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Background: Acute limb ischemia due to microvascular malperfusion may be refractory to initial therapies. Medicinal leech therapy (hirudotherapy) has been attempted in plastic and reconstructive surgery to improve venous congestion in ischemic flaps; however, there are minimal reports related to ischemia secondary to arterial malperfusion. We evaluated a pediatric cohort from an academic intensive care unit with refractory limb ischemia in whom hirudotherapy was attempted to elucidate its use and outcomes.



Method: Institutional patient database was queried to identify pediatric patients (<18 years) who received hirudotherapy in the pediatric critical care unit and met inclusion/exclusion criteria. Patient charts were evaluated for indices including demographics, primary disease, coagulative status, vascular access, vasoactive medication dosing, bleeding, leech use, limb and mortality outcomes. Data was evaluated to identify trends or suspected impact on outcomes.



Results: Hirudotherapy was used in 7 patients for limb ischemia, 5 with congenital heart disease, and 2 others with viremic shock. Time to leech application following recognition of ischemia averaged 3 days, with duration of use averaging 3.9 days. Five patients discontinued therapy due to bleeding. Mortality rate was 57%, all secondary to multiorgan failure. In 3 surviving patients, 4 of 5 treated limbs resulted in at minimum partial amputation. Vasoactive-inotropic score tended higher prior to leech application, suggesting a vasoconstrictive pathway for arterial malperfusion. No identifiable trends appeared associated with salvaged limb or adverse effects. Blood loss predictably increased with leech application, as did total transfusion requirement.



Conclusion: This case series establishes baseline data for use of hirudotherapy in critically ill children with acute limb ischemia caused by arterial malperfusion. Based on this retrospective cohort, we cannot recommend routine use of hirudotherapy for acute limb ischemia from arterial malperfusion in the pediatric intensive care unit. Application of leeches should be aligned with a protocol defining start and stop parameters, standardized leech utilization, and monitoring for adverse outcomes. Future study would benefit from consensus definitions of study outcomes, including perfusion recovery, tissue/limb salvage and bleeding manifestations. Additional prospective studies are needed prior to any standard or systematic recommendations for use.
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Introduction

Humans have leveraged the enzymatic properties of leeches since the earliest documentation of medicine. Hirudotherapy, as is known, has been utilized for pathologies ranging from hysteria to hemorrhoids (1, 2), but is currently only approved by the U.S. Food & Drug Administration for improving venous congestion in graft tissue (3, 4). Reconstructive surgery has established extensive systematic exploration of hirudotherapy in digit and flap reconstruction for this purpose, with variable guidance on leech utilization (5–11). Literature in hirudotherapy is expanding exponentially, reflecting increased interest in a variety of applications (12).

Acute limb ischemia is a manifestation of poor perfusion that is associated with high morbidity and mortality rates which may be refractory to medicinal or endovascular therapies. Thrombotic etiologies predominate in pediatrics, primarily catheter-associated in infancy and trauma in children and adolescents (13). This contrasts with adults, where the majority of cases are secondary to peripheral artery disease (14). Within the context of critical disease, ischemia may be encountered simultaneously in multiple limbs, with proposed contributions from sepsis, disseminated intravascular coagulopathy (DIC), low blood flow states, and vasopressor use (15–19). Diffuse or bilateral ischemia isolated to acral limbs is termed symmetric peripheral gangrene (SPG), and may be difficult to treat without surgical intervention (16, 19).

The primary mechanism of action for hirudotherapy in surgical fields is bloodletting for venous congestion, which may reduce interstitial pressure and improve arterial inflow. Additionally, leech saliva possesses anticoagulative and platelet inhibition properties (9, 20, 21). Bivalirudin, commonly used as a second line systemic anticoagulant, is a recombinant form of the leech enzyme hirudin (22). This lends biologic plausibility for its use in local malperfusion due to arterial insufficiency in pediatric patients when standard therapy fails. Adult patients with peripheral artery disease appear to be the most comparable population for this use, with mixed results (23, 24). To our knowledge, this approach has only been reported in two pediatric cases (25, 26). The pediatric critical care team at our institution has attempted to exploit this quality for treatment of refractory peripheral limb ischemia in select cases. No established guidance for this use exists, and the same salivary enzymes that dictate leech's therapeutic potential also predispose to adverse effects (2, 27–33). We have previously reported a neonate requiring extracorporeal membrane oxygenation (ECMO) on whom hirudotherapy was attempted for limb ischemia, resulting in massive hemorrhage (34).

This paper aims to expand available data for hirudotherapy in acute limb ischemia with a retrospective case review, attempting to identify any predictable trends to help guide its practice or restrict its use. We hypothesized that bleeding complications may counter potential benefits in outcome for critically ill children.



Methods

This study was approved by the University of Minnesota institutional review board associated with MHealth Fairview Masonic Children's Hospital. We performed a literature search of both Medline and PubMed using combinations of the search terms “hirudotherapy”, “leech therapy”, “children”, “ischemia”, “arterial ischemia” and “limb ischemia” to assess the use of leeches for our indication. The virtual pediatric systems (VPS) database for Fairview Health System at our institution was polled for all patients who received medicinal leech use in the Pediatric Intensive Care Unit (PICU). All patients were screened for inclusion and exclusion criteria. Those whose charts did not indicate that they had consented to their medical records being queried for research were excluded. Patients were included if chart review indicated arterial malperfusion and excluded if leeches were used for venous congestion (specifically in reconstructive surgery). Nine patients were identified between 2012 and 2020, two which were excluded due to treatment indications of venous congestion in flap repairs. Data variables were selected to evaluate contributors to ischemia and coagulopathy, leech use, bleeding, and outcomes, all which were compiled in REDCap patient-secure database. Vasoactive-inotropic scores (VIS) were quantified using the formula proposed by Koponen et al. (35). Data was divided into a pre-leech phase (3 days), leech phase (duration of hirudotherapy plus 1 day), and post-leech phase (2 days). The leech phase extended one day beyond leech removal to account for additional bleeding based on our experience with additional side effects and other available literature (6, 34). The best practices integrated informatics core assisted with data extraction from the electronic health record to improve efficiency. More subjective medical information was retrieved by trained research staff. Data was examined to identify any guidance on future decision-making and development of internal protocol. No evaluation for statistical significance was performed given overall paucity of patients and limited literature to support power analysis.



Results


Demographics & disease process

Patient demographics are summarized in Table 1. Ages ranged from newborn to 17 years, with slight male-predominance (4/7). Two patients (1, 2) presented for viremic shock, one from H1N1, and another from varicella who was immunodeficient secondary to bone marrow transplant. The remaining 5 patients (3–7) had congenital heart lesions with ischemia developing within 48 h of procedural repair, transplant, or cardiac arrest. All cardiac patients required ECMO during hospitalization, including at hirudotherapy initiation. Patient 6 had ECMO discontinued on day 2 of leech phase and patient 5 did not have any ECMO in pre-leech phase. All patients demonstrated evidence of hepatic injury (elevated AST/ALT), coagulopathy (abnormal INR ± fibrinogen, PT, PTT), and thrombocytopenia (Supplementary Figures S1, S2). There was no explicit diagnosis of thrombocytopenia-associated multiorgan failure (TAMOF) or ADAMTS13 levels checked. Four patients received antithrombin III repletion. Six patients were either blood type O+ or O−.


TABLE 1 Demographics.
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Ischemia

Ischemic details are summarized in Table 2. Six patients had bilateral ischemia, one including involvement of 3 limbs. The lone patient with single limb involvement (R foot and toes) had no ultrasound evidence of thrombosis. She did, however, have heart catheterization through R femoral vessels ∼6 weeks prior to ischemia, lending credibility to iatrogenic etiology. All patients required vasopressor support in pre-leech phase (Figure 1) with at least one day reaching VIS 10. Vasopressor use was the primary etiology suggested for ischemia on reviewed progress notes. Time from initiation of vasopressors to recognition of ischemia averaged 3.3 days (range 0–7). Thrombosis was visualized on ultrasound in 3 patients, two with arterial involvement. One of those had single-vessel arterial thrombosis, which could not account for bilateral ischemia. Patients with cardiac procedures all had interventions (heart catheterization, ECMO cannulation, or arterial line) which correlated with at least 1 of their affected limbs, and all had a major procedure within 30 days, supporting potential contribution of iatrogenic vessel injury and resultant ischemia. Femoral cannulation for ECMO was identified in only one patient, the remaining either accessed centrally or via neck vessels. Four patients received continuous renal replacement therapy. No patients received intravenous immunoglobulin or plasmapheresis. Pre-leech ischemic treatment was not uniform in all patients, with mixed utilization of heparin (5), topical nitroglycerin (6), antithrombin III concentrate (4) and papaverine (7). Aspirin, bivalirudin, endovascular or surgical intervention were not used. There was no ischemic classification (e.g., Rutherford) documented.


[image: Figure 1]
FIGURE 1
Vasoactive-inotropic score trends. [image: image]Begin Pre-Leech Phase. [image: image]begin leech phase. [image: image]begin post-leech phase. VIS, vasoactive-inotropic score; PT, patient; - - -, surviving patient; —, deceased patient. Of note, leech phase duration was not uniform in all patients; lines were made continuous for clarity of trends – see Table 3 for individual leech application.



TABLE 2 Ischemia.
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Leech use

Leech application is summarized in Table 3. Leeches at our institution were obtained from Leeches U.S.A., Ltd. There was no institutional protocol for specific indication, application, or monitoring. Hirudotherapy was initiated for severe ischemia refractory to initial topical and/or systemic therapy. The multiorgan disease complexity and general lack of arterial thrombosis presumably inhibited vascular procedural intervention, however this was specifically stated in only one patient's record. The details of hirudotherapy orders were highly variable over the 8-year period as well, ranging from every 1-hour to every 12-hours.


TABLE 3 Leech use.

[image: Table 3]

Despite bilateral ischemia in six patients, five received leech therapy to only one limb. Time from recognition of ischemia to leech initiation averaged three days (range 1–6). There was high variability in the leech-phase duration, with a maximum of 10 days (although leeches were held for platelet count <50,000/μl in four days). One patient reached completion of intended therapy and one patient died. In all others (5/7) therapy was discontinued secondary to bleeding. Similar high variability existed for number of leeches applied per day (range 1–10) with some correlation to patient size. One patient received only a single leech prior to discontinuation for bleeding. Adequate records were not available for duration between individual leech applications, actual duration of leech feedings, and specific thresholds prior to discontinuation. Records suggested leech attachment for longer than 30–90 min, a behavior which is different than the typical duration of reported leech feeding prior to their detachment (6, 36).



Leech adverse effects

There was one positive microbial blood culture following leech therapy within the 2-week post-leech surveillance (Rhizopus delemar, patient 7). Other changes to antibiotic regimens were attributed to endotracheal or wound culture positivity, clinically presumed sepsis, or narrowing of therapy. Antibacterial regimens on day of leech initiation included ceftriaxone, cefepime, and meropenem, though appeared directed at other active problems rather than leech prophylaxis. One patient did not have an antibacterial added until day two of leech therapy. There were no allergic or skin reactions identified. Aside from one patient, cutaneous blood loss inherently increased during the leech phase (including 24 h after discontinuation) and decreased in post-leech phase, though with different magnitudes (Figure 2, Table 4). Post-leech phase bleeding appeared to persist to varying degrees. Patient 6 had severe massive hemorrhage in pre-leech phase attributed to ECMO, which outweighed bleeding in the leech phase. Total volume of blood transfusion required increased during leech phase with high variability (1.17–8.17 magnitude increase) and did not consistently downtrend in post-leech phase (Figure 3). Four patients required topical thrombin to bleeding site, with other interventions including pressure dressing, tamponade suturing, and attenuating anticoagulative infusions. Two patients (6 & 7) had severe bleeding specifically at the webbing of great toe. There were no appreciable trends in blood components (hemoglobin, platelet) or coagulative markers (INR), but all values were maintainable at acceptable levels throughout leech phase (Supplementary Figures S1–S3).


[image: Figure 2]
FIGURE 2
Estimated blood loss by phase. ml, milliliter; kg, kilogram; *: indicates ECMO use within phase.
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FIGURE 3
Total blood product transfusion by phase. ml, milliliter; kg, kilogram; *: indicates ECMO use within phase.



TABLE 4 Bleeding indices.
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Outcomes

Patient outcomes are summarized in Table 5. Four patients died from multiorgan failure prior to adequate evaluation of limb outcomes. Four of the cardiac patients suffered intracranial stroke (2 ischemic, 2 hemorrhagic), none with identifiable correlation to hirudotherapy or resultant medication changes. Of the five affected limbs treated with leeches in surviving patients, only one limb has remained free of procedural or autoamputation (L foot of patient 1). No identifiable difference in leech use appeared to correlate with limb outcome; in fact, the fully salvaged limb received only one day of therapy (likely 1–2 leeches). Progress notes indicated some element of subjective color improvement in all patients.


TABLE 5 Outcome data.
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Discussion

We previously reported a neonate requiring ECMO who developed severe hemorrhage with hirudotherapy for limb ischemia (patient 7) (34). This current paper reviews a series of seven critically ill children with acute limb ischemia in whom medicinal leech therapy was attempted for limb salvage. Leech quantity, duration, and decisions for initiation and termination were variable, owing to patient complexity, slow patient accrual over a long study period (2012–2020), and a lack of a consistent protocol. Patients tended to have high VIS prior to ischemic recognition, increased bleeding and blood transfusion requirement during leech therapy, and persistent bleeding beyond 24 h of discontinuation. Mortality was 57% and overall limb salvage was 33% (2/6). Of five limbs treated with hirudotherapy in the three survivors, only one remained free of auto- or surgical amputation at available 2-year follow-up visit.

It is difficult to assess leech efficacy given the patient complexity, multifactorial or unclear etiology for limb ischemia, and non-uniform use of leeches over the study period. Major artery occlusion was only identified in two patients and would not account for witnessed bilateral ischemia in one of them. All five cardiac patients had potential iatrogenic injury from vascular catheters; but this would not consistently account for bilateral ischemia. Low flow state, selective perfusion of deep femoral artery, arterial compression by venous cannulas and high vasopressor requirement are proposed mechanisms of ischemia with ECMO, some which may have additionally contributed in our cohort (37). All but one patient had evidence of bilateral acral ischemia consistent with a diagnosis of SPG. This acral pattern is primarily demonstrated in sepsis or cardiac disorders (17). Recent literature suggests a clinical triad which predisposes patients to SPG: circulatory shock, DIC, and natural anticoagulation depletion often seen after shocked liver (17). All patients in our cohort possessed evidence of hemodynamic insufficiency and consumptive coagulopathy, six with some element of low or falling fibrinogen in pre-leech phase, and five with suspicion or confirmed anticoagulative depletion (low antithrombin III level or received replacement). All patients also had antibiotic use prior to time of leech initiation, suggesting systemic infection and/or inflammation. There is current skepticism toward vasopressor role in SPG. Studies cite a lack of correlation between the initiation of vasopressors and the delayed (often days) clinical presentation of distal ischemia (17, 18, 20). A systematic review for high-dose vasopressor use in septic shock revealed an incidence of acute limb ischemia in 1.6–5.7% of patients (18). Conversely, support for vasopressor-mediated ischemia exists, with vasopressin suggested to be more associated with digital ischemia than other pressors (19, 38). None of these studies evaluated concomitant DIC, coagulopathy, or hepatic dysfunction. Four patients in our cohort developed ischemia between 3 and 7 days after vasopressor initiation while the other three were rapid (within 24 h), so would therefore be difficult to refute potential vasopressor contribution.

Further complicating leech assessment was the overall death rate in an already small cohort (4/7). Acute limb ischemia has high morbidity and mortality in adults, with fatality in 15%–33% and major amputation rates ∼10%–30% (15, 16, 39, 40). The addition of COVID-19 infection or ECMO requirement may increase mortality to 30%–60% (37, 41). On the other hand, physiologic differences may favor pediatric outcomes, including early angiogenesis for collateral vessels, less atherosclerotic presence, and superior vasodilatory response to ischemia (13). Acute limb ischemia in the pediatric population demonstrates comparably decreased mortality rates (5%–19%) and amputation rates (∼2%–12%), which may allude to a lower index of improvement with hirudotherapy compared to its risks (13, 42, 43). These studies primarily cited catheterization injury rather than discussion of sepsis or cardiac disease, and some included procedural intervention such as catheter-directed thrombectomy, so are not representative of our cohort. Acute limb ischemia secondary to ECMO may approach all-cause mortality rates of 27% and amputation rates of ∼18% (44). This may be even higher in SPG (45). Regardless, limb outcome in our surviving patients was dismal in comparison, resulting in amputation or autoamputation in 4/5 leech-treated extremities. One may consider whether prophylactic or earlier leech therapy may be of benefit, however there is not identifiable data to predict onset of acute limb ischemia, and hirudotherapy was generally started soon after recognition of ischemia in survivors (four patients started within two days). The only identified study of prophylactic leech use was for high-risk frostbite in Unani medicine, which limits inference to our cohort (46).

It is also difficult to predict who will develop acute limb ischemia. In one pediatric ECMO cohort, vasopressor score was higher in patients who developed ischemia (28 vs. 13.5), though did not reach statistical significance (44). They also did not demonstrate any predictive statistical significance of commonly proposed risk factors including age, height, cannula site, cannula size (44). Body surface area and cannula size ratio may be a predictor and other studies have demonstrated higher ischemic risk in femoral than neck cannulation (37, 47). Predicting which limbs will require amputation is similarly difficult, though may include coagulopathy and weight loss in infants, and long bone injury, coagulopathy, and neurologic disorder in adolescents (13). In vasopressor-dependent sepsis, amputation risk may increase with higher sequential organ failure assessment scores, INR, lactate, lower platelet count, and culture positive sepsis (15). It is also likely that loss of venous doppler ultrasonography represents irreversible injury (39). There were not enough patients or surviving limbs in our cohort to attempt statistical correlation of leech duration and quantity with outcomes or identify any predictors of mortality. Subjective color improvement with hirudotherapy, which was documented in all patients, was likely indicative of some relief of venous congestion, rather than improved arterial perfusion.

The lack of consistent protocol for leech use over the study period contributed to difficulty interpreting hirudotherapy effect. In reconstructive surgery, protocols vary without consensus on quantity and frequency of application (5, 6, 10, 11). Salvage benefit in adults distinctly improves with at least 4.5 days of treatment in digit reimplantation (5). It was unclear how well or long each leech fed in our patients. It is known that benzodiazepines and narcotics may affect leech feeding, which were part of all subjects' analgosedation regimen. Varying amounts of heparin, papaverine, antithrombin, and nitroglycerine were used prior to determination of refractory ischemia. Other published non-procedural treatments for SPG which were not used in our cohort include aspirin, epoprostenol, recombinant tissue plasminogen activator (rTPA), sympathetic blockade and thrombomodulin (19, 48).

Leveraging anticoagulative properties of leech salivary enzymes locally to limb ischemia is proposed as a plausible mechanism to combat microvascular thrombi but does predispose to bleeding. Leeches typically ingest 5–15 ml of blood per feed, with ongoing bleeding from the bite approaching 10 h (36). Severe bleeding and even death has been reported after use of a single leech (27, 49). It is documented to expect blood transfusions in ∼50% of patients, which may average 3–6 units during hirudotherapy (5, 11). Some report coagulopathy and arterial insufficiency as contraindications to hirudotherapy (6, 9, 49). Prevalence of bleeding adverse events may be 70.2% with ECMO, independent of leeches (50). All but one patient in this study reported discontinuation of leeches due to bleeding, although estimated blood loss varied highly on day of discontinuation (0.26–58.6 ml/kg). Two patients had leech migration and significant bleeding specifically when latching occurred at web space between 1st and 2nd toes. Proposed mechanisms to help isolate leeches and prevent migration include cups, xeroform, and sutures (51–54). These were not documented in our cohort. Despite bleeding, no concerning effect on hemodynamics (VIS or lactate) occurred during the leech phase. Blood transfusion requirement during leech phase increased compared to pre-leech in five patients, albeit with high variability (1.17–8.17 times baseline). The other two patients' decrease in transfusion requirement were explained by either minimal leech use or massive hemorrhage in the pre-leech phase. We were unable to identify any apparent risk factors for leech effect on severity of bleeding or transfusion needs, though ECMO patients generally had higher total bleeding and product transfusion across all phases. There was no consistent improvement in transfusion requirement in the post-leech phase, which was confounded by severity of multiorgan failure at end of life in some patients. Interpretation of transfusion requirements is therefore guarded, though 4/7 patients had 40 ml/kg requirement on at least one day of leech phase (Supplementary Figure S4), which may be considered life-threatening bleeding (55). Lack of general transfusion guidelines results in known provider variance on transfusion decisions (56). Resource consumption of blood products must be weighed against the apparent low beneficial effect of hirudotherapy on limb outcome. Incidentally, 6/7 patients had O blood type, which does not have known association with limb ischemia, however, may have predisposed to worse bleeding (57).

This cohort did not encounter any infection attributed to leech therapy. Transmission of microbes from the leech happens primarily from regurgitation of intestinal contents during feeding, which may be instigated by disrupting a leech's meal (58). Aeromonas species remain the classic microbials of concern, and antibiotic resistance patterns continue in multiple drug classes owing to agricultural antibiotic use and leech farming techniques (58, 59). Prophylactic treatment during leech therapy remains standard in reconstructive surgery, and although there exists no consensus guideline, this would be our recommendation as well. Some advise targeted sampling of leech storage water to identify resistance patterns (60). Given overall decreased use of quinolones (tendinopathies) and trimethoprim/sulfamethoxazole (bone marrow suppression) compared to adults, in PICU populations a 3rd-generation cephalosporin (ceftriaxone) appears most appropriate.

This study has several limitations. The small sample size obviates any formal statistical analysis. It is retrospective and spans a long clinical period that included variable methodology for both limb ischemia treatment and leech use amongst providers. The patient populations have differing and complex diagnoses with additional confounding coagulopathies. Data collection had dependence on both objective and subjective variables in the electronic medical record, including reliability on nursing summary notes, which lacked standardized data elements for recording leech monitoring and outcomes. Interpreting certain data variables associated with leech therapy lack comparable literature to assess their significance (i.e., EBL/kg, TBP/kg) although general definitions of bleeding severity in pediatric critical care are published (55, 56).



Conclusion

This case series establishes baseline data for use of hirudotherapy in critically ill children with acute limb ischemia caused by arterial malperfusion. Based on this retrospective cohort of critically ill children, we cannot recommend routine use of hirudotherapy for acute limb ischemia from arterial malperfusion in the pediatric intensive care unit. Application of leeches should be aligned with a protocol defining start and stop parameters, standardized leech utilization, and monitoring for adverse outcomes. Future study would benefit from consensus definitions of study outcomes, including perfusion recovery, tissue/limb salvage and bleeding manifestations. Additional prospective studies are needed prior to any standard or systematic recommendations for use.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by University of Minnesota Institutional Review Board. Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

JR: Manuscript drafting and editing, primary literature search, methodology development, data extraction, patient care – critical care physician. SS: manuscript editing, methodology development, patient care – cardiothoracic surgeon. MS: Manuscript editing, methodology development, patient care – critical care physician and hematologic specialist. RH: Manuscript editing, data extraction. AS: Primary manuscript editor, methodology development, patient care – critical care physician. All authors contributed to the article and approved the submitted version.



Funding

Internal funding was graciously provided through the University of Minnesota PICU grant.



Acknowledgments

Most importantly we would like to thank our patients, who even in their most vulnerable state allow us to explore ways to improve our care. We appreciate the vast efforts of all our provider colleagues, including the acceptance of novel therapies into their own practice. We also acknowledge also the Clinical and Translational Science Institute and our work with Best Practices Integrated Informatics Core for aiding with an extensive data extraction.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2022.1011171/full#supplementary-material.



References

1. Whitaker IS, Rao J, Izadi D, Butler PE. Historical article: hirudo medicinalis: ancient origins of, and trends in the use of medicinal leeches throughout history. Br J Oral Maxillofac Surg. (2004) 42(2):133–7. doi: 10.1016/S0266-4356(03)00242-0

2. Menteş BB, Leventoğlu S, Osmanov İ, Kösehan D, Erol T. Anal abscess due to leech therapy of hemorrhoids: mumbo jumbo is still in vogue. J Surg Case Rep. (2019) 2019(7):rjz218. doi: 10.1093/jscr/rjz218

3. Rados C. Beyond bloodletting: fDA gives leeches a medical makeover. FDA Consum. (2004) 38(5):9.

4. Product Classification: Leeches, Medicinal. U.S. Food & Drug Administration. (2018). Product Classification: Leeches, Medicinal. Available at: https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfPCD/classification.cfm?ID=NRN (Accessed March 13, 2022).

5. Lee ZH, Cohen JM, Daar D, Anzai L, Hacquebord J, Thanik V. Quantifying outcomes for leech therapy in digit revascularization and replantation. J Hand Surg Eur. (2019) 44(4):414–8. doi: 10.1177/1753193418823595

6. Mumcuoglu KY. Recommendations for the use of leeches in reconstructive plastic surgery. Evid Based Complement Alternat Med. (2014) 2014:205929. doi: 10.1155/2014/205929

7. Herlin C, Bertheuil N, Bekara F, Boissiere F, Sinna R, Chaput B. Leech therapy in flap salvage: systematic review and practical recommendations. Ann Chir Plast Esthet. (2017) 62(2):e1–e13. doi: 10.1016/j.anplas.2016.06.004

8. Arami A, Gurevitz S, Palti R, Menachem S, Berelowitz M, Yaffe B. The use of medicinal leeches for the treatment of venous congestion in replanted or revascularized digits. J Hand Surg Am. (2018) 43(10):949.e1–e5. doi: 10.1016/j.jhsa.2018.02.018

9. Sig AK, Guney M, Uskudar Guclu A, Ozmen E. Medicinal leech therapy-an overall perspective. Integr Med Res. (2017) 6(4):337–43. doi: 10.1016/j.imr.2017.08.001

10. Whitaker IS, Izadi D, Oliver DW, Monteath G, Butler PE. Hirudo Medicinalis and the plastic surgeon. Br J Plast Surg. (2004) 57(4):348–53. doi: 10.1016/j.bjps.2003.12.016

11. Hackenberger PN, Janis JE. A comprehensive review of medicinal leeches in plastic and reconstructive surgery. Plast Reconstr Surg Glob Open. (2019) 7(12):e2555. doi: 10.1097/GOX.0000000000002555

12. Şenel E, Taylan Özkan A, Mumcuoglu KY. Scientometric analysis of medicinal leech therapy. J Ayurveda Integr Med. (2020) 11(4):534–8. doi: 10.1016/j.jaim.2018.11.006

13. Lim S, Javorski MJ, Halandras PM, Kuo PC, Aulivola B, Crisostomo P. Epidemiology, treatment, and outcomes of acute limb ischemia in the pediatric population. J Vasc Surg. (2018) 68(1):182–8. doi: 10.1016/j.jvs.2017.11.064 Erratum in: J Vasc Surg. (2019);69(4):1329.

14. Kulezic A, Acosta S. Epidemiology and prognostic factors in acute lower limb ischaemia: a population based study. Eur J Vasc Endovasc Surg. (2022) 63(2):296–303. doi: 10.1016/j.ejvs.2021.10.044

15. Reitz KM, Kennedy J, Rieser C, Hlavin C, Gershengorn HB, Neal MD, et al. The epidemiology of extremity threat and amputation after vasopressor-dependent sepsis. Ann Am Thorac Soc. (2022) 19(4):625–32. doi: 10.1513/AnnalsATS.202105-547OC

16. Warkentin TE, Ning S. Symmetrical peripheral gangrene in critical illness. Transfus Apher Sci. (2021) 60(2):103094. doi: 10.1016/j.transci.2021.103094

17. Levy JH, Ghadimi K, Faraoni D, van Diepen S, Levy B, Hotchkiss R, et al. Ischemic limb necrosis in septic shock: what is the role of high-dose vasopressor therapy? J Thromb Haemost. (2019) 17(11):1973–8. doi: 10.1111/jth.14566

18. Jiang L, Sheng Y, Feng X, Wu J. The effects and safety of vasopressin receptor agonists in patients with septic shock: a meta-analysis and trial sequential analysis. Crit Care. (2019) 23(1):91. doi: 10.1186/s13054-019-2362-4

19. Warkentin TE. Microvascular thrombosis and ischaemic limb losses in critically ill patients. Hamostaseologie. (2019) 39(1):6–19. doi: 10.1055/s-0038-1676823

20. Abdullah S, Dar L, Rashid A, Tewari A. Hirudotherapy/leech therapy: applications and indications in surgery. Archives of Clinical Experimental Surgery. (2012) 1(3):172–80. doi: 10.5455/aces.20120402072447

21. Müller C, Mescke K, Liebig S, Mahfoud H, Lemke S, Hildebrandt JP. More than just one: multiplicity of hirudins and hirudin-like factors in the medicinal leech, hirudo medicinalis. Mol Genet Genomics. (2016) 291(1):227–40. doi: 10.1007/s00438-015-1100-0

22. Harun A, Kruer RM, Lee A, Boahene K, Byrne PJ, Richmon JD. Experience with pharmacologic leeching with bivalirudin for adjunct treatment of venous congestion of head and neck reconstructive flaps. Microsurgery. (2018) 38(6):643–50. doi: 10.1002/micr.30298

23. Afify O, Alkhouri S, Lauder N. Improving symptoms of peripheral artery disease with hirudotherapy. Cureus. (2021) 13(7):e16270. doi: 10.7759/cureus.16270

24. Uzun G, Ozdemir A, Yildiz S, Tanyuksel M. To suck or not to suck: medicinal leech therapy for lower extremity wounds in patients with peripheral arterial disease. Int Wound J. (2016) 13(3):429–30. doi: 10.1111/iwj.12304

25. Dippenaar R, Smith J, Goussard P, Walters E. Meningococcal purpura fulminans treated with medicinal leeches. Pediatr Crit Care Med. (2006) 7(5):476–8. doi: 10.1097/01.PCC.0000235422.23812

26. de Chalain T, Cohen SR, Burstein FD. Successful use of leeches in the treatment of purpura fulminans. Ann Plast Surg. (1995) 35(3):300–6. doi: 10.1097/00000637-199509000-00014

27. Kotick JD, Taghinia A. Prolonged bleeding after a single leech application in pediatric hand surgery. J Hand Microsurg. (2017) 9(2):98–100. doi: 10.1055/s-0037-1604348

28. Kose A, Zengin S, Kose B, Gunay N, Yildirim C, Kilinc H, et al. Leech bites: massive bleeding, coagulation profile disorders, and severe anemia. Am J Emerg Med. (2008) 26(9):1067.e3–6. doi: 10.1016/j.ajem.2008.03.022

29. Akalın Ç, Ekmen N. Non-Occlusive mesenteric ischemia due to hirudotherapy: a case report. Cureus. (2020) 12(7):e9467. doi: 10.7759/cureus.9467

30. Çakmak T, Çaltekin İ, Gökçen E, Savrun A, Yaşar E. Kounis syndrome due to hirudotherapy (leech therapy) in emergency department; a case report. Turk J Emerg Med. (2018) 18(2):85–7. doi: 10.1016/j.tjem.2017.12.005

31. Barraud O, Robert A, Laval L, Ruimy R, Morquin D, Boyer L, et al. It takes two to tango: two Aeromonas isolates combine virulence and multidrug resistance in flap infection following leech therapy. Clin Microbiol Infect. (2020) 26(6):793–4. doi: 10.1016/j.cmi.2019.12.021

32. Sadati MS, Rezaee M, Ghafarpur S, Aslani FS, Dastgheib L, Jahankhah R. Cutaneous lymphoid hyperplasia induced by hirudo medicinalis (leeches). J Complement Integr Med. (2019) 16(4). doi: 10.1515/jcim-2016-0056

33. Sepaskhah M, Yazdanpanah N, Sari Aslani F, Akbarzadeh Jahromi M. Cutaneous pseudolymphoma as a rare adverse effect of medicinal leech therapy: a case report and review of the literature. Cureus. (2020) 12(4):e7517. doi: 10.7759/cureus.7517

34. Resch JC, Said SM, Steiner ME, Somani A. Hirudotherapy for neonatal limb ischemia during ECMO support: a word of caution. J Card Surg. (2021) 36(7):2549–57. doi: 10.1111/jocs.15539

35. Koponen T, Karttunen J, Musialowicz T, Pietiläinen L, Uusaro A, Lahtinen P. Vasoactive-inotropic score and the prediction of morbidity and mortality after cardiac surgery. Br J Anaesth. (2019) 122(4):428–36. doi: 10.1016/j.bja.2018.12.019

36. Joslin J, Biondich A, Walker K, Zanghi N. A comprehensive review of hirudiniasis: from historic uses of leeches to modern treatments of their bites. Wilderness Environ Med. (2017) 28(4):355–61. doi: 10.1016/j.wem.2017.08.002

37. Bonicolini E, Martucci G, Simons J, Raffa GM, Spina C, Lo Coco V, et al. Limb ischemia in peripheral veno-arterial extracorporeal membrane oxygenation: a narrative review of incidence, prevention, monitoring, and treatment. Crit Care. (2019) 23(1):266. doi: 10.1186/s13054-019-2541-3

38. Dünser MW, Mayr AJ, Tür A, Pajk W, Barbara F, Knotzer H, et al. Ischemic skin lesions as a complication of continuous vasopressin infusion in catecholamine-resistant vasodilatory shock: incidence and risk factors. Crit Care Med. (2003) 31(5):1394–8. doi: 10.1097/01.CCM.0000059722.94182.79

39. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA. Fowkes FG; TASC II working group. Inter-society consensus for the management of peripheral arterial disease (TASC II). J Vasc Surg. (2007) 45(Suppl S):S5–67. doi: 10.1016/j.jvs.2006.12.037

40. Arshad A, McCarthy MJ. Management of limb ischaemia in the neonate and infant. Eur J Vasc Endovasc Surg. (2009) 38(1):61–5. doi: 10.1016/j.ejvs.2009.03.010

41. Attisani L, Pucci A, Luoni G, Luzzani L, Pegorer MA, Settembrini AM, et al. COVID-19 and acute limb ischemia: a systematic review. J Cardiovasc Surg (Torino). (2021) 62(6):542–7. doi: 10.23736/S0021-9509.21.12017-8

42. Kayssi A, Shaikh F, Roche-Nagle G, Brandao LR, Williams SA, Rubin BB. Management of acute limb ischemia in the pediatric population. J Vasc Surg. (2014) 60(1):106–10. doi: 10.1016/j.jvs.2014.01.051

43. Rizzi M, Goldenberg N, Bonduel M, Revel-Vilk S, Amankwah E, Albisetti M. Catheter-Related arterial thrombosis in neonates and children: a systematic review. Thromb Haemost. (2018) 118(6):1058–66. doi: 10.1055/s-0038-1642635

44. Gander JW, Fisher JC, Reichstein AR, Gross ER, Aspelund G, Middlesworth W, et al. Limb ischemia after common femoral artery cannulation for venoarterial extracorporeal membrane oxygenation: an unresolved problem. J Pediatr Surg. (2010) 45(11):2136–40. doi: 10.1016/j.jpedsurg.2010.07.005

45. Reed RC. Symmetrical peripheral gangrene in four pediatric cardiac surgery patients receiving extracorporeal membrane oxygenation. Pediatr Dev Pathol. (2012) 15(3):217–25. doi: 10.2350/11-10-1102-OA.1

46. Younis Ificktar M, Yousof M, Iqbal M, Ara I. Prophylactic and curative treatment of zarabatul salaj (frostbite) by regimental therapies. Hippocratic J Unani Med. (2005) 1(1):1–80.

47. Kurkluoglu M, Hynes CF, Alfares FA, El-Sayed Ahmed MM, Peer SM, Zurakowski D, et al. Choice of peripheral venoarterial extra-corporeal membrane oxygenation cannulation site in patients above 15 kilograms. J Card Surg. (2015) 30(5):461–5. doi: 10.1111/jocs.12538

48. Jung KJ, Nho JH, Cho HK, Hong S, Won SH, Chun DI, et al. Amputation of multiple limbs caused by use of inotropics: case report, a report of 4 cases. Medicine (Baltimore). (2018) 97(5):e9800. doi: 10.1097/MD.0000000000009800

49. Whitaker IS, Josty IC, Hawkins S, Azzopardi E, Naderi N, Graf J, et al. Medicinal leeches and the microsurgeon: a four-year study, clinical series and risk benefit review. Microsurgery. (2011) 31(4):281–7. doi: 10.1002/micr.20860

50. Dalton HJ, Reeder R, Garcia-Filion P, Holubkov R, Berg RA, Zuppa A, et al.; eunice kennedy shriver national institute of child health and human development collaborative pediatric critical care research network. Factors associated with bleeding and thrombosis in children receiving extracorporeal membrane oxygenation. Am J Respir Crit Care Med. (2017) 196(6):762–71. doi: 10.1164/rccm.201609-1945OC

51. Viviano SL, Hahn Jr E, Lee ES, Keith JD. The leech condo: an innovative approach to containing leeches on a congested flap. Eplasty. (2015) 15:ic21. PMID: 25987944

52. Davila VJ, Hoppe IC, Landi R, Ciminello FS. The effect of anchoring sutures on medicinal leech mortality. Eplasty. (2009) 9:e29. PMID: 19696874; PMCID:2714198

53. Granzow JW, Armstrong MB, Panthaki ZJ. A simple method for the control of medicinal leeches. J Reconstr Microsurg. (2004) 20(6):461–2. doi: 10.1055/s-2004-833507

54. Kozusko SD, Patel SD, Bhandari L, Alvarez S. Preventing leech migration at the great toe in the lower extremity. Microsurgery. (2020) 40(3):421–2. doi: 10.1002/micr.30561

55. Leonard JC, Josephson CD, Luther JF, Wisniewski SR, Allen C, Chiusolo F, et al. Life-Threatening bleeding in children: a prospective observational study. Crit Care Med. (2021) 49(11):1943–54. doi: 10.1097/CCM.0000000000005075

56. Nellis ME, Tucci M, Lacroix J, Spinella PC, Haque KD, Stock A, et al.; pediatric acute lung injury and sepsis investigators (PALISI) network; and the pediatric critical care blood research network (BloodNet). bleeding assessment scale in critically ill children (BASIC): physician-driven diagnostic criteria for bleeding severity. Crit Care Med. (2019) 47(12):1766–72. doi: 10.1097/CCM.0000000000004025

57. Miller CH, Haff E, Platt SJ, Rawlins P, Drews CD, Dilley AB, et al. Measurement of von willebrand factor activity: relative effects of ABO blood type and race. J Thromb Haemost. (2003) 1(10):2191–7. doi: 10.1046/j.1538-7836.2003.00367.x

58. McCracken JA, Koehler SM, Sharma R. Rethinking antimicrobial prophylaxis in patients receiving medicinal leech therapy. Am J Health Syst Pharm. (2022) 79(1):e14–9. doi: 10.1093/ajhp/zxab330

59. Ruppé E, Cherkaoui A, Wagner N, La Scala GC, Beaulieu J-Y, Girard M, et al. In vivo selection of a multidrug-resistant Aeromonas salmonicida during medicinal leech therapy. New Microbes New Infect. (2017) 21:23–7. doi: 10.1016/j.nmni.2017.10.005

60. Wilmer A, Slater K, Yip J, Carr N, Grant J. The role of leech water sampling in choice of prophylactic antibiotics in medical leech therapy. Microsurgery. (2013) 33(4):301–4. doi: 10.1002/micr.22087



OPS/images/fped-10-1011171-g001.jpg
Vasoactive-Inotropic Score Trends






OPS/images/fped-10-1011171-g003.jpg
Transfusion Volume (mL/kg)

Total Blood Product Transfusion by Phase

"
» » *
.l I |
.'
-Il _n lt 1] II
1 2 | 4

Patient: ®Pre-Leech Phase ®Intra-Leech Phase u Post-Lecch Phase





OPS/images/fped-10-1011171-i002.jpg





OPS/images/fped-10-1011171-g002.jpg
EBL (mL/kg)

Estimated Blood Loss by Phase

»
»
»
»
*
.
s 6 7

Patient: ®Pre-Locch Phase ®Intra-Leech Phase #Post-Leech Phase






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Hirudotherapy for limb ischemia in the pediatric intensive care unit: A retrospective observational cohort

		Introduction



		Methods



		Results



		Demographics & disease process



		Ischemia



		Leech use



		Leech adverse effects



		Outcomes











		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Pediatrics

Hirudotherapy for limb ischemia in the
pediatric intensive care unit: A retrospective
observational cohort







OPS/images/fped-10-1011171-i003.jpg







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





OPS/images/fped-10-1011171-t005.jpg
=T Prism3 (death 28-day limb & 90-day limb & Overall limb outcome Cause of

probability %) mortality mortality death
1 13 (6.26) Alive; limbs intact live; autoamputation, L &R 5th digit autoamputation, amputation | n/a
amputation L hand; L foot intact
2 7 (1.08) Deceased Deceased Subjective improvement MOF
3 35 (98.47) Deceased Deceased No significant improvement Culture-negative
sepsis, MOF
4 3(105) Alive; limb intact Alive; limb intact R great toe amputation, autoamputation nia

remaining R toes, heel improved

5 3(024) Deceased Deceased Worsening RF & R toes ischemia MOF, fungal
sepsis, ICH
6 6(0.75) Alive; limb intact Alive; limb intact R great toe & 3rd toe autoamputation; L na
limb intact
7 0(05) Deceased Deceased Color improvement, no necrosis MOF
improvement

RF, right foot: PRISM3, pediatric risk of mortality Ill score (at admission): MOF, multiorgan failure: ICH, intracranial hemorrhage.





OPS/images/fped-10-1011171-i001.jpg





OPS/images/fped-10-1011171-t004.jpg
PATIENT  AEBL PRE- to LEECH PHASE

ATBP PRE- to LEECH PHASE BLEEDING: DAY LEECH

BLEEDING: POST-LEECH

(magnitude) (magnitude) D/C (EBL/kg) DAY 1 (EBL/kg)

1 29 3.5 085 213
2 Minimal 817 0 [

3 10 165 284 123
4 172 028" 333 678
5 95 292 069 044
6 037" 016" 026 18.1
7 28 117 58.6 1084

SERE shanes et bied iues: AT50: charosn toud bibnd praduermses s ke Blssrame >, intbemd dacrenss frans mre-lesdy s lbechphss.





OPS/images/fped-10-1011171-t003.jpg
Patie ocatio 0 o
1 LH, RH, LF 1 1 5 5 Bleeding
RE, LE 5 5 78 10 Exam Improved

3 RL 2 5 16 3 Bleeding, no effect
4 RE 6 1 1 1 Bleeding

5 RE, R toes 2 3 2 3 death

6 RE, R toes 1 10 383 6 Bleeding

7 RE, R toes 4 2] 3 4 Bleeding

. dase DG

discontinuation: RH,LH, right, left hand: RF.LF, right, left foc






OPS/images/fped-10-1011171-t002.jpg
Patient Location Vascular Thrombosis Proximal procedure Other detail
1 RH, LH, L toes PICC LUE Extensive in % extremities | N Vessels too small for cath-directed
@ thrombolysis

2 RF>LF N N N

3 RLE >LLE R femoral A-line & cath; Diffuse RLE a/v ECMO cannulation, BT No doppler pulse in RLE
L CVL; dilation/stent, heart cath
ECMO cannulation R neck

] RF, R toes R fem A-line, R fem cath; N (decreased flow) Heart transplant, ECMO Ischemia worse after 5 days
central ECMO cannulation (ECMO change)

5 R toes>L toes, RE | R fem cath, L fem A/V; ECMO | N Heart transplant, heart cath, | Worsening near death
Avalon PA stent (leeches on)

6 R toes > L toes, RF | ECMO cannulation R fem A/V, | N (decreased flow) Heart transplant Extension of ischemia to
R fem cath heel after 24-48 h

7 RF>LE R toes>L | R fem A; central ECMO R Ext Iliac V occlusion | VSD and Ao arch repair

toes

d, day; hrs, hours; RH.LH,

rasarg PICE: SRl by inseriad EertalEathes

ight, left hand; RF,LF, right, left foot; RLE,LLE, right, left lower extremity: A, artery: V, vein; Fem, femoral; Ext, external; Ao, aortic: N, not
vl i e e e .. Sl vt s BEMOE sEbsseianul ribribrans BissEnata,





OPS/images/fped-10-1011171-t001.jpg
Patient ~ Age (mo)  Weight (kg) Primary disease process ICU days  Ventilator hours

1 34 139 F Septic Shock (influenza), Coagulopathy 16 120
2 215 95 M Septic Shock (Varicella), ALF, AKL hx BMT 21 463
3 075 3 F CHD, BT-shunt occlusion, cardiac arrest, Factor V Leiden 2 500+
4 0 45 3 CHD, sp cardiac transplant 252 500+
5 64 18 M CHD, s/p Fontan 2 500+
6 143 53 M CHD, aortic thrombus, cardiac arrest, hx Fontan 278 500+
7 0 273 M CHD, recent septic shock, s/p VSD & aortic repair, ALF 32 500+

mo, month; kg, kilogram; ALF, acute liver failure; AKI, acute kidney injury; BMT, bone marrow transplant; CHD, congenital heart disease; BT, blalock-taussig; VSD,
ventricular septal defect.





