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Background
• Intra-articular injections of  local anesthetics such as 
bupivacaine, ropivacaine, and lidocaine w/wo
epinephrine are commonly used to enhance analgesia 
and reduce bleeding during surgery.

• Intra-articular pain pumps delivering these agents have 
been shown to cause severe cartilage loss, termed ‘post-
arthroscopic glenohumeral chondrolysis’ (PAGCL) in 
some patients.

Background
• In vitro studies show that 
anesthetic agents induce 
apoptosis and necrosis in dose-
and time-dependent fashion.

• Inhibition of  chondrocyte 
apoptosis has not been reported 
following anesthetic exposure.

• Modulation of  chondrocyte 
apoptosis could mitigate 
chondrocyte loss following 
anesthetic exposure Serrato JA et al., JBJS 93(17):e99(1-8), 2011
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Purpose

1. Examine the impact of  short-term exposure of  local 
anesthetics on chondrocyte viability

2. Determine whether anesthetic exposure results in 
chondrocyte apoptosis

3. Explore whether apoptosis inhibition results in a 
significant reduction in chondrocyte death following 
anesthetic exposure

Methods- part 1
• Monolayer chondrocytes incubated for 30, 45, 60, 75, 90, 105, or 120 
minutes in treatment groups:
1. 0.9% normal saline
2. 0.5% bupivacaine 
3. 0.5% ropivacaine
4. 1% lidocaine

• Cell-viability assayed with LIVE/DEAD staining

Bup 30 min Bup 60 min Bup 90 min Bup 120 min
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Methods- part 2

• Chondrocyte monolayer cultures exposed to 90 minutes of  5 
anesthetic treatment groups then maintained in fresh culture media

• Protocol repeated with addition of  z-vad-fmk, a pan-caspase
inhibitor to all incubation solutions

• Apoptosis assayed at 1,3, 5, and 7 days post-anesthetic exposure
• Apoptosis assessed using TUNEL and anti-activated caspase 3 
staining 

Results- part 1

• Bupivacaine caused the highest percentage of chondrocyte death, directly 
proportional to time of exposure (p<0.001).

• Bupivacaine caused 18.25% increased cell death vs. saline control, 14.8% 
increased cell death vs. ropivacaine (p<0.001)

Results- part 2

• Cumulatively, all anesthetic groups resulted in significantly increased rates of chondrocyte 
apoptosis.

• Caspase-inhibition (CI) effect largest with ropivacaine (40.1% reduced apoptosis,  p<0.001).

• Caspase-inhibition (CI) effect smallest with lidocaine (30.2% reduced apoptosis, p<0.01).

Results- part 2

• Cumulatively, bupivacaine and lidocaine exposure resulted in statistically significant 
increased rates of chondrocyte apoptosis.

• Caspase inhibition caused a cumulative statistically significant reduction in 
apoptosis for chondrocytes exposed to all agents relative to control.
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Conclusions

• Chondrocyte viability is directly proportional to 
duration of  anesthetic exposure.

• 0.5% bupivacaine was the most cytotoxic agent tested, 
causing >60% greater chondrocyte cell death relative 
to control

• Epinephrine also results in significant chondrocyte 
toxicity and may potentiate the effects of  anesthetics 
when used in combination

• Greatest chondroprotective effect of  caspase inhibition 
occurred with 0.5% ropivacaine

Clinical implications

• Use of  an apoptosis inhibitor as an adjunctive agent 
during the administration of  intra-articular anesthetics 
and epinephrine may mitigate chondrocyte loss.

• Further work examining the effects of  duration of  
anesthetic and caspase-inhibitor exposure, 
concentration, and delivery methods is warranted.

References

• Chu CR, Izzo NJ, Coyle CH, Papas NE, Logar A. The in vitro effects of  bupivacaine on articular 
chondrocytes. J Bone Joint Surg Br. Jun 2008;90(6):814-820. 

• Costouros JG, Kim HT. Preventing chondrocyte programmed cell death caused by iatrogenic injury. Knee. 
Mar 2007;14(2):107-111.

• Costouros, J.G., Dang, A.C., and Kim, H.T.  Comparison of  Chondrocyte Apoptosis In Vivo and In Vitro 
following Acute Osteochondral Injury.  Journal of  Orthopaedic Research 22: 678-83, 2004.

• Costouros, J.G. and Kim, H.T.  Inhibition of  Chondrocyte Apoptosis In Vivo following Acute Osteochondral
Injury.   Osteoarthritis and Cartilage 11: 756-59, 2003.

• Dragoo JL, Braun HJ, Kim HJ, Phan HD, Golish SR. The In Vitro Chondrotoxicity of  Single-Dose Local 
Anesthetics. Am J Sports Med. Jan 27.

• Dragoo JL, Korotkova T, Kanwar R, Wood B. The effect of  local anesthetics administered via pain pump on 
chondrocyte viability. Am J Sports Med. Aug 2008;36(8):1484-1488.

• Kim HT, Lo MY, Pillarisetty R. Chondrocyte apoptosis following intraarticular fracture in humans. 
Osteoarthritis Cartilage. Sep 2002;10(9):747-749.

• Lo MY, Kim HT. Chondrocyte apoptosis induced by collagen degradation: inhibition by caspase inhibitors 
and IGF-1. J Orthop Res. Jan 2004;22(1):140-144.

• Piper SL, Kim HT. Comparison of  ropivacaine and bupivacaine toxicity in human articular chondrocytes. J 
Bone Joint Surg Am. May 2008;90(5):986-991.

• Piper SL, Kramer JD, Kim HT, Feeley BT. Effects of  local anesthetics on articular cartilage. Am J Sports Med. 
Oct;39(10):2245-2253.

THANK YOU


