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Cells: More May Not Be Better
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1Geisel School of Medicine at Dartmouth College, West Lebanon, NH, 2Albany Medical College, School of Medicine, Albany NY, 3University of California,
San Francisco, Department of Orthopaedic Surgery, San Francisco, CA

Abstract
Background
The use of topical vancomycin is increasingly popular in spine surgery. Large retrospective reviews suggest that
topical vancomycin provides a cost-effective decrease in post-operative infection. Currently, there is little that is
known about the maximum dose that can be applied locally. When 1 gram of vancomycin is mixed into the bone
graft and another 1 gram applied freely in a spine wound, the local concentration of antibiotic ranges from
260-2900 μg/mL in the immediate post-op period and 50-730 μg/mL by the second post-operative day. We hy-
pothesized that exuberant doses of vancomycin would be toxic to mesenchymal stem cells (MSCs).

Methods
Bone marrow was obtained from the femoral canal of patients undergoing routine elective total hip arthroplasty.
Mesenchymal stem cells were isolated using plastic adhesion. Cells were exposed to a wide range of doses of van-
comycin for 24 hours and then assessed for viability. Osteogenic potential was assessed with alizarin red staining.

Results
There was dose-dependent cell death with vancomycin use. MSC death was 9.43% at 400 μg/mL (p=0.047),
13.79% at 1600 μg/mL (p=0.0047), 19.35% at 3200 μg/mL (p<0.0001), 24.82% at 6400 μg/mL (p<0.0001) and
51.83% at 12800 μg/mL of vancomycin (p<0.0001) in comparison to the control group containing no vancomycin.

Conclusions
Our in vitro study suggests that vancomycin has toxic effects on hMSCs, a cell population particularly important
for bone formation. In the absence of any clinical evidence suggesting that “more vancomycin is better,” and our
data suggesting that more vancomycin is harmful in vitro, surgeons electing to use topical vancomycin in spine
surgery should restrict their use to the doses currently reported in the available published studies unless specific
reasons exist otherwise. This study does not establish a contraindication to the use of topical vancomycin, nor does
it suggest that pseudarthroses are attributable to vancomycin use.

Level of Evidence: N/A; In Vitro Controlled Laboratory Study
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Introduction
Vancomycin is a bactericidal antibiotic that inhibits
transglycosylation, weakening the cell wall and dam-
aging the underlying cell membrane of gram-positive
cocci. Topical “powdered” vancomycin has in-
creased in popularity for elective, primary spine
surgery with increasing supporting evidence each
year. In one study of 1,512 patients, placing van-
comycin directly into the wound decreased spine in-

fections to 1.2%,1 while another study of 911 patients
showed a dramatic reduction in spine infections to
0.2%, as compared to a historical control of 2.6% in-
fection.2 A multicenter review of 2,311 patients re-
ported a 2.4% infection rate in comparison to 5.1% in
the study population without vancomycin.3 However,
despite some promising retrospective reviews, a sin-
gle randomized trial was unable to provide support
for the use of vancomycin and a systematic review
recommended caution.4



One of the criticisms and challenges of topical van-
comycin use is the absence of a standard dose. The
majority of published studies describe fixed quanti-
ties (1 or 2 grams of vancomycin) per patient, with-
out adjustment for the size of the wound. When 1
gram of vancomycin is mixed into the bone graft and
another 1 gram applied freely in a spine wound, the
local concentration antibiotic ranges from 260-2900
μg/mL in the immediate post-op period and 50-730
μg/mL by the second post-operative day.2 The wide
range is likely due to variability in wound size. Fur-
thermore, the local concentration of vancomycin re-
mains between 2 to 200 times higher than that rec-
ommended for the treatment of such severe infec-
tions as endocarditis and necrotizing fasciitis (15-20
μg/mL).5

With the variability in clinical outcomes and very
high local concentration of vancomycin, we sought to
better understand the consequences of topical van-
comycin in an in vitro model. We hypothesized that
high doses of vancomycin would have collateral dam-
age and toxic effects to the proliferation and os-
teogenic capacity of mesenchymal stem cells (MSCs)
in comparison to the control group. To test this hy-
pothesis, we evaluated cell survival after a 24-hour
exposure to vancomycin at a wide range of doses and
assessed the MSCs capability for calcium deposition
in an in vitro model.

Materials and Methods
Mesenchymal Stem Cell Harvest and Culture
Human MSCs (hMSCs) were isolated from the bone
marrow obtained during preparation of the femoral
canal obtained from elective total hip arthroplasties
from 9 different male patients, who had a diagnosis
of degenerative osteoarthritis or osteonecrosis (ages
55 to 75 years). The tissue was obtained adhering to
local institutional guidelines, with the restriction that
the data be analyzed and published in aggregate. The
bone marrow was centrifuged at 500g for 5 minutes.
The supernatant was aspirated, and the remaining
pellet was resuspended in 10% fetal bovine serum
(FBS) media and plated using the plastic adhesion
protocol on 75cm2 flasks to select out hMSCs from
the mixed population of cells in the marrow.

The hMSCs were cultured to confluence. Every
three or four days, the media was aspirated, the flasks
were washed with 1x Phosphate Buffered Saline
(PBS), and fresh 10% FBS media was added.

Vancomycin Treatment
Upon reaching confluence, the cells were trypsinized
and replated at 3,200 cells/well on black, clear, flat-
bottom 96-well polystyrene plates. After two days,
the cells were exposed to 100μL of vancomycin at 0,
400, 1600, 3200, 6400 and 12800 μg/mL in insulin-
transferrin-selenium (ITS) media for 24 hours in a
standard tissue culture carbon dioxide incubator at
37°C, with a CO2 level of 5%.

Quantitative and Qualitative Assessment
After 24 hours of exposure to vancomycin, the viabil-
ity of the hMSCs was quantitatively assessed with a
15-minute incubation in PrestoBlue, a commercially
available kit measuring the ability of the cells to
maintain a reducing environment in their cytosol. Af-
ter the reading, the liquid was aspirated and the cells
were washed with 1x PBS. Cell viability was then
confirmed using a qualitative assessment with a
30-minute incubation in a Live-Dead Stain, a
fluorescence-based assay using the dyes Calcein-AM
and Ethidium Bromide to measure viable and dead
cells, respectively.

Statistical Methods
A one-way ANOVA with Tukey-post test was used
for comparison between vancomycin doses under a
single culture condition. Our post-hoc power analysis
indicated that we had sufficient statistical power to
detect 20% or greater cell death.

Osteogenic Differentiation
To assess hMSC potential for bone formation, we
used an in vitro osteogenic differentiation kit and
Alizarin Red staining for calcium deposition. We ex-
panded primary hMSCs isolated from bone marrow
(as above) to confluence in normal 10% FBS media on
clear 6-well plates. The hMSCs were subjected to
treatment with vancomycin at doses of 0, 400, 3200,
and 1200 μg/mL in ITS media for 24 hours, followed
by a 2-hour “rescue” period in ITS and subsequent
growth in osteogenic media for 22 days (per the
StemPro Osteogenesis Differentiation ® protocol).
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The negative control for this experiment consisted of
non-treated hMSCs grown in ITS during the treat-
ment period of the experimental group of cells and
subsequently grown in MSC growth media for the
duration of the experiment. Media was changed on
the cells every 3-4 days.

After the appropriate 22 days of growth in osteogenic
media (or growth media for the negative control), an
Alizarin Red stain was performed on the plates. The
media was aspirated, the wells rinsed with 1x PBS,
and the cells fixed with 4% formaldehyde for 30 min-
utes. After rinsing the cells with distilled water, the
cells were stained with 2% Alizarin Red S solution
(pH 4.2) for 2-3 minutes. The cells were again rinsed
with distilled water, and images were taken.

Results
There was increased cell death with increased van-
comycin dose. When aggregated across all nine pa-
tients, the data showed that hMSC death was 9.43%
at 400 μg/mL (p=0.047), 13.79% at 1600 μg/mL
(p=0.0047), 19.35% at 3200 μg/mL (p<0.0001),
24.82% at 6400 μg/mL (p<0.0001) and 51.83% at
12800 μg/mL of vancomycin (p<0.0001) in compari-
son to the control group containing no vancomycin
(Table 1). Qualitative Live-Dead staining also con-
firmed increased cell death with increased doses of
vancomycin (Figure 1).

Minimal background staining with Alizarin Red was

Table 1. Mesenchymal stem cell death after 24 hour exposure to
vancomycin.

Statistically significant cell death was seen at all tested doses of
vancomycin. Increased doses of of vancomycin were associated with
increased cell death.

seen when the hMSCs were grown for 21 days in rou-
tine culture media. When the hMSCs were instead
grown under osteogenic conditions, there was clear
evidence of calcium deposition by osteoblasts, con-
firming that exposure to vancomycin did not result in
the loss of osteoblastic differentiation. Visually, only
the highest dose of vancomycin tested had an effect
on mineral deposition (Figure 2).

Discussion
Statistically significant cell death was seen at tested
doses of vancomycin with higher doses of van-
comycin resulting in higher death. At the concentra-
tions typically seen in a wound in the immediate
post-operative period, cell death ranged from 9.4%
(400 μg/mL; p=0.047) to 19.4% (3200 μg/mL;
p<0.0001). Increasing the dose further increased cell
death, 24.8% at 6400 μg/mL (p<0.0001) and 51.8% at
12800 μg/mL of vancomycin (p<0.0001). Qualitative
assessments using live/dead stains and functional as-
says for mineral deposition confirmed that cell death
and dysfunction was seen with high doses of van-
comycin.

Despite the lack of significant high-quality evidence
available in the literature, many surgeons have adopt-
ed the practice of using intrasite topical vancomycin.6

It’s popularity is strongly associated with the consis-
tent retrospective data supporting its use to decrease
infection.7 Furthermore, the low cost of vancomycin
and high cost associated with post-operative infec-
tion provides exceptional potential for cost savings.
In high-risk patients undergoing spinal fusion, one
study suggests that $438,165 would be saved every
100 spinal fusion performed.8 Case reports of ana-
phylactoid reactions with circulatory collapse are
rare.9 To our knowledge, the only other study evalu-
ating pseudarthrosis after topical vancomycin is a ro-
dent model relying on a known rhBMP-2 dose to pro-
vide 100% fusion.10 In humans, posterolateral fusion
studies with 100% fusion rates required 20 mg of
rhBMP-2 per side.11

Vancomycin, however, may not be the “magic pixie
dust” once thought to be. The benefits of van-
comycin are not seen consistently12 and our study
provides potential concern about MSC toxicity,

Vancomycin Concentration (μg/mL) % Cell Death
compared to 0 μg/mL p-Value

0 (control) ---

400 9.43% 0.047

1600 13.79% 0.0047

3200 19.35% <0.0001

4800 13.58% 0.0043

6400 24.82% <0.0001

12800 51.83% <0.0001
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which may be relevant in humans in the absence of
rhBMP-2 or at doses of rhBMP-2 known to provide
less than 100% fusion rates.

It is known that locally delivered MSCs can increase
bone formation in a scenario of otherwise inadequate
amounts of autologous bone graft.13 Additionally, oth-
er studies with ceramic scaffolds have shown that

Fig. 1. Live/Dead Staining of human mesenchymal stem cells after vancomycin exposure. Increased death of human mesenchymal stem cells was observed after
exposure to 6400 μg/ml of vancomycin as compared to control. Live cells are stained in green while dead cells are stained in red.

Fig. 2. Functional assessment of human mesenchymal stem cells exposed to vancomycin. Alizarin Red staining was used to assess the function of MSCs that
were previously exposed to 24 hours of vancomycin. Red staining indicates the presence of calcium deposition. While statistically significant cell death was seen
at all tested doses, calcium deposition appeared to drop dramatically at the highest dose of vancomycin tested.
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low MSC concentration has much poorer rates of
spinal fusion in comparison to a high MSC concen-
tration group.14 Therefore, one might speculate that a
spinal fusion relying on a high ratio of a bone graft
extender relative to autologous bone may be more
sensitive to MSC death than a procedure where
there is sufficient autograft for the fusion bed. Van-
comycin induced toxicity is likely to be at greatest
risk in procedures relying on extensive use of bone
graft substitutes with poor volume of allograft.

The primary limitation of this study is that it is an in
vitro study. Accordingly, this study does not estab-
lish a contraindication to the use of topical van-
comycin nor establish a specific recommended dose.
While all doses of vancomycin were toxic to hMSCs,
it is unclear if the amount of early hMSC toxicity has
a clinical consequence at the expected 6 months
post-op period when bony fusion is expected. In the
clinical setting, early hMSC cell death may very well
be an appropriate price to pay for the bactericidal ef-
fect of vancomycin. The mineralization potential in
vitro also may not directly correlate with bone form-
ing potential in vivo under typical conditions in
spinal fusion surgery.

Additionally, it is also important to note that this
study does not provide any comment to the use of IV
vancomycin in the peri-operative period (i.e. before
incision and 24 hours post-op). The ideal antibiotic
agent may differ from hospital to hospital depending
on the local hospital antibiogram. Vancomycin is less
efficient at killing gram-positive cocci than a tradi-
tional beta-lactam (in organisms sensitive to beta lac-
tams) but has the benefit of being bactericidal against
most gram-positive cocci except for enterococci and
some tolerant staphylococci.

Nevertheless, given the consistently statistically sig-
nificant hMSC death seen with increasing doses of
vancomycin, surgeons should be cautious before us-
ing exuberant amounts of vancomycin.

Conclusion
The available literature suggests that topical van-
comycin may be effective in reducing post-operative
infections in spine surgery. While its use appears to

be increasing in popularity, it is not the standard of
care. Our in vitro study suggests that vancomycin
has toxic effects on hMSCs, a cell population partic-
ularly important for bone formation.

In the absence of any clinical evidence suggesting
that “more vancomycin is better,” and our data sug-
gesting that more vancomycin is harmful in vitro,
surgeons electing to use topical vancomycin in spine
surgery should restrict their use to the doses current-
ly reported in the available published studies unless
specific reasons exist otherwise. This study does not
establish a contraindication to the use of van-
comycin, nor does it suggest that pseudarthroses are
attributable to vancomycin use.
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