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We present the case of a 59-year-old male who developed acute 
tubular necrosis with a serum tobramycin level of 15.9  mg/L 
after instillation of tobramycin and vancomycin calcium sul-
fate beads for infected total knee arthroplasty. We emphasize 
standardizing surgical protocols to mitigate nephrotoxicity 
based on current efficacy and safety data.
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CASE REPORT

A 59-year-old male presented to the emergency department 
with onset of left knee pain and chills. He reported incurring 
a knee abrasion 1 week prior while installing hardwood floors 
at work. His medical history was significant for ankylosing 
spondylitis on long-term adalimumab, deep vein thrombosis 
of the left lower extremity, uveitis, and total left knee replace-
ment in 2013 with the Biomet Vanguard total knee arthroplasty 
system. He also had a methicillin-sensitive Staphylococcus au-
reus (MSSA) left knee infection in 2014 treated with successful 
irrigation and debridement (I&D) with polyethylene exchange. 
Physical examination noted warmth, swelling, and abrasion on 
the left knee, whereas radiology showed left knee effusion.

On admission, her white blood cell count (WBC) was 18.9 
cells/mm3, with a normal serum creatinine (SCr) of 1.13 mg/dL. 
Her blood pressure and respiratory rate were normal. The patient 
(weight 78.6  kg) was then started on parenteral ceftriaxone and 

vancomycin, which were changed to cefepime and vancomycin 
after infectious disease consultation. Orthopedic surgical consult 
determined likely infected left total knee arthroplasty. Subsequent 
aspiration of the left knee showed a WBC of 27 240 cells/mm3. Her 
vancomycin level before surgery was 13.4 mcg/mL, and the dose 
had been increased from 1.25 g every 12 hours to 1.5 g every 12 
hours, per pharmacy protocol, to achieve a goal of 15–20 mcg/mL. 
The patient was then taken to the operating room for I&D with 
polyethylene exchange. A batch of calcium sulfate Stimulan beads 
comprised of 1 g of vancomycin and 2.4 g of tobramycin was made. 
A mix of 3-mm and 4.8-mm beads was packed into the gutters and 
suprapatellar area of the knee (total final amount used was uncon-
firmed). This method should produce beads with approximately 
3.9–4.13 mg of vancomycin and/or 1.02 mg of tobramycin [1, 2].

The patient met KDIGO criteria for acute kidney injury by 
postoperative day (POD) 1 [3]. Nephrology was then consulted, 
and the patient was diagnosed with likely acute tubular necrosis 
presumed from acute tobramycin toxicity. Renal ultrasound did 
not show any significant abnormalities. The patient described 
decreased urine output. SCr peaked on POD5 at 8.28  mg/dL 
without need for dialysis. Calcium levels were also transiently 
elevated. Trends in relevant blood values are described in Table 
1. Vancomycin levels were 40.9 and 37.4 mcg/mL on POD1 and 
POD2, whereas tobramycin levels were 15.9 on POD2 but were 
still significantly above normal trough levels at 5.0 mcg/mL on 
POD5. Goal gentamicin levels are typically <1 mcg/mL for urinary 
tract infection/pyelonephritis and gram-positive synergy and <2 
mcg/mL for severe or life-threatening gram-negative infections.

Final culture results showed MSSA infection in the synovial 
fluid and wound. The patient was deescalated to nafcillin and 
discharged on parenteral cefazolin on POD8 with orders for 
close follow-up at the infectious diseases clinic. At discharge, 
the patient had recovered full urine output.

DISCUSSION

Although prosthetic joint implantation remains an effective 
quality of life intervention, the rare consequence of prosthetic 
joint infection (PJI) is difficult to treat and requires the need 
for subsequent surgical intervention such as local I&D with 
implant retention and 1-stage and 2-stage exchanges. The use 
of antibiotic-impregnated bone cement spacers and parenteral 
antibiotics is considered standard for treatment of chronic PJI, 
but the role of antibiotic-loaded calcium sulfate beads for the 
treatment of prosthetic joint infection is less well defined [4, 5]. 
The Infectious Diseases Society of America (IDSA) guidelines 
for PJI recommend spacers in both 1- and 2-stage exchanges, 
followed by a 2- to 6-week pathogen-specific intravenous or 
highly bioavailable oral antimicrobial therapy. However, some 
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members of the IDSA panel also caution against the use of 
spacers for MRSA-PJIs, small-colony variants, or fungal PJIs.

Historically, polymethylmethacrylate (PMMA) and purified 
calcium sulfate from gypsum have served as imperfect vehicles 
to deliver local antibiotics. PMMA beads are nondissolvable 
and may develop biofilm formations with prolonged implan-
tation time, requiring additional intervention to remove beads 
after treatment. Gypsum-derived calcium sulfate beads are 
problematic, as they often contain byproduct impurities that 
provoke inflammation and subsequent impaired wound healing 
and increased drainage. As a result, various types of improved 
biosynthetic manufacturing of pure calcium sulfate have be-
come popular, including brands such as Stimulan, Herafill, 
and Osteoset, which are designed to be mixed with antibiotics 
chosen by surgeons [6]. Calcium sulfate beads may offer 
improved outcomes for patients requiring revisions of total hip 
and knee arthroplasty. They are biodegradable and can disap-
pear on radiography within an average of 31 days [7]. In vitro 
and in vivo studies have shown locally eluted concentrations 
of vancomycin and tobramycin that are >10 times greater than 
minimal inhibitory concentration with nominal systemic tox-
icity [1, 2, 8].

The efficacy data for calcium beads alone are mixed. A retro-
spective case series of 250 THA/TKA analyzed patients treated 
with beads comprised of 1 g of vancomycin and 240 mg of liquid 
tobramycin per 10 cc of calcium sulfate powder (Stimulan) 
over 2 years. Outcomes showed an overall low failure rate of 
9/250 (3.6%) with a 1.2% incidence of heterotopic bone forma-
tion and a 3.2% incidence of wound drainage. The failure rate 
was inclusive of all interventions, including aseptic revisions, 
2-stage septic revisions with PMMA spacers, and 1-stage de-
bridement modular exchange, component retention, and par-
enteral antibiotic (DECRA). However, they also reported 2 
cases of acute renal failure (ARF), with 1 requiring 3 weeks 
of dialysis [7]. No specific postoperative antibiotic regimen 

or serum antibiotic levels was reported, and PMMA spacers 
were used in tandem with beads for both hip and knee resec-
tion arthroplasties [6]. Efficacy concerns have been raised with 
the use of calcium sulfate beads alone in a retrospective review 
of 32 patients over 2 years undergoing I&D with implant re-
tention for acute hematogenous or acute postoperative hip or 
knee PJI [9]. Surgeons utilized a preparation consisting of 10 
cc of calcium sulfate with 1 g of vancomycin and 1.2 g of to-
bramycin, per manufacturer recommendations, and parenteral 
antibiotics were given afterwards for a minimum of 6 weeks. 
At a mean follow-up at 13 months, a total of 16/33 (48%) had 
reoccurrence of infection. Seven patients required subsequent 
2-stage exchange, whereas another 8 patients opted for chronic 
antibiotic suppression. The authors concluded that calcium 
beads offer no additional clinical benefit over I&D alone in 
terms of implant retention.

In addition, although the risk of AKI from antibiotic spacers 
is well known, the safety data on calcium sulfate beads and their 
impact on parenteral treatment are less well characterized. To 
our knowledge, this case has the highest reported serum tobra-
mycin and vancomycin levels attributed to calcium sulfate beads 
and resultant acute tubular necrosis. Although serum levels are 
expected to be elevated in the first 24 hours, this tobramycin 
serum level was sustained for over a week and was well above 
the safe trough threshold (<2 mg/dL) [9]. Known adverse side 
effects of calcium beads include heterotropic bone formation, 
hypercalcemia, and wound drainage. One case study (n = 15) 
reported 3/15 (20%) cases of transient hypercalcemia and 1 case 
of heterotrophic bone formation. One of the hypercalcemia 
cases required washout and treatment with 4 mg of parenteral 
zoledronic acid. These cases utilized 10 cc of 1-g vancomycin 
and 240-mg gentamicin mixed with sterile water, followed by 
6 weeks of parenteral antibiotics. No serum vancomycin or 
gentamicin was drawn [7]. Clinicians should expect a minor 
increase in parenteral vancomycin levels as well. In treatment 

Table 1. Relevant Bloodwork Results

Lab Parameter
Reference  

Range
On Admission 

(10/15)
Day of Surgery 

(10/17)
POD1 
(10/18)

POD2 
(10/19)

POD3 
(10/20)

POD4 
(10/21)

POD5 
(10/22)

POD6 
(10/23)

Complete blood count

White cell count, cells/mm3 4.8–10.8 × 103 18.9 15.63 10.09 10.30 8.25 10.9 — —

Basic metabolic panel  

BUN, mg/dL 9.0–20 12 16 22 34 47 55 56 62

Creatinine, mg/dL 0.67–1.17 1.13 1.19 2.64 5.21 6.51 7.81 8.28 7.99

Calcium, mg/dL 8.4–10.2 8.4 8.3 9 9.2 10.2 10.9 10.7 10.4

Albumin 3.5–5.0       2.1  

Corrected calcium, mg/dL  9.92 9.82 10.52 11.12 11.72 12.42 12.22 11.92 

Phos, mg/dL 2.5–4.5       5.5  

C-reactive protein, mg/L <3.0 75.6        

Antibiotic serum levels  

Tobramycin, mg/L <2    15.9  6.4 5.0  

Vancomycin, mcg/mL 10–20  13.4 40.9 37.4     

Abbreviation: BUN, blood urea nitrogen; POD, postoperative day.
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of primarily Osteoset vancomycin beads (2  g of lyophilized 
vancomycin in 25 g of calcium sulfate), serum levels showed 
a small spike of 3–5 mg/L at 24 to 72 hours postsurgery that 
persisted at 240 hours postsurgery. However, in 3 cases of AKI, 
all 3 levels were found to be in the therapeutic range of 10–20, 
implying that this level would be even higher in an AKI patient 
pretreated with vancomycin. The authors noted that 7 patients 
did use Osteoset T pellets with additional tobramycin but did 
not individually report outcomes on them [8]. The interplay 
of elevated systemic vancomycin levels on aminoglycoside tox-
icity is also unclear. It has been noted that vancomycin admin-
istration may worsen aminoglycoside toxicity by facilitating 
the adhesion of the brush border membrane of the proximal 
tubules to aminoglycosides or by addictive effects at similar 
places in the tubules [11–13].

We propose a standardized protocol to minimize nephrotox-
icity, along with close calcium and serum creatinine monitoring 
postoperatively in patients with acute kidney injury. Risk factors 
based on those identified from studies on antibiotic spacer–in-
duced AKI include the use of nonsteroidal anti-inflammatory 
drugs, angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers, intraoperative administration of 
blood products and administration of piperacillin-tazobactam 
[13–15]. Postoperatively, nephrotoxic medications should be 
held for 24–72 hours barring clinical necessity. Our patient in 
particular only had a slightly elevated serum creatinine before 
surgery. We suggest that patients on parenteral vancomycin be-
fore surgery have corresponding levels rechecked in 24 hours 
and be closely followed thereafter. In conclusion, we emphasize 
that additional research needs to be done on the specific use of 
calcium sulfate beads alone for I&D and implant retention, as 
well as on the impact on recurrence of infection and long-term 
antibiotic resistance when used with spacers for 1- or 2-stage 
exchanges.
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