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Abstract: The aim of this study was to perform a preliminary clinical assessment of efficacy
and safety of a biodegradable gentamicin-loaded monoolein gel. An open single dose, one
treatment study including 19 patients with chronic ostcomyelitis caused by a microorganism
sensifive to gentamicin was conducted. After surgical curettage of the infected bone, the dead
space was filled in with the gentamicin-loaded monoolein gel. To prevent post-operative
septicaemia, a systemic antibiotherapy was prescribed for 3 days following the operation.
Clinical, biological and radiological follow-up was performed to assess the efficacy and the
safety of the treatment. After a follow-up period ranging from 2 to 12 months, all 19
patients included in the study felt well. Eighteen patients recovered from chronic
osteomyelitis without adverse events. The wound of one patient whose bone was exposed
did not scar over after 10 months. However, it was no longer infected. In conclusion,
gentamicin-loaded monoolein gel was efficacious in treating chronic osteomyelitis without
side-effects.
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INTRODUCTION

Osteomyelitis is a severe infection of bone and its marrow that can arise from a variety of
mechanisms. Injury (often an open fracture) and postoperative infection are part of the etiology in the
adult patient. Rarely, adult patients develop osteomyelitis after hematogenous seeding of long bones
during an episode of bacteremia (Parsons and Strauss, 2004). Osteomyelitis often results in the
formation of sequestra or new apposition of bone (Lew and Waldvogel, 1997). Although empirically
understood, there is no generally accepted defimition of chronic osteomyelitis. Numerous functional
definitions have included a variety of criteria: clinical or radiographic evidence of infection over 6
weeks, relapse or persistence of infection after appropriate antibiotic therapy and infections associated
with foreign bodies or vascular abnormalities (Parsons and Strauss, 2004). The chronicity of
osteomyelitis is multifactorial. The relative avascular and ischemic nature of the infected region and
sequestrum produce an arsa of lowered oxygen tension as well as an area that antibiotics
can not penetrate (Wirganowicz, 1999). Chronic osteomyelitis is a frequent event, especially in
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Fig. 1. Sequestra removing (a), curettage (b), dead space filling by the gentamicin-loaded monoolein
gel (¢) and surgical wound sutured surgical wound (d)

of a gutter. The dead space was cleaned by sterile normal saline and filled with the gentamicin-loaded
monoolein gel. A suction drain was placed at the bottom of the gutter. The wound was stitched and
packed using iodine polyvidone-soaked gauzes (Fig. 1). A short course of antibiotics was prescribed
postoperatively. Each patient received intravenous (IV) gentamicin (at a unique administration of
80 and 160 mg, respectively for children and adults) and lincomycin (300 and 600 mg every 12 h,
respectively for children and adults) for 3 days after the surgical operation. As an analgesic,
intravenous paracetamol was administered for the 3 first days at 15 mg kg™ every 8 h. On the third
day after surgical operation, the suction drain was removed. The surgical wound was cleaned every 3
days with iodine-soaked gauze until healing. Surgical stitches were removed 21 days after the surgical
operation.

Follow-Up and Outcome

Isolation and susceptibility to gentamicin of (a) causative pathogen(s) were obtained before the
initiation of therapy. Bacterial culture was performed if pus occurred. A complete blood count,
erythrocyte sedimentation rate, serium glucose, creatinine, aspartate amino-transferase, alanine amino-
transferase, triglycerides and bilirubins were performed before the initiation of therapy, on days 5 and
45, then at 3, 6 and 12 months after the beginning of therapy. Radiographic images of the infected bone
were also obtained at these periods.

Patients were examined clinically for purulent drainage, irritation at the site of implantation,
erythema, local heat, body temperature, diuresis, auditive acuteness, dizziness and for any adverse
event. The clinical examinations were made twice a week during the first month, then on day 45 and
3, 6 and 12 months after surgical operation. Any serious adverse event related to the study medication
resulted in the patient's immediate withdrawal from the study.

Outcomes during the post-treatment follow-up period were classified by two independent
physicians as follows: recovery, defined as the absence of clinical, biological or radiological evidence
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of infection throughout the post-treatment follow-up; improvement, if signs of the infection were
markedly reduced at the end but the wound did not scar over; failures, defined by the presence of pain,
swelling, erythema or purulent wound, relapse, when a medical event with isolation of the same
pyogenic microorganism from a climically significant site occurred after healing of the wound.

Fthics

The study was conducted in accordance with the principles stated in the Declaration of Helsinki
and approval was obtained from the Ethics committee for Human health Rescarch of Burkina Faso
(No. 2006/016/CERS/BF). Before starting the study, the patients were informed about the aim and
design of the clinical trial and written consent was obtained.

RESULTS

A total of 19 patients with chronic osteomyelitis were treated. All patients had infected necrotic
bone within a compromised soft tissue envelope. There were 16 male and 3 female with an age range
of 6-50 years (median 24 years). The duration of their disease ranged from 2 to 11 years (median
5 years). Before being included in this study, all patients affirmed that they had previous treatment
based on antibiotics by local and/or systemic route, but without any success. Five pathogen germs
were isolated from the patients with a predominance of Staphyiococcus aureus (Table 1). All
pathogens were susceptible to gentamicin. Comorbid disease (sickle-cell disease with haemoglobin SC)
was present in 2 patients. The White Blood Cell (WRC) levels were normal in all patients except one
who had 12000 WBC mm . The hemoglobin concentration in blood ranged from 9.5 to 13.5 g dL™*
(median, 12.1 g dL7Y. The erythrocyte sedimentation rates at the first and second hour were
respectively over 7 mm (from 15 to 52 mm, median 22 mm) and 13 mm {from 20 to 90 mm, median
43 mm). Radiographic images showed sequestra in all patients.

The doses of the gentamicin-loaded monoolein gel used to fill dead spaces ranged from 30 to
110 g {(median 55 g) in adults (over 14 years old). With the two children included in the study, 30 and
70 g of the gel was nesdad to fill dzad spaces.

Table 1: Results of treamment with gentamicin-loaded monoolein gel in 19 patients with chronic osteormnyelitis

Patient Tnfection Organism Duration of the  Duration of the Results (recovery,
age (vear) site(s) isolated disease (vears) follow-up (months) improvement, failure, relapse)
22 Ulna Escherichia coli 3 12 Recovery
31 Ulna Escherichia coli 11 12 "
24 Tibia Salmone fla sp. 5 1 "
18 Ulna Proteus mirabilis 4 11 "
6 Fibula  Staphylococcus aure s 3 1 "
23 Tibia Proteus mirabilis 3 10 "
5 Radius  Staphylococcus aure s 2 10 "
Tibia Staphylococcus aureus 2 10
27 Humerus Staphviococcus aureus 2 10
50 Tibia Staphviococcus aureus 7 10 Improvement
23 Tibia Escherichia coli 5 9 Recovery
26 Fermur  Staphylococcis aure s 3 9 "
31 Femur  Staphviococcus aureus 6 9 "
17 Femur  Staphviococcus aureus 3 8 "
26 Tibia Salmone fla sp. 5 4 "
18 Humerus Proteus mirabilis 4 4 "
22 Femur  Pseudomonas aeruginosa (5] 3
30 Tibia Proteus mirabilis 8 3 "
20 Tibia Escherichia coli 7 2 "
46 Crane Staphylococcus aureus 6 2 "
Median 24 5 10
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Fig. 2: Osteomyelitis of a forcarm before treatment {(a) and 35 days after treatment (b) with
gentamicin-loaded monoolein gel

All patients were alive and felt well. The quantity of blood in the suction drain was about 10 mL.
Between 6 and 12 days after the surgical operation, a non-purulent liquid flew along wounds. A
bacteriological culture of this liquid proved that it was sterile. Except for one patient, wounds of all
patients scarred over after between 30 and 70 days (median 42 days) (Fig. 2, Table 1). The treated
bone of the non-recovered patient was exposed; however, the surgical wound and bone were neither
infected nor purulent. During the biological monitoring on the 45th day post-operation, ervthrocyte
sedimentation rates became normal (below 7 and 13 mm, respectively at the 1st and 2nd hour). Pafients
remained apyretic except one who became feverish on day 6 post-operative. Further investigation
demonstrated that this fever was caused by malana contracted during the hospitalisation.
Administration of quinine enabled his body temperature to be normalized.

No sign of adverse events was observed. The hemoglobin concentration had slightly decreased on
day 5 post-operative. Serum glucose, creatinine, aspartate amino-transferase, alanine amino-transferase,
triglycerides and bilirubins values were normal during the follow-up investigations. Radiographic
images showed no sign of bone lesion.

DISCUSSION

To the best of our knowledge, this is the first published report of a clinical trial with a drug-loaded
monoolein gel as an implant.

The short course of antibiotics administered intravenously after the operation aimed to prevent
septicaemia from the septic site. The gentamicin-loaded monoolein gel could take over from these by
releasing gentamicin at an efficacious concentration at the septic site. This therapeutic protocol was
also used by other researchers (Méani and Romano, 1994) to treat chronic osteomyelitis locally with
an antibiotic-impregnated implant, where the systemic administration of antibiotic lasted 5 days.

The filling of the dead space by the gel prevented haemorrhage at the surgical operation site; so
avoiding post-operative blood transfusion and constitution of haematoma in the bone. This is one of
the advantages of the assessed gel. Indeed, haematoma does not facilitate sterilisation of an infectious
site (Hall et af., 1983, Fitzgerald e¢ al., 1985). The mechanism of the hasmostatic effect of the gel could
be a mechanic compression of vessels that were damaged during the surgical operation.

The non-purulent and aseptic liquid flowing from the surgical wound (between days 6 and 12)
may have derived from the biodegradation of the gel. Besides, owr previous study of the gel in animal
revealed that it was degradable in vivo.

The clinical, biological and radiological signs in all patients suggested that the gentamicin-
monoolein gel was efficacious in treating chronic osteomyelitis. The single case of non-recovery (but
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