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Summary: Tibia1 cortical bone and serum concentrations of clindamycin were 
compared using two drug delivery methods in dogs. An implantable drug 
pump, used to continuously infuse clindamycin directly into the cortical bone, 
was compared with clindamycin administered i.v. Dosage for the direct con- 
tinuous infusion was 4 mglkglday, and 44 mglkglday for the i.v. bolus regimen. 
Serum concentrations of clindamycin were significantly higher during i.v. bo- 
lus administration when compared with those achieved during pump infusion 
(p < 0.05). However, tibia1 cortical bone concentrations were significantly 
higher during pump infusion than were those achieved by i.v. bolus. When 
examining serum and bone clindamycin concentrations over 21 days of direct 
local infusion, there was no significant difference in concentrations between 
sampling days within each tissue (p > 0.05). Furthermore, there were signifi- 
cantly greater concentrations of clindamycin in the cortical bone than in the 
serum at each sampling period (p < 0.05). Results indicate that delivery of 
clindamycin to canine bone by implantable drug pump achieve significantly 
higher bone concentrations than i.v. bolus administration of the drug at higher 
dosages. Direct infusion also can sustain high concentrations in cortical bone 
without increasing systemic concentrations of clindamycin. Key Words: Clin- 
damycin-Bone concentrations-Direct infusion. 

The ability of antimicrobial agents to penetrate 
and distribute into ischemic infected bone has long 
been questioned (1 4,19,25,26,28,29). Consequently, 
experimental and clinical studies have examined 
several methods of delivering antibiotics to osteo- 
myelitic lesions. These methods have included an- 
tibiotic-impregnated methylmethacrylate or plaster 
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of Paris, direct irrigation-suction units, isolated 
perfusion of the affected limb, and fibrin-antibiotic 
complexes (2-7,9,12,15,16,20). Recently , Perry et 
al. (21-24) successfully treated refractory cases of 
osteomyelitis using implantable percutaneously re- 
fillable pumps that directly and continuously in- 
fused antibiotics into the osteomyelitic lesions. 
Limited data exist regarding antimicrobial distribu- 
tion and bone antimicrobial concentrations 
achieved by direct local infusions into the bone (21- 
24). Furthermore, there are no data comparing bone 
concentrations of antimicrobial agents delivered by 
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this method with those obtained by a systemic dos- 
age regimen. However, the use of direct pump in- 
fusion appears promising because it allows, (a) the 
delivery of unlimited amounts of the desired anti- 
microbial agent a t  a constant infusion rate, (b) 
changes in the dose of the antimicrobial agent or 
even the antimicrobial agent itself without surgical 
intervention, (c) reduction in the duration of hospi- 
talization, and (d) a minimum in systemic toxicity 
due to low systemic antimicrobial concentrations 

The purpose of this study was to determine the 
concentrations of clindamycin in normal canine tib- 
ial cortical bone and serum obtained by continuous 
local infusion by an implantable pump, and to com- 
pare these concentrations to clindamycin concen- 
trations in tibial cortical bone and serum achieved 
by a multiple-dose i.v. bolus regimen. In addition, 
we determined the tibial cortical bone and serum 
concentrations of clindamycin during 3 weeks of 
continuous local infusion of the drug. Finally, the 
study evaluated tibial cortical bone concentrations 
of clindamycin at different sampling sites in rela- 
tionship to the position of the outflow catheter site. 

(21-24). 

MATERIALS AND METHODS 

Animals 

Fifteen adult mixed-breed dogs (30-35 kg) were 
used in the study. Inclusion criteria included normal 
findings on physical examination, complete blood 
count, serum chemistries, urine analysis, and radio- 
graphs of the tibias. 

Experimental Design 

Twelve dogs were randomly placed into two 
groups of six dogs and alternated between therapy 
regimens. Initially, group 1 dogs received clindamy- 
cin by i.v. bolus injections. Concurrently, group 2 
dogs received clindamycin through pumps im- 
planted in their flanks, with the outflow catheter 
from the pump placed randomly into the cortical 
bone of the tibia. Bone biopsy samples (full thick- 
ness) from the tibia and serum samples were ob- 
tained on days 3 ,  7 ,  and 21 after initiation of clin- 
damycin infusion. After 1 month and documenta- 
tion that clindamycin was eliminated, dogs were 
switched to the other regimen using the opposite 
tibia for bone biopsy and assay. 

Three dogs had pumps implanted in their flanks 

and were infused for 3 , 7 ,  and 14 days at which time 
the entire tibia was collected and assayed at  5-mm 
increments, both proximal and distal to the outflow 
catheter site. 

I.V. Bolus Protocol 

Jugular and cephalic vein catheters were placed 
in each dog, with patency of each catheter main- 
tained with heparinized saline. Each dog was given 
clindamycin phosphate (Cleocin, Upjohn Pharma- 
ceuticals, Kalamazoo, Michigan, U.S.A.) i.v. at 11 
mglkg every 6 hours for 3 days through the cephalic 
catheter. One hour after the 10th dosage, each dog 
was anesthetized and a full-thickness cortical bone 
biopsy sample was taken from the mid-diaphyseal 
region of the tibia with a Michelle trephine. A whole 
blood sample was obtained simultaneously from the 
jugular catheter. 

Pump Protocol 

After routine anesthetic induction and mainte- 
nance on an inhalant anesthetic, an implantable 
drug pump (INFUSAID model 400, Shiley INFU- 
SAID Inc., Norwood, Massachusetts, U.S.A.) 
filled with sterile water was inserted into an S.C. 

pouch in the caudal dorsal abdominal region (flank). 
Dogs were then randomized to either right or left 
tibia for placement of the outflow infusion catheter. 
The catheter was passed S.C. down the medial thigh 
to the level of the mid-tibia. A single longitudinal 
incision was made in the periosteum. Stay sutures 
were placed in the edges of the periosteum to min- 
imize trauma during manipulation. A hole was 
drilled into the medial cortex of the mid-diaphyseal 
region and the outflow catheter was placed in the 
hole. The periosteum was then closed over the cath- 
eter, with simple interrupted sutures. A single su- 
ture was placed in the skin at the level of the cath- 
eter insertion to serve as a marker. Routine closure 
of the flank and tibial incisions was performed. 
Seven days postimplantation, the sterile water was 
removed and the infusion of clindamycin was initi- 
ated. Concurrently, radiographs of the tibia were 
taken to verify proper placement of the outflow 
catheters. A clindamycin dosage of 4 mglkglday 
was administered by the pump. Animals were 
closely monitored daily for any clinical signs of lo- 
cal inflammation. 

The dogs were anesthetized on days 3 , 7 ,  and 21, 
and bone biopsy samples were obtained with a 
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Michelle trephine. The biopsy samples were col- 
lected approximately 1 cm proximal and 1 cm distal 
to the catheter site. The biopsy site was alternated 
at each sampling period and the position of the bi- 
opsy site on the bone was varied to avoid any in- 
flammatory reaction from a previous biopsy. At 
each sampling period, a serum sample was taken 
concurrently from the jugular vein. After comple- 
tion of this portion of the study, each dog was anes- 
thetized for removal of the infusion pump. 

The three dogs that were only infused at the as- 
signed day (3, 7, and 14) were killed with an over- 
dose of sodium pentobarbital and the entire infused 
tibia was collected. 

Sample Preparation 

Bone marrow was removed from each bone sam- 
ple and washed in sterile 0.9% saline solution until 
all visible blood was removed. The periosteum and 
bone marrow were removed in the three dogs in 
which the entire tibia was collected. The infused 
tibia was then cut into 5-mm sections starting at the 
outflow catheter site extending both proximal and 
distal for 3 cm. All samples were then frozen at 
- 70°C until processing. Clindamycin was eluted 
from the bone as previously described (18,19) with 
modifications. Briefly, each bone sample was 
weighed, frozen in liquid nitrogen, and crushed into 
a powder. Depending on the weight of the sample, 
600-1,OOO p1 of 0.1 M phosphate buffer, pH 8.0, was 
added to each sample. The mixture was vigorously 
agitated for 40 minutes, incubated at 4°C for 15 
hours, and finally centrifuged for 10 minutes at 
1,500 rpm. Aliquots (100 pl) of the supernatant were 
used in the assay procedure. 

Serum samples were also prepared as previously 
described (1,8,11). Whole blood was allowed to clot 
at 4°C for 2 hours, at which time the serum was 
removed and stored at -70°C until it was assayed. 
Aliquots (100 p1) of serum were used in the assay. 

Antibiotic Assay 

Clindamycin concentrations were measured by 
microbiological cylinder plate assay for serum and 
bone samples as previously described (1,8,11, 
18,19). Standard curves were derived using clin- 
damycin hydrochloride [Clindamycin HCL (lot no. 
531 PY), Upjohn], canine serum, and a canine bone- 
buffer mixture identical to that made with each sam- 
ple. Minimum measurable concentrations of clin- 

damycin were 0.3 pglml for serum and 0.4 pg/g for 
bone homogenate . 

Data Analysis 

All data were logarithmically transformed before 
analysis. When data are presented in text or tables, 
they appear as geometric means. Differences in se- 
rum and bone concentrations between i.v. bolus 
and pump infusion of clindamycin at 3 days were 
analyzed with a two-factor analysis of variance. If 
this value was significant, means of interest were 
compared using a Tukey test (p < 0.05). Differences 
in serum and bone concentrations between days 3, 
7, and 21 during direct pump infusion were also 
analyzed with a two-factor analysis of variance. If 
this statistic was significant, means of interest were 
compared using a Tukey test (p < 0.05). Data on 
site of biopsy in relationship to outflow catheter 
placement (proximal or distal) was analyzed with a 
two-factor analysis of variance. If the statistic was 
significant, means of interest were compared with a 
Tukey test (p < 0.05). 

The mean bone/serum concentration was calcu- 
lated by the following formula: mean cortical bone 
concentrationlmean serum concentration x 100. 

RESULTS 

Ten dogs completed the cross-over study. One 
dog from each group was removed during the pump 
infusion phase of the project. The outflow catheter 
of one dog became displaced and the second dog 
had a tibial fracture through one of the biopsy sites. 
There was no clinical evidence of inflammation re- 
lated to the direct infusion of clindamycin in any of 
the dogs. 

The mean (n = 10) serum clindamycin concen- 
tration 1 hour after the 10th dose of the i.v. bolus 
regimen was 8.7 rfr 0.2 pg/ml. The concurrent mean 
tibial bone concentration was 2.4 rfr 0.2 pg/g (Table 
1). The mean serum clindamycin concentration at a 
similar time (day 3) during continuous pump infu- 
sion was 0.8 rfr 0.2 pg/ml, with concurrent mean 
tibial cortical bone concentrations of 10.5 k 2.2 
pg/g. Mean serum concentrations of clindamycin 
were significantly higher during the i.v. bolus regi- 
men when compared with those achieved during 
pump infusion. Conversely, mean tibial cortical 
bone concentrations were significantly higher dur- 
ing pump infusion than those measured after i.v. 
bolus administration of the drug. 
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TABLE 1. Serum and bone concentrations of 
clindamycin on day 3 of administration 

TABLE 3. Tibia1 bone concentrations divided into 
sampling site in relationship to outflow catheter 

i.v. Bolus Direct bone infusion 
(44 mg/kg/day) (4 mg/kg/day) 

Serum (pg/ml) 8.7 2 0.2 0.8 ? 0.2" 
Bone (Pg/g) 2.4 2 0.2 10.5 2 2.2' 
Mean bonekerum 

ratio (%) 31.4 1,312.5 

All values are means 2 standard deviation (SD) based on n = 

" Significantly lower serum concentrations (p < 0.05). ' Significantly higher cortical bone concentrations (p < 0.05). 

10. 

There were no significant differences in mean se- 
rum concentrations of clindamycin between days 3,  
7, and 21 during pump infusion (Table 2). Similarly, 
there were no significant differences in mean corti- 
cal bone concentrations of clindamycin between the 
sampling days. There were, however, significantly 
greater mean concentrations of clindamycin in the 
bone than in the serum at each sampling period. 

The position of the biopsy site (proximal or distal 
to the outflow catheter) did not have a significant 
effect on the mean concentration of clindamycin in 
the sample (Table 3). Furthermore, the day of bone 
sampling had no significant effect on the concentra- 
tion of clindamycin at each biopsy site. 

The three tibias which were samples, 3 centime- 
ters above and below the outflow catheter site, re- 
vealed a gradient of cortical concentrations of clin- 
damycin in both directions. Distally, the mean clin- 
damycin concentration in the 5-mm section 
adjacent to the outflow catheter was 165.7 ? 1.5. In 
the section from 6 to 10 mm ( 1  cm), the mean con- 
centration decreased to 7.6 * 3.8, and further de- 
creases were seen in the third section (1.1-1.5 cm 
distal from the outflow catheter) with a mean clin- 
damycin concentration of 4.2 2 5.1. From 1.5 to 3 
cm, the concentrations remained fairly constant at a 
mean of 1 . 1  k 0.4. Proximal to the outflow catheter 
a similar gradient was detected with a mean con- 
centration in the first 5-mm section of 8.4 ? 2.9, 

TABLE 2. Serum and bone Concentrations over the 
21-day infusion period at 4 mglkglday 

Day 3 Day 7 Day 21 
~~ _ _ _ _ ~  

Serum (pg/ml) 0.8 2 0.2 0.9 2 0.2 0.8 ? 0.2 
Bone (Pdg) 10.5 i- 2.2" 9.6 2 1.8" 8.4 2 2.3" 
Mean bone/serum 

ratio (%) 1,312.5 1,006.7 1,050.0 

All values are means 2 SD based on n = 10. 
" Significantly greater bone concentration than serum concen- 

trations (p < 0.05). 

Day 3 Day 7 Day 21 

Proximal 

Distal 
( P d d  12.0 2 3.0 11.7 2 3.9 6.9 2 1.5 

(Pdd 8.7 2 0.5 7.9 2 4.3 9.8 ? 2.0 

All values are means 2 SD based on n = 5 .  

and a mean concentration of 2.9 2 1.4 in the 6- to 
10-mm (1-cm) section. From 1 . 1  to 3 cm (total of 
four sections) the mean concentration was 1 .1  2 
0.6. 

DISCUSSION 

The first objective of this study was to evaluate 
whether an implantable pump delivery system 
could achieve effective concentrations in cortical 
bone for a given dosage regimen. The results of the 
study indicate that direct infusion of clindamycin at 
4 mg/kg/day into the medial tibial cortex produces 
high concentrations of the drug in the cortical bone. 
The concentrations achieved greatly exceed the 
minimum inhibitory concentration measured during 
in vitro antibiotic sensitivity of the common Gram- 
positive cocci, including Staphylococcus aureus 
(13,17,27). These concentrations were three to four 
times higher than those reported in cortical bone 
using much higher parenteral dosages (10,18,27). 
There was no clinical indication of tissue inflamma- 
tion or toxicity to direct infusion of clindamycin. 
Thus, this form of drug delivery can achieve accept- 
able drug concentrations in bone. 

Cortical bone and serum concentrations of clin- 
damycin achieved by direct bone infusion were 
compared with those obtained after i.v. administra- 
tion in the second portion of this study. Direct in- 
fusion of clindamycin into the tibial cortex, at one 
tenth the i.v. regimen, yielded significantly greater 
bone concentrations of the drug than did the repet- 
itive i.v. bolus regimen. Further, direct local infu- 
sion produced serum concentrations that were sig- 
nificantly lower than those produced by the i.v. reg- 
imen. These findings are similar to data reported for 
direct infusion of gentamicin into the rabbit femur 
(23). The mean bone/serum concentration ratio 
achieved by the i.v. bolus regimen (26.4%) was con- 
sistent with the results of previous studies using i.v. 
and intramuscular routes of administration for clin- 
damycin (10,18,27). Direct infusion of the drug, 
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even at lower dosages, increased this ratio about 50 
times above the i.v. regimen. Because there were 
marked differences in the mean boneherum con- 
centration ratios between the two treatment regi- 
mens, some of the drug appears to be sequestered 
within the cortical bone before it enters the sys- 
temic circulation when given by direct infusion. 

A third objective of the study was to determine 
where this form of antimicrobial delivery could 
maintain effective concentrations of the drug in the 
target tissue. Bone concentrations of clindamycin 
on day 21 of infusion were indistinguishable from 
those on the third day of infusion. Because this 
method of drug delivery makes it possible to main- 
tain the high bone concentrations for a sustained 
period of time at 1 cm from the outflow catheter, it 
may be useful for the treatment of ischemically in- 
fected bone. Furthermore, the serum concentra- 
tions remained constantly low throughout the 
study; thus, drug toxicity potential is less than that 
during an i.v. regimen. These findings are in con- 
trast to data reported on antibiotic-impregnated me- 
thylmethacrylate, where the rate of diffusion of the 
antimicrobial agent from the cement into the bone is 
governed by numerous characteristics of the ce- 
ment and the drug (5).  For both impregnated meth- 
ylmethacrylate and Plaster of Paris the diffusion of 
the antimicrobial agent varies, with the greatest 
movement occurring during the first few postoper- 
ative days (5,7). 

Samples of bone were taken either proximal or 
distal to the outflow catheter to address potential 
concerns that the biopsy sampling site might effect 
the concentration of clindamycin in the sample. 
There was no significant difference between these 
sites. Our inability to obtain bone samples precisely 
1 cm either proximal or distal to the outflow cath- 
eter may account for some of the large standard 
deviation in the cortical bone concentrations of clin- 
damycin reported. Thus, these findings may not ac- 
curately reflect a concentration gradient that may 
be present along a very small portion of the cortical 
bone. In an attempt to address this concern, three 
dogs were sampled 3 cm above and below the infu- 
sion site in the tibia. The results suggest a gradient 
within the cortical bone that could explain the large 
variations seen in other dogs. The gradient de- 
creases markedly about 1.0 cm from the outflow 
catheter both proximally and distally. Because the 
Michelle trephine has a 3-mm radius, it is readily 
apparent why such large variations exist when at- 
tempting to sampling at 1 cm. These results also 

indicate that precise positioning of sample sites in 
future studies is essential for elucidating the con- 
centrations of an antimicrobial agent directly in- 
fused into bone. 
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