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Abstract

Objective: To analyze the effects of hyaluronidase and hirudoid treatment on drug extravasation in neonates.
Methods: The medical records of 13 neonates with drug extravasation treated with hyaluronidase andhirudoid between August 1st, 2010 and May 1st, 2012 were analyzed retrospectively. The treatment procedurefor drug extravasation adhered to the protocol in neonatal department. The information including age, sex,weight, diagnosis, size of affected area, site of extravasation and treatment was collected.
Findings: The extravasation injuries alleviated and the symptoms improved after treatment, no adverse drugeffects were reported with use of hyaluronidase and hirudoid.
Conclusion: The treatment appeared to be beneficial in the management of extravasations of variousmedications in neonates and may be useful in reducing the severity of cutaneous toxicosis. However, furtherstudies with large samples are still needed to assess the effectiveness and safety of hyaluronidase andhirudoid.
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IntroductionExtravasation is the non-intentional leakage ofinfused fluid into surrounding soft tissue from theveins[1] which may cause tissue damage, produceprogressive necrosis of the skin and subcutaneoustissue[2] and ultimately result in themalfunction or even amputation of theaffected extremity[3,4]. The published incidencerates of drug extravasation range from 0.01%[5] to6.5%[6]. And the actual incidence rate is probablyhigher because of inconsistent documentation andreport[7]. The children who receive intravenous(IV) administration therapy are more susceptible

to extravasation injury than adults[8]. Neonateshave additional multiple factors that may increasethe risk of injury, such as poor venous integrity[9-15], long duration of therapy, decreased peripheralcirculation[11], more flexible subcutaneoustissue[12,13] and high frequency of receiving IVtherapy through peripheral veins[14]. Besides, thispopulation may not be able to localize andcomplain of pain in time.The extravasation can cause furthercomplications in the course of the disease and maylengthen the patient's hospital stay[15] associatedwith significant morbidity in neonates[16,17].Although nurses do their best to prevent
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extravasation, it still may occur as long as the IVtherapy is employed.Hyaluronidase is an important enzyme agentused to increase the absorption and dispersion ofother extravasation drugs[18-20]. It has also beenused as an adjunct for the treatment ofextravasation of chemotherapeutic agents[21].According to the report, treatment withhyaluronidase is efficacious for extravasation ofvarious agents in pediatric population, includingneonates. However, evidence-based guidelines forthe treatment are still lacking[22]. The FDAapproved Hylenex recombinant (hyaluronidasehuman injection) as an adjuvant agent to increasethe absorption and dispersion of other injecteddrugs in 2005, and literature has shown beneficialoutcomes. But the optimal management ofintravenous extravasations remains contro-versial[7]. In a survey conducted in 551 neonatalintensive care units, only 57% extravasation had aprocedure of injecting hyaluronidase, and 33% didnot use it at all[23]. The exact dosage ofhyaluronidase is still under debate (ranging from15 units to 1,500 units with saline flushout). Adose of 15 units is effective for treatingextravasations in pediatric patients. However, adose of 150 units are recommended forchemotherapy extravasations or extravasationwith grade 3/4 level[24]. Hirudoid cream withmajor component being MucopolysaccharidePolysulfate, is a local anti-coagulant agent. Whenapplied to the skin, it can relieve pain, swelling,hematoma and inflammation. However, whether itcan be used on children under the age of 5 years isstill controversial. This paper demonstrates thetreatment with hyaluronidase and hirudoid fordrug extravasation in 13 neonates.

Subjects and MethodsHyaluronidase was purchased from Shanghai NO.1Biochemical & Pharmaceutical Co., Ltd (Shanghai,China). Mucopolysaccharide polysulfate cream(hirudoid) was purchased from MobilatProduktions GmbH (Bavaria, Germany).This study was done in the neonataldepartment, Shanghai Children' Hospital betweenAugust 2010 and May 2012. The data of thepatients who had experienced drug extravasationand were treated with hyaluronidase and hirudoidwere collected. Once extravasation noticed, theinfusion was stopped immediately, followed by aprompt evaluation by the vein management team,including degree of extravasation and cutaneousinjuries, treatment methods and frequency ofinjecting hyaluronidase, etc. The procedure ofinjecting hyaluronidase was as follows: a 25-gaugeneedle was used and a total of 1-ml solution (150U/ml) of hyaluronidase was divided into 5 0.2-mlinjections: one in the center while 4 along the edgeof the extravasation sites (Fig. 1). The needle waschanged with each injection. If the cases neededanother injection several hours after the firstinjection (contained five 0.2cc injections), toprevent its deterioration the “frequency ofinjecting” was evaluated. For example, in 2 caseswith signs of necrosis, injecting hyaluronidase wasrepeated every 8 hours, its “frequency of injecting”was one injection per 8h, and the total dose ofinjection was 1 ml (containing five 0.2 ccinjections). And in one day, it was injected 3 times,with a total dose of 3ml. All the proceduresmentioned above were in accordance with thestandards of the Committee on HumanExperimentation of Shanghai Children' Hospital.

Fig. 1: Amount of hyaluronidase and site of injection.
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FindingsIn this retrospective analysis, there were a total of13 cases, of which 8 were males and 5 females(Table 1). They were aged from 5 to 150 days,with a mean age of 25.54 days. The mean weightwas 2.85kg. There was obvious swelling in thearea of extravasation among all the patients: 5(38.46%) had erythema, 3 (23.08%) had blisterand 1 (7.69%) had tissue necrosis.In 2 cases, a total of 1 ml hyaluronidase solutionwas injected according to the procedure, andhirudoid was massaged around the affected areaevery 6 hours for 2 days. In 10 cases, theprocedure of injecting hyaluronidase wasrepeated every 12 hours for 3 times, and hirudoidwas massaged every 6 hours for 4 days. In 1 casewith signs of necrosis, injecting hyaluronidase wasrepeated every 8 hours for 3 days, hirudoid wasmassaged every 6 hours for 4 days and repetitivedaily saline dressing was employed for 2 days.The efficiency was assessed according to thepatients’ condition. In 12 cases, the hyaluronidasewas given within 7 hours, with a median time of6.39±1.35 hours. After the treatment, thesymptoms improved, and no complications werenoted at the follow-up within 48 hours and 3months. Three cases were lost to follow-up.Negligible loss of functional movements of thefingers, hands, arms, feet, or legs was noticed. Inone case, the medication involved was calciumchloride, and the hyaluronidase was given after 14hours. Skin scar developed 2 days after thetreatment, and calcinosis developed 3 weeks afterhe was discharged from the hospital.

DiscussionIntravenous administration of medications wasalways accompanied by the risk of extravasation.Drug extravasation is considered a medicalemergency which can lead to serious outcomes ifnot treated appropriately[8]. It has been reportedthat the neonates are at a high risk ofextravasation and subsequent injuries[11],particularly in the first 2 weeks after birth, andabout 15% of extravasations developed to skinnecrosis[25]. The severity of extravasation shouldbe assessed, and an emergency approach adoptedbefore any signs of skin necrosis appear.Different therapeutic options have beenevaluated in the management of extravasation.With local administration of hyaluronidase withinthe first 24 hours the best results will beobtained[26,27]. Many animal experiments andclinical reports have documented its effectivenessin reducing severity of skin damage and shortingof the healing time after extravasation[21,28-31]. Inthe present case, we used hyaluronidase becauseof its effects on enhancing distribution andabsorption by breaking down hyaluronic acid.However, infiltration with hyaluronidase is aninvasive procedure and British NationalFormulary has advised caution in the use ofhyaluronidase in infants and to control the speedand total volume of injection. According to thereport, the dose of hyaluronidase used in neonatesranges from 15U/ml[32] to 1500U in combinationwith saline flushing techniques[14]. The total doseis always divided and injected in 4 sites along theleading edge of the extravasation[33]. In our
Table 1: Patients demography of 13 neonates with cutaneous injuries after drug extravasation
Characteristics No. (%) of Patients
Age 25.54 days (5-150 days)
Age group

preterm infant
term infant

5 (38.46)8(61.54)
Weight 2.85 kg (1.3-3.95 kg)
Male/female 8 (61.54) / 5(38.46)
Locations

general neonatal ward
neonatal intensive care unit

5 (38.46)8 (61.54)
Admission diagnosis
(n=13)

Prematurity
pneumonia
gastrointestinal disorders
severe malnutrition
neonatal jaundice

5 (38.46)4 (30.77)2 (15.39)1 (7.69)1 (7.69)



355Yan YM, et al

Iran J Pediatr; Vol 24 (No 4), Aug 2014

Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

hospital, infants, smaller extravasations, grade1/2extravasations are treated with 15 units, andchemotherapy, larger extravasations and grade3/4 extravasations are treated with 150 units.However, this may be revised with the continualevaluation of the patients’ condition, extravasationdrugs, extravasation sites, etc. In this study, therewas apparent skin damage and necrosis in theextravasation site, so all the neonates received aninjection of 150U/ml once and no adversereactions were reported.Risks for extravasation are multifactorial. It hasbeen reported that medications with highosmolarity, low pH, and high molecular weight aremore likely to cause extravasation injuries[4]. Inthis study, the most commonly used medicationcausing extravasation was total parenteralnutrition (TPN) solution, accounting for 69.23%(Table 2). This may be related to the fact that mostneonates, especially in neonatal intensive careunit, always receive intravenous therapy ofparenteral nutrition. The use of central venouscatheter (CVC) for TPN has been a standardprocedure since its introduction[34], but the CVC orperipherally-inserted central catheter (PICC)cannot be used in all the neonates because ofvenous conditions, costs and safety. According tothe advice, the medications with an osmolaritylower than 900mmol/L can be delivered throughperipheral vein[35]. We took the TPN as high-riskmedication, because the solution’s osmolarity inthese cases was between 594 mmol/L and 844mmol/L, higher than the normal level (280-310mmol/L).A site, which is convenient to observe andfastened securely must be chosen before IVtherapy. However, there is not always appropriatesite for cannulation. As the most common locationfor IV therapy, the dorsum of hands is alwaysassociated with extravasation. In this study, thedorsum of hands was involved in 4 (30.77%)

cases, the leg and forearm in 3(23.08%) cases, andthe wrist, armpit and scalp in 1 (7.69%) case. Thesize of extravasation area ranged from 1 cm2 to 60cm2 with an average size of 19.23 cm2 (Table 3).In this study, the most common admissiondiagnosis was prematurity, accounting for38.46%. The reasons may lie in that the preterminfants have immature skin which is easilydamaged, require longer duration of intravenoustherapy and in whom venous puncture is not aneasy task. The population is more susceptible toextravasation injuries[36]. Cosmetically orfunctionally serious scars caused byextravasations have been noted in 4% ofpremature infants[7]. Eight cases (61.54%)occurred in the neonatal intensive care unit in thisstudy. However, there are few reports concerningthe management of drug extravasation in theintensive care unit, so the exact managerialapproaches are not well known. Nurses haveimportant responsibilities in prevention andmanagement of complications caused by IV usage,and taking optimal measures in cases ofextravasation development[37]. So measuresshould be adopted to enrich knowledge ofextravasation among nurses.Treatment with hyaluronidase together withhirudoid can prevent skin necrosis in the neonates(case 11). There was apparent swelling anderythema in the dorsum of hands (Fig. 2A). Thetreatment procedure was efficient in preventingfurther damage to the skin. Skin swelling anderythema were alleviated (Fig. 2B) and completelydisappeared on the 8th day after treatment (Fig.2C). It had no adverse impact on the activity andphysiological functions in the follow-up of 1month in this case.Hyaluronidase and hirudoid must be used asearly as extravasation was noticed. According tothe experience of vein management staffs in threeShanghai pediatric hospitals, the golden time for
Table 2: Medications involved in extravasation in 13 neonates

Medications No.(%) of extravasation
Total parental nutrition 9 (64.30)
Calcium chloride 1 (7.14)
10% dextrose in water 1 (7.14)
IV immunoglobulin 1 (7.14)
PAMBA+etamsylate 1 (7.14)PAMBA: para-aminomethylbenzoic acid
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Table 3: Cases with site and size of the involved area in extravasation
No. Age (days) Sex Site Size (cm2)1 7 Male wrist 1×2.52 24 Male dorsum of hand 2×1.53 25 Female forearm 1×34 8 Male scalp 3×35 18 Male dorsum of hand 1.5×36 21 Male leg 1×17 150 Male forearm 4×38 14 Female leg 4×49 5 Male leg 7×710 17 Female armpit 7×711 11 Female dorsum of hand 4×412 20 Female forearm 12×513 12 Male dorsum of hand 5×5

injecting hyaluronidase is 8 hours, and 3 hours forhigh risk medications, such as dopamine andepinephrine. But if exceed the golden time and theextravasation has done damage to the patient ordeveloped to grade 3 or grade 4, hyaluronidase isstill injected to prevent further damage, and hasbeen effective. However, if the extravasation has

Fig. 2: Use of hyaluronidase together with hirudoid decreasedthe severity of extravasation injuries. (A) Skin swelling anderythema a few hours after total parental nutrition fluidextravasation in a newborn aged 11 days. (B) Appearance 2days after early treatment (<8 h). (C) Skin swelling anderythema completely disappeared in the 8th day aftertreatment, necrosis has been avoided.
happened longer than 72 hours, injectinghyaluronidase  has  little effect.  In 12 cases of thistrial, the median time of treatment was 6.39±1.35hours, within 7 hours after the extravasationhappened, and good results have been obtained.In one case (case 4), the scalp was severelydamaged by extravasation of calcium chloride (Fig.3A), hyaluronidase and hirudoid were given 14hours after the extravasation. Apparent skin scarwas developed 3 days after the treatment (Fig.3B), and the patient was discharged from thehospital with minor scar 6 days later. Healthguidance for the scar and usage of hirudoid wasdelivered to the family. Unfortunately, the patient
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Fig. 3: Time of treatment initiation influences the effect.
(A) Appearance of extravasation of calcium chloride onthe scalp, treatment was given more than 14h after theextravasation. (B) Skin scar was developed 3 days afterthe event happened. (C) Calcinosis was developed 3weeks after discharge from hospital.

was readmitted to the hospital because ofcalcinosis (Fig. 3C) 3 weeks later, andcorresponding interventions were adoptedimmediately. This indicated that the nurses shouldpay more attention and check the patients moretimes when infusion is continuing, especially tothe patients who receive high risk medications.

ConclusionThis article demonstrates an encouraging result ofdrug extravasation managed by hyaluronidase andhirudoid within 8 hours after it occurred inneonates. The use of hyaluronidase together withhirudoid should be considered for themanagement of various drug extravasations.
AcknowledgmentThis work was supported by Youth Program of ShanghaiMunicipal Commission of Health and Family Planning(No. 20134Y090). We sincerely thank Fang Chen,education nurse in the neonatal department of ShanghaiChildren’s Hospital for her assistance in data collectionand guidance in injecting hyaluronidase and massaginghirudoid.
Authors’ ContributionM. Gong conceived this study, Y-M. Yan and Q-L Fan performedthe management of patients with extravasation and drafted thearticle. A-Q Li prepared the hyaluronidase. J-L Chen and F-FDong participated in evaluating the management effect anddrafting the article. All authors have read and approved thisarticle.
Conflict of Interest: None
References1. Irving V. Managing extravasation injuries in pretermneonates. Nurs Times 2001;97(35):40, 3-6.2. Thakur JS, Chauhan CG, Diwana VK, et al.Extravasational side effects of cytotoxic drugs: Apreventable catastrophe. Indian J Plast Surg 2008;41(2):145-50.3. Kumar RJ, Pegg SP, Kimble RM. Management ofextravasation injuries. ANZ J Surg 2001;71(5):285-9.4. Camp-Sorrell D. Developing extravasation protocolsand monitoring outcomes. J Intraven Nurs 1998;21(4):232-9.5. Langstein HN, Duman H, Seelig D, et al.Retrospective study of the management ofchemotherapeutic extravasation injury. Ann Plast

Surg 2002;49(4):369-74.6. Barlock AL, Howser DM, Hubbard SM. Nursingmanagement of adriamycin extravasation. Am J Nurs1979;79(1):94-6.7. Wilkins CE, Emmerson AJ. Extravasation injuries onregional neonatal units. Arch Dis Child Fetal
Neonatal Ed 2004;89:F274-5.8. Paquette V, McGloin R, Northway T, et al. Describing



358 Treatment of Drug Extravasation Injuries in Neonates

Iran J Pediatr; Vol 24 (No 4), Aug 2014

Published by: Tehran University of Medical Sciences (http://ijp.tums.ac.ir)

intravenous extravasation in children (DIVE Study).
Can J Hosp Pharm 2011;64(5):340-5.9. Phelps SJ, Helms RA. Risk factors affectinginfiltration of peripheral venous lines in infants.
J Pediatr 1987;111(3):384-9.10. Sawatzky-Dickson D, Bodnaryk K. Neonatalintravenous extravasation injuries: evaluation of awound care protocol. Neonatal Netw 2006;25(1):13-9.11. Tong R. Preventing extravasation injuries inneonates. Paediatr Nurs 2007;19(8):22-5.12. Franck LS, Hummel D, Connell K, et al. The safetyand efficacy of peripheral intravenous catheters inill neonates. Neonatal Netw 2001;20(5):33-8.13. Klenner AF, Fusch C, Rakow A, et al. Benefit and riskof heparin for maintaining peripheral venouscatheters in neonates: a placebo-controlled trial.
J Pediatr 2003;143(6):741-5.14. Davies J, Gault D, Buchdahl R. Preventing the scars ofneonatal intensive care. Arch Dis Child Fetal
Neonatal Ed 1994;70(1):F50-1.15. Casanova D, Bardot J, Magalon G. Emergencytreatment of accidental infusion leakage in thenewborn: report of 14 cases. Br J Plast Surg 2001;54(5):396-9.16. Millam DA. Managing complications of i.v. therapy(continuing education credit). Nursing 1988;18(3):34-43.17. Handler EG. Superficial compartment syndrome ofthe foot after infiltration of intravenous fluid. Arch
Phys Med Rehabil 1990;71(1):58-9.18. Kumar MM, Sprung J. The use of hyaluronidase totreat mannitol extravasation. Anesth Analg 2003;97(4):1199-200.19. Schulmeister L. Managing vesicant extravasations.
Oncologist 2008;13(3):284-8.20. Wiegand R, Brown J. Hyaluronidase for themanagement of dextrose extravasation. Am J Emerg
Med 2010; 28(2):257,e1-2.21. Spugnini EP. Use of hyaluronidase for the treatmentof extravasation of chemotherapeutic agents in sixdogs. J Am Vet Med Assoc 2002;221(10):1437-40,19-20.22. Hanrahan K. Hyaluronidase for treatment ofintravenous extravasations: Implementation of anevidence-based guideline in a pediatric population.
J Spec Pediatr Nurs 2013;18(3):253-62.23. Pettit J, Hughes K. Neonatal intravenous therapypractices. J Vasc Access Devices 1999;4(1):7-16.

24. Schulmeister L. Vesicant chemotherapyextravasation antidotes and treatments. Clin J Oncol
Nurs 2009;13(4):395-8.25. McLane KM, Bookout K, McCord S, et al. The 2003national pediatric pressure ulcer and skinbreakdown prevalence survey: a multisite study.
J Wound Ostomy Continence Nurs 2004;31(4):168-78.26. Schulmeister L. Extravasation management. Semin
Oncol Nurs 2007;23(3):184-90.27. Kuensting LL. Treatment of intravenous infiltrationin a neonate. J Pediatr Health Care 2010;24(3):184-8.28. Raszka WV Jr, Kueser TK, Smith FR, et al. The use ofhyaluronidase in the treatment of intravenousextravasation injuries. J Perinatol 1990;10(2):146-9.29. Zhu QC, Li AM, Luo RC, et al. Efficacy of chitosan andhyaluronidase on skin damage caused by docetaxelextravasation in rats. Ai Zheng 2007;26(4):346-50.[Article in Chinese]30. Cochran ST, Bomyea K, Kahn M. Treatment ofiodinated contrast material extravasation withhyaluronidase. Acad Radiol 2002;9(Suppl 2):S544-6.31. Rowlett J. Extravasation of contrast media managedwith recombinant human hyaluronidase. Am J
Emerg Med 2012;30(9):2102.e1-3.32. Zenk KE, Dungy CI, Greene GR. Nafcillinextravasation injury. Use of hyaluronidase as anantidote. Am J Dis Child 1981;135(12):1113-4.33. Banta C. Hyaluronidase. Neonatal Netw 1992;11(6):103-5.34. Cowl CT, Weinstock JV, Al-Jurf A, et al. Complicationsand cost associated with parenteral nutritiondelivered to hospitalized patients through eithersubclavian or peripherally-inserted centralcatheters. Clin Nutr 2000;19(4):237-43.35. Wei KL. Vein therapy for preterm infant [M]. Beijing:People's Health Publishing House, 2008.36. Grabois FS, Voievdca T, Aqcuavita A, et al. Use ofsterile petrolatum for extravasation injury in apremature infant. Arch Argent Pediatr 2008;106(6):533-5.37. Karadeniz G, Kutlu N, Tatlisumak E, et al. Nurses'knowledge regarding patients with intravenouscatheters and phlebitis interventions. J Vasc Nurs2003;21(2):44-7; quiz 8-9.


