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Medicinal leeches (Hirudo medicinalis) are an important
therapeutic modality in plastic and reconstructive surgery.
Leeches are used for salvage of tissue flaps, grafts, or replants
when venous congestion threatens tissue viability. Leeches
facilitate passive bleeding at each attachment site thereby
promoting increased perfusion and decreased microvascular
congestion and obstruction. Furthermore, venous congestion
is reduced secondary to the anticoagulant effect of the leech
saliva, which contains apyrase, collagenase, hyaluronidase,
factor Xa inhibitor, fibrinase, and the direct thrombin inhibi-
tor hirudin.1,2 Current evidence suggests that flap survival is

increased, in some instances up to 60 to 80%, with the use of
medicinal leeches.1,3,4

The application of medicinal leech therapy is not devoid of
risk. It can be complicated by pain at the attachment site, an
increase in blood product transfusion requirements, patient
dissatisfaction, and local or systemic infections.1–5 The inci-
dence of infection has ranged from 2.4 to 26%, and when
infection has occurred, flap salvage has been described to be
less than 30%.2–5 Infections may be localized to the leech
attachment site and surrounding soft tissue, or they may
progress to sepsis and bacteremia.5 The organisms involved
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Abstract Background Medicinal leeches (Hirudo medicinalis) are indicated for salvage of tissue
flaps, grafts, or replants when venous congestion threatens tissue viability. The purpose
of this study was to evaluate the efficacy of prophylactic antimicrobial agents in patients
who received medicinal leech therapy.
Materials and Methods A multicenter retrospective cohort study of all adult patients
between January 1, 2010, and February 28, 2013, who receivedmedicinal leech therapy
was conducted.
Results Antimicrobial prophylaxis was documented in 54 (91.5%) of the included
patients, ciprofloxacin, trimethoprim-sulfamethoxazole, piperacillin-tazobactam, and
ceftriaxone in 33 (61.1%), 18 (33.3%), 2 (3.7%), and 2 (3.7%) patients, respectively.
Surgical site infection (SSI) was found in seven (11.9%) patients, all of whom received
antimicrobial prophylaxis. Aeromonas spp. was isolated in four infections, and all isolates
were resistant to the chosen prophylactic agent. The SSI incidence was similar between
antimicrobial prophylaxis agents.
Conclusion Trimethoprim-sulfamethoxazole and ciprofloxacin appear equally effec-
tive at preventing leech-associated infections.
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in local or systemic infections often originate from the
bacterial flora of the leech, and are primarily due to Aero-
monas hydrophila. Additional microorganisms have been
implicated, which include Proteus spp., Morganella spp.,
Serratia spp., Vibrio spp., Pseudomonas spp., and other
Aeromonas spp.2,5–7 Because the intestinal flora of leeches
contains these potentially pathogenic organisms, antimicro-
bial prophylaxis is recommended for the duration of leech
therapy. Antimicrobial prophylaxis has been shown to reduce
the incidence of infection by up to 50%.3 Currently, no
standard guidelines exist to aid in the appropriate selection
of antimicrobial prophylaxis, and it is left to the discretion of
the ordering provider. Fluoroquinolones, second and third
generation cephalosporins, β-lactam/β-lactamase inhibitors,
and trimethoprim-sulfamethoxazole have been suggested as
appropriate options; however, the emergence of antibiotic
resistant A. hydrophila has become a concern.8

The objective of this study was to evaluate the efficacy of
different prophylactic antimicrobial agents in patients who
received medicinal leech therapy.

Materials and Methods

A retrospective, multicenter cohort study of all patients
admitted to Johns Hopkins Hospital (JHH), Oregon Health &

Science University (OHSU), and Fletcher Allen Health Care
(FAHC) between January 1, 2010, and February 30, 2013, was
conducted. Patients were included if they were 18 years and
older and if they received medicinal leech therapy during
their hospitalization. Medicinal leeches were procured from
Leeches USA LTD at all three sites. Patients were identified by
a query of medicinal leech orders in BDM Pharmacy (BDM IT
Solutions Inc., Saskatchewan, Canada) (JHH) and Epic (OHSU
and FAHC) pharmacy (Epic, WI) data warehouses. A thorough
electronic medical record review was completed for all
patients who met inclusion criteria. Demographic data, anti-
microbial and leech exposure, microbiological results, risk
factors for infection, antimicrobial-associated adverse drug
effects, and clinical outcomes were collected.

Any organism isolated from an aseptically obtained culture of
fluid or tissue from the surgical site during leech therapy or
within two calendar days of leech therapy discontinuation was
considered a surgical site infection (SSI). A prophylactic antimi-
crobialwasdefinedasanantimicrobial agentwithactivityagainst
Aeromonas spp., administered concurrently with leech therapy.
Among patientswho receivedmore than one antimicrobial agent
with activity against Aeromonas spp., themedication used for the
majority of the duration of leech therapy was considered the
primary prophylactic agent. The primary antimicrobials were
further categorized into oral or intravenous therapy.

Table 1 Patient and procedure characteristics

Characteristics No SSI
n ¼ 52 (88.1%)

SSI
n ¼ 7 (11.9%)

p value

Male sex, n (%) 28 (53.8) 3 (42.9) 0.698

Age, y, median (IQR) 55.0 (46.0–68.0) 43.0 (34.0–60.0) 0.150

Risks for hospital acquired infections, n (%)

Hospital admission in previous 90 d 13 (25.0) 1 (14.3) 1.000

Immunocompromised 15 (28.8) 3 (42.9) 0.664

History of cancer or HIV 33 (63.5) 3 (42.9) 0.415

Chemotherapy agent use 1 (1.9) 1 (14.3) 0.225

Tacrolimus 0 (0) 1 (14.3) 0.119

Methotrexate 1 (1.9) 0 (0) 1.000

Corticosteroid 2 (3.8) 2 (28.6) 0.065

Other immunosuppressive therapy 3 (5.8) 0 (0) 1.000

Diabetes 8 (15.4) 0 (0) 0.578

Total number of surgical procedures, median (IQR) 1 (1–2) 2 (1–3) 0.359

First procedure type, n (%)

Replantation 12 (23.1) 0 (0) 0.100

Free flap 11 (19.2) 4 (71.4)

DIEP flap 8 (15.4) 0 (0)

ALT flap 5 (9.6) 1 (14.3)

TRAM flap 1 (1.9) 1 (14.3)

Other 15 (28.8) 1 (14.3)

Abbreviations: ALT, anterior lateral thigh; DIEP, deep inferior epigastric perforator; IQR, interquartile range; SSI, surgical site infection; TRAM,
transverse rectus abdominus myocutaneous.
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Descriptive statistics were used for all data elements. Chi-
squared or Fisher exact tests were used for categorical data
and a Student t-test was used for continuous variables.
A p value less than 0.05 was considered statistically signifi-
cant. All analyses were performed using SPSS version 19.0
(IBM, Armonk, NY).

Results

Over the 38-month analysis period, 59 adult patients
received medicinal leech therapy and were included in the
study. JHH accounted for 31 (52.5%) patients followed by 14
(23.7%) each from OHSU and FAHC. Thirty-one (52.5%)
patients were male and the mean age of all patients was
54.8 � 15.4 years. Leeches were ordered on the initial oper-
ative day in 20 (33.9%) patients, 19 (32.2%) on postoperative
day 1, and 20 (33.9%) on postoperative day 2 and subsequent
days. The surgical procedures for which leech therapy was
essential to relieve venous congestion are depicted
in ►Table 1. Forty-one (69.5%) patients were admitted to
the intensive care unit postoperatively, primarily for moni-
toring flap perfusion.

Antimicrobial prophylaxis was documented in 54 (91.5%)
patients. Ciprofloxacin, trimethoprim-sulfamethoxazole, pi-
peracillin-tazobactam, and ceftriaxone were used in 33
(61.1%), 18 (33.3%), 2 (3.7%), and 2 (3.7%) patients, respec-
tively, and 48.1% of the antimicrobial regimens were admin-
istered as an oral formulation. SSI was found in seven (11.9%)
of the included patients. All seven received antimicrobial

prophylaxis. The incidence of infection in patients who
received antimicrobial prophylaxis was 12.9%.

The isolated organisms included: Aeromonas spp. 4
(57.1%), Enterococcus spp. 3 (42.9%), Proteus vulgaris 3
(42.9%), Morganella morganii 2 (28.6%), Corynebacterium
spp. 1 (14.3%), and Candida parapsilosis 1 (14.3%). Five
patients were diagnosed with polymicrobial SSI. All four
Aeromonas spp. isolates were resistant to the chosen prophy-
lactic agent (ciprofloxacin resistant, n ¼ 3 and piperacillin-
tazobactam resistant, n ¼ 1). The three ciprofloxacin-resis-
tant strains were susceptible to trimethoprim-sulfamethoxa-
zole, whereas the piperacillin-tazobactam–resistant strain
was also resistant to trimethoprim-sulfamethoxazole. Two
of the Proteus isolates were resistant to and one intermediate
to ciprofloxacin, the antimicrobial used for prophylaxis, and
all three were also trimethoprim-sulfamethoxazole resistant.
Of the Morganella isolates, one was ciprofloxacin and tri-
methoprim-sulfamethoxazole resistant. This patient received
piperacillin/tazobactam for prophylaxis, and susceptibility to
this agent was retained. The other patient with an SSI
secondary toM. morganii received ciprofloxacin prophylaxis.
The isolate was found to be ciprofloxacin intermediate but
susceptible to trimethoprim-sulfamethoxazole and pipera-
cillin/tazobactam.

The SSI incidence was not statistically different between
antimicrobial prophylaxis agents; ciprofloxacin 15.2% and tri-
methoprim-sulfamethoxazole 5.6%, p ¼ 0.405 (►Table 2). Anti-
microbial prophylaxis was not started until after leech
administration in 39 (66.1%) patients though the incidence of

Table 2 Antimicrobial and medicinal leech variables on risk of SSI

Variables No SSI
n ¼ 52 (88.1%)

SSI
n ¼ 7 (11.9%)

p value

Time from procedure to leech therapy, d, median (IQR) 1 (0–2) 1 (0–2) 0.968

Antibiotic use during leech therapy, n (%)

Ciprofloxacin 28 (53.8) 5 (71.4) 0.329

Trimethoprim-sulfamethoxazole 17 (32.7) 1 (14.3)

None 4 (7.6) 0 (0)

Piperacillin-tazobactam 1 (1.9) 1 (14.3)

Ceftriaxone 2 (3.8) 0 (0)

Other antimicrobials during leech therapy, n (%)

Clindamycin 5 (9.6) 2 (28.6) 0.408

Cefazolin 12 (23.1) 0 (0)

Ceftriaxone 1 (1.9) 0 (0)

Cefotetan 2 (3.8) 0 (0)

Vancomycin 1 (1.9) 0(0)

Oral antimicrobial prophylaxis, n (%) 23 (44.2) 3 (42.9) 1.000

Antimicrobial prophylaxis duration, d, median (IQR) 5 (3–8) 8 (3–11) 0.156

Leech duration, d, median (IQR) 4 (3–6) 8 (5–10) 0.016

Leeches administered per patient, median (IQR) 28 (12–78) 119 (101–451) 0.000

Abbreviations: IQR, interquartile range; SSI, surgical site infection.
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SSI was also not statistically different between delayed or
preleech antimicrobial administration (15.4 vs. 5.0%, p ¼ 0.404).

Patients who developed a SSI had a longer duration of leech
therapyand receivedmore redblood cell transfusions compared
with patients who did not develop a SSI (►Tables 2 and 3).
Otherwise, patient-specific risk factors for infection, comorbid-
ities, demographics, and outcomes were generally similar be-
tween patients who did and those who did not develop an SSI.
One (1.9%) patient had to discontinue trimethoprim-sulfameth-
oxazole due to localized rash.Noother significant antimicrobial-
associated adverse drug effects were found.

Discussion

This multicenter study included 59 patients and is one of the
largest studies to date to examine the incidence of SSI
following the use of medicinal leeches. Antimicrobial pro-
phylaxis was employed in greater than 90% of patients;
however, SSI still occurred in 12.9% of patients. Our findings
are consistent with those published in other case series.2,3 In
a systematic review patients who received medicinal leech
therapy, 90% of case series included information on the
development of infectious complications, and in these case
series the infection rate was found to be 14.4%.2 Eighty
percent of the cases included information about adjunct
medications, and of the patients for whom this was reported,
79% received antimicrobial prophylaxis.2 Furthermore, in a
case series of 33 patients from a single institution, only 46% of
patients received antimicrobial prophylaxis with a subse-
quent SSI rate of 12.5% among patients who received prophy-
laxis.3 Although SSI is not entirely eradicated with the use of
prophylactic antimicrobials, the rate of infection is signifi-
cantly decreased from a historically documented infection
rate of 20 to 26% with no prophylaxis.2–5

Interestingly, P. vulgaris 3 (42.9%) and M. morganii 2
(28.6%) accounted for a significant proportion of the organ-
isms isolated from surgical sites in this study, and these
isolates were commonly resistant to the antimicrobial used
for prophylaxis. This finding is consistent with a recently
published case report of a complex SSI following leech
therapy for salvage of a rotational flap employed to cover
an anklewound.7 Resistant isolates of P. vulgaris,M.morganii,
and A. hydrophilawere cultured from deep tissue samples as
well as from the leech gut contents of a virgin leech.7 This only
further perpetuates the concern for the development of resis-
tant bacteria, and the appropriate selection of antimicrobial

prophylaxis and treatment for these organisms in patients
who receive leech therapy.

Although no guidelines or consensus statements exist to
direct antimicrobial selection duringmedicinal leech therapy,
the existing body of literature suggests that antimicrobial
prophylaxis specifically targeted to coverage of Aeromonas
spp. should be used, and our data further support this
suggestion.9,10 There are still several questions that remain
to be answered in the prevention of SSI among patients
receiving leech therapy, including the choice of antimicrobial.
Resistant Aeromonas spp. have become a concern, and the
antimicrobials used historically such as amoxicillin-clavula-
nate and cephalexinmay be inappropriate.10Our data suggest
that either ciprofloxacin or trimethoprim-sulfamethoxazole
would be an appropriate choice, and this finding is consistent
with those of Whitaker et al in 2011.3 However, local sensi-
tivities should drive antimicrobial recommendations
within institution-specific protocols. Emerging resistance of
gram-negative organisms, namely, Aeromonas, Proteus, and
Morganella, to fluoroquinolones is a concern. Coverage of
Pseudomonas aeruginosa and gram-positive organisms does
not appear to be necessary, thus the use of very broad
spectrum antimicrobials such as piperacillin-tazobactam,
cefepime, and carbapenems may be unnecessary for routine
prophylaxis.

Prophylactic antimicrobials were frequently not adminis-
tered until after leech therapy initiation in our study. The
incidence of SSI was 3.1-fold higher in patients who received
antimicrobials after leech administration, although the dif-
ference was not statistically significant. The insignificant
difference is likely related to our small sample size. These
findings suggest that a protocol to aid in the initiation of
appropriate antimicrobial prophylaxis before first leech at-
tachment may be helpful in preventing SSI.

Our study has several limitations that should be noted.
The small sample size may have been underpowered to
detect a clinically significant difference in the rate of SSI
between patients who received ciprofloxacin versus tri-
methoprim-sulfamethoxazole prophylaxis. This study was
retrospectivewhich prohibited us from being able to control
for patient-specific risk factors for SSI development; how-
ever, no significant risk factors were found to be statistically
different between those patients who developed an SSI and
those who did not. In addition, SSI was defined solely by the
presence of any positive culture obtained from the surgical
site. The retrospective nature of the study did not allow us to

Table 3 Secondary morbidity outcomes

Outcome No SSI
n ¼ 52 (88.1%)

SSI
n ¼ 7 (11.9%)

p value

pRBC transfusions during leech therapy, median (IQR) 2 (0–5) 10 (9–12) 0.001

ICU LOS, d, median (IQR) 3 (0–7) 7 (1–10) 0.389

Hospital LOS, d, median (IQR) 10 (7–16) 33 (12–71) 0.001

Abbreviations: ICU, intensive care unit; IQR, interquartile range; LOS, length of stay; pRBC, packed red blood cell; SSI, surgical site infection.
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validate that cultures were obtained appropriately nor were
we able to evaluate for the presence of signs and symptoms
of infection, including purulent drainage, pain, swelling,
redness, or heat. It is also possible that cotton-tipped swabs
were used to obtain cultures in a subset of our patients,
which may have erroneously detected nonpathogenic
microbes.

Further study is required to determine whether resistance
develops during treatment or whether these bacteria are
intrinsically resistant. Optimal duration of antimicrobial
therapy following treatment with medicinal leeches is un-
known. Prophylaxis should be continued throughout expo-
sure to leech gut flora; however, it is unknown if SSI rates
might be further reduced by continuing antimicrobials for a
short period of time after completion of leech therapy.

Conclusion

Antimicrobial prophylaxis continues to be an important
intervention to prevent SSI in patients receiving medicinal
leech therapy. Intravenous and oral trimethoprim-sulfameth-
oxazole and ciprofloxacin appeared to be equally effective at
preventing Aeromonas spp. Both of these antimicrobials
seemed to be well tolerated. Future studies should be con-
ducted to analyze the utility of leech cultures and resistance
patterns on the choice of local antimicrobial prophylaxis
selection, and how this impacts patient level infectious out-
comes. In the interim, clinicians should create institutional
guidelines for timing, appropriate antimicrobial selection,
and duration of prophylaxis for medicinal leech therapy.
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