructive surgery in 2004, and the approval of
leech therapy in the treatment of certain diseases
with the Regulation on Traditional and
Complementary  Medicine  Practices  (abbr:
GETAT) by the Ministry of Health of Tiirkiye in
2014, set an actual threshold in modern medicine in
terms of leeches (27-29). Authorized institutions
that use leech therapy is responsible for the increase
demand for leeches and this to over-collection,
illegal utilization, and bio-smuggling attempts,
which pose severe threats to the sustainability of
the leech populations (10, 12, 21). In addition to the
increasing demand for leeches, degradation of
natural habitats and reduction of pastoral farming,
an essential source of food for leeches, have led to
a significant decline in leech populations (30-32).
This situation has caused the medicinal leeches to
become endangered and paved the way for them to
be protected by international conventions, such as
IUCN, CITES, Berne convention, and EU Habitat
Directive (24, 33, 34). The international trade of
medicinal leeches is conducted under the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) (12, 33).
Medicinal leeches, the subject of the international
leech trade, are mainly collected from Tiirkiye and
to a lesser extent from the Krasnodar Territory in
Russia (24). Although Tiirkiye is not yet in a
leading position regarding the production of
leeches under aquacultural conditions, it is the
leading country in the international trade of leeches
collected from the field? (24, 35). The leech export
quota of Tiirkiye, which was 10,000 kg/year in
1996, has however gradually decreased due to the
diminishing of medicinal leech populations in
nature and was approximately 1,500 kg in 2022
(13, 36).

The increasing demand for leeches cannot be met
adequately by either aquaculture facilities or
nature. Therefore, leech prices are increasing
unpredictably. The leech price has risen from 0.75
Turkish Liras/each (~USD 0.40) (year: 2013) to 25
Turkish Liras/each (~USD 1.30) (year: 2022) with
the effect of the regulation of GETAT in Tirkiye
(13).

Due to the risk of pathogen transmission by leeches
collected from nature, the law of GETAT approves
using leeches only from leech farms that produce

sterile leeches (36). There are 11 licensed
medicinal leech farm having a total of 7432 kg
project capacity in Tiirkiye (37). Physicians are
obliged to know the sterility status of leeches
The risk of pathogen transmission in leeches
collected from nature, decreasing leech
populations, and increasing leech prices have
made medicinal leech breeding important (38,
39).

however, the fact that the breeding protocols
are not well-known makes leech breeding
unprofitable and cause the leech demand to be
insufficiently met (29, 40). This again increases
the possibility that the leeches used in
hirudotherapy are those collected from nature.
The present paper aims to summarize the
morphology, biology, epidemiology of leeches,
the active ingredients included in their saliva,
the indications, contraindications, and
complications known in hirudotherapy.

Function Of Leeches

Medicinal leeches, with their three-sided jaws and
between 60 to 100 sharp teeth in each jaw, bite the
skin, inject their saliva during blood feeding.
Adult leeches can ingest blood up to ten times of
their weight in a single meal (41).

It is shown that each leech in vitro can prevent
between 50 to 100 mL of human blood from
coagulating via their saliva (42).

Treatment effects of medicinal leeches depend
on the amount of active components such as
hirudin, hyaluronidase, histamine-like
vasodilatators, collagenase, and analgesic
compounds that allow the blood to flow during
the feeding and the post-attachment period
(Table 1.) (26, 41).

Today, hirudin is produced in vitro by using
recombinant DNA technology and is sold in the
market as Lepirudin and Desirudin (43).
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Mechanisms of action Active components

Analgesic and anti-
inflammatory effect

Antistasin (44-46), hirustasin (44, 45), ghilantens (47, 48), eglin C (45), leech-derived
tryptase inhibitor (LDTI) (49), complement C1 inhibitor (50), guamerin and piguamerin (44,
45), carboxypeptidase inhibitor (45), bdellins and bdellastasin (45, 47).

Degrading extracellular
matrix

Hyaluronidase and collagenase (44, 45, 51).

Strengthening blood flow

Acetylcholine (44, 45), histamine-like molecules (44, 45, 52).

Inhibition of platelet
function 56).

Saratin (44, 45, 51, 53), calin (44, 45, 51, 54), apyrase (44, 45, 51), decorsin (44, 45, 51, 55,

Anti-coagulant effect

Hirudin (45, 51, 52, 57), gelin (45, 51), factor Xa inhibitor (44, 45, 51), destabilase (45, 51,
58-60), new leech protein-1, whitide, and whitmanin (60).

Anti-microbial effect
peptide B (62, 63).

Destabilase (45, 51, 58-19, 61), chloromycetyn (44, 45, 51), theromacin, theromyzin, and

Table 1. Possible bioactive enzymes and mechanisms of action of leech saliva

The Principles of Medicinal Leech Application

Before beginning the treatment; the patient needs to
be informed about both benefits and the possible
risks of the treatment. Patients, their parents, or
legal guardian should sign a written informed
consent. As they have the potential to decrease
immune response, cause immune suppression,
increase the risk of excess bleeding, cause
coagulopathy or prolong the prothrombin time,
patients should not be treated concomitantly with
vitamin E, aspirin, nonsteroidal anti-inflammatory
drugs, heparin, warfarin, as well as herbal
supplements like Ginkgo biloba, ginger, garlic,
dong quai, and ginseng (64).

In order to reduce the risk of vasoconstriction,
caffeine usage should be avoided. The leech saliva
has an antithrombotic activity, which is also known
with the use of heparin, aspirin, and/or dextran. A
physician’s order regarding the number of leeches
to be applied, application frequency and site is
mandatory. It is advised to prescribe antibiotic
prophylaxis if leech are applied close to open
wounds. (64-66).

Depending on the ailment and its severity the
number of leeches to be applied and application

frequency may differ. Even though it is
recommended to use a higher number, the number
of leeches usually used is between 1 and 10. Two
or more treatments per day might be necessary.
The number of daily sessions depend from the
amount of bleeding at the application site of the
previous sessions. In case that leeches are not fully
fed or they detach right after attachment, it is
recommended to apply a higher number of leeches
several times per day. According to the lowa Head
and Neck Protocol, leeches are applied every 2
hours (67, 68).

It is necessary to clean the application site before
the treatment using normal sterile saline and soft
soap, while any residue ointments or gels on the
skin should be removed before the application, as
they can affect the attachment and blood-feeding
of the leech. Hirudotherapy should be given in a
warm room, as the leeches feed better when the
skin temperatures are between 33 °C to 40°C.
Leeches normally begin feeding immediately, but
if that does not happen spontaneously, in case of
vascular insufficiency the skin could be punctured
with a sterile needle as the snoozing blood can
stimulate them to attach. Leeches should be
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observed during the attachment period, and if their
size does not increase and no gut peristalsis can be
observed, new leeches should be applied or the
application site should be changed. The use of
active and large leeches might be advisible (27, 64,
69).

Hirudotherapy sessions might vary between 20 and
120 minutes. Each leech can ingest between 5 and
15 mL of blood per session. Bleeding may continue
whoever for up to 24 hours after the removal of
leeches (67, 70).

Continous monitoring of blood pressure, heart and
respiratory rate, by a professional healthcare
provider is necessary during hirudotherapy. Every
4 hours, patients need to be reevaluated
hematologically by performing complete blood cell
count, serum chemistry studies, prothrombin time,
and partial thromboplastin time. If necessary
patients should receive blood transfusions, when
the hemoglobin level drops below 8g/dL (27, 64,
69-71).

It is possible that leeches can migrate to lesions or
other healthy tissues or fall into adjacent area both
during and after the treatment, as they are keen on
hiding after feeding. Therefore, observation is
necessary for also that reason. The leeches usually
get fed enough and detached spontaneously. When
the leech needs to be removed before being done
feeding, if the leech gets forced to detach, it’s teeth
may be remainder, which may cause an infection.
In this case, manipulating the leech’s head using a
swab saturated with vinegar, normal saline or
alcohol  usually induce detachment but
disproportionate usage of these liquids might also
cause blood to flow back into the bite site and lead
to an infection, such as submucosal abscesses,
erysipelas, ecchymosis and scarring (64, 70, 72).
To prevent bleeding, the bite areas can be cleaned
regularly using a swab saturated with isotonic or
heparin solution after detaching the leeches. It is
possible to be seen that fluids are leaking from the
leeches, as they drain the excess water to condense
the red blood cells. The leeches killed with 70%
ethyl alcohol, after putting into a biological waste
bag when they are finished feeding and being

detached naturally (27, 65, 73).

Leeches should not be used on another patient as
they carry the risk of blood-borne infections, and
also, they would not like to feed again for a few
weeks. Infection is one of the main complications
that is documented, due to hirudotherapy, with an
incidence range from 2.4 to 20%. Hence,
prescription of prophylactic antibiotics is
suggested strongly, and appropriate antibiotic is
suggested strongly, and appropriate antibiotic
prophylaxis showed a major reduction in the risk
of infection, duration of hospital stay, and
potential loss of flap or wounded tissues in some
studies (64, 69-71).

Usage of dual antibiotics during the treatment and
the use of a single antibiotic during the two weeks
of follow-up have also been suggested for
prophylaxis (64, 74, 75).

Fluoroquinolones are usually used for
prophylaxis, as Aeromonas hydrophilia is
sensitive to them. Nevertheless, it has been
reported that resistant bacteria strains can cause
post-leech therapy complications (74-76).
Bacteria such as Morganella morganii, Proteus
vulgaris, Serratia marcescens, Aeromonas sobria,
and Vibrio fluvialis were detected on the surface
and/or inside the leeches. In case fluoroquinolones
do not prevent an infection, appropriate cultures
should be collected and third-generation
cephalosporins, tetracyclines, aminoglycosides, or
trimethoprim should be used (64, 71, 76, 77).

Medicinal Uses of Leeches

Contraindications, indications, and therapy-
related complications of hirudotherapy are shown
in Table 2-4 (44, 51, 64, 70, 73, 78-84).
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Contraindication

Children Hematological malignancies (e.g. leukaemia)
Pregnancy and lactation Haemophilia

Unstable medical status Anaemia

Sepsis

Hemorrhagic diathesis

Arterial insufficiency

History of allergy to leeches

Hypotension Severe allergic diathesis
Hepatobiliary diseases Disposition to keloid scar formation
Cachexia HIV-infection

Patient refusal

to undergo hirudotherapy (individual
intolerance to leeches) and to accept blood
transfusions if necessary

In those using anti-coagulants, immunosupressants, and some
vasoactive substitutes such as Ginkgo biloba

Table 2. Contraindications of hirudotherapy

Indication

Field of Application

Following reconstructive
surgeries

To reduce venous congestion in flap tissues, free and pediculed flaps (6, 70, 79, 85-101).

Phlebitis and thrombosis

To draw blood from deeper layers in varicose veins and to dissolve thrombus in postphlebitic syndrome and
ecchymosis (79, 99, 102, 103).

Peripheral arterial
diseases

To restore blood flow in the affected areas (e.g. peripherial arterial occlusion) (80, 99, 104).

Post-operative blood
clotting

To help re-attachment of severed fingers (amputated digits), toes, ears, nasal tips and penile replantation (45,
79, 86, 90, 105-115)

Coronary arterial
thrombosis and ischemic
heart disease

To reduce the blood viscosity (79, 85).

Wound healing

To suck the excessive blood, reduce tissue swelling, and contribute to healing by allowing oxygen-rich blood
to reach the area until normal circulation can be restored (116, 117).

Swelling and haematoma

To reduce the swelling in excessive periorbital and lingual swelling, sublingual and massive lingual
haematoma, macroglossia (85, 88, 118-129).

Analgesic and anti-
inflammatory purposes

To relieve the pain and reduce inflammation in varicose veins, leg ulcers, phlebitis, thrombophlebitis, joint
diseases like osteoarthritis and epicondylitis, vertebrogenic pain syndromes/lower back pain, lumbar pain in
renal cell carcinoma and leiomyosarcoma (6, 78, 79, 103, 130-146).

Chronic skin diseases

Psoriasis, eczematous dermatitis, chronic ulcers, epidermoid cysts, cutaneous leishmaniasis. (79, 85, 147-149)

Respiratory diseases

To use the advantage of the mucolytic action of leech saliva for asthma, acute rhino pharyngitis, and spasmodic
coryza (150).

Dentistry and gum
discases

To reduce bacterial growth and inflammation in abscess and also in root canal treatment (41, 85, 151, 152)

Compartment syndrome

To reduce pressure on the neurovascular structures (6, 127, 153).

Sialoadenitis

To reduce inflammation and swelling (6).

Cancer diseases

To provide anti-metastatic activity by Haementaria officinalis in lung cancer and anti-proliferative activity by
Hirudinaria manillensis in vitro against small cell lung cancer and to reduce penoscrotal oedema in prostate
adenocarcinoma (80, 85, 154).

Other less commonly uses

Hypertension, migraines, complications of diabetes mellitus, proliferative vitrous retinopathy, acute and
chronic otitis, tinnitus, tympanophonia, peripheral cochleavestibular disorders of vascular origin, nasal polip,
spasmodic urethral stricture (85, 155-159).

Table 3. Indications of hirudotherapy
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Complication

Infection Flap necrosis, extensive muscular necrosis, cellulitis, septic shock (160-166).

Bleeding Periorbital ecchymosis and subconjunctival hemorrhage (167).

Allergy Kounis syndrome (168).

Migration Accidentally penetration in the eye (26, 78).

Other Thrombotic microangiopathy and acute renal failure (169), lichen planus (170), cutaneous
pseudolymphoma (171), atraumatic hemarthrosis (172).

Table 4. Therapy-related complications of hirudotherapy
Discussion

Hirudotherapy is a trustworthy, easy-to-use,
helpful, and affordable treatment option for
draining blood from deeper tissues in localized
venous  congestion related with surgical
replantations and flap reconstructions.
Hirudotherapy can be used in skin diseases such as
eczema, chronic ulcers, and psoriases, as an
adjuvant treatment for atherosclerotic heart
disorders, coronary thrombosis, hypertension, and
varicose veins. In cases of trauma, hirudotherapy
has also been used to treat hematomas and swollen
soft tissues (41).

Purchasing leeches from reliable commercial
sources can reduce the risk of infectious
complications and prevent blood-borne infections
such as hepatitis viruses (173).

Hirudotherapy has an indication for venous
congestion but is contraindicated for arterial
insufficiency. Therefore, it must be differentiated
cautiously before starting the treatment (64, 108).
Although mechanisms of action and active
components still await further exploration, their
fields of use in particular medical conditions is
clear. Indications and possible complications, also
efficient antibiotic prophylaxis against Aeromonas
and application frequency should be assessed
carefully (174).

Conclusion

Hirudotherapy is a precious traditional technique
with potent biochemical effects. It can be a crucial
part of multidisciplinary approach for patients who
do not respond to conventional treatment methods,
although it is not a stand-alone treatment method.
Hirudotherapy is becoming more and more
popular, and as a result, medicinal leech
populations in nature are under tremendous
collection pressure, possibly to the point of
extinction.

Hirudotherapy practices should be legislated by
health authorities.

Providing detailed evidence-based information
about the usage areas of hirudotherapy will help
spread healthy medicinal leech practices and
prevent possible complications, thus infectious
diseases and public health problems.
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