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Nonsteroidal Anti-Inflammatory 
Drugs in Orthopaedics 

By Omar Abdul-Hadi, MD, Javad Parvizi, MD, Matthew S. Austin, MD, Eugene Viscusi, MD, and Thomas Einhorn, MD 

An Instructional Course Lecture, American Academy of Orthopaedic Surgeons 

Nonsteroidal anti-inflammatory drugs 
are widely used and prescribed in the 
United States. Between 35 and 70 mil- 
lion prescriptions for nonsteroidal anti- 
inflammatory drugs are written in the 
United States each year, and numerous 
agents are now available over the 
counter'. In particular, the prescription 
of cyclooxygenase-2 (COX-2) inhibitors 
has become widespread since they were 
approved by the U.S. Food and Drug 
Administration in 1999, and in 2000 
nearly 45 million prescriptions were 
written for celecoxib and rofecoxib2. 
More than 17 million Americans use 
various nonsteroidal anti-inflammatory 
drugs on a daily basis. Moreover, it has 
been estimated that 5% to 7% of all 
hospital admissions are related to ad- 
verse drug reactions, with nonsteroidal 
anti-inflammatory drugs being the cul- 
prit in 30% of these cases3. As a result of 
the aging of the population, there will be 
an increase in the use of nonsteroidal 
anti-inflammatory drugs parallel to the 
increase in the prevalence of painful 
degenerative musculoskeletal condi- 
tions. Despite the rising popularity of 
COX-2 inhibitors, their role in ortho- 

paedic surgery remains controversial. 
Several studies have demonstrated the 
inhibitory effect of COX-2 inhibitors 
on bone-healing, and the inhibitory 
effect of traditional nonsteroidal anti- 
inflammatory drugs is already well 
known" The use of COX-2 inhibitors is 
growing in the elderly population, and 
there are multiple concerns regarding 
the adverse side effects and the theo- 
retical basis of safety of COX-2 inhib- 
itors in orthopaedic patients. 

Role of Prostaglandins in Bone 
and Tendon Physiology 
The skeleton is a metabolically active 
organ that undergoes continuous re- 
modeling throughout life. Osteoblasts 
and osteoclasts, the most important 
contributors to bone remodeling, pro- 
duce prostaglandins, which are shown 
to modulate the function of osteoblasts 
and osteoclasts in bone metabolism and 
healing5. Prostaglandins are multifunc- 
tional regulators with stirnulatory and 
inhibitory effects on bone resorption 
and formation. They are autocrine and 
paracrine lipid mediators that act on a 
variety of cells including platelets as well 

as endothelial, uterine, and mast cells. 
Prostaglandins are found in virtually all 
tissues and organs. Skeletal tissue is also 
an abundant source of prostaglandin 
production, so it is likely that endoge- 
nous prostaglandins play important 
roles in skeletal physiology and patho- 
physiology6. Changes in prostaglandin 
synthesis and concentration have been 
shown to correlate with changes in the 
quantity of trabecular regeneration and 
with acceleration of bone-healing7. 

Prostaglandin E2 is the most 
abundant prostaglandin produced by 
osteoblasts and was first shown to in- 
crease cyclic 3:5' adenosine monophos- 
phate (CAMP) and stimulate bone 
iesorption in cultured fetal rat long bones 
more than thirty years ago" Its produc- 
tion by osteoblasts is regulated by several 
cytokines, including interleukin- 1 (IL- 
1). The action of prostaglandin E2 is 
mediated by rhodopsin-type receptors 
specific to prostaglandins. There are four 
subtypes of prostaglandin receptors, 
designated EP1, EP2, EP3, and EP4, 
which are encoded by different genes 
and expressed differently in each tissue. 
The intracellular signaling differs among 
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the receptor subtypes; EP1 is coupled to 
Ca" mobilization, EP3 inhibits adenyl- 
ate cyclase, and both EP2 and EP4 
stimulate adenylate cyclase8. 

Prostaglandin E2 also has bone 
resorptive activity and is associated with 
an increased number of osteoclasts. A 
number of studies have shown impaired 
osteoclast formation in cultures of cells 
from EP4-deficient mice, and osteoclast 
formation is most potently induced by 
EP4 agonist. Suzawa et al.' reported that 
bone resorption was markedly stimu- 
lated by EP4 agonist and, to a lesser 
degree, by EP2 agonist. The three reg- 
ulatory steps are binding of prostaglan- 
din E2 to EP4 and EP2, an increase in 
CAMP, and induction of the osteoclast 
differentiation factor. 

Mechanism of Action of 
Nonsteroidal Anti-Inflammatory Drugs 
Nonsteroidal anti-inflammatory drugs 
are structurally diverse compounds with 
common therapeutic and adverse ef- 
fects. All nonsteroidal anti-inflammatory 
drugs, including the subclass of selective 
COX-2 inhibitors, are anti-inflammatory, 
analgesic, and antipyretic. The principal 
therapeutic effects of nonsteroidal anti- 
inflammatory drugs derive from the 
ability of the drugs to inhibit prosta- 
glandin production9. The first enzyme 
in the prostaglandin synthetic pathway 
is prostaglandin G/H synthase, also 
known as cyclooxygenase or COX. This 
enzyme converts arachidonic acid to the 
unstable intermediates prostaglandin 
G2 and H2, leading to the production of 
thromboxane A2 and a variety of 
prostaglandins. 

Within the last decade, two cy- 
clooxygenase isoforms have been iden- 
tified and are referred to as COX-1 and 
COX-2'"''. COX-1 is also described as a 
"housekeeping enzyme," which regu- 
lates the normal cellular processes and is 
a primarily constitutive form found in 
most normal cells and tissues, including 
the stomach lining. In contrast, COX-2 
is expressed at low levels unless it is 
induced by cytokines and inflammatory 
mediators and is responsible for the 
upregulation of the inflammatory sys- 
tem. COX-2 expression is inhibited by 
glucocorticoids, an important feature 

that led to the identification of the 
COX-2 enzyme''. Several studies suggest 
that COX-2 mediates increased prosta- 
glandin production in bone in response 
to tumor necrosis factor-alpha (TNF- 
a), IL-1P, IL-6, IL-11, IL-17, and other 
osteotropic f ac t~ r s l~ - '~ ,  and many factors 
that either stimulate or inhibit bone 
resorption affect COX-2 expression in 
osteoblasts or stromal cells".'" These 
studies suggest that COX-2 has a role 
distinct from that of COX-1 in bone 
resorption'" A splice variant derivative 
of the COX-1 gene has been identified 
as COX-319, but the clinical relevance of 
this enzyme is unknown and whether it 
has cyclooxygenase activity remains 
contr~versial~~. 

Traditional nonsteroidal anti- 
inflammatory drugs inhibit both COX- 1 
and COX-2. The relatively high preva- 
lence of gastrointestinal side effects (i.e., 
gastric irritation) is attributed to COX-1 
inhibition, whereas the desired effect is 
the subsidence of inflammation that 
results from COX-2 inhibition. 

Effect of Nonsteroidal 
Anti-Inflammatory Drugs 
on Fracture-Healing 
Prostaglandin E2 induces substantial 
increases in bone formation, bone mass, 
and strength when administered sys- 
temically or locally to the skeleton2'-". 
Endogenous prostaglandin E2 increases 
locally after fracturesz4, and the inhibi- 
tion of prostaglandin E2 production 
interferes with b~ne-heal ing~~-~ ' .  

Li et al. demonstrated osteopenic 
changes and impaired fracture-healing 
in EP4-receptor-deficient knockout 
mice (mice deficient with regard to one 
of the four receptor subtypes for pros- 
taglandin E2), confirming that the 
EP4 receptor is a positive regulator in 
the maintenance of bone mass and 
fracture-healing2'. 

In theory, anti-inflammatory 
drugs that interfere with prostaglandin 
synthesis should delay fracture-healing. 
Considerable evidence has accumulated 
that conventional nonspecific nonste- 
roidal anti-inflammatory drugs, such as 
ibuprofen, ketorolac, and indomethacin, 
have an inhibitory effect on fracture- 
healing as well as on other forms of 

postoperative bone repair""" COX-2- 
selective nonsteroidal anti-inflammatory 
drugs have also been reported to impair 
and inhibit fracture-healing in animal 
models, findings that are in agreement 
with observations of impaired fracture- 
healing in mice lacking a functional 
COX-2 gene39'41. Krischak et al.42 showed 
that diclofenac, a nonselective nonste- 
roidal anti-inflammatory drug, impaired 
the appearance of osteoblasts in vivo 
during the early phase of bone-healing, 
confirming the hypothesis that nonse- 
lective nonsteroidal anti-inflammatory 
drugs can inhibit osteoblasts in the early 
phase of bone-healing. 

Nonsteroidal anti-inflammatory 
drugs also impede cell proliferation by 
inhibiting angiogenesis. It has been 
proposed that a similar mechanism 
occurs in the initiation of nonsteroidal 
anti-inflammatory drug-induced non- 
unions. Murnaghan et al."3 investigated 
this hypothesis in a randomized 
placebo-controlled trial of the non- 
steroidal anti-inflammatory drug 
rofecoxib in a murine femoral fracture 
model. Their conclusion was that rofe- 
coxib had a significant negative effect on 
blood flow across the fracture gap as 
well as an inhibiting effect on fracture 
repair. 

COX-2 activity is necessary for 
normal endochondral ossification dur- 
ing fracture-healing. The effects of 
COX-2-selective nonsteroidal anti- 
inflammatory drugs on fracture-healing 
are caused by inhibition of COX-2 
activity and not by a drug side effect. 
This was shown by Simon et al.39, who 
reported failure of fracture-healing in 
the femora of mice homozygous for a 

1 null mutation in the COX-2 gene. In 
that study, Simon et al. also compared 
the effects of indomethacin, celecoxib, 
and rofecoxib on fracture-healing in a 
rat femoral fracture model and found 
that treatment with COX-2-selective 
nonsteroidal anti-inflammatory drugs 
led to fracture nonunions and incom- 
plete unions. The fracture was still 
clearly evident on the eight-week post- 
fracture radiographs of the celecoxib 
and rofecoxib-treated rats. No rofecoxib- 
treated rat was observed to have normal 
bridging callus radiographically, and non- 
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unions, incomplete unions, and unions 
of the fractured femora were observed 
in the celecoxib-treated group. Tor- 
sional strength was found to be de- 
creased in the group treated with 
rofecoxib. Rofecoxib was reported to 
have a drastic effect on the mechanical 
properties of the femora. In contrast, no 
significant differences in the mechanical 
properties were found between the 
healing fractured femora in the 
celecoxib-treated rats and those in the 
control group. Despite that finding, the 
fractured femora in that group failed as 
a result of either nonunion (complete 
failure of the femur along the original 
fracture site) or incomplete union (new 
bone-bridging of the fracture site was 
evident, but the femur still failed pri- 
marily through the original fracture 
site). This was in contrast with the 
control group, in which most of the 
femora united (with failure due to a 
spiral fracture through the diaphysis of 
the femur), an indication that the 
fracture sites in the celecoxib group 
were not bridged with bone. Indo- 
methacin also initially reduced the me- 
chanical properties of the fracture site; 
however, at eight weeks, the mechanical 
properties were similar to those in the 
control group. 

The histological findings were 
consistent with delayed fracture-bridging 
and remodeling in the celecoxib and 
rofecoxib groups. The fracture gap was 
still clearly evident at eight weeks in 
these groups, and often it was filled with 
fibrous tissue. This study illustrates that, 
with the dose of celecoxib and the 
treatment regimen that were used, 
fracture-healing was delayed and in- 
hibited, but to a lesser extent than that 
found in the animals treated with the 
rofecoxib regimen. Indomethacin was 
also found to delay, but not prevent, 
fracture-healing. 

These findings were in contrast to 
the results reported by Brown et aL3', 
who compared the effects of indo- 
methacin on fracture-healing in rats 
with those of celecoxib. The drugs were 
administered starting on the first post- 
operative day, and the fractures were 
analyzed radiographically, histologicdy, 
and biomechanically at four, eight, and 

twelve weeks. At four weeks, only the 
indomethacin group showed delAyed 
healing. The fractures in the celecoxib 
group appeared to have more fibrous 
tissue than those in untreated rats at 
four and eight weeks; however, radio- 
graphic signs of callus formation, me- 
chanical strength, and stiffness did not 
differ significantly between the groups 
at twelve weeks. This indicated that 
COX-2-specific inhibitors caused less of 
a delay in fracture-healing when com- 
paredwith that associated with non- 
specific nonsteroidal anti-inflammatory 
drugs. 

COX-2-specific nonsteroidal anti- 
inflammatory drugs are only a third as 
effective as nonspecific nonsteroidal 
anti-inflammatory drugs in inhibiting 
prostaglandin-E2 levels within fracture 
calluses3' and tissues from local sites of 
adjuvant-induced arthritis". When the 
effects of a COX-2 inhibitor (valde- 
coxib) on experimental fracture-healing 
were compared with those of a non- 
specific nonsteroidal anti-inflammatory 
drug (ket~rolac)~', ketorolac was found 
to lower prostaglandin-E2 levels two to 
three times more than valdecoxib. 

The effect of COX-2 inhibition on 
fracture-healing is both dose and time- 
dependent". In a study of fractured rat 
femora, different doses of a COX-2- 
specific nonsteroidal anti-inflammatory 
drug (celecoxib) were given at different 
periods before and after the fracture. 
Celecoxib given within the first two 
weeks after the fracture reduced the 
mechanical properties of the fracture 
callus and caused significantly more 
nonunions. In contrast, celecoxib given 
prior to the fracture or fourteen days 
gfter the fracture did not increase the 
proportion of nonunions significantly. 
The authors suggested that nonsteroidal 
anti-inflammatory drugs should be 
avoided by patients during fracture- 
healing, especially during the immediate 
and early inflammatory phases. 

The reversibility of the inhibitory 
effects of the COX-2 inhibitors on 
fracture-healing were evaluated by 
Gerstenfeld et aL3', who found that 
withdrawal of either valdecoxib or ke- 
torolac after six days of treatment led to 
a twofold rebound in the levels of 

prostaglandin E2 at the fracture site by 
fourteen days. Acetaminophen, an an- 
algesic without anti-inflammatory ac- 
tivity, does not inhibit fracture-healing"'. 

While animal studies have dem- 
onstrated inhibitory effects of prosta- 
glandins on bone metabolism, there 
have been few investigations of the 
effects in humans, and there remains 
considerable controversy regarding the 
effect of nonsteroidal anti-inflammatory 
drugs. Many factors have been found to 
correlate with clinical nonunions, in- 
cluding a history of smoking and the 
type of implant used for fixation. Sev- 
eral studies have demonstrated a higher 
risk of nonunion of fractures in associ- 
ation with use of nonsteroidal anti- 
inflammatory drugs. Burd et al.46 con- 
cluded that patients with an acetabular 
fracture and a concomitant fracture of a 
long bone who received indomethacin 
for prevention of heterotopic ossifica- 
tion were at greater risk for nonunion of 
the long-bone fracture than were those 
who did not receive indomethacin. 

Giannoudis et al.33 reported a 
correlation between clinical nonunions 
and the use of nonsteroidal anti- 
inflammatory drugs, especially when 
the drugs were taken for longer than 
four weeks. 

In a study in the United Kingdom, 
Van Staa et al.47 found no difference in 
the fracture risk between regular users 
of nonsteroidal anti-inflammatory 
drugs and incidental users. In a similar 
retrospective study, in Denmark, the 
effects of acetaminophen, nonsteroidal 
anti-inflammatory drugs, and acetylsal- 
icylic acid (aspirin) were assessed in 
patients who had sustained a fracture48. 
A small increase in overall fracture risk 
was observed in association with acet- 
aminophen, and no increase was seen 
with acetylsalicylic acid. Ibuprofen was 
associated with an increased overall 
fracture risk, while celecoxib was not. 

In a randomized controlled trial 
involving forty-two postmenopausal 
patients with a Colles fracture, 
Adolphson et al." found no difference 
between a group treated with piroxicam 
(a nonsteroidal anti-inflammatory 
drug) and a control group with regard 
to either bone mineral density (as a 



measure of posttraumatic osteopenia) 
or the rate of functional recovery. 

Bhattacharyya et al." found no 
relationship between nonunion of hu- 
meral shaft fractures and use of non- 
steroidal anti-inflammatory drugs 
during the first sixty days after the 
fracture in older adults. The use of 
nonsteroidal anti-inflammatory drugs 
at sixty-one to ninety days after the 
humeral fracture was associated with 
nonunion, and this increased risk was 
also seen for patients exposed to opioid 
analgesics in the same period. This 
finding suggests that nonsteroidal anti- 
inflammatory drugs do not contribute 
to nonunion. 

In summary, nonspecific nonste- 
roidal anti-inflammatory drugs inhibit 
osteoblasts in the early phases of bone- 
healing. COX-2 activity is necessary for 
normal endochondral ossification dur- 
ing fracture-healing. Although the newer 
COX-2 inhibitors are marketed as hav- 
ing a lower side-effect profile than tra- 
ditional nonsteroidal anti-inflammatory 
drugs, particularly with regard to gas- 
trointestinal effects, these drugs exert an 
inhibitory action on fracture repair in 
animal models. However, they have been 
found to cause less of a delay in fracture- 
healing than is associated with nonspe- 
cific nonsteroidal anti-inflammatory 
drugs. It may be prudent for patients to 
avoid nonsteroidal anti-inflammatory 
drugs following osseous injury. This is 
more important for fractures that are 
associated with a delay in healing and 
that are often accompanied by a reduc- 
tion in blood flow to the fracture site. 

Effects of Nonsteroidal 
Anti-Inflammatory Drugs on 
Spinal Fusion 
Spinal Fusion is a common procedure in 
the United States, with more than 
185,000 operations performed each 
year". In general, the results of spinal 
fusion are satisfactory, although a con- 
siderable number of patients do not 
obtain the desired outcome. Factors 
such as the composition of the bone 
graft, level of fusion, use of spinal 
instrumentation, electrical stimulation, 
and cigarette smoking have been 
shown to influence fusion rates3'. The 

administration of nonsteroidal anti- 
inflammatory drugs is also reported to 
negatively influence the outcome2~32~s'~53. 

Physiologic doses of indometha- 
cin were first reported to interfere with 
healing of fractures of rat femora in 
197654. Early studies identified the 
pathophysiology as a net decrease in 
remodeling and woven-bone formation, 
inhibition of endosteal bone-forming 
cells at the fracture site, inhibition of 
calcification of the bone matrix, and a 
decrease in the inflammatory response 
and blood flow at the fracture ~ i t e " '~~ '~ ' .  

Dimar et al.52 showed that indo- 
methacin administered subcutaneously 
one week before posterior spinal fusion 
and twelve weeks after it resulted in an 
increased rate of nonunion in a rat 
model. Riew et al.4 studied the time- 
dependent inhibitory effects of indo- 
methacin on spinal fusion in a rabbit 
model and found that, when the indo- 
methacin was begun at two weeks after 
the surgery, only 21% of the rabbits had 
fusion compared with 65% in the 
control group. Beginning indomethacin 
at two weeks also resulted in more than 
a twofold reduction in the fusion rate as 
compared with the rate when the drug 
was begun at four weeks. However, in 
another study, initiating indomethacin 
at four weeks after the surgery did not 
result in a significant difference in the 
fusion rate compared with that in the 
control group5" Deguchi et aLS9 tried to 
identify the risk factors for failure in a 
study of eighty-three consecutive adult 
patients with isthmic spondylolisthesis 
who had undergone identical decom- 
pressive surgery combined with postero- 
lateral spine fusion. A history of 
smoking or postoperative use of non- 
steroidal anti-inflammatory drugs had 
strong negative influences on the fusion 
and clinical success rates. Patients who 
continued to smoke after surgery had a 
substantially higher rate of pseudar- 
throsis. Patients who continued to take 
nonsteroidal anti-inflammatory drugs 
for more than three months after sur- 
gery showed substantially lower fusion 
and success rates. Similarly, Martin et al. 
reported that administration of ketoro- 
lac for seven days after a posterolateral 
intertransverse process arthrodesis 

was associated with a fivefold increase 
in the likelihood of pseudarthrosis 
developing". 

Glassman et al.32 reviewed the 
cases of 288 patients to determine the 
effect of postoperative administration of 
nonsteroidal anti-inflammatory drugs 
on spinal fusion. Nonunion was de- 
tected in 4% of the patients who re- 
ceived no nonsteroidal anti-inflammatory 
drugs, in contrast to 17% of the patients 
who received ketorolac. 

Long et al.60 investigated the ef- 
fects of COX-2 inhibitors on spinal 
fusions in three groups of rabbits, which 
were randomly assigned to receive 
celecoxib, indomethacin, or saline so- 
lution daily for eight weeks. The fusion 
rates, as determined with gross and 
histological inspection and radiographic 
evaluation, were better in the control 
group and the celecoxib group than they 
were in the indomethacin goup.  The 
authors concluded that inhibitory ef- 
fects on bone-healing are likely medi- 
ated by the inhibition of COX-1, a 
finding that is in contrast with those of 
other studies39. 

In conclusion, there is no consen- 
sus in the literature with regard to the 
effects of COX-2 inhibitors on spinal 
fusions and fracture-healing. Nonspe- 
cific nonsteroidal anti-inflammatory 
drugs have a strong negative effect on 
spinal fusion rates. The inhibitory effects 
on bone-healing are likely mediated by 
the inhibition of COX-1. There is a 
paucity of clinical studies evaluating the 
effects of COX-2 inhibitors on spinal 
fusions. 

Effects of Nonsteroidal 
Anti-Inflammatory Drugs 
on Osseointegration and 
Aseptic Loosening 
Approximately 200,000 total hip ar- 
throplasties are performed annually in 
the United States. Patients who have 
these operations require multimodal 
pain management, in which nonsteroi- 
dal anti-inflammatory drugs play a 
pivotal role. Also, nonsteroidal anti- 
inflammatory drugs have a role in the 
prevention of heterotopic bone forma- 
tion after total hip arthroplasty. There- 
fore, the effect of these drugs on the 
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outcome of total hip arthroplasty is an 
important issue that necessitates metic- 
ulous consideration. 

Press-fit total hip arthroplasty 
implants, which are designed to achieve 
biologic fixation by means of bone 
ingrowth into a porous-coated surface, 
are being used with increasing fre- 
quency. There are two main issues with 
regard to the role of nonsteroidal anti- 
inflammatory drugs in the osseointe- 
gration of press-fit hip implants: first, 
whether the drugs decrease bone in- 
growth and thus affect the integration of 
bone into the prostheses, and second, 
whether they help to prevent aseptic 
loosening, a major cause of failure of 
total hip arthroplasty. 

Bone Ingrowth 
Trancik et al.61 found a substantial 
decrease in bone growth into porous- 
coated cobalt-chromium implants in 
rabbits treated with indomethacin, ibu- 
profen, or high-dose aspirin when they 
were comparkd with controls. The 
inhibitory effects of indomethacin and 
aspirin were dose-related, with higher 
doses having a greater inhibitory effect. 
Keller et al.62 found a similar inhibitory 
effect with indomethacin. They re- 
ported that bone ingrowth into a porous 
cylindrical implant system did not in- 
crease between two and eight weeks 
after implantation in rabbits treated 
with indomethacin; in contrast, a pla- 
cebo control group exhibited a sub- 
stantial increase in bone ingrowth in the 
same time period. 

Cook et al.63 reported that peri- 
operative administration of indometh- 
acin did not affect bone-implant-interface 
attachment strength of porous-coated 
implants except during the first three 
postoperative weeks. In an attempt to 
distinguish between the effects of COX- 
1 and COX-2. Goodman et al.40 inves- 
tigated the effects of naproxen and 
rofecoxib in vivo by using a harvest 
chamber. Both naproxen and rofecoxib 
were found to significantly decrease 
bone ingrowth. 1n addition, both de- 
creased the number of CD5l-positive 
osteoclast-like cells per section com- 
pared with that seen in the control 
group. Rofecoxib also decreased the area 

of osteoblasts per section area compared 
with that in the controls, although this 
difference did not reach significance. 
The conclusion was that bone formation 
was suppressed by oral administration of 
a nonsteroidal anti-inflammatory drug 
that contains a COX-2 inhibitor. 

Aseptic Loosening 
The potential role of nonsteroidal anti- 
inflammatory drugs in the prevention of 
aseptic loosening has been investigated 
in humans. The premise is that COX-2 
expression contributes to activation of 
the macrophages responsible for the 
pseudomembrane surrounding loose 
implants and that inhibiting COX-2 
activity can result in a decrease in the 
prevalence of aseptic loosening. 

Hukkanen et al.64 examined the 
bone-implant interface membranes of 
patients with aseptic loosening follow- 
ing total hip replacement in an attempt 
to determine whether there was an 
increase in inducible nitric oxide syn- 
thase (iNOS) and COX-2 expression in 
macrophages in these pseudomem- 
branes, contributing to periprosthetic 
bone resorption. Prostaglandin E2, an 
indicator of COX-2 activity, was mea- 
sured with enzyme immunoassay, and 
COX-2 was evaluated with quantitative 
peroxidase immunocytochemistry. 
They found that iNOS and COX-2 
proteins and the corresponding enzyme 
activities were present in the interface 
tissues surrounding loose implants. 
There was a colocalization of CD68+ 
macrophages with iNOS, nitrotyrosine, 
and COX-2, suggesting that both the 
iNOS and the COX-2 pathways may be 
directly involved in aseptic loosening. 

Zhang et al.18 provided further 
evidence of COX-2 involvement in 
osteolysis. To investigate the role of 
COX-2 in wear-debris-induced osteoly- 
sis, titanium wear-debris particles were 
implanted in a calvarial model to induce 
an inflammatory response similar to 
osteolysis. In this study, celecoxib re- 
duced inflammation and its associated 
bone resorption at doses that did not 
inhibit COX-1 activity. Furthermore, 
COX-2-lacking mice had substantially 
less bone resorption in response to the 
particles than did COX-1-lacking mice. 

This study also provided direct evidence 
of an important role of COX-2 that is 
distinct from that of COX-1 and sug- 
gested that selective COX-2 inhibition 
could have a therapeutic role for pa- 
tients with inflammation-induced bone 
diseases. 

More recently, Bukata et al.65 in- 
vestigated the importance of the COX-2 
enzyme in vitro. ~e r i~ ros the t i c  mem- 
branes from major osteolytic areas were 
obtained during revision operations. 
Histochemical analysis showed an 
abundance of COX-2 and minimal 
amounts of COX-1 along the mem- 
brane borders. Bukata etal. also studied 
the relationship of prostaglandin-E2 
production with COX-1 and COX-2 in a 
transgenic mouse model. The levels of 
prostaglandin E2 produced in the COX- 
1-lacking fibroblasts were substantially 
increased in response to titanium par- 
ticles. In contrast, prostaglandin-E2 
levels in the COX-2-lacking cultures did 
not significantly increase above back- 
ground levels under any conditions 
tested, indicating that a functional 
COX-2 gene is required for prostaglandin- 
E2 production by fibroblasts and that 
particle-induced prostaglandin-E2 pro- 
duction is mediated by this enzyme. 
Consistent with the prostaglandin-~2 
data, there were no increases in IL-6 
production in any of the COX-2-lacking 
cultures, indicating a dependency of 
IL-6 production on prostaglandin-E2 
levels. When exogenous prostaglandin 
E2 was added to the COX-2-lacking 
cultures, there was a remarkable in- 
crease in the IL-6 levels compared with 
the levels in the cultures lacking exog- 
enous prostaglandin E2. This finding 
suggested that IL-6 production is de- 
pendent on prostaglandin-E2 levels at 
least in one pathway. 

In conclusion, there is evidence 
that COX-2 inhibition causes suppres- 
sion of bone ingrowth if the drug is 
administered in the early postoperative 
period. In cases of aseptic loosening, 
particle-induced prostaglandin-E2 pro- 
duction is mediated by the COX-2 
enzyme. Therefore, COX-2 inhibition 
plays a role in decreasing the prevalence 
of aseptic loosening of cementless 
implants. 



Soft-Tissue Healing 
There is controversy regarding the effect 
of nonsteroidal anti-inflammatory 
drugs on soft-tissue healinf. These 
drugs are reported to not only reduce 
pain and swelling but also lead to earlier 
motion, which promotes early ligament 
healing. The use of COX-2 inhibitors 
may be beneficial when thickening of a 
healing tendon can cause problems- 
e.g., in the hand". In cases of direct 
tissue trauma, tissue damage results 
from traumatically induced inflamma- 
tory reactions, with tissue hypoxia being 
the most likely trigger. In these cases, 
there is a transient upregulation of 
COX-2 expression. COX-2 has also been 
reported to be upregulated in surgery- 
associated paraspinal muscle injury, but 
levels were not found to reach their peak 
before three days6'. 

The effects of COX-2 inhibitors 
on soft-tissue healing have been inves- 
tigated in several basic-science studies, 
with contradictory results. Several re- 
ports have illustrated the detrimental 
effects of COX-2 inhibitors on ligament 
healing", whereas others have indicated 
a possible beneficial effect on ligament 
healing7' and still others have revealed 
no relationship between ligament 
healing and use of nonsteroidal anti- 
inflammatory d r u g ~ ~ ' , ~ ~ .  

Elder et al.69 reported that the 
healed ligaments of rats that had received 
a COX-2 inhibitor had a 32% lower load 
to failure, measured fourteen days after 
injury, than did a control group. 

Bogatov et aL7' found that treat- 
ment with a pure COX-1 inhibitor, SC- 
560, had no significant effect on the 
tensile strength of the site of healing of 
acute injuries of rat medial collateral 
ligaments. However, there was an in- 
crease in the strength of the uninjured 
collateral ligaments. This suggests that 
COX-1 inhibitors do not improve the 
strength of ligament-healing sites but do 
improve the strength of the contralateral 
uninjured ligament. Thus, a pure COX- 
1 inhibitor probably does not have a 
positive influence on ligament healing 
but might provide benefits in terms of 
prevention of ligament injury. 

The lack of consensus in this area 
led Hanson et aL7' to undertake a more 
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comprehensive study to resolve the 
issue. They compared the effects of 
piroxicam, naproxen, rofecoxib, butor- 
phanol, and acetaminophen on the 
healing of rat medial collateral liga- 
ments with the findings in a control 
group. The only drug that improved 
ligament healing was piroxicam, which 
led to a 27% greater load to failure 
compared with that in the control 
group. This study showed that opioid 
analgesics, acetaminophen, and COX-2 
inhibitors do not appear to categorically 
affect ligament healing and that pirox- 
icam's effects cannot be attributed to all 
nonsteroidal anti-inflammatory drugs. 

Ferry et a].'* investigated the effects 
of ibuprofen, acetaminophen, naproxen, 
piroxicam, celecoxib, and valdecoxib on 
the healing of rat patellar tendons. The 
tendons in the acetaminophen and ibu- 
profen groups were significantly stron- 
ger than those in the celecoxib group; 
however, they were not significantly 
different from those in the control 
group. This study suggests that none of 
the tested nonsteroidal anti-inflammatory 
drugs, including piroxicam, had a ben- 
eficial effect on ligament healing. 

The effects of nonsteroidal anti- 
inflammatory drugs in the setting of 
soft-tissue trauma and their role in 
angiogenesis were investigated by Gierer 
et aL7'. Closed soft-tissue trauma to the 
hindlimb was induced in anesthetized 
rats, to which either parecoxib or an 
equal volume of saline solution was 
administered. Regardless of whether the 
parecoxib was administered before or 
after the injury, the microcirculatory 
flow was completely restored within the 
injured muscle. In contrast, skeletal 
muscle in the saline-solution-treated 
animals revealed persistent perfusion 
failure, with tissue hypoxia, and en- 
hanced endothelial interaction of both 
leukocytes and platelets at eighteen 
hours after the trauma. The authors 
concluded that treatment with pare- 
coxib before as well as soon after a 
skeletal muscle soft-tissue injury may be 
effective in restoring disturbed micro- 
circulation. Moreover, a reduced in- 
flammatory cell response could help to 
prevent leukocyte or platelet-dependent 
secondary tissue injury. 
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Cohen et al.74 studied the effect of 
nonsteroidal anti-inflammatory drugs 
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on tendon healing to bone by adminis- 
tering celecoxib or indomethacin for 
fourteen days to 180 rats that had 
undergone acute rotator cuff repair. 
Both the celecoxib and the indometha- 
cin group had significantly lower failure 
loads compared with those in the con- 
trol groups at two, four, and eight 
weeks. The controls demonstrated vro- 
gressively increasing collagen organiza- 
tion during the course of the study, 
whereas the groups treated with the 
nonsteroidal anti-inflammatory drugs 
did not. There were no significant - 

differences between these two drugs 
with regard to their negative effect on 
healing of the rotator cuff tendon, 
which implies that the inhibition of the 
healing process is linked to the COX-2 
enzyme. 

In summary, despite the common 
use of nonsteroidal anti-inflammatory 
drugs in the treatment of closed soft- 
tissue injuries, our understanding of the 
effect of these medications on soft- 
tissue healing is incomplete. COX-2- 
selective inhibitors exhibiting a low 
side-effect profile may be of superior 
therapeutic value in protecting the mi- 
crocirculation and preserving skeletal 
muscle from secondary inflammatory 
tissue damage following closed soft- 
tissue injury. In addition, COX-2 inhib- 
itors may play a role in the postoperative 
management following ligament recon- 
structions and repairs by reducing pain 
and swelling and allowing an earlier 
return of motion. 

Overview 
Many orthopaedists rely on narcotic 
analgesia for pain control after fractures 
and operative procedures in their pa- 
tients because traditional nonsteroidal 
anti-inflammatory drugs have been 
shown to delay fracture-healing and 
possibly impair tendon repair. This 
effect is thought to be smaller with 
COX-2-specific inhibitors. 

The COX-2 enzyme plays an 
important role in bone and soft-tissue 
healing, and the inhibition of this 
enzyme can interfere with recovery. 
However, there is a considerable 



amount of evidence from several clinical 
studies that COX-2 inhibition is not 
detrimental to healing and recovery. 
We believe that additional controlled 
clinical studies with appropriate ran- 
domization are essential to address 
concerns in this field and to discern 
the roles of COX-1 and COX-2 en- 
zymes in the healing of musculoskeletal 
tissues. 

O m a r  Abdul-Hadi, MD 
Southern Oregon Orthopedics, 2780 East 

Barnett  Road, Suite 200, Medford ,  OR 97504. 
E-mai l  address: ortho75@gmail.com 

Javad Parvizi, MD 
Mat thew S. Austin, MD 
Rothman Inst i tute o f  Orthopedics at Thomas 

Jefferson University, 925 Chestnut Street, 
5 t h  Floor, Philadelplua, PA 19107 

Eugene Viscusi, MD 
Department o f  Anesthesiology, 
Thomas Jefferson Universi ty Hospital, 

524 M a i n  Building, 132 South 10th  Street, 
Philadelphia, PA 19107 

References 

Thomas Einhorn, MD 
Depar tment  o f  Orthopaedic Surgery, 

Boston Universi ty Medica l  Center, 
720 Ha r r i son  Avenue, Suite 808, 
Boston, MA 021 18 

Printed with permission o f  the American 
Academy o f  O r t h o p a e l c  Surgeons. Th is  article, 

as we l l  as other lectures presented at the 
Academqs Annual Meeting, w i l l  b e  available in 
M a r c h  2010 in Instructional Course Lectures, 
Volume 59. T h e  complete vo lume can be 
ordered onl ine at www.aaos.org, o r  by calling 

800-626-6726 (8 A.M.-5 P.M., Central time). 

1. Singh G, Ramey DR, Morfeld D, Fries JF. Com- 
parative toxicity of non-steroidal anti-inflammatory 
agents. Pharmacol Ther. 1994;62:175-91. 

2. Seidenberg AB, An YH. Is there an inhibitory effect 
of COX-2 inhibitors on bone healing? Pharmacol Res. 
2004;50:151-6. 

3. Pirmohamed M, James S, Meakin S. Green C, 
Scott AK, Walley TJ, Farrar K, Park BK, Breckenridge 
AM. Adverse drug reactions as cause of admission to 
hospital: prospective analysis of 1 8  820 patients. 
BMJ. 2004;329:15-9. 

4. Riew KD. Long J, Rhee J, Lewis S, Kuklo T. Kim YJ, 
Yukawa Y, Zhu Y. Timedependent inhibitory effects 
of indomethacin on spinal fusion. J Bone Joint Surg 
Am. 2003;85:632-4. 

5. Sun JS, Tsuang YH, Lin FH, Liu HC, Tsai CZ, 
Chang WH. Bone defect healing enhanced by ultra- 
sound stimulation: an in vitro tissue culture model. 
J Biomed Mater Res. 1999;46:25361. 

6. Radi ZA, Khan NK. Effects of cyclooxygenase 
inhibition on bone, tendon, and ligament healing. 
lnflamm Res. 2005;54:35866. 

7. Sato Y, Tsuboi R, Lyons R, Moses H. Rifkin DB. 
Characterization of the activation of latent TGF-beta 
by cecultures of endothelial cells and pericytes or 
smooth muscle cells: a self-regulating system. J Cell 
Biol. 1990;111:757-63. 

8. Suzawa T, Miyaura C, lnada M, Maruyama T, 
Sugimoto Y, Ushikubi F, lchikawa A. Nammiya S, 
Suda T. The role of prostaglandin E receptor subtypes 
(EP1, EP2. EP3, and EP4) in bone resorption: an 
analysis using specific agonists for the respective 
EPs. Endocrinology. 2000;141:15549. 

9. Burke A, Smyth EM, FitzGerald GA. Analgesic- 
antipyretic and antiinflammatory agents; pharmaco- 
therapy of gout. In: Brunton LC, Lazo JS, Parker KL, 
editors. Goodman and Gilman's the pharmacological 
basis of therapeutics. 11th ed. New York: McGraw- 
Hill; 2005. p 671-716. 

10. Herschman HR, Fletcher BS. Kujubu DA. TIS10, 
a mitogen-inducible glucocorticoid-inhibited gene that 
encodes a second prostaglandin synthase/cyclooxy- 
genase enzyme. J Lipid Mediat. 1993;6:8999. 

ii. Masferrer JL, Zweifel BS, Seibert K, Needleman 
P. Selective regulation of cellular cyclooxygenase by 
dexamethasone and endotoxin in mice. J Clin Invest. 
1990;86:1375-9. 

12. Min YK, Rao Y, Okada Y, Raisz LG. Pilbeam CC. 
Regulation of prostaglandin G/H synthase-2 expres- 
sion by interleukin-1 in human osteoblast-like cells. 
J Bone Miner Res. 1998;13:106&75. 

13. Tokushima T, Sato T, Morita I, Murota S. 
Involvement of prostaglandin endoperoxide H 
synthase2 in osteoclast formation induced by para- 
thyroid hormone. Adv Exp Med Biol. 1997;433: 
307-9. 

14. Tai H, Miyaura C, Pilbeam CC, Tamura T,  Ohsugi 
Y. Koishihara Y, Kubodera N, Kawaguchi H, Raisz LG, 
Suda T. Transcriptional induction of cyclooxygenase- 
2 in osteoblasts is involved in interleukim&induced 
osteoclast formation. Endocrinology. 1997;138: 
2372-9. 

15. Kotake S, Udagawa N, Takahashi N, Matsuzaki 
K, ltoh K, lshiyama S, Saito S, lnoue K, Kamatani N, 
Gillespie MT, Martin TJ, Suda T. 11-17 in synovial 
fluids from patients with rheumatoid arthritis is a 
potent stimulator of osteoclastogenesis. J Clin 
Invest. 1999;103:1345-52. 

16. Morinaga Y, Fujita N, Ohishi K, Zhang Y, Tsuruo 
T. Suppression of interleukin-11-mediated bone r e  
sorption by cyclooxygenases inhibitors. J Cell Physiol. 
1998;175:247-54. 

17. Kawaguchi H, Pilbeam CC, Harrison JR, Raisz 
LG. The role of prostaglandins in the regulation of 
bone metabolism. Clin Orthop Relat Res. 1995; 
313:3646. 

la. Zhang X, Morham SG, Langenbach R, Young DA. 
Xing L, Boyce BF, Puzas El, Rosier RN, O'Keefe RJ, 
Schwarz EM. Evidence for a direct role of cycle 
oxygenase 2 in implant wear debris-induced osteo- 
lysis. J Bone Miner Res. 2001;16:66070. 

19. Botting R. Ayoub SS. COX-3 and the mechanism 
of action of paracetamoI/acetaminophen. Prosta- 
glandins Leukot Essent Fatty Acids. 2005;72:857. 

20. Snipes JA, Kis 8, Shelness GS, Hewett JA, 
Busija DW. Cloning and characterization of 
cyclooxygenaselb (putative cyc ooxygenase-3) in rat. 
, Pharmacol Exp Tner. 2005;313:668.76. 

21. Ke HZ, Shen VW, Qi H. Crawford DT, Wu DD. 
Liang XG, Chidsey-Frink KL. Pirie CM, Simmons HA, 
Thompson DD. Prostaglandin E2 increases bone 
strength in intact rats and in ovariectomized rats with 
established osteopenia. Bone. 1998;23:249-55. 

22. Yang RS, Liu TK, Lin-Shiau SY. Increased bone 
growth by local prostaglandin E2 in rats. Calcif Tissue 
Int. 1993;52:57-61. 

1 23. Jee WS. Ma YF. The in vivo anabolic actions of 
prostaglandins in bone. Bone. 1997;21:297-304. 

24. Dekel S, Lenthall G, Francis MJ. Release of 
prostaglandins from bone and muscle after tibia1 
fracture. An experimental study in rabbits. J Bone 
Joint Surg Br. 1981;63:185-9. 

25. Elves MW, Bayley I, Roylance PJ. The effect of 
indomethacin upon experimental fractures in the rat. 
Acta Orthop Scand. 1982;53:3541. 

26. Keiler J, Klamer A, Bak B, Suder P. Effect of local 
prostaglandin €2 on fracture callus in rabbits. Acta 
Orthop Scand. 1993;64:59-63. 

27. Sudmann E, Dregelid E, Bessesen A, Morland J. 
Inhibition of fracture healing by indomethacin in rats. 
Eur J Clin Invest. 1979;9:333-9. 

28. Li M, Healy DR, Li Y, Simmons HA, Crawford DT, 
Ke HZ, Pan LC, Brown TA. Thompson DD. Osteopenia 
and impaired fracture healing in aged EP4 receptor 
knockout mice. Bone. 2005;37:46-54. 

29. Allen HL, Wase A, Bear W. lndomethacin and 
aspirin: effect of nonsteroidal anti-inflammatory 
agents on the rate of fracture repair in the rat. Acta 
Orthop Scand. 1980;51:595-600. 

30. Huo MH, Troiano NW, Pelker RR, Gundberg CM, 
Friedlaender GE. The influence of ibuprofen on 
fracture repair: biomechanical, biochemical, histe 
logic, and histomorphometric parameters in rats. 
J Orthop Res. 1991;9:383-90. 

31. Altman RD, Lana LL, Keer R, Renfree K, 
Hornicek FJ, Banovac K. Effect of nonsteroidal 
antiinflammatory drugs on fracture healing: a labe 
ratory study in rats. J Orthop Trauma. 1995;9: 
392-400. 

32. Glassman SD. Rose SM, Dimar JR, Puno RM, 
Campbell MJ, Johnson JR. The effect of postopera- 
tive nonsteroidal anti-inflammatory drug administra- 
tion on spinal fusion. Spine. 1998;23:834-8. 

33. Giannoudis PV, Macdonald DA, Matthews SJ, 
Smith RM. Furlong A], De BP. Nonunion of the 
femoral diaphysis. The influence of reaming and non- 
steroidal anti-inflammatory drugs. J Bone Joint Surg 
Br. 2000;82:655-8. 

34. Dumont AS, Verma S, Dumont RJ, Hurlbert RJ. 
Nonsteroidal anti-inflammatory drugs and bone me- 
tabolism in spinal fusion surgery: a pharmacological 
quandary. J Pharmacol Toxicol Methods. 2000;43: 
31-9. 

35. Gerstenfeld LC, Thiede M. Seibert K, Mieike C, 
Phippard D, Svagr B, Cullinane D, Einhorn TA. 
Differential inhibition of fracture healing by non- 
selective and cyclooxygenase-2 selective non- 
steroidal anti-inflammatory drugs. J Orthop Res. 
2003;21:6705. 

36. Goodman SB, Ma T, Genovese M, Lane SR. COX- 
2 selective inhibitors and bone. Int J lmmunopathol 
Pharmacol. 2003;16:201-5. 

37. Brown KM, Saunders MM. KirschT. Donahue HJ, 
Reid JS. Effect of  COX-2-specific inhibition on 



T O X I C O L O G Y / O R I G I N A L  C O N T R I B U T I O N  

From the McGill Univenity Royal 
College Emergency Medicine Residency 
TI-ainiug Progr-am,' atld the Depart- 
ment of Emergency Medicine, Sir- 
Mortimer B. Davis-Icwisl~ General 
Hospital, McGill University,* Montreal, 
Quebec, Canada. 

Author contributions are provided 
at the end oJ this  article. 

Reccivedfor publicatio~~]uly 27, 2000. 
Revisions received Febr-uary 19, 2001, 
and June 12, 2001. Acceptedfor 
publication August 15, 2001 

Presented at rhe Canadiau Emergency 
Physician (CAEP) meeting. Quebec 
City, Quebec, Canada, October 1999. 

Supported by [he Emergency 
Department ofthe Sir Mortimer B. 
Dav~s-Jewish General Hospilal. 

Address Jot- reprints: Con~lne 
Mlchtie Hohl, MD, c/o Dr. AJlalo's 
ojlce. Sir Mortimer B. Davis-Jewish 
G C I I ~ I - a l  Hosp~tal, 3755 Cote Ste. 
Cathenne, Montreal, Quebec, 
Canada, H3T 1 E2; 51 4-340-8222 
ext. 4579; E-mail chohl@holrna~l.com 

Copyright O 2001 by the Amencan 
College of Emergency Physicians. 

01 96-0644/2001/835.00 + 0 
47/11119456 
doi:lO.l067/mem.2001.119456 

Polypharmacy, Adverse Drug-Related Events, and 

Potential Adverse Drug Interactions in Elderly 

Patients Presenting to an Emergency Department 

Corinne Michele Hohl, MD' Study objectives: We sought to document the degree of 
Jerrald Dankoff, MO* polypharmacy, the frequency of adverse drug-related events 

Colacones BSc8 (ADREs) leading to emergency department presentation that 
Marc  Afilalo, MD,  FRCPC* were recognized by emergency physicians, and the frequency of 

potential adverse drug interactions (PADls) in medication regi- 
mens of elderly patients in the ED. 

Methods: We conducted a retrospective chart review on 300 
randomly selected ED visits made by patients 65 years of age 
and older between January 1 and December 31, 1998. ADREs 
were defined according to a standardized algorithm. PADls 
were identified by using the drug interaction database Pharm- 
Vigilance. 

Results: After excluding 17 patient visits wi th inadequate doc- 
umentation, 283 were left for review. Of these, 257 (90.8%) 
patients were taking 1 or more medications (prescribed or over 
the counter). The number of medications consumed ranged 
from 0 to 17 and averaged 4.2 (SDk3.1) drugs per patient. 
ADREs accounted for 10.6% of all ED visits in our patient 
group. The most frequently implicated classes of medications 
were nonsteroidal anti-inflammatory drugs, antibiotics, antico- 
agulants, diuretics, hypoglycemics, P-blockers, calcium-channel 
blockers, and chemotherapeutic agents. Thirty-one percent of 
all patients in our group had at least 1 PAD1 in their medication 
list. Among patients who presented because of an ADRE, 50% 
had at least 1 PAD1 in their medication list that was unrelated 
to the ADRE with which they presented. 

Conclusion: ADREs are an important cause of ED presenta- 
tion in the elderly. PADls are found in a significant proportion of 
medication lists. Emergency physicians must be vigilant in mon- 
itoring elderly patients for medication-related problems. 

[Hohl CM, Dankoff J, Colacone A, Afilalo M. Polypharmacy, 
adverse drug-related events, and potential adverse drug 
interactions in elderly patients presenting to an emergency 
department. Ann Emerg Med. December 2001;38:666-671 .I 
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P O L Y P H A R M A C Y  A N D  A D V E R S E  D R U G  E V E N T S  
Hohl et a1 

Adverse drug-related events (ADREs) present a challeng- 
ing and expensive public health problem. They account 
for 3% to 23% of hospital admissions, prolong hospital 
stays, and increase morbidity and m ~ r t a l i t y . ' . ~  In the hos- 
pital environment, physictans and nurses have been esti- 
mated todetect only between 5% and 15% of ongoing 
ADREs when systematic computer-surveillance tools or 
dedicated personnel are not a ~ a i l a b l e . ~ , ~  An emergency 
department-based study found that emergency physi- 
cians underappreciate the frequency and significance of 
ADREs. They did not routinely screen for ADREs and 
medication interactions but added 1 or more new medi- 
cations to preexisting regimens in 47% of visits and were 
not more careful in prescribing to high-risk  patient^.^ 

We found 4 studies examining the frequency of drug- 
related illness as a cause of ED p r e s e n t a t i ~ n . ~ - ~  These 
studies report ADREs in 0.86% to 4.3% of all adults pre- 
senting to the ED. None of the studies focused on the 
elderly or other high-risk patient groups, one omitted 
important causes o ~ A D R E s , ~  and another did not use a 
standardized approach for ADRE d e t e c t i ~ n . ~  The purpose 
of this study was to describe the degree of polypharmacy 
and the frequency ofrecognized ADREs and PADIs by 
using standardized detection tools in a population of 
elderly patients presenting to the ED. 

M A T E R I A L S  A N D  M E T H O D S  

A retrospective chart review was performed at Sir Mortimer 
B. Davis-Jewish General Hospital in Montreal, Quebec, 
Canada. This is a 637-bed university adult teaching hos- 
pitalwith an annual ED census of 55,000 patient visits. We 
randomly selected 300 visits from a register of all visits to 
our ED between January 1 and December 3 1 ,1998,  made 
by patients 65 years of age and older. This was a pilot study 
to set the groundwork for a larger prospective study, and 
as such, the selection of 300 patients was a matter ofexpe- 
diency. We excluded intentional drug overdoses, suicide 
attempts, incomplete ED visits, and records in which all 
medication information was inaccurate or illegible. 

Our institution uses preprinted ED record forms that 
are completed by hand by medical students, residents, 
attending physicians, and nurses. There are areas set aside 
for the documentation of demographic information, medi- 
cations, allergies, medical history, past medical history, 
laboratory values, ED diagnosis, and disposition. If the 
patient was admitted to the hospital, additional informa- 
tion was collected on the course in the hospital, discharge 

diagnosis, and discharge medications. The entire hospital 
chart up  to the time of review (May 1999), including out- 
patient clinics, ED visits, and hospital admissions, was 
reviewed in cases in which ADREs were suspected. 

ADREs were defined as any unfavorable medical event 
related to medication use or misuse. They included ad- 
verse drug reactions defined according to World Health 
Organization guidelines as "noxious or unintended re- 
sponses to medication which occur despite appropriate 
drug dosage for prophylaxis, diagnosis or therapy of the 
indicating medical c ~ n d i t i o n . " ~  They also comprised 
adverse drug interactions, drugwithdrawal reactions, 
and adverse events after prescription errors and noncom- 
pliance. 

We defined adverse drug interactions asnoxious or unin- 
tended effects caused by the coadministration of 2 or more 
medications. This included changes in the clinical effective- 
ness of one medication by the addition of another medica- 
tion. Dmg withdrawal reactions were considered whenever 
a long-term medication had been discontinued in the 
month before presentation, and the presentingsymptom 
was consistent with a known withdrawal pattern. ADREs 
were attributed to noncompliance or prescription errors 
only if the emergency physician noted this in the chart. 

Potential adverse drug interactions (PADIs) were 
defined as a combination of medications taken before the 
indexvisit that put the patient at risk for future adverse 
drug interactions. PADIs were identified with the com- 
puter program Pharmvigilance (Consultant Vigilance 
Sante, Inc., Repentigny, Quebec, Canada). 

To determine the cause-and-effect relationship be- 
tween the clinical presentation and the patient's medica- 
tion, we used a standard algorithm proposed by Karch 
and Lasagnat0 (Table 1). Criterion 4 was satisfied only if 
the patient showed improvement during the index visit, 
in a subsequent ED or outpatient clinic visit, in a follow- 
up telephone call, or during hospital admission. For a 
definite ADRE, we had to find documentation of previous 
exposure to the offending agent leading to an ADRE, im- 
provement ofsymptoms on withdrawal of the agent, and 
reappearance of the same symptom complex in the index 
visit after reexposure. 

All charts were initially reviewed by 1 of the authors 
(CMH). Data were extracted by usinga standardized 
abstraction form. All charts in which an ADRE was sus- 
pected were reviewed a second time by 2 of the authors 
UD and CMH) to ensure accuracy of the data collection. 
Contentious issues were resolved by consensus. 

Descriptive analyses were performed with StatView 
4.5 (Abacus Concepts, Piscataway, NJ). Descriptive statis- 
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tics were expressed as means with 95% confidence inter- 
vals (Cls). The protocol for this study was reviewed and 
approved by our institutional review board. 

R E S U L T S  

Of the 300 selected patient visits, 8 were excluded be- 
cause none of the medications could be identified, 5 
because the patients left before evaluation by the ED 
physician, 3 because the charts could not be found by 
medical records, and 1 because the ED diagnosis was 
missing. This left 283 patient visits for analysis. In 20 of 
the remaining 283 charts, 1 or 2 of the medications could 
not be identified. Either the compound name could not 
be found in the C o m p e n d i u m  o fPharmaceu t ica l s  and 
Specialties or the drug was documented imprecisely (ie, 
"water pill").'' These patients were not excluded; how- 
ever, only identifiable medications were entered into the 
analysis. Two ED visits were made by the same patient, 
such that the total number of patients included in the 
study was 282. 

There were 143 (50.7%) women and 139 men. Their 
ages ranged from 65 to 101 years (mean+SD, 78.6k8.4 
years). One hundred seven (37.9%) patients were be- 
tween 65 and 75 years old, 107 (37.9%) were between 75 
and 85 years old, and 68 (24.1 %)were more than 85 years 
old. The average number of comorbid conditions per 
patient was 3 .1  (range 0 to 12; SDt2.2). The most com- 
mon comorbid conditions were cardiovascular (hyper- 
tension and coronary artery disease), endocrine (diabetes 
mellitus and hypothyroidism), cerebrovascular (stroke), 
respiratory (chronic obstructive pulmonary disease), gas- 
trointestinal (peptic ulcer disease), and psychiatric (de- 
pression). Daily medicat~on use ranged from 0 to 17 med- 
ications and averaged 4 .2  (SD23.1) medications per 
patient. Two hundred fifty-seven (90.8%) patientswere 
taking at least 1 prescr~ption or over-the-counter medica- 
tion daily, 37 (13.1%) tookonly 1 drug, 67 (23.7%) took 
2 or 3 , 6 4  (22.6%) took4 or 5 , 5 2  (18.4%) took 6or  7, and 
37 (13.1%) took8ormore.  

Thirty (10.6%) of 283 ED visits were associated with 
an ADRE that was recognized by the treating emergency 

Table 1. 
Criteria used to determine the cause-and-eflect relationship between medication ingestion and clinical presentation. 

Criteria Example 

1 The temporal sequence from the beginning or discontinuation of medication until the 
appearance of symptoms was reasonable. 

2. Drug levels, laboratory values, or both were documented, which were compatible with 
rnedlcation ingestion and the presenting symptom. 

3. The presenting signs and symptoms were consistent with a known response pattern 
to use, overuse or withdrawal of a specific agent. 

4 Cllnical improvement was documented during the same visit or a follow-up ED or 
outoatient clinic visit. teleohone call. or durina hosoitalization on dose adiustment. - ,  
dlscontlnuation, or r e - i n s t h i o n  of the implicated medication. 

5 The clinical plcture could not be explained by any underlying medical condition. 

6 The cllnlcal picture could not be explained by other medications or toxic substances. 

7. The clinlcal picture reappeared on repeated exposure to the same rnedlcatlon. 

Appearance of a pruritic rash hours after reexposure to an antlbiot~c 

International normalized ratio of 6 in a patient taking warfarln with epistaxis 

Clostridium difficilecolitis in a patient who just terminated a course of antibiotics. 

Resolution of symptoms during the ED visit after lorazepam administration in a 
patient wi th  benzodiazepine withdrawal. 

Dehydration in a patient tak~ng diuretics without any predisposing condition to 
dehydration 

Hypoglycemia in a patient taking Insulin and an angiotensin-converting enzyme 
lnhlbltor, w ~ t h  no other substance exposure 

Reappearance of gastrointestinal bleeding after reexposure to nonsteroidal anti- 
inflammatory drugs 

Cause-and-Effect Relationship Criteria 

Deflnite 
Probable 
Possible 
Conditional 
Doubtful 
Impossible 

l o r 2 + 3 + 4 + 5 + 6 + 7  
l o r 2 + 3 + 4 + 5 + 6  
1 o r 2 t 3 t 4  
l o r Z t 4 + 5 + 6  
The patient was taking medications but did not meet the above criteria. 
The patient was taking no medicatloris or clearly experienced the consequences 

of an act of nature. 

Mod~fied with permission from Bergman U. Wllhelm BE Drug-related problems causing admission to a medical clinic. EurJ Clrn Pharrnacol 1981:20:193-200 
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physician (Table 2). One patient presented to the ED 
twice, both times with an ADRE. Because both visits had 
been randomly selected by using our sampling technique, 
we included both ADREs in our statistical analysis. Four 
patient visits met the criteria for a definite, 16 for a proba- 
ble, and 10 for a possible ADRE. 

The most frequently implicated classes of medications 
were nonsteroidal anti-inflammatory drugs, anticoagu- 
lants, diuretics, antibiotics, hypoglycemics, P-blockers, 
calcium-channel blockers, and chemotherapeutic agents. 
Nine ADREs occurred in the 65- to 75-year age group, 13 
in the 75- to 85-year age group, and 8 in the 85-year and 
older age group, yielding an ADRE frequency of 8.3% 
(95% C13.1% to 13.5%), 12.1% (95% CI 6.0% to 

18.3%),and 11.8% (95% CI 4 .1% to 19.4%), respec- 
tively There were no ADREs in patients who were taking 1 
medication. In patients taking 2 to 5 medications, the fre- 
quencyofADREswas 11.5% (95%C16.0% to 16.9%), 
and in patients taking greater than 6 medications,  he fre- 
quencywas 16.9% (95% CI 9.1% to 24.6%). 

We found a total of 144 PADls in 8 8  of the 282 patients' 
charts we reviewed, meaning that PADIs were present in 
3 1.1 % of patients' medication regimens. In 3 1 patient 
charts, more than 1 PAD1 was present. The 5 most fre- 
quently encountered PADIs implicated the following 
medications: furosemide and digoxin potentially leading 
to electrolyte disturbances and arrhythmias (n=23); sali- 
cylic acid interfering with the antihypertensive effect of P- 

Table 2. 
ADREs. 

No. of No. of Comorbid 
Age (Y) Sex Implicated Medications ADRE Medications Conditions Criterion 4' 

Definite ADREs 
69 F Gentamycin Vertigo 2 
69 F Asp~rln Duodenal ulcer 6 
78 M Warfarin Epistaxis 10 
94 F Lorazepam withdrawal Anxiety 3 
Probable ADREs 
69 F Aspirin Duodenal ulcer 5 
72 F Penicillin Pruritic rash 2 
73 M Spironolactone Gynecomastia 2 
73 F Cefuroxime C difficile colitis 2 
76 F Insulin Hypoglycemia 6 
77 M Chemotherapy Febrile neutropenia 2 
78 F Cotrimoxazole Pruritic rash 8 
79 M Amoxicillin Pruritic rash 11 
79 F Furosemide Dehydration, renal failure 7 
80 F Digoxin Digoxin toxicity 8 
81 M Warfarin Epistaxis I2 
83 F Oxycodone Confusion 8 
84 M Aspirin Duodenal ulcer 3 
85 M Insulin Hypoglycemia 7 
88 F Aspirin Duodenal ulcers 7 
90 F Metoprolol Bradycardia 7 
Possible ADREs 
65 M Warfarin Gastrointest~nal bleeding 8 
70 F Nadolol withdrawal Heart failure 4 
73 F Estrogen, temazepam, simvastatin Hepatitis 3 
76 M Furosemide, enalapril Dehydration, renal failure 5 
80 M Aspirin Ep~staxis 2 
83 F Chemotherapy Deterioration 3 
89 M Aspirin Hematuria 2 
90 M Nitroglycerin patch nitroglycerin withdrawal Skin irritation, angina 8 
93 M Furosemide withdrawal Heart failure 6 
100 F Aspirin Gastrointest~nal bleeding 2 

'Method of satisfying crlterlon 4 (clinical improvement after adjustment of the med~cat~on regimen) improvement documented dur~ng the same visit (inder 
outpatlenL clinic lclinlc visit), on hosp~tal~zat~on Ihosp~tal, number of days), and in a follow.up telephone call by the emergency physician. 

3 Return visit 
10 Hospital, 6 d 
3 Hospital. 4 d 
0 Index v i s~ t  

10 Hospital. 1 d 
0 Telephone call 
2 Clinic visit 
0 Clinic visit 
4 Clinic visit 
6 Hospital, B d 
5 Return visit 
3 Return visit 
6 Hospital. 3 d 
6 Hospital. 8 d 
3 Clinic visit 
4 Hospital. 4 d 
6 Hospital, 13 d 
5 Hospital, 13 d 
3 Hospital, 16 d 
3 Clinic visit 

2 Return visit 
2 Hospital. 1 d 
3 Hospital. 5 d 
7 Return visit 
1 Return visit 
2 Clinic v~s i t  
3 Return visit 
8 fleturn visit 
7 Hospital. 11 d 
1 Hospital, 2 d 

: vlslt), on a return ED vlslt (return vlslt), In an 
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blockers by inhibiting renal prostaglandins (n=14); sali- 
cylic acid decreasing insulin requirements (n=10); ena- 
lapril and potassium supplements predisposing to elec- 
trolyte imbalances and arrhythmias (n=8); and 
acetaminophen increasing the anticoagulant effect of 
warfarin (n=5). Fifty percent of patients who presented 
with an ADRE also had at least 1 PADI (unrelated to the 
ADRE) in their medication list. 

D I S C U S S I O N  

We report high rates of medication use consistent with 
those found by previous investigators. In our sample, 
90.8% of patients were taking daily prescription or over- 
the-counter medication. This is slightly higher than rates 
previously reported for community-dwelling ambulatory 
elderly patients. 1 2 . 1 3  The average number ofmedications 
consumed daily by our patients was 4.2. This is higher 
than previous estimates for the community-dwelling 
elderly population (ie, 2 to 3) but lower than rates for 
institutionalized elderly patients (ie, 1 1).14 Similarly, the 
rates of comorbid conditions in our sample was higher 
than rates reported for outpatient populations. Ninety- 
one percent of our patients had at least 1 and 54% had 3 or 
more comorbid conditions compared with 78% and 30%, 
respectively, for the overall community-dwelling elderly 
population in Quebec. l 4  

These comparisons reflect the type of patient popula- 
tion our hospital serves, namely a mix of independent 
ambulatory patients living in the surrounding communi- 
ties seeking primary care, as well as sicker individuals 
who use our institution as a referral center. This likely 
mirrors the experience of other urban EDs in secondary- 
and tertiary care facilities. We believe that our study is 
likely generalizable to such institutions but may overesti- 
mate medication use and drug-related problems for hos- 
pitals that serve healthier elderly communities exclu- 
sively. In addition, our study was only performed at 1 
tertiary care institution. This limits its generalizability. 

We observed higher rates of ADRE-associated ED visits 
than did previous investigators (10.6% versus 0.86% to 
4.3%), despite applying a stringent algorithm for ADRE 
detection on data that were collected re t ro~pect ively .~-~ 
Our focus on an elderly sick group of patients is likely the 
main reason for such high rates ofADREs. Our results 
suggest that ADREs may represent an underestimated but 
important source of morbidity in elderly patients present- 
ing for emergency care. 

The drug-related events we found were comparable in 
nature to those described in previous studies and impli- 

cated the same classes of drugs: nonsteroidal anti- 
inflammatory drugs, warfarin, furosemide, antibiotics, 
P-blockers, calcium-channel blockers, and chemothera- 
peuticagents.14 The 3 drug-withdrawal events we ob- 
served involved classes of agents known to account for 
withdrawal events in the elderly, namely benzodiaze- 
pines, P-blockers, and diuretics. l 5  

We found a high risk of PADIs (3 1.1 %) in all the patients 
in our sample. Among patients with an ADRE, the likeli- 
hood of finding a PADI unrelated to the ADRE was 50% 
(not statistically significantly different). Interestingly, not 
a single ADRE that was identified was caused by a drug 
interaction. This puts into question the clinical signiG- 
cance of potential medication interactions. What is still 
worrisome, however, was that most discharge notes did 
not reflect any awareness on the part of the emergency 
physicians of these potential problems. Consequently, 
medication regimens were rarely adjusted, and disposi- 
tions infrequently included follow-up plans for these 
potential medication problems. A larger prospective 
study will be necessary to determine the true clinical 
implications of PADIs. 

The retrospective nature of our study was clearly a lim- 
itation. We were unable to clarify compliance issues and 
inaccuracies in documentation and verify the complete- 
ness of our medication lists. We attempted to reduce sub- 
jective bias by determining ADREs with a stringently ap- 
plied standardized algorithm. The criteria we used were 
only able to identify ADREs that were recognized by the 
treating emergency physician at the time of the patient 
visit. As a consequence, we believe we may have underes- 
timated the frequency of ADREs. Many suspicious clinical 
scenarios in which the emergency physician did not rec- 
ognize the potential for an ADRE and did not adjust the 
implicated medication regimen (required to [ulfill criterion 
4) had to be dismissed. Consequently, our study was limited 
by the low index of suspicion in the treating physicians. 

Our study serves to delineate the importance of ADREs 
in elderly patients in the ED. Hanlon et all6 estimated that 
only 10% of all adverse drug events require an ED visit. 
Accordingly, studies such as ours describe only the tip of 
the iceberg. Given the alarming rates of ADREs we have 
reported in our ED in this patient population, we recom- 
mend that the ED should be considered as a place where 
medication regimens of incoming high-risk patients 
should be screened systematically for drug-related prob- 
lems. The ED is a unique place to recognize these problems 
and intervene, given the rapid access to laboratory infor- 
mation, medical consultants, and expert pharmacologic 
information. 
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The frequent occurrence of clinically significant drug- 
related events contributes to patient suffering, ED use, 
and health care spending. For these reasons, we believe 
that this issue merits urgent attention. 
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Abstract-This study was conducted to cvaluate the 
benefit of co~nprehensivc "medical clearance" (history, 
physical examination, vital signs, laboratory, radiography) 
ill patients presenting to the Emergency Department (ED) 
with isolated psychiatric complaints. A l l  patients 16 years 
and older who presented with a psychiatric complaint and 
required a psychiatric evaluation before discharge from the 
ED wcre included i n  the study. Data, obtained i n  a 5-month 
consecutive, retrospective chart review, included patient 
age, sex, init ial complaint, past medical and psychiatric 
history, init ial vital sign measurement, physical examina- 
tion findings, laboratory analysis (clcctrolytcs, complete 
blood count, toxicology screen), chest X-ray study results, 
and final disposition. The number of patients who could 
have been referred to a psychiatric unit  after a history, 
physical examination, and stable vital signs, without addi- 
tional laboratory or radiographic studies, was determined. 
There were 212 patients who met the inclusion criteria, and 
all their charts wcre available for review. Eighty paticnts 
(38%) presented with isolated psychiatric complaints cou- 
pled with a documented past psychiatric history. A l l  re- 
ceived a comprehensive "medical clearance" in  the E D  
follovved by a psychiatric consultation. Nonc of the patients 
had positive screening laboratory or radiographic results. 
All were either dispositioned home or to the psychiatric ED. 
The remaining 132 patients (62%) presented to the E D  with 
medically based chief complaints or past medical history 
requiring further evaluation i n  the ED before discharge. 
The initial complaints of these patients correlated directly 
with the necd for laboratory and radiographic "mcdical 
clearance" i n  thc ED. Patients with a pr imary psychiatric 

complaint coupled with a documented past psychiatric his- 
tory, negative physical findings, and stable vital signs who 
deny current mcdical problems may be rcferrcd to psychi- 
atric services without the use of ancillary testing in  the ED. 
O 2000 Elsevier Science Inc. 

Keywords-medical clearance; psychiatric patients; 
emergency department 

INTRODUCTION 

The teim "medical clearance" of psychiatric patients has 
become widespread in Emergency Departments (EDs) 
and signifies an initial medical evaluation of all patients 
whose symptoins may be psychiatric in origin before 
outpatient treatment or transfer to a psychiatric care 
facility. Although controversy continues regarding conl- 
prchcnsivc "mcdical clearance," current studics indicate 
that blanltct scrccning of all paticnts is a prohibitive and 
ilnnccessaiy invcstinent of time, money, and pcrsom~cl 
(1,2). Othcs work indicates that routinc laboratory 
scrccning is warranted in high-risk patient populations 
such as substance abuscrs, the homcless, elderly, and 
those exhibiting ncw onset of psychiatric symptoms 
(3-5). The nature and scope of the initial medical assess- 
ment varies significantly across facilities. Underscoring 
Illany of these studies is the assumption that psychiatric 
patients cannot assess their own needs for medical vs. 
mental health care. 
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Cun.ently, EDs are requircd by Consolidated Omni- 
bus Budget Reconciliation Act (COBRA) and Emer- 
gency Medical Treatment and Active Labor Act 
(EMTALA) to have licensed personnel medically screen 
all patients presenting for treatment. The level and co~ii- 
prehensiveness of this initial screening must be consis- 
tent with the patient's complaint. Rcgardlcss of illness or 
injury severity, medical screening must be unifoinlly 
addressed with cach patient and the appropriate responsc 
initiated. This has set in motion the need for institutions 
to crcate guidelines for initial assessment of all patients. 
I t  is within this framework that psycliiatric patients have 
added an additional element to an already overcrowded 
system, thus requiring reevaluation of tliese guidelines. 

In an effort to comply with mandatory screening laws 
and accon~modate tlie needs of the patients, as well as 
those of the Departments of Psychiatry and Emergency 
Medicine, a chart review was executed to differentiate 
the initial screening requirenients of patients with con- 
c u ~ ~ c u t  psychiatric and ~nedical complaints from those 
witli isolatcd psychiatric complaints, thereby expediting 
the overall care of such paticnts presenting to the ED. 

MATERIALS AND NIETHODS 

This study was conducted at the Los Angeles County + 
University of Southern California Medical Center 
(LACSUSC), a Level 1 Trauma Center with an Emer- 
gency Department seivirig approximately 15 1,000 adult 
patients per year. Emergency services are separatcd into 
a main mcdical admitting area and a psychiatric admit- 
ting area. No transfers to the psychiatric admitting area 
from the medical admitting area take place before med- 
ical evaluation by emergency medicine personnel. 

In January 1998, a standard protocol for the initial 
assessinent and medical evaluation of all patients pre- 
senting to the ED witli psychiatric coiiiplaints was insti- 
tuted by the Department of Emergency Medicine in 
conjunction witli the Department of Emergency Psychi- 
atry. Six months later, its overall efficacy was reviewed 
by comparing the patient's chief complaint and niedical 
histoiy elicited by the triage nurse, history and physical 
examination by an emergency physician, initial vital 
signs, laboratory results, and radiology reports with the 
patient's cvenhlal outcomc. 

All individuals presenting to thc hospital for medical 
and psychiatric emergency treatment wcrc scrccned in 
the ED before rcfcrral or admission. As per the depart- 
mental protocol, all paticnts with psychiatric complaiiits 
were evaluated with a history and physical examination 
by an emergency physician, vital sign measurements, 
laboratory studies including electrolytes, blood urea ni- 
trogen, creatinine, complete blood count (CRC), urine 

and blood toxicology screen, chest x-ray study (CXR), 
aiid a pregnancy test. 'The CXR was included in tlie 
protocol because of the large number of indigents and 
immigrants at our facility who are at risk for tuberculosis 
and other infectious diseases. A psychiatric consult was 
then called for transfer reeo~ii~nendations once acute 
medical causes of prescnting symptoms werc ruled out. 
The psychiatric evaluation was ordcrcd by the emer- 
gency physician (EP) for either new onset of psychiatric 
symptoms or observed abiionlial psychiatric behavior. 
Symptoms that necessitated a psychiatry consult in- 
cluded depression, agitation, anxiety, and dangerous aiid 
overt psychosis, to such a degree that the EP felt psy- 
chiatric hospitalization was a consideration. 

As part of a Quality Assurance Program, a retrospec- 
tive chart review was done over a 5-month period of all 
patients ages 16 years and older who required a psychi- 
atric evaluation before discharge froni the ED. The charts 
used for review were consecutively taken directly fro111 
the psychiatric consultation log book aiid rcviewed by 
one author (CSK). Tlie review of data included sex, age, 
initial complaint, past psychiatric and mcdical history, 
initial vital signs, physical examination findings, labora- 
tory and CXR rcsults, and final disposition. 

For the purpose of this study, patients were placed in 
hvo initial complaint categories: 1)  those presenting 
solely with psycliiatric complaints, and 2) those present- 
ing witli psychiatric and medically based complaints. 
The number of patients in the first group who could have 
been safely referred to a psychiatric unit after a history, 
physical examination, and initial vital sign measurement 
without requiring laboratory and radiographic studies in 
the ED was then dctennined. 

RESULTS 

Two hundred twelve patients were eligible for inclusion 
in the retrospective review, 121 ~nales and 91 fernales, 
ranging in age froni 17 to 83 years. These patients 
constituted all psychiatric evaluations perfoniied by a 
physician froni the Department of Psychiatry in tlie ED 
bcfore patient discharge or transfer during the 5-month 
study period. Complete data were available for 100% of 
the patients. 

Eighty paticnts (38%) presented to the ED with iso- 
latcd psychiatric complaints (Table 1) and a "patient- 
stated" psychiatric history that was clicited and docu- 
mented by a triagc nurse 011 arrival. This iiiformation was 
supplemented by measurement of routine vital signs, an 
abbrcviated mental status evaluation, physical appear- 
ance, and coinplete niedical history including drug and 
alcohol use. Each patient was evaluated by an EP before 
receiving a psychiatric consultation. For tliese patients, 



"Medical Clearance" of Psychiatric Patients 

Table 1. Psychiatric Complaints 

Condition Number 

Suicidal ideation 18 
Psychiatric medicine prescription refills 15 
Bizarre behavior with no AMS, no aggression 16 
Increased anxiety 14 
Depression 9 
Auditory hallucinations 8 

laborato~y and radiology results were within normal lim- 
its except for one positive pregnancy test that did not 
change disposition and one mild leul<ocytosis that was 
not clinically significant. 

The remaining 132 patients (62%) presented to tlic 
ED with mcdically based chief complaints or past med- 
ical history in addition to their psychiatric complaints or 
abnormal behavior. As such, they received filrther med- 
ical and psychiatric evaluations in the ED bcfore admis- 
sion or discharge. Table 2 outlines the chief complaints 
of these patients in more detail. 

DISCUSSION 

The concept of "medical clearance" is intended to sepa- 
rate patients with psychiatric complaints caused by un- 

Table 2. Initial Complaints That warranted a Medical 
Evaluation 

Condition Number 

Altered mental status 
Drug overdose 
Bizarre behavior with aggression 
Chest pain 
Shortness of breath 
Abdominal pain 
Fall/Jump from greater than two stories 
Self-inflicted stab wounds 
Headache 
Nervous with hypothyroid history 
Found down 
Lethargy/weakness with DM or HIV history 
Cough 
Refusing to eat 
Suicidal attempt with possible overdose 
Amputation of penis 
Flank pain 
Seizures 
Self-inflicted vomiting 
Tongue burning with HIV history 
Syncopal episode 
Jaw pain 
Polydipsia 
Blunt head trauma s/p assault 
Vomiting blood 
Hx of renal failure 

derlying medical conditions from those with other psy- 
chiatric emergencies. I t  has been reported that the 
incidence of medical findings in acutely ill psychiatric 
patients ranges from 24% to 80% (6). Thus, the need to 
mcdically evaluate patients as rapidly and accurately as 
possible has prcclilpted direct referral of thesc patients to 
psychiatric scrviccs. By screening patients in thc ED, i t  
was hopcd that inappropriate referrals of medically un- 
stable paticnts would be avoidcd. 

The prima~y responsibility of Emergency Medicine is 
the rapid assessment and stabilization of all patients 
regardless of con~plaint. Patients with isolated psychiat- 
ric con~plaints who have to endure long waits in urban 
EDs can often experience an escalation of psychiatric 
symptoms. By rapidly refcl-sing these patients to an ap- 
propriatc psyclliatric arca, tlic environment and subsc- 
quent examination by thc psychiatric physician can en- 
hance patient care. Although this issue has bcen 
addressed by many EDs using such resources as mental 
health care workers as adjuncts to the initial assessnlent 
teams, many facilities are bound by fiscal and personnel 
limitations tliat restrict their options. 

The tenn "medical clearance" in the ED is a misno- 
mer that inay lead future care-givers to believe a patient 
is indeed clear of all medical conditions. An ED history 
and pliysical examination, initial vital sign measurement, 
routine laboratory studies, and CXR may filter out sev- 
eral acute illnesses but can easily fail to identify more 
complcx or subtlc medical conditions. In the ED, "med- 
ical clearance" should bc considcred "mcdical screen- 
ing" with all the inhercnt limitations tliat tcrni implies. It 
does not absolve future practitioners from more compre- 
hensive and thorough patient examinations or from a 
future change in medical status. 

Whilc prior medical evaluation can servc as a filtcr, 
i.c., eliminating underlying nicdical conditions in thc 
assessment process for Psychiat~y, it does not negate the 
possible presence of complicating medical comorbidities 
and the need for attentiveness to the underlying physical 
causes and effects of mental illness (3). 

Although it is difficult to distinguish organic disordcrs 
from functional psychiatric disorders on thc basis of 
psychiatric symptoms alone, the presence of an cstab- 
lished psychiatric diagnosis coupled with the lack of a 
specific medical complaint, negative physical findings, 
and stable vital signs appears to identify a subgroup for 
whom laboratory testing is not necessaly (4). 

Thc present study rcflccts the findings of Olshakcr ct 
al. (I).  Their data do not reinforce past belicfs that all 
psychiatric patients evaluatcd in the ED need routine 
laboratory and toxicology screening. Most medical con- 
ditions can be identified solely by having the triage nurse 
or emergency physician ask the patient whether any 
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n~edically based syn~pton~s  or histo~y exist in addition to 
the initial psychiatric conlplaint. 

In this study, the initial complaints of the study pop- 
ulation correlated directly witli tlie need for "medical 
clearance" ill the ED. Eighty patients could have been 
referred directly to psychiatric elnergency services to 
expedite their psychiatric care after initial vital sign 
measurement, a history, and physical exa~nination with- 
out the need for additional testing. Although only 38 
patients exhibited syinptorns that might be considered 
organic in origin (auditoiy hallucinations, anxiety, and 
bizarre behavior), EDs are continually sought out by 
members of the general population who do not have 
alternative medical care available. It is the relnaining 42 
patients in the study group who continue to access their 
local EDs for minor care, e.g., prescription refills, thus 
placing an economic and emotional drain on ED health 
care facilities. 

Although laboratory screening is occasionally both 
indicated and helpful, we found that laboratory analysis, 
CXR, and pregnancy tests only served to direct the 
emergency physician in the care of the acute patient but 
had no effect on the medical care of patients with isolated 
psychiatric con~plaints ( 5 ) .  All of the 80 patients witli 
isolated psychiatric complaints and psychiatric history 
had noncontributoiy laboratory and CXR results. 

Our study was limited in that we retrospectively exam- 
ined ED records of patients requiring psychiatric evalu- 
ation for oiily a 5-month period. The chart review was 
also conducted by one of the authors, which might have 
created an uiiconscious bias. We did not collect data on 
patients witli comorbid ~lledical and psychiatric disorders 
for whom a psychiatric consultatio~i was not ordered, 
thus limiting the study population. A prospective cxam- 
ination of all patients witli initial psychiatric complaints 
inay reveal a population that requires a more extensive 
medical evaluation, thereby diverting such patients be- 
fore psychiatric evaluation. In addition, we did not re- 
view infomiation on tlie long-tenn outcome of our pa- 
tient population since it could not be established by ED 
chai-t review. 

CONCLUSION 

Adult patients presenting to the emergency department 
with isolated psychiatric complaints and a documentcd 
psychiatric history may be referred for psychiatric eval- 
uation after a history and physical examination without 
the need for ancillary data. 
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Introduction 

Bone healing is one of the most complex cascades of 
events resulting in the repair of fractured bone 
without scar formation, and a final outcome that 
resembles the previous state of an unbroken bone. 

This process involves the coordinated action of 
several cells types, along with signal pathways and 
local changes in the biochemical content. I t  includes 
a variety of biological changes, starting with disrup- 
tion of blood supply, haematoma formation, local 
hypoxia and in f l amrna t i~n .~~  Cytokine and growth 
factor release, together with pro-inflammatory sti- 
muli, result in  a high production of  prostaglandin^.^^ 
This environment seems to force mesenchymal stem 
cells (MSCs) to migrate, accumulate and proliferate, 
reaching adequate numbers to support differentia- 
t i ~ n . ~ ~ , ~ '  Neovasculogenesis in association with 
further growth factor and prostaglandin production, 
promotes differentiation of MSCs towards chondro- 
genic or osteogenic lineages, initially forming woven 
bone and in continuity with the hard  allu us.^^,^'^^^ 
Finally, this process is followed by an extended 
period of remodelling characterised by resorption 
and new bone formation resulting in restoration of 
mechanical strength and stability.22 

The outcome of this process i s  regulated by a 
diversity of local and systemic factors with varying 
degrees of involvement (Table 1).7,8111n19- 
21,24,41,48,55,73,86,91,118,120,127 ~~~~l inhibitory factors 

include the presence of a fracture gap, disturbances 
of blood flow, concomitant infection and extensive 
soft tissue damage.7,120 The surgical technique, the 
type of fixation and the success of the fixation are 
also factors which influence the fracture healing 
responce. 19,21,120p1 27 Insufficient mechanical stabi- 
l ity has a negative effect on healing, resulting either 
in excessive or diminutive callus formation, Leading 
to hypertrophic or hypotrophic n o n - ~ n i o n s . ~ ' ~ ' ~ ~  In 
addition, the metabolic and nutritional state of the 

Table 1 Factors that affect fracture healing 

Type of the fracture19 
Fracture gap7 
Poor technique, inadequate reduction, abnormal 
position 120 

Type of fixation and mechanical stability of 
fracture2"12' 
Infection and debris, dead tissue in wound120 
Extensive soft tissue damage1'' 
Blood s ~ ~ ~ l y - s m o k i n g ~ ~  . Metabolic and nutritional state of the patient'1124p48 
Age and gender of the patient20s91 
Early mobilisation8 
Accompanying d i s e a s e s " ~ ~ ~ ~ ~ ~ ~ ~ ~  
Drug a d m i n i ~ t r a t i o n ~ ~ ~ ~ ~ ~ ~ ~ ~ ' ~ ~  

patient, together with the age, gender, smoking and 
accompanying pathologies, contribute to the delay 
or diminution of healing."820~24148257773J91 AS far as 
smoking is concerned, delayed healing does not 
appear to be due to a direct effect of nicotine on 
bone cells, which was found to up-regulate their 
activity, but probably due to vascular responses to 
nicotine or due to the effect on bone cells of other 
components absorbed during smoking.50 

Another important factor that i s  known to have 
an effect on the fracture healing process is the 
administration of different pharmacological agents. 

The aim of this review article is to provide a brief 
overview of the current evidence of the inhibitory 
effect of various drugs on the fracture healing 
response. 

Chemotherapy 

Chemotherapeutic agents are widely used for 
the treatment of malignant lesions. Fracture 
healing and limb-salvage procedures including 
vascularised bone grafts, autografts and allografts 
are significantly affected by these drugs 
(Table 2).15,37t47>54>55v68>75,88,112,117 Their anti-prolif- 

erative and cytotoxic properties have a great effect 
on neovas~ulogenesis,~~ proper callus formation and 
host bone-allograft incorporation resulting in higher 
non-union rates.55159 Similarly, anti-angiogenesis 
agents have a detrimental effect on fracture healing 
and the outcome resembles atrophic n ~ n - u n i o n . ~ ~  

Several animal models have illustrated the effect 
of chemotherapy drugs on bone healing. Studies 
with the use of doxorubicin, cyclophosphamide, 
adriamycin and methotrexate reported diminution 
of bone f ~ r m a t i o n . ' ~ ~ ~ ~ ~ " ~  Chemical analysis of the 
callus showed diminished calcium and phosphatase 
deposition with the use of cycloph~spharnide.~~' 
Nilsson et al. showed that the inhibitory effects of 
methotrexate on bone formation persisted for at 
least three weeks after administration." In an ani- 
mal model of spinal fusion, a single dose of adria- 
mycin during surgery resulted in a significant 
inhibitory effect on the process of fusion.l17 

Distraction osteogenesis could be an alternative 
limb-salvage procedure as it does not seem to be 
affected by chemotherapy Alterna- 
tively, approaches with tissue-engineering with 
the use of MSCs could be used.73 In rats receiving 
chemotherapy, the application of MSCs into an 
experimentally induced femoral defect produced 
bone formation similar to the non-chemotherapy 
treated animals.73 Such approaches may be bene- 
ficial for treatment of bone defects in patients 
undergoing chemotherapy. 
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Table 2 Chemotherapeutic agents' effect on fracture healing 

Yearlstudy Model used 

19831~urchardt'~ Dogs 

1983/5ommer-~silenisl l2 Rats 

1984/Nilsson 88 Rats 

19841~riedlaender~~ Rats 

1 9 9 2 / ~ h o o ~ ~  Rabbits 

2001 l~ausman 54 Rats 

2001 l ~ a z a n  55 Humans 
2001 /Subasi ' Rabbits 

2003 l ~ r a v e l  47 Goats 

20041~i 75 In vitro 
(MSCs) 

Drug Outcome 

Doxorubicin and Methotrexate Decrease of bone formation 

Cyclophosphamide lnhibition of collagen formation 
Delayed mineralisation 

Methotrexate Inhibition of bone formation 

Doxorubicin and Methotrexate Diminished bone formation 
The number of osteoblasts and 
osteoclasts was unaffected 

Doxorubicin Impairment of bone healing 

Result resembles atrophic non-union 
Suppressed callus and woven bone 

na High increase of non-union rates 
Methotrexate (osteosarcoma This regimen had no effect on 
regimen) distraction osteogenesis 
Doxorubicine No effect on distraction osteogenesis 

Arsenic trioxide, Busulphan, Variability of affection 
C~c lo~has~homid~ ,  Methotrexate, Paclitaxel, vincristine, etoposide 
Cytarabine, Etoposide, and cytarabine had higher degree 
Dexamentasone, Vincristine, of affection 
Pacilitaxel 

2004lTortolani Rabbits Doxorubicin Inhibition of spinal fusion 
na: not available. 

Corticosteroids a decreased bone density. The inhibitory effect of 
corticosteroids on fracture healing seems logical, but 

The effect of corticosteroids on bone metabolism has not al l  animal studies have shown consistent results. 
been well documented. Corticosteroids induce A number of studies have been conducted on the 
osteoporosis, and they are the most common cause effect of corticosteroids on bone healing 

6,13,31,32,58,67,78,86,106,107,111,122,124 
of secondary osteoporosis. Steroid administration (Table 3). In the 
leads t o  osteoblast apoptosis, osteocyte apoptosis, 1 9 5 0 ~ ~  Blunt e t  first studied the effect of corti- 
and inhibition of osteoblastogenesis89~123 resulting in  costeroids on bone healing.I3 They reported that 

Table 3 The effect of steroids on fracture healing 

Yearlstudy Model used Drug Outcome 

1 9 5 1 1 B ~ t ~ ~  ~abbits cortisone Decreased callus formation 

1951 l ~ i s s o n s ' ~ ~  Rabbits Cortisone Retardation of healing 
Abnormal histological appearance 

1 9 5 2 1 ~ e y ~ ~  Rats Cortisone No inhibitory effect encountered 
19641~e iss '~~  Rats Cortisone No inhibitory effect encountered 
1966l~urakami 86 Guinea pigs Cortisone Retardation of bone healing 
19721~h r l i ch~ "~~  Rats Prednisone Inhibition of collagens synthesis 
1986/Sato lo6 Rats Dexamethasone Retardation of mineralisation 
1992/~ogevold 58 Rats Methylprednisolone No inhibitory effect encountered 

2 0 0 0 1 ~ a t e r s ~ ~ ~  Rabbits Prednisone Lower callus size and mineral content 
Chronic administration resulted in weaker bone 

2001 /Sawinlo7 Rabbits Dexamethasone Inhibition of bone graft incorporation in spinal fusion 
2002l~uppen 78 Rabbits Prednisolone 25% lower callus area and 55% inhibition of torsional 

strength 
2005/~s lan~ Rats Prednisone No inhibitory effect encountered 
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callus formation was decreased in rabbits receiving 
cortisone.13 In addition, absence of periosteal bone 
and abnormal histological processes were described 
by Sisson and  adf field."' Thereafter, a number of 
controversial studies were published presenting dif- 
ferent results. Several rat studies failed to prove any 
inhibitory whereas others 
described a detrimental effect on bone heal- 
ing.56,'22p'25 Waters et al., in  a rabbit model of 
fracture healing treated with prednisone, found 
decreased callus volume, decreased mineral con- 
tent and weaker repair of the fracture.'22 Similarly, 
in  an experimental model of posterolateral lumbar 
spinal arthrodesis in rabbits, dexamethasone inhib- 
ited graft incorporation and had a higher rate of 
non-union.'07 In wound healing the treatment of 
rats with glucocorticoids seemed to decrease the 
rate of fibroblasts and collagen accumulation, and 
as consequence the tensile strength.31732 

The reason for these differing results i s  still 
unknown. Jee and co-workers stated that cortisone 
has a dose dependant effect on bone.63 In addition, 
Duthie and Barker found that endochondral ossifica- 
tion was clearly retarded i n  rats treated with corti- 
sone but membranous ossification was not 
a f fe~ ted.~ '  Recent data suggest that the presence 
of glucocorticoid receptors GRa at osteoblasts, 
chondrocytes and osteocytes might play a role in 
endochondral bone formation.' Therefore, the ani- 
mal model, the duration and dosage of drugs admi- 
nistered as well as the traumatic extent of the 
experimentally induced fracture seems to have an 
effect on the outcome. 

Antibiotics 

Several studies support the adverse effects of anti- 
biotics on bone healing (Table 4).3,49v53'60'69,72p 
831922118 Cartilage i s  mainly affected by alteration 
of the process of endochondral ossification. Quino- 
lones are thought to cause chondrocyte death and 
degeneration of articularcartilage resulting in fissure 
formation and cartilage erosions. Their use in  chil- 
dren was discouraged by some authors due to their 
effects on growing cartilagele3 whereas others did 
not observe any osteoarticular problem or joint 
de f~rmi ty .~ '  Mont et al. suggested that ciprofloxacin 
decreased cellular proliferation and DNA synthesis, 
therefore newly differentiated cells are the most 
affected cell types.83 Ciprofloxacin administration 
i n  rats produced diminution of fracture healingduring 
the early stages of repair, decreased chondrocyte 
number and abnormalities in cartilage rnorpho l~gy .~~ 
Levofloxacin and trovafloxacin had also the same 
adverse outcome.92 

Gentamicin in high concentrations seems to de- 
crease proliferation of osteoblastic progenitors and 
thereforeinterferewith the normal healingof bone.61 
Prolonged treatment with high doses of tetracycline 
impairs bone growth and maturation of bone in  mon- 
keys.'10 In addition, in  a rat model of bone repair 
induced by demineralised bone both gentamycin and 
tetracycline inhibited new bone f ~ r m a t i o n . ~ ~  

Other antibiotics such as doxycycline had no 
effect on bone healing.3 Similarly, cephalothin 
and tobramycin had no effect on the osteogenic 
activity of allografts in  guinea pigs.95 

Table 4 The effect of antibiotics on fracture healing 

YearIStudy Model used Drug Outcome 

1971 l~udrnundson~~ Mice Oxytetracycline No significant effect 

1 9 9 6 1 ~ o n t ~ ~  In vitro Ciprofloxacin 

2000/~uddleston 60 Rats Ciprofloxacin 

2002l~lkan Rats Doxycycline 
20021~amparter~ Rats Doxycycline 

lnhibition of cellular proliferation 
No effect on proteoglycans synthesis, 
morphology and stain pattern 

Decreased torsional strength and stiffness 
Alternations of cartilage morphology 

No effect 
lnhibition of matrix metalloproteinases 

2003 1 perrygZ Rats Levofloxacin and Trovafloxacin Decrease in strength 
Inferior quality of callus 

20041~im 69 Rats Gentamicin and Tetracycline Decreased bone formation 
20041 Haleem 53 Rats Gentamicin and Vancomycin No effect encountered 

20051~uncay~~~ Rats Norfloxacin, Ofloxacin, Retardation of healing occurred in all 
Pefloxacin and Ciproxacin fluoroquinolone treated animals 

Differences in terms of healing inhibition 
were encountered 
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Table 5 The effect of anticoaeulants on fracture healing 

Yearlstudy Model used Drug Outcome 

1955l~tinchfield"~ Rabbits and dogs Heparin and Dicumarol Delayed healing 
Fibrous accumulation in callus 

19961~uir'~ Rats Heparin Decreased rates of bone formation 
Increased rates of resorption 

1 9 9 7 / ~ u i r ~ ~  Rats Heparin and LMWH LMWH has milder effect on bone formation 
20001~treet '~~ Rabbits LMWH Retardation of bone healing 
20021~ock~~ Rabbits Heparin and LMWH Heparin impaired the filling of bore holes 

whilst LMWH had no effect 
LMWH: Low-molecular-weight heparin. 

I t  is clear from these studies that quinolones have 
a detrimental effect on cartilage formation and 
maintenance. In addition, local application of sev- 
eral antibiotics deUvers high concentrations of the 
drugs which have toxic effect on the growing bone. 

Anticoagulants 

The effect of anticoagulant therapy on fracture 
healing was first studied as early as 1955 by Stinch- 
field e t  al.'13 The stimulus was a high rate of pseu- 
doarthrosis i n  patients receiving postoperative 
anticoagulant therapy for thrombophlebitis. In their 
study, delayed union was observed in  animals 
receiving anticoagulant therapy. Thereafter several 
authors studied the effect of anticoagulants on bone 
healing (Table 5).7028428531 13,'14 Several studies 
observed that heparin causes decreased trabecular 
volume through increased resorption and decreased 
rate of bone f o r m a t i ~ n . ~ ~ ~ ~ ~ . ~ ~ ~  This effect was not 
reversible, as after the end of administration 
heparin was found sequestered in  bone for an 
extended period of time. Dodds e t  al. showed a 
decrease in  periosteal activities of glucose 6-phos- 
phate dehydrogenase and of alkaline phosphatase 
around the fracture in  rats, indicating that Vitamin 
K-antagonists influence the bone metabolism in  
fresh callus tissue.28 Street et al. showed that the 
administration of the newer generation anticoagu- 
lants, the low-molecular-weight heparins, resulted 
in the development of less mature bone with 
reduced torsional strength,l14 but this effect was 
milder compared to that of heparin.85 More recent 
studies have not been able to reproduce the effect 
of LMWH on fracture healing.52170 

NSAIDS 

NSAlDs are frequently used for pain relief due to 
their pronounced analgesic potency, anti-inflamma- 
tory effects and lesser side effects compared with 

o p i o i d ~ . ' ~ , ~ ~ , ' ~ ~  They also improve the quality of 
analgesia and decrease hospital stay.181119 

Prostaglandin E-2 (PGE-2) and Prostaglandin F-2a 
(PGF-2a) are both known to stimulate bone forma- 
tion and increase bone mass.62279 A fracture leads to 
high local prostaglandin production and releaseZ6 
and experimental models showed that local admin- 
istration of exogenous prostaglandins can stimulate 
bone formation.64166 In rabbits a dose-dependent 
stimulation of callus formation was observed.66 
Our in  vitro results suggested that MSCs proliferation 
i s  not affected by the quantity of prostaglandins 
present, therefore we speculate that prostaglandins 
may have an effect at a later stage of bone heal- 
ing.96 Furthermore, PGE-2 has been shown to reg- 
ulate both BMP-2 and BMP-7 expression suggesting a 
potential role in  modulation of bone metabo- 
lism. 5790 

Various publications using several animal 
models suggested that NSAIDs, due to their effect 
on prostaglandin production, correlated with 
various degrees of bone healing impairment 
(-rable 6).2,9,14,23,33,35,40-44,65,71,74,~,93,96,100-102, 

104,108,116,126 ~h ey produced delayed healing, 
decreased mineral content and matrix of the callus 
and inhibited haversian remodelling.4571003116 In rat 
models treated with NSAIDs, bone density appeared 
decrea~ed,~ bone stiffness and strength were 

and histological evidence of 
increased fibrous tissue accumulation was appar- 
ent.34 Goodman e t  al. studied the effect of short- 
term Cox-2 inhibitor administration after fracture 
on a rabbit model.44 Their results indicated that i f  
Cox-2 was administered in the first two weeks after 
fracture the bone ingrowth was not affected. In 
contrast, i f  Cox-2 was administered continuously 
for six weeks bone ingrowth was substantially 
decreased. 

On the other hand, several authors demonstrated 
in  animal models that NSAIDS have litt le or no effect 
on fracture healing.14v40~65~93p100 I t  should be pointed 
out that although their findings provided evidence 
that ketorolac,loO celecoxib,14 and p a r e c ~ x i b ~ ~  do 
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Table 6 'The effect of NSAlDs on fracture healing 

Model used Drug 

lndomethacin 

Outcome 

a lnhibition of haversian remodelling Rabbits 

Rats lndomethacin a No effect on repairing drill holes 
Higher effect on older animals 
Histological evidence of increased fibrous accumulation 
with decrease of osteogenesis and remodelling 

Humans 
Rabbits 
Humans 
Rats 

Fluriprophen 
lndomethacin 
Piroxicam 
Ketorolac Trom. 
and lndomethacin 
Ketorolac 
Diclofenac 

No effect on Colles' fracture 
a Effect depends on the extent of trauma 
a No effect on Colles' fracture 
a Ketorolac Tromethamine had no effect on healing 

of rat osteotomy whilst indomethacin impaired healing 
Humans 
In vitro 

High rate of non-union in spinal fusion 
a MSCs proliferation decreased by 18% and osteoblastic 

proliferation by 2.5% 
No effect on prosthetic loosening after cementless Humans lndomethacin 
hip arthroplasty 

a Increased risk for non-union Humans lbuprophen and 
Diclofenac 
Diclofenac Rats a Impaired bone healing, low bending stiffness and 

bone strength 
a No effect on spinal fusion Rabbits 

Rats 

Celecoxi b 

Ketorolac, 
Parecoxi b 

a Cox-2 setective parecoxib has small effect on 
delaying fracture healing 

a Ketorolac had the highest effect 

Rats 
Rabbits 
Rat 
Rabbits 

Tenoxicam 
lndomethacin 
Celecoxib 
Rofecoxi b 

a Delays in  bone healing occurred 
a Inhibition in early phase of healing 
a No effect on fracture healing 
a Less bone ingrowth 
a Lower effect i f  given short-term 

Celecoxib, 
Rofecoxi b 
and Ketorolac 

Celecoxib, rofecoxib and low dose of ketorolac had 
no effect on spinal fusion 

Humans 

a High dose of ketorolac increased the rate of non-union 

Human 
Rats 
Rats 

Celecoxib 
Etodolac 
lndomethacin 

a Short-term administration had no effect on spinal fusion 
Bone healing was impaired. 

a The drug inhibited bone formation in heterotopic 
demineralised allogeneic bone matrix but had no 
effect on autografts 

In vitro Diclofenac, 
Ketorolac, 
Parecoxib, 
Ketoprofen, 
Piroxicam, 
Meloxicam 
and Lornoxicam 

a No effect on MSCs proliferation when cellular medium 
was supplemented with expected plasma concentrations. 

Negative effect encountered when toxic 
concentrations used (over 100 pg/ml). 

a NSAlDs in plasma concentrations had no effect on 
osteogenesis 

Rats 
Rats 

Diclofenac 
Rofecoxib and 
l bu~ ro~hen  

a Impairment of callus maturation 
a Non-union in 65% of rofecoxib treated and 17.6% of 

i bu~ ro~hen  treated rats 

not affect fracture healing, they failed t o  demon- grafts but t o  affect bone formation in  demineralised 
strate similar effects after administration of indo- allogeneic bone matrix.93 In addition, indomethacin 
m e t h a ~ i n . ' ~ ~ ' ~ ~  lndomethacin i n  a rat  model was also was found not t o  influence bone growth in  small 
found t o  have no effect on bone formation on auto- defects but i ts  effect was proportional t o  the extent 
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of traumatised bone.55 Spinal fusion in rabbits was 
not inhibited by c e l e ~ o x i b . ~ ~  

In humans very few data exist demonstrating a 
potential relationship between bone healing and 
NSAIDs. Davis and Ackroyd studied the effect of 
two weeks administration of flurbiprophen on Colles' 
fractures.23 No impairment on fracture healing union 
was encountered. Giannoudis et al. showed a strong 
association between long-term NSAlDs administra- 
tion and non-uni~ndevelopment.~~ In patientsunder- 
going spinal fusion the short-term administration of 
either low dose of ketorolac, celecoxib and rofecoxib 
had no effect on the rate of n ~ n - u n i o n . ' ~ ' ~ ' ~ ~  High or 
long-term postoperative doses of NSAIDS had an 
increased risk of developing n o n - ~ n i o n . ~ ~ ~ ~ ~ ~ ' ~ '  In 
addition, the relation between administration of 
NSAlDs and both osteopenia after Colles' fracture 
and aseptic loosening after hip replacement was 

and no correlation was seen. A signifi- 
cant effect was found by Burd et al. in a retrospective 
study on patients receiving indomethacin for preven- 
tion of heterotopic bone formation in acetabular 
fractures.16 Patients who did not receive indometha- 
cin had significantly fewer non-unions of associated 
long bone fractures than patients who received it.16 

Heterotopic bone formation (HBF) after major hip 
surgery seems to be connected with male gender,lo5 
operative techniques29 and idiopathic hyperostosis of 
the skeleton. l2 NSAlDs appear to  prevent this pro- 
ce~s . '~  Neal e t  al. in a systematic survey of 13 trials 
reported an overall decrease of HBF of 5 7 ~ . ~ '  The 
duration of NSAIDs administration seems unrelated to 
the development of HBF. Pritchett and Gebuhr et al. 
administered NSAlDs for two and five days postopera- 
t i ~ e l y . ~ ~ . ~ ~  They reported a reduction of HBF of 48- 
50%. In contrast, great variability existed in similar 
studies with administration of NSAlDs varying from 10 

o 16,17,82,121 to 92 days and HBF reduction from 7 to 97h. 
NSAlDs have a clear benefit in  everyday clinical 

practice, and the contradictory results from these 
various animal models, as well the absence of well 
randomised clinical, data, suggest that more research 
should be conducted on this topic; the animal studies 
may not reflect the clinical setting. In addition, the 
exact biology of heterotopic bone formation, where 
NSAlDs play a preventive role, remains unclear and 
cannot be considered as a reflection of bone healing. 
We believe that clinicians should weigh up their 
potential risks and benefits.38 

Bisphosphonates 

nates might be candidates to up-modulate bone 
healing.4p46 Increased mineral content, volume and 
strength of callus were observed in animal models 
after bisphosphonate a d m i n i s t r a t i ~ n . ~ . ~ ~ ~ ' ~ , ~ ~  
Although these observations have been confirmed 
by several studies, concern exists as some authors 
suggest that the arrest of bone remodelling may 
produce osteoporotic, weak b ~ n e . ~ ~ , ~ '  St i l l ,  the 
available data on the use of bisphosphonates under- 
line their importance in the prevention of additional 
fractures in osteoporotic patients, who are often 
diagnosed after a fracture has occurred. The possible 
negative effects on bone remodelling do not seem to 
outweigh their beneficial effects at this point. 

Conclusion 

Intensive research is currently focused on the treat- 
ment of fractures by the application of cells, scaf- 
folds, growth factors or by development and design of 
new implants. Today's knowledge on the effect of 
several drugs on bone healing i s  characterised by 
inconclusive and controversial results from several 
animal models, together with absence of univocal 
clinical data. I t  is clear, however, that some pharma- 
cological agents impair the bone healing process, and 
small changes in medication of patients can contri- 
bute to  a better outcome. This should be borne in 
mind by all physicians involved in the treatment of 
bone disorders, whether dealing with fractures or 
degenerative diseases. Further research in the fore- 
seeable future may allow clinicians to understand 
better the inhibitory effect of several pharmacolo- 
gical agents on the fracture healing process and the 
mechanisms governing bone repair and regeneration. 
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Informed Choice and the Widespread Use of 
Antiinflammatory Drugs 
LIANA FRAENKEL,' DICK R. WITTINK,~ JOHN CONCATO,' AND TERRI FRIED' 

Objective. To examine whether the current widespread use of antiinflammatory drugs may reflect a lack of informed 
choice (i.e., unawareness of adverse effects or potential treatment alternatives] among older patients with knee osteoar- 
thritis [OA). 
Methods. Consecutive patients with symptomatic knee OA (n = 100) completed a questionnaire to assess their awareness 
of drug toxicity. Patients also completed an Adaptive Conjoint Analysis task so that the influence of providing an 
additional treatment alternative on patient preferences for nonselective nonsteroidal antiinflammatory drugs (NSAIDs) 
and cyclooxygenase-2 (COX-2) inhibitors could be assessed. 
Results. Fifty-four percent of the patients surveyed were unaware of any adverse effects related to NSAIDs and 80% were 
unaware of any toxicity related to COX-2 inhibitors. When given a choice between NSAIDs and COX-2 inhibitors, 57% of 
patients preferred COX-2 inhibitors over NSAIDs. When presented with a third less effective, but safer alternative, 100% 
of patients switched preferences to the safer, albeit.less effective, option. 
Conclusions. Our findings suggest that the widespread use of NSAIDs may reflect lack of informed choice among older 
patients with OA. 

KEY WORDS. Osteoarthritis; Nonsteroidal antiinflammatory drugs; Cyclooxygenase 2 inhibitors. 

INTRODUCTION 

Nonsteroidal antiinflammatory drugs (NSAIDs) are the 
most widely used medications for patients with arthritis 
and other painful conditions, with 70 million to 100 mil- 
lion prescriptions written in the US per year. Cyclooxy- 
genase-2 (COX-2) inhibitors continue to expand the market 
of antiinflammatory drugs, with total revenues expected to 
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exceed $2.5 billion by 2008 (1). The widespread use of 
NSAIDs contrasts with clinical studies that have demon- 
strated that, when fully informed of expected risk and 
benefits, older arthritis patients are reluctant to accept the 
risks of drug-related adverse effects [AEs] for modest drug 
benefits (2-4). 

One possible explanation for the discrepancy between 
patient risk aversion and the widespread use of antiinflam- 
matory drugs is that patients may be unaware of the AEs 
related to this class of medications. This possibility is 
supported by previous studies demonstrating that many 
patients have limited knowledge about their medications 
(5-7) and that physicians disclose limited risk-related in- 
formation when prescribing NSAIDs (8) as well as other 
medications (5). 

Another possible explanation is that patients do not 
explicitly consider the tradeoffs related to available treat- 
ment options. This possibility is supported by recent stud- 
ies that have demonstrated that, despite efforts to promote 
shared decision making, patients tend to comply with 
physicians' recommendations rather than participate in 
interactive discussions about available options (9-11). 

The objective of this study was to examine whether the 
widespread use of NSAIDs may reflect a lack of informed 
choice (i.e., unawareness of AEs or potential treatment 
alternatives) among patients with arthritis. To test this 
hypothesis, we 1) ascertained patient knowledge of arthri- 
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tis medications and their associated toxicity, and 2) as- 
sessed whether asking patients to consider additional op- 
tions influences their preferences for NSAIDs and COX-2 
inhibitors. 

METHODS 

Patients. Consecutive patients with radiographic knee 
osteoarthritis (OA), treated in community rheumatology 
practices affiliated with a university hospital, were con- 
tacted by telephone -1 week after having received a letter 
describing the study. Patients having pain in 1 or both 
knees on most days of the month and not having rheuma- 
toid arthritis, gout, pseudogout, or bilateral knee replace- 
ments were asked to complete a questionnaire examining 
opinions about arthritis treatments. The study was ap- 
proved by the Human Investigations Committee at our 
institution. 

Data collection. All data were collected in face-to-face 
interviews by a research assistant. Patient characteristics 
were based on self report and the Western Ontario and 
McMaster Universities Osteoarthritis Index (12). Patient 
knowledge regarding available treatment options for OA 
was ascertained using open-ended questions based on the 
Basic Arthritis Test (13): "What medications are available 
to patients with your type of arthritis?" Patients were 
classified as being aware of NSAIDs as a possible treatment 
option if they listed one or more generic or brand name 
NSAIDs. Patients were classified as being aware of COX-2 
inhibitors if they listed the generic or brand name of either 
of the 2 coxibs available at the time of the study (rofecoxib 
and celecoxib). For each of the medications listed, patient 
awareness of AEs was ascertained using the following 
question (13): "Name the possible side effects of this med- 
ication." Patients answering "none" or "no side effects" 
were classified as being unaware of AEs related to the 
medication(s) listed. 

We assessed treatment preferences using Adaptive Con- 
joint Analysis (ACA; version 4.0, Sawtooth Software, Se- 
quim, WA), a well-validated interactive computer program 
that computes individual patient values (utilities) for spe- 
cific medication characteristics based on a series of rank- 
ing and rating questions. ACA derives individual patient 
preferences based on the utilities derived from the con- 
joint questionnaire using least squares regression analyses 
(14). Because preferences are derived based on tradeoffs 
between treatment characteristics and not full descriptions 
of the medications, they are not influenced by product 
recognition or brand preferences. 

We ascertained patient values (i.e., utilities) for the fol- 
lowing medication characteristics: time to benefit, re- 
sponse rate, common AEs, risk of ulcer, and monthly co- 
payments (reflective of 2001 pharmaceutical costs in 
Connecticut). All characteristics were described using lay 
terminology adapted from patient information sheets pub- 
lished by the Arthritis Foundation. The face and content 
validity of the characteristic descriptions were assessed by 
rheumatologists, conjoint experts, and lay persons. 

In view of the literature documenting significant vari- 

If two medications were acceptable In all other ways, how importnnt would his 
difference be? 

~ ~ - 
25% of patients bencfit ' 

versus 

100% of oatients bencfit 

Choose a numbcr from the scale bclow 

I 2 3 4 
Not Important Somewhat Very Extrelnely 
At All Important Important Important 

Which would you prefer? 

- 
%risk of ulcer No added risk of ulcer 1 

i + or + 
1 75% of patients benefit 

i 
25% of patients benefit 1 

-- - -. . -. - -. . - - -- .- 

Strongly No Sbongly 
Prefer Preference Prefer 
Lei7 Right 

1 2 3 4 5 6 7 8 9  

Figure 1. Two examples of Adaptive Conjoint Analysis questions. 

ability in both patients' ability to interpret probabilities 
and preference for the presentation of probabilistic infor- 
mation (15), we used qualitative and quantitative fre- 
quency formats to describe the likelihood of AEs. The 
ranges of probabilities of benefits and AEs were based on 
randomized controlled data and observational studies 
(16-24). The characteristics assigned to the treatment op- 
tions studied are described in Table 1. 

ACA questionnaire. Respondents were first asked to 
rate the importance of the difference between the best and 
worst estimate of each characteristic on a 4-point scale. 
The characteristics were presented in random order to 
eliminate any possible ordering effects (Figure 1). Second, 
to refine respondents' utilities, respondents evaluated a 
series of paired comparisons (Figure 1). 

A 9-point scale was used for paired comparisons so that 
finer differences in strength of preference could be de- 
rived. The program uses the information obtained from 
each paired comparison to update the estimates of each 
respondent's utilities and to select the next pair of options. 
Final utilities are then generated using regression analysis 
(14). Additional details regarding this methodology have 
been published previously (14,25-27). 

Analyses. Preference data derived from ACA were im- 
ported into SAS computer files (SAS software, version 
6.12; SAS Institute, Cary, NC] and merged with the patient 
characteristics data set. We used ACA to determine the 
percentage of patients preferring specific treatment op- 
tions. ACA is capable of performing choice simulations 
that demonstrate the percentage of patients preferring spe- 
cific treatment options defined by the researcher (14). In- 
dividual patient preferences are derived based on each 
patient's responses to the rating and paired-comparison 
tasks (27). 

We first examined treatment preferences for medications 
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Table 1.  Description of treatment options studied* 

Characteristic NSAlDs COX-2 inhibitors Alternative 1 Alternative 2 Alternative 3 Alternative 4 

Route of po bid PO qd PO qd po qid po qid po qid 
administration 

Onset of action 1-2 hours 1-2 hours 1-2 hours Within 4 Within 4 Within 4 
weeks weeks weeks 

Percent of patients 50% 50% 25% 25% 25% 25% 
who benefit 

Common adverse Nausea, diarrhea. Nausea, diarrhea. Well tolerated Well tolerated Well tolerated Well tolerated 
effects heartburn heartburn 

Annual risk of ulcer 2% 1 % No added risk No added risk No added risk No added risk 
of ulcer of ulcer of ulcer of ulcer 

Out-of-pocket cost $17.50 $70.00 $17.50 $17.50 $25 $50 
per month 

* NSAIDs = nonsteroidal antiinflammatory drugs; COX-2 = cyclooxygenase 2; po = by mouth; bid = twice a day; qd = every day; qid = 4 times a day. 

describing NSAIDs and COX-2 inhibitors using ACA's 
simulation capabilities. We subsequently examined the 
influence of adding a third, safer but less effective, treat- 
ment option on patient preferences. 

RESULTS 

Older adults with symptomatic knee OA were interviewed 
(n = 100, participation rate 84%). The mean f SD age of 
our sample was 70 2 7 years (range 59-90 years); 79% 
were female, 92% were white, 69% had some college 
education, and 32% reported having an annual household 
income 2$60,000. 

The mean +- SD duration of knee pain was 11 2 9 years; 
mean 2 SD knee pain score was 12 2 4 (on a scale of 
0-201, and mean t- SD physical function score was 42 2 

14 (on a scale of 0-68). Thirty-five percent reported pre- 
viously having dyspepsia due to NSAIDs, 22% had an 
ulcer, and 5 %  had been hospitalized for a gastrointestinal 
bleed. The majority of patients reported current or previ- 
ous use of NSAIDs (85%) and COX-2 inhibitors (76%) 
(Table 2). 

Eighty percent of patients listed NSAIDs and 81% listed 
COX-2 inhibitors as possible therapeutic options (Table 3). 
Of these, 54% were unaware of any AEs related to NSAIDs 
and 80% were unaware of any toxicity related to COX-2 
inhibitors. Patients reporting previous gastrointestinal AEs 
due to antiinflammatory medications and those with 
longer duration of knee OA symptoms were more likely to 
be aware of at least 1 AE associated with NSAIDs com- 
pared with those without prior AEs and shorter duration of 

Table 2. Utilization of NSAIDs and COX-2 inhibitors 
I among the 100 aatients surveved* I 
I NSAIDs COX-2 inhibitors I 

Current use, no. 34 3 3 
Past use, no. 5 1 4 3 
Never used, no. 12 18 
Don't know, no. 3 6 

' NSAIDs = nonsteroidal antiinflammatory drugs; COX-2 = cyclo- 
oxygenase 2. 

symptoms (Table 4). In a logistic regression model contain- 
ing all 5 variables, previous gastrointestinal AEs remained 
a clinically significant predictor of awareness of AEs re- 
lated to NSAIDs. The adjusted odds ratio [OR] for gastro- 
intestinal AEs was 4.5, 95% confidence interval 195% CI] 
1.7-12.1; and for duration of knee OA 1.1, 95% CI 1.0-1.1. 
The number of patients aware of AEs related to COX-2 
inhibitors was very small, making it difficult to examine 
associations between patient characteristics and aware- 
ness of drug toxicity (Table 4). 

Fifty-seven percent of patients preferred COX-2 inhibi- 
tors over NSAIDs (Table 5). Adding a third option that is 
50% less effective but does not cause dyspepsia or serious 
gastrointestinal events resulted in a dramatic change in 
preferences, with 100% of patients preferring the safer, but 
less effective option (Table 5). If the third alternative is 
described as having a delayed onset of action (4 weeks) 
and must be taken 4 times daily, the number preferring 
this option drops to 69%. Fifty percent of the patients 
surveyed continued to prefer the less effective, less con- 
venient, but safer option, even when it costs more than 
double the cost of the option describing traditional 
NSAIDs. 

We found no relationship between the percentage of 
patients preferring the additional option and age, income, 
education, pain, functional status, or previous gastrointes- 
tinal side effects (data not shown). 

DISCUSSION 

Many older patients with knee OA in this well-educated 
cohort were unaware of the toxicity associated with 

Table 3. Percentage of patients unaware of the specific 1 adverse effects associated with antiinflamrnatorv drurs* 1 
I NSAIDs COX-2 inhibitors 

Adverse effect [n = 80) % (n = 81) % 

Stomach upsetheartburn ii ~ 
UlcerIG1 bleed 
Renal toxicity 

* NSAIDs = nonsteroidal antiinflammatory drugs; COX-2 = cyclo- 
oxygenase 2; GI = gastrointestinal. I 
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Table 4. Association between patient characteristics and knowledge of adverse effects* 

NSAIDs COX-2 inhibitors 

Aware of AEs Unaware of AEs Aware of AEs Unaware of AEs 
Characteristics (n = 37) [n = 43) P (n = 16) (n = 65) P 

Age, mean + SD years 69.1 + 6.0 70.3 C 7.2 0.4 68.2 + 6.2 70.0 + 6.8 0.3 
College education, % 5 1 42 0.4 3 1 49 0.2 
Annual household income 3 5 3 3 0.8 3 1 3 2 0.9 

2$60,000, % 
Previous gastrointestinal AEs, % 65 3 3 0.004 50 5 0 1.0 
Duration of OA, mean C SD years 13.4 + 10.8 9.3 2 7.1 0.05 8.6 2 6.4 11.0 + 9.8 0.3 

* NSAIDs - nonsteroidal antiinflammatory drugs; COX-2 - cyclooxygenase:2; AEs - adverse effects; OA = osteoarthritis. 

NSAIDs, and almost all were unaware of the toxicity asso- 
ciated with COX-2 inhibitors. Awareness of NSAID-related 
toxicity was associated with duration of knee OA and 
previous experience of gastrointestinal AEs. These results 
are in agreement with a survey in which 55% of Ameri- 
cans taking NSAIDs were unaware of NSAID-related gas- 
trointestinal complications (7), and are supported by the 
study by Katz et a1 (8) that demonstrated that rheumatolo- 
gists disclose relatively minimal information when pre- 
scribing NSAIDs. To the best of our knowledge, patient 
awareness regarding the toxicity associated with COX-2 
inhibitors has not been previously studied. Taken to- 
gether, these findings suggest that, while most arthritis 
patients are currently or have previously used NSAIDs or 
COX-2 inhibitors, they may not be fully informed of the 
potential risks associated with these medications. 

We also found that, when given a choice, older adults 
almost always opt for safer (albeit less effective) medica- 
tions over treatment options with known (even if small) 
risks of toxicity. We would expect that even fewer patients 
would choose antiinflammatory drugs had we included 
other drug-related risks, such as renal toxicity. These re- 
sults suggest that many older patients might want to try 
relatively safer treatment options, such as capsaicin, be- 
fore agreeing to accept the gastrointestinal toxicity associ- 
ated with antiinflammatory drugs. 

Our results must be interpreted in view of the limita- 
tions of the study. ACA derives individual patient prefer- 

ences based on how each patient values tradeoffs between 
s~ecif ic  medication characteristics. Therefore, while Dro- 
viding preference data that is unbiased by brand name 
recognition and providers' preferences, this method is lim- 
ited by the spectrum of characteristics included in the 
ACA survey. In addition, we measured preferences at only 
one point in time; one would expect that patient prefer- 
ences would change depending on response to treatment 
and development of AEs. 

The relatively uniform and small population studied 
limits the generalizability of our results. Although NSAID 
use and AEs experienced in this cohort are within the 
ranges of those reported in the general arthritis population 
(7), it is possible that younger patients or those with more 
severe disease would be more willing to accept the risks 
associated with NSAIDs and COX-2 inhibitors. Last, the 
number of patients preferring antiinflammatory drugs 
might have decreased simply as a result of adding a third 
alternative. However, the dramatic switch in preferences 
observed would be unlikely to occur solely on the basis of 
expanding the choice set. 

Our findings have important ethical and clinical impli- 
cations. First, this study adds to the literature suggesting 
that older patients may not be adequately informed of the 
risks associated with antiinflammatorv medications. This 
finding is worrisome because older patients are among 
those at the highest risk for serious gastrointestinal com- 
plications, and are the most frequent chronic users of 

Table 5. Treatment preferences for NSAIDs, COX-2 inhibitors, and a third treatment option* 

Description of the additional Preferring NSAIDs Preferring COX-2 inhibitors Preferring third option 
treatment option mean + SD, % mean ir SD, % mean ir SD, % 

- 43.0 + 5.0 57.0 ? 5.0 - 
Alternative 1:  No AEs, 50% less effective, 0 0 100 

$17.50/month. 
Alternative 2: No AEs, 50% less effective, 11.0 2 3.1 20.0 C 4.0 69.0 C 4.6 

delayed onset of action, taken qid, 
$17.50 per month. 

Alternative 3: No AEs, 50% less effective, 14.0 2 3.5 22.0 C 4.1 64.0 C 4.8 
delayed onset of action, taken qid, 
$25.00 per month. 

Alternative 4: No AEs, 50% less effective, 23.0 + 4.2 27.0 +- 4.4 50.0 + 5.0 
delayed onset of action, taken qid, 
$50.00 per month. 

* NSAIDs = nonsteroidal antiinflammatory drugs; COX-2 cyclooxygenase 2; AEs = adverse effects; qid = 4 times a day. 
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Do selective cyclo-oxygenase-2 inhibitors and traditional 
non-steroidal anti-inflammatory drugs increase the risk of 
atherothrombosis? Meta-analysis of randomised trials 
Pan-i~ia M Kearney, Colin Baigent, Jon Godwiri, Heather Halls, Jorrathm K Emberson, C;ulo l'atrono 

Abstract 

Objective To assess the effects of selective cyclo-oxygenase-2 
(COX 2) inhibitors and traditional 11011-steroidal 
anti-inflammatory drugs (NSAIDs) on the risk of vascxrlar 
events. 
Design Meta-analysis orpublished and unpr~blisf~ed tabular 
data %om randomisccl trials, with indirect estimation of the 
effects of haditio~ial NSAIDs. 
Data sources Medline and Enlbase (Janua~.y 1966 to April 
2005); Food and Drug Adminismtion records; and data on file 
ti-om Novartis, Plizer, and Merck. 
Review methods Eligible studies were 1-mdomised wials that 
included a co~nparisor~ of a selective COX 2 inhibitor versus 
placebo or a selective COX 2 inhibitor versus a traditional 
NSMD, of at least four weeks' duixion, wit11 information on 
serious \rascul;u evenLs (defu:ecl as myocal-dial infarction, stroke, 
or vascula~- death). h~dividual investigators and manufacturers 
provided infor~nation on the number of patients lando~nised, 
numbers of vascular events, and the person time of follorv-up 
for each I-mdo~nisecl <g~oup. 
Results In placebo comparisons, allocation co a sclectivc COX 
2 i~lhil~itor was associated with a ,12'W1 relative increase UI the 
incidence oTse~ious vasculai events (l.'"/il/year v O.Ou/o/year; 
rate ratio 1.42,95'!41 confidence interval 1.13 to 1.78; P =  0.003), 
with no significant I-~elerogeneity among the ditrerent selective 
COX 2 inhibito~s. This was chiefly attributable to an increased 
risk ofnlyocardial i~lfarction (O.(iW~/year u 0.3"/o/year; 1.86, 1.33 
to 2.59; P =  0.0003), with little apparent difference in other 
vascular outcomes. Among nials of at least one year's duration 
(mean 2.7 years), the 1xte ratio for vascular events was 1.45 (1.12 
to I .sf); P = 0.005). Overall, the incidence of serious vascular 
events was similar between a selective COX ?inhibitor ant1 any 
tratlitional NS.AID (1.On/i,/year 71 0.9lYo/year; 1.16,0.97 to 1.38; 
P = 0.1). Howeves, slatistical heterogeneity (1' = 0.001) rvas found 
between trials of a selccrivc COX 2 inhihitor versus naproxen 
(1.57, 1.21 to 2.03) and of a selective COX 2 inlubitor versus 
non-naproxen N S m s  (0.88.0.(59 LO 1.12). The sununary raLe 
ratio for vascular events, compared with placebo, was 0.92 (0.67 
to 1.26) for naproxeu, 1.5 1 (0.96 to 2.37) for ibul~rofen, and 
1.63 (1.12 to 2.37) for diclofenac. 
Conclusions Selective COX 2 h~hibitors are associa~ed wilh a 
modcrate incrcase in the risk of vascular evcnts, as are high 
dose I-egi~nens of ibuprofen and diclofenac, ~ I L  high dose 
naproxcn is not associated with such an excess. 

Introduction 

Tladitional non-steroidal anti-inflammatory d~ugs  (NSAIDs) are 
widely used to treat pain, b u ~  their long tern1 use is hnited by 
serious gastrointestinal side effecls. %$%ereas NSAIDs inhibit h e  
two recognised forms of prostaglandin G/H synd~ase (also 
r e fe~~ed  to as cyclo-o~ygellase), selective cyclo-oxygenase-2 
(COX 2) inhibitors are selective inhibitors of the COX 2 
isozy~ne.' As the anti-inklannnatory effects of NSAIDs were 
believed to be mediated by ir~llibition of COX 2, and their 
gastrointestinal side effects I)y inhibition of COX 1, people 
hypothesised that selective COX 2 ulhil~itors would provide a 
safer alternative to haditional NSAIDs. However, although some 
sludies have reported a lower incidence of upper gastrointestinal 
complications with selective COX 2 inl~ibitors than with 
traditional NS.Ds,' "ecent concerns about the cartliovascu1a1- 
satety of selective COX 2 inhibitors have limited ~ ~ e i r  use. 

Although the Vioxx gastrointestinal outcornes research 
(VIGOR) trial reported a fivefold ino-ease in myocardial infarc- 
tion among pa1,ticipants allocated to rofecoxib (20 rofecoxib 21 4 
naproxen; P<O.OO1),Y this difference might have occurred, at 
least in parr, because high dose naproxen inhibits platelet aggre- 
gation throughout the dosing interval. lIowever, the I-csults of 
the adenomatous polyp prevention on Vioxx (APPXOVc) trial, 
wluch was the first relatively Iage a-ial compxing a selectivr 
COX 2 inhibitor with placebo, indicated that rofecoxib increased 
the risk of vascular even& by about twofold." Soon aftelwards, the 
adcnoilra prevention with celecosib (AF'C) o-ial, comp;u.ing 
celecoxib with placcbo, reported a similar excess.' 

The accumulating evidence suggests that selective COX 2 
inhibitors arc associated wit11 an inc~eased 1-isk of vascular events, 
but seve~al important questions I-emain unansrvel-ed. Firstly what 
is the inaguhrde of any excess risk of n~yocal-dial infarction, 
stroke, and vascxllar mortality? Secondly, is thc excess lisk of vas- 
cular events dose I-clatecl, ant1 is the size of this risk different in 
people who are also taking aspirin (which chiefly inhibits COX I 
at low doses")? Thirdly, are traditional NSNDs (which also inhibit 
COX 2) associated with a1 increased risk of vascula- events? We 
did a meta-analysis of rantlornised uials that cornpal-ed a 
selective COX 2 inhibitor will1 placebo 01. a selective COX 2 
inhibitor with a traditional NSAm in an attempt to answer these 

, A table. two extra f~gures, a slatishcal appendix. and extra references are on 
:;L*' brnj.com 

UMJ Onlinr I'it EI Ihnj.nr~n [,age 1 01'7 



Methods 

M'e used three steps to identXy ljrospective ~aidomised conh.ol- 
lecl trials of a selective COX 2 inhibitor versus placeho, a selective 
COX 2 inhibitor versus a traditional NSIUD, or both. First we 
approached the marn~ficrnrers of each of the selective COX 2 
inhibitors-Merck (rofecoxih, etoricoxib), Novartis (lumiracoxib), 
and PEzer (celecoxib, valdecoxib). Then we searched the Food 
ant1 Dixg Adminismation ~vebsite for data presented at the 
Cardiorenal Advisory Committee meeting in February 2005. 
Finally, we used h e  modified Cochrane s~utegy' combined with 
the generic names of each of the individual selective COX 2 
inhibitnr-s as keywords to search Metlline a ~ i d  Einbase h.om 
January 1966 to April 2005. 

IZanclo~nised tl-ids involving at least four weeks' schecluled 
(1-eatment were eligible il they Included at least one comparison 
of a selective COX 2 inhibitor versus placel)o or a selective COX 
2 inhibitor versus a n-aditional NSAII) and hael recorded senous 
(that is, ad~nitted lo hospital or fatal) ca~-cliovascular events. The 
pi-c-specified outcornes were "serious vascular event:' as clefined 
bv the Antiplatelet Trialists' Collaboration (that is, lion-fatal 
myocardial idarction, no11-Patal stroke, or vascula~. death)" fa~al 
or non-fatal myocardial infarction; fatal or non-fatal stroke; and 
vascular death (including death kom ~nyocardial i~If-action or 
stroke).'The manufacturers and individual Investig~tors p~uvided 
summary design d e d s  for each nial and information on the 
pl-ocess (itany) by which vascular events were adjudicated. All of 
the n~anuFactu~-ers provided written confirmation that the data 
provided werc complete: Pfizer had locked their data at 3 1 Octo- 
ber 2004, whereas Merck and Novartis had locked their 
databases at the end oflanuary 2005. We requested nurnhel-s of 
events and person time at risk for each trial, where available, but 
in a few cases we esfinated data kom published results or the 
Food and Dmg Adn~inistration xebsite." 

On the basis oC the known phxmacokinetic ancl phan-inaco- 
dvnaniic properties of the NSAIDs studied (which ~Ased the . . 
hypothesis that naproxen might have aspuin-like antiplatelet 
effects), we prospectively specified ha t  analyses of a seleclive 
COX 2 inhibitor versus NSATD were to he subcli\.ided into those 
involving naproxen and those concerning other (non-naproxen) 
NSAIDs. 

M'e derived rate ratios and theil- confitlence intervals for each 
oS the prc-specdied colnpatisolls by using the Peto "one slep" 
ap~xoximatiori (see statistical appendiu on bmj.corn).'" In fipres 
ancl in the text, we have used 99%) confidence intervals for indi- 
vidual con~parisons ro allow for ~~e niultil~licity of ;~nalyses. 
reserving !>5'H'/n confidence intervals for suhrotals. 

Results 
Study population 
Talmlai- dam were av;lilahle Srom 138 rarldo~nised h-ids involving 
a compal-ison of a selective COX 2 inhihitol- versus placebo or 
versus a hditiond N S m  (or both), U I  which dlel-e were a total 
of 145 373 participalts (see table on hmnj.coni)."'~"~"' 

Comparisons of selective COX 2 inhibitor versus placebo 
Figure 1 sho\vs n~eta-analyses oS a selective COX 2 inhibitor 
vcr.sus placebo, subdivided by intli\ldual selective COX 2 inhibi- 

ratio 1.42, 951K~ confidence interval 1.13 to 1.78; P=0.003). We 
found no evidence tllat the propor-tionat excess incidence of vas- 
cular events varied among the eliffeerent selective COX 2 
inhil)itors (lieterogeneily X'= 0.5, dS=4; P =  1.0). Howeves, as 
only two selectivc COX 2 inhihitoss (rofecoxib and celecoxib) 
had I-ccorded appreciable numbers of such outcomes, the power 
to identify my real dinerences that might exist between selective 
COX 2 inhibitors was limited. In the group of trials analysecl, this 
proportional ddFel-ence corresponded to an excess of 3 (95%) 
conlitlence interval 1 to 5) people with a v:iscular event per 1000 
allocated to a selective COX 2 inhihitol- per year. 

We round an almost twofold proportional increase in 
~nyocartlial infarction (rate ratio 1.86, 1.33 to 2.59; I'= 0.0003) 
(fig l), con-esponding to an excess of 3 (1 to 4) people with myo- 
cm-dial hibrction per 1000 allocated to a selective (:OX 2 bihihi- 
tor per year. \,Vc found no si~mificant heterogeneity in the rate 
ratios for n1yoca1-dial hfa~.ction among individual selective (;OX 
2 inhibitors (heta-ogeneity X' = 1.0, df= 4; P = 0.0). Mk foountl no 
diffel-mce in the inciclencc of smoke (rate satin 1.02,0.71 to 1.47; 
P = 0.9), con-esponding to an absolute dflerence of 0 ( - 2 to 

1)/1000/year, ant1 the summary ratr ratio Tor vascula- death 
(1.49, 0.97 to 2.29; 1'= 0.07), althougll it tlitl not reach statistical 
signilicance, coi~esponded lo an absolute excess of 1 (0 to 
2)/1000/year. 

Duratioil 
Of the 121 placebo conn-ollcd trials, nine were long term rials 
wid1 one year 01- longer of scheduled treaunent (mean 139 
weeks) and 1 12 were shorter tlials (mean 11 weeks). AI-ouncl Lwo 
thirds of the vascular events had occurred in the nine long term 
trials. hi these long tenn nizals, allocation LO a selective COX 2 
inhibitor was associated with a 45Yo increase in the incidence of 
vascular events (rate ratio 1.45, 1.12 to 1.89; P=0.005) (fig 2), 
with no sigiificant heterogeneity behveen the event rate ratios in 
the rials (heterogeneity X' = 13.4, df= 8; 1' = 0.1). 

Ilose 
Too few vascular events were avdablc to allow us to assess dose- 
response in placebo conh.olled trials of etoricoxib, lumiracoxib, 
or valclecoxib. For rofccoxib, 85%~ of vascular events among 
patients allocated to a selective COX 2 inhihitol- occ111-reel at a 
dose of !25 nmg daily, wilh few events at lower or higher daily 
(loses, so we ~oulcl not evaluate dosc dependence. For celecoxib, 
we found a significant trend to\oal.ds an increased incidence of 
sel-ious vasculal- events with higher daily doses (trend P = 0.03) 
(fig 11 on 11nlj.com). 

Aspij-iiz 
Anlong the 84 placebo conn-olled t~ials that allowed concomi- 
L ~ I L  use of aspirin foi- which data were available, we Sound no 
sibmilicant heterogeneity oSthe suriima1.y rate ratios for vasculal- 
events anlong aspilin users and non-users (herel-ogcneity 

= 0.0, dt= 1; P = 0.9) (fig H on bnlj.co~n). We found a similar 
lack of Iletc~.ogeneity fol- myocardial infai-ction, stsokc, and 
vascular clcath (data not shown). 

Comparisons of selective COX 2 inhibitor versus traditional 
NSAID 

tor, for each of the p~imaiy outcomes. Overall, among 121 Overall, we found no signir~ca~t ditferelice in the incidence of a 
placebo controlled t~ials, 216 vascular events occurred during se~ious vascular event heoveen participants allocated to a 
18 490 person years of exposure to a selective COX 2 inhibitor selective COX 2 inhihitor and those allocated to a traditional 
(1.2q/o/year) comparetl with 112 clu~ing 12 639 person years of NSAII-340 vascular events du~ulg  33 "0 person years of 
1)laccbo (0.9(K/u/yeas), correspo~iding to a 42%) proportional exposure to a sclective COX 2 inhibitor (l.O'Jh/yex) vcrsus 21 1 
biciease in die incicle~lce oC a fin1 serious vascular event (rate vascular events during 23 825 person years wid1 a maditional 
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lo 1.27;P=0.3),antl aselective COX 2 uhibitorversus any other are consideretl, the summary rate I-atio is suiiilar to that from 
non-napl-oxen NSAJD (2.21,0.49 to 10.03; P=0.2) yieltled simi- short tern1 and long tel-m trials combined and sonlclvhat sn~aller 
lar rdtc ratios for vascular events (test for heterogeneity ~ ' = 2 . 6 ,  than the l\\~ofold to threefoltl excess suggestetl by the combined 
df= " P = 03) (fig 3). results of the APC and tlPPROVe studies.' " 
Comparisons of traditional NSAID versus placebo 
We ccomhined direct estimates of treatment eKcct (from trials 
i~lvolving a con11,arison of an NSAID versus ~,lacebo) ~v i t l~  
inclirect infor~nadon (fi.0111 a comp;~~.ison of trials of a selectirc 
COX 2 inhibitor vrrsus placcho and a selective COX 2 inhil~itol. 
versms NSAIL)) (see statistical appentli~ on I,li;j.com). The 
srlmnlary xitc ratio fol- vascular evcnts, in conipa~.ison with 
placel,o, was 0.92 (').5O/o confidencr inte1-val 0.67 lo 1.") for 
napl-oxen, 1.51 (0.96 to 2.37) for il)uprofen, ant1 1.6.3 (1.12 to 
2.37) f i ~  cliclofcnac. 

Discussion 

Mllen we considered all the rmdoniised trial data, selective COX 
2 inhibitors were associatctl with a highly sigiliticant 1.4-folcl 
increasecl risk of serious vascular events, largely due to a t~o to ld  
increasecl risk ol'myocardial inla.ction. Although we found no 
significant excesses in the incidence of stroke or vascular death, 
the confidence intervals for each were wide, so we coultl not 
exclude a clinically important excess. If, as some people have 
suggested (on the 1,asir of the delayed divergence of survival 
cxrves), the hazard elnerges only after a year or 18 months: ' 
then combining short term and Ions term hials might under- 
estimate the eEects of long term exposure lo a selective COX 2 
inhihitor. We 'evere rlot able to assess h n e  dependent variation in 
the late ~a t io  because we sought numbers of events and person 
Lime only for the whole 11e1iod of follow-up in each mal. 
However, as figure 2 clearly sholvs, when all the long term hials 

Not all ofthe trials had independerit adjudication of vascula~. 
events, so a bias towards tlie null is possible owing to 
non-dilfierential rnisclassifcation of vascular outcomes in those 
trials without intlcl~endent adjutlication. .4s niore than 70'%1 of 
thc vascular evcnts occun.ed in uials that ~ ~ c r e  acljuclicated, the 
~~otential f o ~  ~iiisda.ssificatio~~ is limited. Inclced, thc summary 
rate ratio Sol. a selective (;OX 2 inhibitol- versus placebo among 
adjudicated h-ids was 1.45 (!15*A1 conficlencc intc~val 1.12 to 
1 .S<l), which is very similar to (he eslimate among all n-ials oSI.42 
(1.13 to 1.78). A further polential source of bias was our 
prospective tlecisio~i to limit eligibility to n-ials of at least four . . 
weeks' du~;~tion, because this resulted hl rhe exclusion of two 
sn~all short tern1 ~anclonlisecl trials of parccosih (the intravc- 
nously ad~ninistcretl p~a-dlxg of valdecosil~) and valdecoxih ver- 
sus placebo anong patients having coronary artrry bypass 
gafting," in which the r i k  of vascular events was increasecl 
threefoltl.'" If these two trials had been included, the wnnrnav 
rate ratio for a selective COX 2 inhibitor vel-sus placebo would 
have been 1.49 (1.20 to 1.85). Hence, although we c;uinot 
esclucle h e  possibility that, at least in the context of vasculal- s u l ~  
gery, the proportional increase in risk of a vascular event is 
highel- hlth parecoxib or valdecoxib than with other selective 
COX 2 inhibitors, fhe exclusion of these hials had a small eKect 
on the overall summary rate ~ a t i o  for a selective COX 2 inllibitoi- 
versus placebo. 

The available data from placebo conh-olled hials were 
uiaclequate to allow assessment of whether the cardiovascular 
risks of selective C:OX 2 inhibito1-s are dose dependent (fig A on 

Events/person years 
Allocated Allocated Rate ratio 

Study COX 2 inhibitor placebo COX 2 inhibilor: placebo 
Alzhe~rner's 
078 2911369 2911563 
091 41300 111367 

126 611 86 511 92 

A~sen 611 22 211 11 
001 131250 21120 

002 1124 211 3 

Subtotal 5912251 5112366 

(2 6%/year) (2 2%lyear) 
Heteroyene~ty between SIX tr~als x2=7 7, df=5, P=O 2 

Polyps 
APPROVe 3413070 1813334 
APC 3514089 612063 

PreSAP 1912794 1211875 
Subtotal 8819953 36/7272 * 

(0 9%/year) (0 5%lyear) 1 80 (1 25 to 2 59) 
P+l001 

Heterogeneity between three trlals xr=2 9, df=2,  P=O 2 

Total 147112 204 8719638 

(1 2%lyear) (0 9%/year) 145  (1 12 10 189) 
P-0 005 

Difference between treatment 
effects in two subtotals: x2=2.9, d t l ,  P=0.09 

0.1 0.25 0.5 1:0 2.5 5.0 10 
Favours Favours 
COX 2 inhibitor placebo 

Heterogeneiiy within subtotals: ~7-10.5, df=7, P=0.2 Treatment effect P=0.005 
Heterogeneity between nine trials: ~ '=13 .4 ,  df=8. P=0.1 

Fig 2 Comparison of effects of selective COX 2 inhibitors versus placebo among trials with scheduled duration of at  least one year. Symbols and  conventions are as 
in fly 1 
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bmnj.coni). Although tvt: found a weak trend ~orvards larger iisks might differ anomig aspi~in users and non-users (lig B 011 

with higher daily doges of celecoxib, this result was driven by the bmj.corn). 
results of one trial.W1e were also unable to cletcrmine reliably 
whether the cartliovascular effects of selective COX 2 inhibitors 

Eventslperson years 

COX 2 inhihitor Allocated Allocaled Aale ralio 
versus: No of trials COX 2 i n h ~ b ~ l o r  NSAlD COX 2 inhibilor: NSAlD 

Vascular events 

(a) Naproxen 42 185116 360 81/10 978 

(1 l%/year) (0 7%lyear) 

Ibuprofen 24 4615848 4715160 

D~clofenac 26 101110 886 7916913 

Other non-naproxen 7 811 66 41274 

(b) Any non-naproxen 51 155116 900 130112 347 

(0 9%lyear) (1 l%lyear) 

Any NSAlD 91 340133 260 211123 325 

(1 O%lyear) (0 9%lyear) 

Heterogene~ty between (a) and (b) ~ ' = 1 0  2 dl-1 P=O 001 

Between non naproxen NSAlDs 17=2 6 dl=2 P=O 3 

Myocardial lnlarcl~on 

(a) Naproxen 42 99/16 360 30110 978 

(0 6%lyear) (0 3%lyear) 

Ibuprofen 24 2115848 2115160 

Dlclofenac 26 61110 886 3216913 

Other non-naproxen 7 511 66 21274 

(b) Any non-naproxen 51 87/16 900 55112 347 

(0 5%lyear) (0 4%lyear) 

Any NSAlD 91 186133 260 85/23 325 

(0 6%/year) (0 4%lyear) 

Heterogene~ty between (a) and (b) x2=4 3, df=l .  P=O 04 

Between non-naproxen NSAlDs ~ " 2  6, df=2 P-0 3 

Slroke 

(a) Naproxen 42 63116 360 40110 978 

(0.4%/year) (0.4%lyear) 

Ibuprofen 24 1715848 1615160 

Diclofenac 26 2311 0 886 3116913 

Other non-naproxen 7 21166 21274 

(b) Any non-naproxen 51 42116 900 4911 2 347 

(0.2%lyear) (0.4%lyear) 

Any NSAlD 91 105133 260 89/23 325 

(0.3%/year) (0.4%lyear) 

Heterogeneity between (a) and (b): ~2=3.6, df=l ,  P=0.06 

Between non-naproxen NSAIDs: x'-2.0, 61-2, P=0.4 

Vascular death 

(a) Naproxen 42 4611 6 360 23110 978 

(0.3Wyear) (0.2%lyear) 

Ibuprofen 24 1315848 1615160 

Dlclofenac 26 24/10 886 251691 3 

Other non-naproxen 7 11166 11274 

(b) Any non-naproxen 51 38116 900 42/12 347 0 67 (0 43 to 1 06) 

(0 2%/year) (0 3%/year) R.0 09 

Any NSAlD 91 84/33 260 65/23 325 

(0.3%lyear) (0.3%lyear) 

Heterogeneity between (a) and (b): x2=5.3, dl-1. P=0.02 I 
Belween non-naproxen NSAIDs: r7=0.6. df.2, P10.8 0.1 0.25 0.5 1.0 2.5 5.0 10 

Favours Favours 
COX 2 inhibitor NSAlO 

Fig 3 Comparison of effects of selective COX 2 inhibitors versus traditional NSAlDs on vascular events, myocardial infarction, stroke, and vascular death. Symbols 
and conventions are as in fig 1. Some trials involved more than one NSAlD comparator, so numbers of trials in subtotals are not a strict sum of numbers for each 
NSAlO 
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might also be associated u;ith an increased risk of vascular some selccfive cyclo-osygellase-2 (COX 2) inhibitors have 
even~s."' AS N 5 . m ~  ruere oligulally developed for dle rel id  of been sllo\,m to illcrease the risk of occlusive vasclllar evelit$, 
pain, long tcmm placebo controlled trials have not been done. I\ but important details remain unclear 
fe\v traditional NSIIUIS with PI-omincnt effccts on  the COX 1 
isozyne, such as indobul'en anil flu]-hiprofen, have been tested as Tmditional non-steroidal anti-inflammatory drugs 
potential aitipkntelct agents in small studies,"" but no (NSAIIIs) inhibit the COX 2 e~lzyn~e, but their effecb on 
adequa~ely powered long tel nt I-andornised trixls have ag\essed vasarlar events are u n h ~ o w ~  

c,  

results ui suslained inhibition o l  COX 1 dependent thrombox- 
anc biosyntlilcsis, rvhcreas both ibuprofen iuid diclofenac have 
much shortel- lialf lives (one to nuo hours), and stantlard hvice 01- 

three times daily regniens llave only transient ell'ec~s. We Iliere- 
fol-c hypothesiscd that the cartliovascular effects of naproxen 
woulcl dlfler &om those of non-naproxen NSAIDs. O u r  I-esults 
inclicated chat high dose ibuproFen (800 nlg tluee times daily) 
ant1 high dose dic1ofen;lc (75 mg twice daily) were each 
associated wid1 a1 ulcreasecl risk of vascular events, but that the 
risks of high dose naproxen (.500 nlg twice daily) were 
substanrially smaller. We had insufficient ii~fonnation to 
detemiine rvhetl~er naproxen was protective. Uncertainty 
remains, however, as to whether thc cardiovascular cftects of 
standt~rcl ( h a t  is, lower) daily doses of these drugs woulcl differ 
from those identified in liiis meta-analysis, and dlis is an impor- 
r;u~t topic for filmrc I-esc;t~.cli. 

Estimating absolute risk 
h l  this pal-ticular group of trials, allocation to a selecrive COX 2 
inhibitor was associatetl with ;~rountl three cxrn  people having a 
vascular event per 1000 rler year, with nlosr of this escess atlli- , , 

but~b le  to nlyocardial infarction. l 'hc annlral excess incidence 
associated with fill1 conil,liance with a selective (;OX 2 illhibitor 
~vould be expected to be larger than Ilus, however. In the 
AI'l'KOVe stud): for example, approxin~atclp onc third of 
I-mdoniised patients discontinued stutly treatment befoi-e h e  
cnd of  the study.'." If this tliscontinuation rate was typical, the 
absolute cxccss incidence of vascular events produced by f-111 
compliance rvitlt a selective COX 2 inhibitor might be four or 
five additional patients having a vascular cvcnt pe-r 1000 treated 
per year overall, with a smaller excess a n o n g  those at lower than 
average risk (such as young women u id i  rheuliiatoid arthritis) 
and a higher excess in those at above average risk (such as older 
patients with establisllecl atlierosclerotic disease). 

Selective COX 2 inhibitors are associated with a moderately 
hicreaed risk of va~cular eventq, largely attributable to a 
twofold inc~eased risk of myocardial infarction 

High dose regimens of sonie traditional NSALDs, such as 
diclofenac and ~buptofen, but not high dose naproxen, are 
associated with a similar excess risk of vasculcw events 

'Ihe choice behveen d ie ren t  anti-hltlammatory regimens 
requires assessment of tlle i~idividual expected absolute 
attributable risks of cardiovascular (ad serious 
gastroultestinal events 
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tugh dose naproxen is not associated rvith such an excess. As dif- 
ferences between anti-inflammatory regimens are likcly to bc 
sniall, very large lando~nisetl trials will be necded if we are to 
idenhfy rvhicll anti-in1lanimato1-y drug rrgimens ~iunimise die 
ovc~all burden of ;tdverse psmointestinal and carcliovasallar 
oULcolIleS. 
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The chief limitation of this study is the relatively snrall nuniber of ~ ~ ~ ~ l l ~ ~ ~ ~  Adllg "c; ~ 7 ~ l r r u n z i O ~  ~ ~ ~ i ~ ~ ~ ~ i ~  ~o , l r l c~a , io l l  ilnd 
events available fol- atdysis, rrhich hninils assessment of lhe haz- from the Conlrnission of the European Communides (EICOSANOX 
al-cls of the ~ r i o L l s  dBercnt selecuvc COX 2 inlfiitol-s a i d  ua. Prnjecr 005033). The autllors ~-ctained full edilol-Pal cor~u'ol oLrhe (rmlenl oL 
ditioriz~l NSAIDs ui particxlar clirlical circumstances. We were 
also limi~ed to analysulg labular stmlrnalies of data, which 
prcventetl us from assessing the timing of the hazard o r  variation 
hi h e  rate ratio among particular s u b g r o u ~ , ~  of patients. More- 
orel-, itre limited attention to cardiovascular hazards, whcrcas the 
choir? bctlvcen tliffcrcnt anti-inflammatory I-e$imrns also ncctls 
to take account of dac.1-elices in their gastroi~itestinal effects. 
Sonle of' tlicsr outstanding unccrti~inties may be resolved by a 
pianned n~era-an;tlysis oSdata o n  intlivitlu;~l patients k o n ~  these 
trials. 

Conclusions 
This meta-analysis has showrl that selecrive COX 2 i11hibito1.s are 
associated with a moderate incrcae in the risk of vascular events, 
as are high tlose rep i l ens  of ibuptofeii and diclofenac, but that 
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