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Statins are frequently used as chronic therapy for reducing cardiovascular mortality
and morbidity, but there has been less emphasis on the role of statins in the periopera-
tive period. This review evaluates data regarding statin use in vascular and noncardiac
surgery, the use of statins in combination with B-blockers in the perioperative

period, perioperative statin use in patients already treated with statins, and the safety

of statin therapy in the perioperative period. Current recommendations state that
patients who are prescribed statins as chronic therapy should continue treatment in
the perioperative period, but data suggest that there may be benefit from the use of
perioperative statins in a wider population.
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mortality associated with surgery. A great deal of attention has been

paid to the role of B-blockers in the perioperative period, with mixed
results as to their efficacy.'™ This article reviews the currently available data to
evaluate the utility of statin therapy at the time of surgery. Unanimity of opin-
ion is lacking regarding the perioperative use of statins. There is a dearth of
double-blind, prospective, randomized trials looking at the role of statins in
the perioperative period, but there are several recent retrospective, observa-
tional studies that suggest that the use of these medications is beneficial in
reducing untoward perioperative events (Table 1).!® However, a review of
18 studies in 2006 concluded that there are inadequate data to recommend

O ptimizing perioperative care is important for reducing morbidity and
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routine administration of statins to
reduce perioperative cardiovascular
risk.!” The current American College
of Cardiology/American Heart Asso-
ciation (ACC/AHA) Perioperative
Guidelines only include a class I in-
dication for perioperative statin
therapy in patients taking statins be-
fore the planned surgery®’; this com-
prises many patients, given that
statin therapy is very effective in

Statin Therapy in the Perioperative Period

both the primary and secondary
prevention of cardiac events.?!"?
There is a class Ila indication for ad-
ministration of statins to patients
undergoing vascular surgery (regard-
less of clinical risk factors), and a
class IIb indication for the use of pe-
rioperative statins in patients with at
least one clinical risk factor who
are undergoing intermediate-risk
procedures.
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Statins are believed to work pri-
marily by lowering low-density
lipoprotein cholesterol levels. How-
ever, aside from their primary effect
on lipids, statins have been shown
in vitro to have pleiotropic effects
(eg, reduction in vascular inflamma-
tion, plaque stabilization, improve-
ment of endothelial function, and
effects on thrombosis) that may
also play a role in reducing the
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Statin Therapy in the Perioperative Period continued

incidence of cardiovascular events
(Figure 1).27%

the “cases,” and from the remaining
patients 2 control subjects were

Aside from their primary effect on lipids, statins have been shown in vitro
to have pleiotropic effects . . . that may also play a role in reducing the in-

cidence of cardiovascular events.

Statin Use in Vascular Surgery
and Noncardiac Surgery
Poldermans and colleagues® under-
took a case-control study evaluating
the association between statin use
and perioperative death. Of 2816 pa-
tients who underwent major vascu-
lar surgery, 160 patients died during
surgery or during the hospital stay.
These 160 patients were selected as

selected for each case. Statins were
used significantly less in the cases
than in the controls, and the risk of
perioperative mortality among statin
users was reduced 4.5 times com-
pared with nonusers, with an ad-
justed odds ratio (OR) of 0.22 (95%
confidence interval [CI], 0.10-0.47).
Medication use, including aspirin
and B-blockers, was adjusted to en-
sure that there was no significant

interaction between the use of the
medication and statins with regard
to perioperative mortality. Although
this is an observational retrospective
study, the results support an associa-
tion between statin use and reduced
perioperative mortality.

In a similar study, O’Neil-Callahan
and coworkers’ retrospectively evalu-
ated patients who underwent noncar-
diac vascular surgery to assess if statin
therapy was associated with decreased
cardiac complications. Among 1163
hospitalizations in 997 patients, there
were 157 complications of interest
(death, acute myocardial infarction
[MI], myocardial ischemia, acute
congestive heart failure, ventricular
tachyarrhythmias). Complications of

Figure 1. Potential mechanism for statin-mediated effect on perioperative vascular events. CRP, C-reactive protein; HMG CoA, 3-hydroxy-3-methyl-
glutaryl-coenzyme A; IL-6, interleukin 6; LDL, low-density lipoprotein; MMP, matrix metalloproteinase; NO, nitric oxide; TF, tissue factor; tPA, tissue

plasminogen activator.
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interest occurred in 9.9% of the hos-
pitalizations in which statins were
given as compared with 16.5% of
the hospitalizations in which statins
were not given; this is an OR of 0.56
(95% CI, 0.39-0.79; P = .0012).
Accounting for other factors, includ-
ing the use of B-blockers, the protec-
tive benefits of statins remained un-
changed. The authors concluded
that 15 patients would need to be
treated with statins to avoid one car-
diac complication. Again taking into
account the retrospective observa-
tional nature of the study, it suggests
that statin use is associated with a
significant reduction in the rate of
complications in patients undergo-
ing vascular surgery.

In a large retrospective cohort
study, Lindenauer and associates®
looked at the relationship between
lipid-lowering therapy and in-
hospital mortality following major
noncardiac surgery. Of 780,591 pa-
tients who underwent major noncar-
diac surgery, 9.9% received lipid-
lowering therapy, and 91% of
patients receiving lipid-lowering
therapy were given statin therapy.
Each patient in the treated group was
matched with up to 2 patients in the
nontreated or late treated group. To
be included in the lipid-lowering
therapy group, patients had to have
received such medication within the
first 2 days of hospitalization. Other-
wise, they were relegated to the non-
treated or late treated group. Crude
mortality was lower in the treatment
group (2.13% vs 3.05%; P < .001),
and when wusing matching by
propensity score the treatment group
mortality rate remained significantly
lower (2.18% vs 3.15%; P < .001).
The perioperative administration of
lipid-lowering medications was asso-
ciated with an adjusted OR of in-
hospital mortality of 0.62 (95% CI,
0.58-0.67), with a number needed to
treat of 85. As cardiac risk increased,

the number needed to treat was re-
duced to 30 in the highest-risk
group. In the lipid-lowering group
there were 70,159 statin users; their
in-hospital mortality rate was 2.09%
and the unadjusted OR was 0.68
(95% CI, 0.64-0.72). This large obser-
vational study provides more evi-
dence to suggest the benefit of statin
use in the perioperative period.
Among the many retrospective
studies evaluating statins in the peri-
operative period, Durazzo and col-
leagues® undertook a prospective,
randomized,  placebo-controlled,
double-blind clinical trial. In this
small study, 100 patients were ran-
domly assigned to receive either
20 mg of atorvastatin or placebo
once daily for 45 days (regardless of
serum cholesterol levels). On aver-
age, 30 days after randomization
(and not earlier than 2 weeks) non-
cardiac vascular surgery was per-
formed, and the patients were fol-
lowed over 6 months to evaluate for
a primary endpoint of death from
cardiac causes, nonfatal MI, unstable
angina, and stroke; 50 patients were
assigned to the atorvastatin group
and 50 to the placebo group. The
primary endpoint was observed in
17 patients: 4 in the atorvastatin
group and 13 in the placebo group.
This is an overall event rate of 26%
in the placebo group compared with
8.0% in the atorvastatin group
(P =.031). There was a significant
decrease in the rate of cardiac events
in the atorvastatin group compared
with the placebo group (P = .018).
Although this is a small study with a
composite endpoint, it is a random-
ized, controlled trial and makes a
strong case for treating patients with
statins prior to vascular surgery.

Statins in Carotid
Endarterectomy

McGirt and associates!® retrospec-
tively evaluated patients undergoing
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carotid endarterectomy (CEA) to as-
sess the association between statin
use and perioperative mortality/
stroke. CEA was performed on 1566
patients, 126 of whom underwent a
combined CEA and coronary artery
bypass grafting procedure. Of the pa-
tients undergoing a procedure, 657
(42%) were taking a statin. To qualify
as a statin user, outpatients had to be
taking the medicine for at least
1 week prior to surgery and inpa-
tients needed to have statins listed
on their admission medication lists.
There were 21 (1.3%) perioperative
deaths and 49 (3.1%) perioperative
strokes. Univariate analysis revealed
that statin use was associated with
both a reduction in perioperative
strokes and mortality: 1.2% versus
4.5% (P < .01) and 0.3% versus 2.1%
(P < .01), respectively. In multivari-
ate analysis (adjusting for comor-
bidities associated with stroke and
perioperative mortality) statin use re-
mained independently associated
with a threefold reduction in the
odds of perioperative stroke and sev-
enfold reduction in the odds of peri-
operative death. The ORs for stroke
and death were 0.29 (0.14-0.61, P <
.05) and 0.14 (0.03-0.62, P < .05),
respectively. These data suggest that
the use of statin therapy reduces the
incidence of perioperative stroke and
mortality in patients undergoing
CEA.

In a retrospective study, Kennedy
and coworkers!'! evaluated whether
statin use before CEA was associated
with a reduction in the rate of in-hos-
pital adverse outcomes. Over 3000
patient charts were reviewed to com-
pare the outcomes of patients on
statins versus those not on statins. At
the time of hospital admission, 815
of 2031 symptomatic patients and
665 of 1252 asymptomatic patients
were treated with a statin. A reduc-
tion in in-hospital mortality and in-
hospital ischemic stroke or death was
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found in symptomatic patients who
were using statins (adjusted OR 0.25
[95% CI, 0.07-0.90], 0.55 [95% CI,
0.32-0.95], respectively). This reduc-
tion was not noted in asymptomatic
patients on statins (adjusted OR, in-
hospital mortality 0.54 [95% CI,
0.13-2.24]; in-hospital ischemic
stroke or death 1.34 [95% CI, 0.61-
2.93]). Similar to the study by McGirt
and associates,!® this study suggests
that there is a benefit from statin use
prior to CEA, but found that the ben-
efit was limited to patients with a
symptomatic indication for CEA.
Randomly controlled trials will need
to be carried out for more definitive
evaluation of this problem.

Another potential benefit of statin
therapy in patients undergoing CEA
was described by LaMuraglia and
coauthors.'” The authors retrospec-
tively evaluated 2127 primary iso-
lated CEAs in 1853 patients. They
noted that patients taking statins
had lower rates of early restenosis
(OR 0.619; P = .0043), early failure
(OR 0.466; P = .012), late progres-
sion (OR 0.280; P < .0001), and late
failure (OR 0.176; P < .0001). Thus,

died during the hospital stay were
studied; 1879 matched control sub-
jects were selected from the remain-
ing patients. Statins and B-blockers
were each associated with a 60% re-
duction in mortality, but there was no
additional benefit seen from adding
one type of medication to the other.
The authors note, however, that few
patients were on both medications
and that a protective effect from dual
therapy should not be excluded on
the basis of this study.

In a second study involving statins
and B-blockers, Kertai and cowork-
ers' evaluated the combination of
statin and a B-blocker on periopera-
tive mortality and MI in patients un-
dergoing abdominal aortic aneurysm
(AAA) surgery. Among 570 patients
who underwent AAA surgery, the
composite endpoint was signifi-
cantly lower in statin users com-
pared with nonusers (3.7% vs 11.0%;
crude OR 0.31; 95% CI, 0.13-0.74;
P = .01). Patients using statins had a
threefold reduced risk of the com-
posite endpoint when enrolled in a
univariate analysis, and a fourfold re-
duction with multivariate analysis.

Statin therapy appears to have significant beneficial effects on both early

and late outcomes after CEA.

statin therapy appears to have signif-
icant beneficial effects on both early
and late outcomes after CEA.

Statins in Combination With
B-Blockers

Several studies have looked at a com-
bination of statins and B-blockers in
patients undergoing surgery. Noordzij
and colleagues'® undertook a retro-
spective case-control study to assess if
the use of statins and a B-blocker is
associated with reduced perioperative
mortality in noncardiac/nonvascular
surgery. Of 75,581 patients who un-
derwent surgery, 989 patients who
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The association between statin use
and reduced incidence of MI and pe-
rioperative mortality remained sig-
nificant after correcting for other co-
variates (OR 0.24; 95% CI, 0.10-0.70;
P = .01). The combination of statins
and B-blockers appeared to offer a
protective benefit, especially in those
patients with more risk factors.
Dunkelgrun  and  associates®
examined the effectiveness of both
B-blockers and statins in intermediate-
risk patients undergoing noncardio-
vascular surgery in a prospective,
open-label trial. The primary end-
point was a composite of cardiac
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death and nonfatal MI 30 days after
surgery. A total of 1066 patients were
randomized: 264 to bisoprolol ther-
apy, 265 to fluvastatin therapy, 269
to combination therapy, and 268 to
double control. The patients who re-
ceived the most benefit were those
who received bisoprolol. Interest-
ingly, there did not appear to be any
heterogeneity in the benefit of biso-
prolol between patients randomized
to fluvastatin versus fluvastatin con-
trol (P = .26). In patients who re-
ceived fluvastatin versus those not
receiving fluvastatin, there was a
nonsignificant reduction in the inci-
dence of the primary endpoint (OR
0.65; 95% ClI, 0.35-1.1; P = .17). The
authors postulate that this may be
due to the fact that the study was
terminated early and lacked statisti-
cal power to reveal clinically impor-
tant differences. Another potential
reason may be secondary to treat-
ment bias, as this was an open-label
design with lack of blinding. It will
be interesting to see if these results
are replicable with larger random-
ized, controlled trials.

Long-Term Treatment With
Statins Postoperatively

Once the issue of optimal periopera-
tive management is addressed, fur-
ther questions arise, such as whether
there are benefits for continued use
of statins postoperatively. Kertai and
coworkers!® addressed this question
in a study based on the patients de-
scribed above. Among 519 patients
who survived AAA surgery beyond
30 days, 510 were followed for a me-
dian of 4.7 years. These patients were
evaluated for the use of statins as
well as for clinical risk factors.
Among the 205 patients (40%) who
died during follow-up, 140 deaths
were due to cardiovascular causes.
The incidence of all-cause mortality
and cardiovascular mortality were
both significantly lower in statin
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users than in patients not taking
statins: 18% versus 50% (P < .001)
and 11% versus 34% (P < .001), re-
spectively. Taking into account
B-blocker use and clinical risk fac-
tors, statin use continued to impart
significant mortality benefits. Statin
users had significantly improved
survival, with a 2.5-fold reduction in
the risk of all-cause mortality (hazard
ratio [HR] 0.4; 95% CI, 0.3-0.5) and
a > threefold reduction in the risk
of cardiovascular mortality (HR 0.3;
95% CI, 0.2-0.6). The data suggest
that long-term use of statins after
successful AAA repair is associated
with improved mortality.

Perioperative Statin Use in
Patients Already Receiving
Statins

Schouten and colleagues'® examined
whether patients who are already re-
ceiving a statin should continue to
be treated during the perioperative
period. They studied 298 patients re-
ceiving long-term statin therapy
who underwent elective major vas-
cular surgery. Long-term statin ther-
apy was defined as use at the time of
the first preoperative visit. Endpoints
for the study were postoperative tro-
ponin release, nonfatal MI, cardio-
vascular death <30 days after
surgery, and a combination of nonfa-
tal MI and cardiovascular death
< 30 days after surgery. Statin ther-
apy was interrupted during the peri-
operative period in 70 patients, with
a mean interruption time of 3 days.
In univariate analysis, patients who
continued statin therapy had signifi-
cantly decreased rates of myocardial
ischemia, MI, cardiovascular death,
and the combination of cardiovascu-
lar death and nonfatal MI: 16.7%
versus 60%, 5.7% versus 30.0%, 1.8%
versus 7.1%, and 5.7% versus 31.4%,
respectively. When applying multi-
variate analysis, statin interruption
remained an independent predictor

of adverse cardiac outcome. This
study suggests that statin withdrawal
during the perioperative period is as-
sociated with an increased risk of car-
diac events. Although it was not a
double-blind, prospective random-
ized trial, this study should encour-
age physicians to give thought to dis-
continuing statins in those patients
who are already receiving them.

In a similar study, Le Manach and
coworkers!” examined cardiac out-
come in patients who continued
statin therapy after major vascular
surgery compared with those who
discontinued statin therapy. This ret-
rospective analysis included patients
on chronic statin therapy who un-
derwent nonemergent infrarenal
aortic reconstructive surgery or en-
doprosthetic procedures. A total of
491 patients were included in the
discontinuation group, in which the
median delay for resuming statin
therapy postoperatively was 4 days,
and 178 patients were included in
the continuation group, in which
the median delay for resuming statin
therapy postoperatively was 1 day.
After adjusting for propensity score,
the authors found a significant risk

statins from patients on chronic
statin therapy who are undergoing
infrarenal aortic surgical or percuta-
neous treatment is associated with a
higher risk of cardiac morbidity.

Safety of Statins in the
Perioperative Period

A major question that should be an-
swered before starting patients on a
statin prior to surgery is whether
therapy is safe in the perioperative
period. One of the major adverse
events associated with statin use is
myopathy. Schouten and col-
leagues'® evaluated the influence of
statin use on postoperative myopa-
thy in patients undergoing major
noncardiac surgery. Patients sched-
uled to undergo major elective vas-
cular surgery were evaluated for total
serum cholesterol levels; if levels
were elevated (> 5.5 mmol/L) pa-
tients were treated with statins. Pa-
tients already taking a statin re-
mained on it. The patients were
evaluated for muscle complaints and
elevation in creatinine phosphoki-
nase (CPK) levels, creatine Kkinase-
MB, aspartate transaminase, alanine
aminotransaminase, and troponin T

Patients who were on statin therapy had a significantly higher CPK level at
hospital admission; however, CPK levels did not exceed the upper limit of
normal and there were no muscle complaints. During the perioperative pe-
riod no patient reported muscle weakness or pain.

for myonecrosis in the discontinua-
tion group (OR 2.1; 95% CI, 1.1-3.8;
P < .03). The continuation group,
however, was associated with a sig-
nificant risk reduction for myonecro-
sis (OR 0.38; 95% CI, 0.15-0.98; P <
.04). Patients in whom statin therapy
was resumed more than 4 days post-
operatively had a 2.9-fold increase in
the postoperative rate of myonecro-
sis. Although this retrospective study
has some limitations, it does suggest
that postoperative withdrawal of
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levels preoperatively, and at days 1,
3, and 7 after surgery. Patients who
were on statin therapy had a signifi-
cantly higher CPK level at hospital
admission; however, CPK levels did
not exceed the upper limit of normal
and there were no muscle com-
plaints. During the perioperative
period no patient reported muscle
weakness or pain. Median maximum
CPK level was 301 U/L (range 16-
13,377) in statin users and 192 U/L
(range 8-30,390) in patients not
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receiving statins. When corrected for
length of surgery, cardiac risk factors,
and risk factors for myopathy, the dif-
ference between users and nonusers
was not significant (P = .142).

Conclusions

In the most recent ACC/AHA Periop-
erative Guidelines, there is a class IA
recommendation for perioperative
statin therapy in patients who were
prescribed the medication before
surgery and a class IIA recommenda-
tion for patients undergoing vascular
surgery. Several retrospective studies
suggest that there is a benefit from
use of statins in a wider population
undergoing surgery, as evidenced by
a reduction in cardiovascular events
and death, raising the question as to
whether perioperative statins should
be used more frequently. Another
question that needs to be addressed
is whether patients undergoing
surgery  (particularly  vascular
surgery) who have lipid levels within
guideline limits for their underlying
condition would benefit from a
pleiotropic effect of statin therapy.
Prospective randomized trials will
need to be undertaken to obtain
more definitive information. [ ]
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