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Abstract
Background: We assessed associations between intraoperative neuraxial block and postoperative epidural analgesia, and a
composite primary outcome of death or non-fatal myocardial infarction, at 30 days post-randomization in POISE-2 Trial subjects.
Methods: 10 010 high-risk noncardiac surgical patientswere randomized aspirin or placebo and clonidine or placebo. Neuraxial
block was defined as intraoperative spinal anaesthesia, or thoracic or lumbar epidural anaesthesia. Postoperative epidural
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analgesia was defined as postoperative epidural local anaesthetic and/or opioid administration. We used logistic regression
with weighting using estimated propensity scores.
Results: Neuraxial block was not associated with the primary outcome [7.5% vs 6.5%; odds ratio (OR), 0.89; 95% CI (confidence
interval), 0.73–1.08; P=0.24], death (1.0% vs 1.4%; OR, 0.84; 95%CI, 0.53–1.35; P=0.48),myocardial infarction (6.9% vs 5.5%; OR, 0.91;
95% CI, 0.74–1.12; P=0.36) or stroke (0.3% vs 0.4%; OR, 1.05; 95% CI, 0.44–2.49; P=0.91). Neuraxial block was associated with less
clinically important hypotension (39% vs 46%; OR, 0.90; 95% CI, 0.81–1.00; P=0.04). Postoperative epidural analgesia was not
associated with the primary outcome (11.8% vs 6.2%; OR, 1.48; 95% CI, 0.89–2.48; P=0.13), death (1.3% vs 0.8%; OR, 0.84; 95% CI,
0.35–1.99; P=0.68], myocardial infarction (11.0% vs 5.7%; OR, 1.53; 95% CI, 0.90–2.61; P=0.11], stroke (0.4% vs 0.4%; OR, 0.65; 95% CI,
0.18–2.32; P=0.50] or clinically important hypotension (63% vs 36%; OR, 1.40; 95% CI, 0.95–2.09; P=0.09).
Conclusions: Neuraxial block and postoperative epidural analgesia were not associated with adverse cardiovascular outcomes
among POISE-2 subjects.
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Key points

• The interaction betweenneuraxial anaesthesia or analgesia
and a primary outcome of death or nonfatal myocardial
infarction was studied.

• In a subanalysis of the POISE-2 Trial, neuraxial anaesthesia
or postoperative epidural analgesiawas not associatedwith
death, myocardial infraction or stroke in high-risk noncar-
diac surgery subjects, in contrast to findings from the
POISE-1 Trial.

• Neuraxial anaesthesia was associated with less hypoten-
sion than general anaesthesia.

• Additional large randomized controlled trials of the impact
of anaesthetic technique on cardiovascular outcome are
necessary.

The effects of intraoperative neuraxial block and postoperative
epidural analgesia on major cardiovascular outcomes after non-
cardiac surgery remain controversial.1–4 No large randomized
controlled trial in at-risk patients focused on cardiovascularmor-
bidity andmortality has been published in the last decade5 6 and
no trial is registered with major clinical trials registries world-
wide.7–11 Systematic reviews continue to summarize the results
of small and heterogeneous studies.12 Post hoc analyses of large
multi-centre randomized controlled trials of other interventions,
in which large numbers of patients at high risk of adverse cardio-
vascular outcomes received intraoperative neuraxial block or
postoperative epidural analgesia, therefore remain one of the
options for exploring this controversy.13 14 In such an analysis
of the POISE-1 Trial subjects we reported that neuraxial block
was associated with increased odds of the composite primary
outcome (cardiovascular death, nonfatal myocardial infarction
and nonfatal cardiac arrest) and secondary outcome of myocar-
dial infarction.13

The POISE-2 Trial presents another such opportunity. In
POISE-2, 10 010 noncardiac surgery patients at risk of cardiovas-
cular complications were randomized using a factorial design
to aspirin or placebo and clonidine or placebo, and were followed
for 30 days for a composite primary outcome of death or nonfatal
myocardial infarction.15 Many subjects had surgery under neur-
axial block, with or without general anaesthesia, and received
postoperative epidural analgesia. A pre-specified subgroup ana-
lysis of the main study revealed a significant interaction
(P=0.01) between clonidine treatment and neuraxial block: cloni-
dine was associated with increased risk of the primary outcome
in subjectswho did not receive neuraxial block [hazard ratio, 1.30;

95% confidence interval (CI), 1.05–1.60] but not in subjects who
did receive neuraxial block (hazard ratio, 0.89; 95% CI, 0.58–
1.38).16 This effect was counter to the direction of our a priori
hypothesis, but was not adjusted for potentially confounding
factors.

The primary aim of the current post hoc study was to deter-
mine the relationship between intraoperative neuraxial block or
postoperative epidural analgesia and the primary outcomewith-
in 30 days of randomization in the POISE-2 Trial. Secondary aims
included further exploration of the apparent interaction between
clonidine and intraoperative neuraxial block with respect to the
primary outcome.

Methods
The POISE-2 Trial protocol was registered with ClinicalTrials.gov
(NCT00182874) and the main results have been published.16 17

The trial was multi-centred, blinded, randomized and placebo-
controlled. Patients were recruited if they were aged ≥45 yr,
were undergoing noncardiac surgery and fulfilled at least one of
the following criteria: history of coronary artery disease, periph-
eral vascular disease, stroke, planned major vascular surgery or
any three of nine cardiovascular risk criteria. Patients were ex-
cluded if they had a contraindication to administration of aspirin
or clonidine or had a bare-metal stent inserted <six weeks or
drug-eluting coronary stent inserted <one yr before randomiza-
tion. Patients taking aspirin chronically had to stop it at least
72 h before surgery to be eligible. Ethics committee approval
was obtained at all centres and written consent was provided
by all subjects.

In POISE-2, aspirin (200 mg) or placebo was administered pre-
operatively and for 30 days (in aspirin-naïve subjects) or seven
days (in subjects who had been taking aspirin chronically before
randomization) at a 100 mg dose. Clonidine (0.2 mg) or placebo
was administered preoperatively and was continued for three
days. Troponin or creatine kinase-myocardial band assays were
monitored during the first three days after surgery. The primary
outcome was a composite of death or nonfatal myocardial in-
farction within 30 days of randomization. Secondary outcomes
included death, myocardial infarction, stroke and clinically
important hypotension, which was defined as a systolic arterial
pressure of <90 mm Hg recorded at least once any time in the
studyperiod and requiring treatmentor studydrugdiscontinuation.

The current analysis was designed and executed post hoc,
according to a statistical analysis plan that was prospectively
approved by the POISE-2 Trial Publications Committee. Neuraxial
block was defined as intraoperative administration of spinal
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anaesthesia, or thoracic or lumbar epidural anaesthesia, with or
without general anaesthesia or nerve block. Postoperative epi-
dural analgesia was defined as postoperative administration of
epidural local anaesthetic and/or opioid. No further data about
the decision to use neuraxial block and/or postoperative epidural
analgesia or the details of these techniques were recorded in
the POISE-2 Trial.

Data analysis

Baseline characteristicswere summarized asmean () or (range)
for continuous variables and number (%) for categorical vari-
ables. Groups were compared using analysis of variance and χ2

tests, respectively.
Neuraxial block and postoperative epidural analgesia were

not randomly assigned in the POISE-2 Trial. An inverse probabil-
ity of treatment weighting technique therefore was used to
reduce the bias of these nonrandomized treatment comparisons.
Similar methods were used in our post hoc analysis of the POISE-1
Trial.13

The inverse probability of treatment weighting approach is
one of a class ofmethods known as propensity scoremethods.18

The unifying property of these methods is that the estimated
probability that each patient will receive the intervention (the
propensity score), is used to obtain a sample in which charac-
teristics are balanced between the treatment groups. In con-
trast to data from randomized trials, balance is only possible
for the covariates that are included in the model used to
estimate the propensity score. The covariate of participating
countries was handled through grouping the 23 countries into
the following regions recruiting >10% of the patients each: 1)
Canada; 2) USA; 3) Central and South America; 4) Europe; 5)
South Africa, Pakistan, India and Malaysia, and 6) Hong Kong
and Australia.

Balance of characteristics between groupswas assessed using
standardized differences (the difference between the percentage/
mean between groups, divided by the standard deviation).19 The
standardized difference is expressed as a percentage, and charac-
teristics with absolute values ≥10% are considered to represent a
meaningful imbalance between groups.20 Propensity score ap-
proaches assume that each patient has a positive probability of
both receiving the intervention and not receiving the interven-
tion (known as the positivity assumption), leading to our exclu-
sion of spinal surgery patients from all comparisons in this
analysis, as they were not eligible for neuraxial block. For each
of the treatment comparisons, groups in which none or few of
the patients received the intervention, were excluded to satisfy
the positivity assumption. Patients with multiple or unknown
types of neuraxial block, patients having surgery under local an-
aesthesia only andpatients havingmore than one type of surgery
were excluded from all analyses.

Logistic models for each intervention dependent on baseline
characteristics, were used to estimate propensity scores. Follow-
ing standard recommendations,19 logistic regression models
were selected iteratively, by first including all baseline character-
istics, assessing the balance between groups using standardized
differences, then including interaction terms as appropriate,
until no further imbalance could be removed. The development
occurred without reference to the outcome variables.

The ‘common support’ condition, implied by the positivity as-
sumption,21 states that in each treatment group there must be
comparable subjects in the other treatment group.22 Subjects in
each treatment group that do not have subjects in the other
group with similar propensity scores are thus in violation of

this condition and were excluded from analyses. For example,
for the neuraxial block comparison, those patients receiving
neuraxial block with higher propensity scores than any subjects
not receiving neuraxial block were excluded, as were subjects
who did not receive neuraxial block with a lower propensity
score than that of any subject who did receive neuraxial block.
In this way, subjects in each neuraxial block treatment group
without a comparable counterpart in the other group were
excluded from analyses. This process ensured that the analysis
only included neuraxial block subjects who were most similar
to the no neuraxial block subjects. The common support
conditionwas applied to all neuraxial and postoperative epidural
analgesia analyses.

To estimate the associationwith the treatment for the primary
outcome, death, myocardial infarction, stroke and clinically im-
portant hypotension, each subject was weighted by the inverse
of the probability of receiving the treatment they actually received,
and the logistic regression model for the outcome was fitted with
the treatment as the sole predictor, with odds ratios (OR) and 95%
CIs for the effect of treatment estimated. If any covariates re-
mained unbalanced between the two groups, thesewere included
as additional covariates in additional regression models.

To assess the sensitivity of estimates to extreme inverse prob-
ability of treatment weights, for each comparison, weights were
truncated at the 1st and 99th percentiles, and outcome regres-
sion models were estimated again.

To assess the interaction of neuraxial block and clonidine,
adjusted ORs for clonidine were estimated in subjects receiving
and not receiving neuraxial block.

Secondary analyses were undertaken to assess the impact of
the following interventions: general anaesthesia alone vs spinal
anaesthesia alone (as few subjects received spinal anaesthesia
combined with general anaesthesia); general anaesthesia alone
vs thoracic epidural combined with general anaesthesia (as few
subjects received thoracic epidural alone); general anaesthesia
alone vs lumbar epidural with or without general anaesthesia
(as too few subjects had lumbar epidural to allow separate com-
parisons with or without general anaesthesia); no postoperative
epidural analgesia vs postoperative epidural analgesia; and post-
operative epidural opioid alone vspostoperative local anaesthetic
with or without opioid.

All analyses were conducted using Stata version 12 (Stata
Corporation, College Station, TX, USA) Statistical significance
was ascribed at P<0.05.

Results
In total 8924 subjects were included in the neuraxial block
analysis and 2827 subjects were included in the postoperative
epidural analgesia analysis. The reasons for exclusions from
the analyses are outlined in Table 1.

Neuraxial block was administered to 3986 (45%) of the 8924
subjects who were included in the neuraxial block analysis.
These subjects were more likely to be male and to be presenting
for vascular or orthopaedic surgery than subjects not receiving
neuraxial block (Table 2). There were differences in the percen-
tages of included subjects receiving neuraxial block in different
regions (Canada=62%, USA=27%, Europe=41%, Central and
South America=31%, South Africa/Pakistan/India/Malaysia=47%,
Hong Kong and Australia=26%). Baseline imbalances between
intervention groupswere reduced to acceptable levels by propen-
sity score weighting and exclusion of subjects to ensure satisfac-
tion of the common support assumption.Weighting also reduced
imbalance with respect to the spinal anaesthesia and thoracic
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Table 1 Exclusions and final sample sizes for each of the analyses. *Includes 198 patients without general anaesthesia or neuraxial block, four with unknown anaesthesia type, 222 withmultiple
types of neuraxial block, 217 having spinal surgery and 293 having >one type of surgery; †Postoperative analgesia is defined as one or more of epidural opioid, epidural local anaesthetic,
continuous nerve block or parenteral opioid analgesia; ‡Only 172 (4.8%) of these patients received postoperative epidural analgesia; §Includes nine observations dropped for predicting treatment
perfectly; ||Includes 1934 patients who had postoperative analgesia without epidural analgesia, 97 with epidural local anaesthetic only, 263 with epidural opioid only and 533 with epidural local
anaesthetic and opioid; ¶Includes 125 with epidural local anaesthetic only, 340 with epidural opioid only and 606 with epidural local anaesthetic and opioid; **The ‘common support’ condition
states that in each treatment group there must be comparable patients in the other treatment group

10 010 patient enrolled in POISE-2 Trial Main
and sub-analysis groups

Excluded from
all analyses*

Other exclusions Missing
data

‘Common support’
condition**

Final sample
size

No neuraxial block vs neuraxial block 934 – 130 22 8924
General anaesthesia vs thoracic epidural with

general anaesthesia
934 3749 given neither general anaesthesia nor thoracic epidural

976 having orthopaedic surgery
307 having low risk surgery
523 from Central and South America
372 from South Africa, Pakistan, India and Malaysia

18 5 3126

General anaesthesia vs spinal anaesthesia 934 1820 given neither general anaesthesia alone nor spinal anaesthesia alone
(includes 162 given both general anaesthesia and spinal anaesthesia)

371 having thoracic surgery

90 285 6510

General anaesthesia vs lumbar epidural with
or without general anaesthesia

934 4036 given neither general anaesthesia nor lumbar epidural
371 having thoracic surgery
1959 having general surgery
319 having low risk surgery

one with extreme inverse probability of treatment weight (>100)

68 190 2132

No postoperative epidural analgesia vs
postoperative epidural analgesia

934 2513 not receiving any postoperative analgesia†

3607 not receiving any neuraxial block during surgery‡
68§ 61 2827||

Postoperative epidural local anaesthetic with
or without opioid vs postoperative
epidural opioid

934 7959 not receiving postoperative epidural analgesia
12 having low-risk surgery

10 24 1071¶
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Table 2Neuraxial block baseline characteristics. *Except for heart rate, systolic blood pressure and BMIwhich are presented asmean () and age asmean (range). Std diff, standardized difference;
COX, cyclooxygenase; NSAID, non-steroidal anti-inflammatory; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; CCB, calcium channel blocker

Characteristic Unweighted Propensity score weighted

No neuraxial block
(n=4938) % (n)*

Neuraxial block
(n=3986) % (n)*

Std diff (%) P-value No neuraxial
block %*

Neuraxial
block %*

Std diff (%) P-value

Sex (female) 47.8 (2360) 45.5 (1812) 4.7 0.028 45.6 45.3 0.5 0.848
Coronary artery disease history 22.7 (1121) 22.3 (889) 1.0 0.654 23.4 23.2 0.4 0.891
Peripheral vascular disease history 7.6 (377) 9.0 (360) −5.1 0.017 8.3 8.8 −1.7 0.516
Stroke history 5.8 (285) 4.8 (191) 4.4 0.041 5.7 5.9 −0.8 0.771
Congestive heart failure history 3.3 (163) 3.0 (118) 2.0 0.360 3.2 3.2 −0.1 0.977
Transient ischaemic attack history 3.4 (166) 3.9 (157) −3.1 0.147 4.0 3.9 0.4 0.885
Diabetes on oral hypoglycaemic or insulin 39.3 (1939) 35.3 (1408) 8.2 <0.001 37.5 37.0 1.0 0.692
Hypertension 85.8 (4239) 86.6 (3452) −2.2 0.302 85.9 86.2 −1.0 0.709
Preoperative serum creatinine elevated 3.5 (171) 2.6 (104) 5.0 0.020 2.9 2.7 1.0 0.658
Smoking history 26.5 (1310) 23.3 (930) 7.4 0.001 25.9 26.0 −0.3 0.898
Emergency/urgent surgery 8.2 (404) 5.4 (215) 11.1 <0.001 7.0 6.3 2.6 0.321
Preoperative medications (7 days before surgery)

Aspirin 20.6 (1019) 26.3 (1049) −13.4 <0.001 22.8 23.1 −0.8 0.763
COX-2 inhibitor 2.4 (120) 7.5 (300) −23.6 <0.001 4.5 4.6 −0.5 0.858
Prophylactic antithrombotic agent 4.1 (202) 4.4 (175) −1.5 0.484 4.3 3.9 1.9 0.410
NSAID/non-COX-2 inhibitor 6.6 (328) 11.0 (440) −15.5 <0.001 8.7 8.6 0.4 0.878
ACEI/ARB/direct renin inhibitor 55.8 (2757) 60.8 (2423) −10.1 <0.001 57.3 57.7 −0.9 0.733
Rate controlling CCB 5.3 (262) 5.2 (207) 0.5 0.813 5.4 5.2 0.8 0.767
Dihydropyridine CCB 24.2 (1194) 24.6 (981) −1.0 0.637 23.7 24.0 −0.7 0.782
Beta-blocker 30.7 (1518) 25.8 (1030) 10.9 <0.001 28.6 28.8 −0.5 0.858
Statin 44.1 (2177) 48.4 (1930) −8.7 <0.001 45.5 46.1 −1.3 0.627
Insulin or oral diabetic drug 40.2 (1986) 36.3 (1446) 8.1 <0.001 38.6 38.0 1.1 0.670

Surgery type <0.001 0.950
Vascular 4.3 (211) 8.3 (332) −16.8 5.7 5.9 −0.7
Thoracic 7.2 (354) 4.7 (189) 10.3 6.1 6.0 0.3
Orthopaedic 21.2 (1045) 61.1 (2436) −88.8 39.6 39.2 0.9
Urological/gynaecological 21.3 (1051) 10.8 (432) 28.7 16.5 16.3 0.7
General 39.9 (1968) 12.2 (488) 66.3 27.4 28.3 −2.1
Low risk 6.3 (309) 2.7 (109) 17.1 4.6 4.3 1.7

Region <0.001 0.541
Canada 25.3 (1247) 50.2 (1999) −53.2 34.4 35.4 −2.1
USA 21.7 (1071) 10.0 (397) 32.6 16.6 17.2 −1.7
Central & South America 13.2 (654) 7.5 (300) 18.8 10.7 9.5 3.8
Europe 18.8 (926) 16.2 (647) 6.6 17.6 17.6 0.0
South Africa, Pakistan, India, Malaysia 10.7 (530) 11.7 (466) −3.0 13.1 12.1 3.1
Hong Kong & Australia 10.3 (510) 4.4 (177) 22.7 7.6 8.2 −2.2

Treatment group 0.934 0.991
Clonidine placebo+aspirin 25.0 (1234) 25.0 (996) 0.0 24.8 25.1 −0.6
Clonidine+aspirin placebo 25.5 (1257) 24.9 (993) 1.3 25.2 25.3 −0.3
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epidural sub-analyses, however a number of variables remained
imbalanced with respect to the lumbar epidural sub-analysis
(absolute value of standardized differences >10%) (Supplemen-
tary material, Tables S1–S3).

Postoperative epidural analgesia was administered to 893
(32%) of the 2827 subjects whowere included in the postoperative
epidural analgesia analysis. These subjects weremore likely to be
male and less likely to be presenting for orthopaedic surgery
than subjects not receiving postoperative epidural analgesia
(Table 3). There were differences in the percentages of included
subjects receiving postoperative epidural analgesia in different
regions (Canada=24%, USA=50%, Europe=49%, Central and
South America=38%, South Africa/Pakistan/India/Malaysia=16%,
Hong Kong and Australia=37%). Baseline imbalances between
postoperative epidural analgesia and no postoperative epidural
analgesia subjects were reduced by propensity score weighting,
however a number of variables remained imbalanced (absolute
value of standardized differences >10%). Weighting reduced im-
balance to acceptable levels between postoperative epidural
local anaesthetic with or with opioid and postoperative epidural
opioid alone (Supplementary material, Table S4).

Neuraxial blockwas not associatedwith the primary outcome
(OR, 0.89; 95% CI, 0.73–1.08; P=0.24), death (OR, 0.84; 95% CI, 0.53–
1.35; P=0.48), myocardial infarction (OR, 0.91; 95% CI, 0.74–1.12;
P=0.36) or stroke (OR, 1.05; 95% CI, 0.44–2.49; P=0.91). The odds
of an association between neuraxial block and clinically import-
ant hypotensionwas 0.90 (95% CI, 0.81–1.00; P=0.04) (Table 4). The
odds of the primary outcome in clonidine-treated patients not
having neuraxial block was 0.91 (95% CI, 0.70–1.19) and in cloni-
dine-treated patients having neuraxial block was 1.28 (95% CI,
0.96–1.71) (P value for interaction=0.087) (Table 5).

Spinal anaesthesia alone was associated with lower odds of
the primary outcome (OR, 0.44; 95% CI, 0.33–0.57; P<0.001),
death (OR, 0.41; 95% CI, 0.19–0.86; P=0.02), myocardial infarction
(OR, 0.46; 95% CI, 0.35–0.60; P<0.001) and clinically important
hypotension (OR, 0.37; 95% CI, 0.32–0.43; P<0.001) than general
anaesthesia alone. Thoracic epidural combined with general an-
aesthesia was associated with greater odds of clinically import-
ant hypotension than general anaesthesia alone (OR, 2.06; 95%
CI, 1.60–2.66; P<0.001). There were no statistically significant
associations with any of the outcomes in the lumbar epidural
analyses (Table 4).

Postoperative epidural analgesia was not associated with a
significant effect on the primary outcome (OR, 1.48; 95% CI,
0.89–2.48; P=0.13), death (OR, 0.84; 95% CI, 0.35–1.99; P=0.68), myo-
cardial infarction (OR, 1.53; 95% CI, 0.90–2.61; P=0.11), stroke (OR,
0.65; 95% CI, 0.18–2.32; P=0.50) or clinically important hypoten-
sion (OR, 1.40; 95% CI, 0.95–2.09; P=0.09). Postoperative epidural
local anaesthetic with or without opioid was associated with
greater odds of clinically important hypotension than post-
operative epidural opioid alone (OR, 1.74; 95% CI, 1.29–2.34;
P<0.001) (Table 4). Sensitivity analyses produced similar results
to the original analyses (Supplementary material, Tables S5
and S6).

Discussion
The principal result of these post hoc analyses was that neuraxial
block and postoperative epidural analgesia were not associated
with the primary outcome, death, myocardial infarction or
stroke. However our sub-analyses suggest that theremay be a dif-
ference between spinal anaesthesia and thoracic epidural anaes-
thesia with respect to adverse outcomes that could be explored
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Table 3 Postoperative epidural analgesia baseline characteristics. *Except for heart rate, systolic blood pressure and BMI which are presented as mean () and age as mean (range). Std diff,
standardized difference; COX, cyclooxygenase; NSAID, non-steroidal anti-inflammatory; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; CCB, calcium
channel blocker

Characteristic Unweighted Propensity score weighted

No postoperativeepidural
(n=1934) % (n)*

Postoperative epidural
(n=893) % (n)*

Std Diff
(%)

P-value No postoperativeepidural %* Postoperativeepidural %* Std diff
(%)

P-value

Sex (female) 50.9 (985) 39.4 (352) 23.3 <0.001 47.4 40.4 14.1 0.166
Coronary artery disease history 20.7 (401) 20.2 (180) 1.4 0.724 21.4 21.7 −0.7 0.943
Peripheral vascular disease history 7.0 (135) 11.4 (102) −15.4 <0.001 9.2 15.8 −22.9 0.094
Stroke history 4.4 (85) 4.0 (36) 1.8 0.657 4.7 3.5 6.1 0.402
Congestive heart failure history 3.2 (61) 2.6 (23) 3.5 0.400 2.8 3.7 −5.6 0.571
Transient ischaemic attack history 4.0 (77) 4.4 (39) −1.9 0.631 4.3 4.4 −0.7 0.947
Diabetes on oral hypoglycaemic or

insulin
36.2 (701) 32.4 (289) 8.2 0.044 36.9 40.9 −8.4 0.429

Hypertension 89.2 (1726) 83.8 (748) 16.1 <0.001 87.2 90.4 −9.4 0.292
Preoperative serum creatinine

elevated
2.0 (39) 2.2 (20) −1.5 0.700 2.4 3.2 −5.7 0.673

Smoking history 19.3 (373) 32.6 (291) −30.7 <0.001 21.7 20.8 2.3 0.776
Emergency/urgent surgery 5.4 (105) 5.7 (51) −1.2 0.760 5.5 6.1 −2.9 0.693
Preoperative medications (7 days before surgery)

Aspirin 26.0 (503) 26.8 (239) −1.7 0.671 25.2 29.1 −8.9 0.380
COX-2 inhibitor 10.3 (199) 2.5 (22) 32.4 <0.001 7.5 8.0 −2.0 0.907
Prophylactic antithrombotic agent 2.9 (56) 2.8 (25) 0.6 0.887 2.6 4.0 −8.5 0.306
NSAID/non-COX-2 inhibitor 12.2 (235) 6.0 (54) 21.3 <0.001 9.6 8.1 5.5 0.530
ACEI/ARB/direct renin inhibitor 63.4 (1227) 59.7 (533) 7.7 0.055 63.8 61.5 4.7 0.633
Rate controlling CCB 5.3 (102) 4.5 (40) 3.7 0.368 5.1 6.3 −5.6 0.622
Dihydropyridine CCB 26.8 (518) 21.8 (195) 11.6 0.005 24.5 28.6 −9.6 0.337
Beta-blocker 25.5 (494) 27.2 (243) −3.8 0.347 26.3 24.2 4.8 0.620
Statin 50.5 (976) 46.2 (413) 8.4 0.037 50.1 51.7 −3.2 0.752
Insulin or oral diabetic drug 37.0 (715) 33.5 (299) 7.3 0.072 37.6 41.3 −7.7 0.467

Surgery type <0.001 0.990
Vascular 3.5 (68) 16.3 (146) −43.9 7.4 7.0 1.3
Thoracic 0.6 (11) 16.1 (144) −58.6 6.7 5.1 6.0
Orthopaedic 84.4 (1632) 18.0 (161) 177.5 62.9 65.2 −6.0
Urological/gynaecological 4.1 (80) 17.0 (152) −42.8 8.7 7.7 3.3
General 6.0 (117) 31.9 (285) −69.9 13.2 13.6 −1.2
Low risk 1.3 (26) 0.6 (5) 8.1 1.1 1.3 −2.6

Region <0.001 0.834
Canada 58.3 (1128) 39.8 (355) 37.8 52.8 55.5 −5.6
USA 9.5 (184) 20.6 (184) −31.4 12.0 10.9 3.1
Central & South America 5.4 (104) 7.3 (65) −7.8 6.0 5.9 0.6
Europe 10.4 (201) 21.4 (191) −30.4 14.6 12.0 7.2
South Africa, Pakistan, India,
Malaysia

11.6 (224) 4.9 (44) 24.4 9.5 10.9 −5.1

Hong Kong & Australia 4.8 (93) 6.0 (54) −5.5 5.1 4.8 1.1
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further with appropriately designed randomized controlled
trials.

The existing literature can be argued to support conflicting
viewpoints on the effect of neuraxial block on adverse cardiovas-
cular outcomes.3 14 The current analysis adds to previous reports,
supporting the view that neuraxial block does not alter cardio-
vascular outcomes and that the decision to use neuraxial block
should be based on other criteria.5 6 12 23 24 None of the available
evidence is definitive. The largest randomized trials (Park and
colleagues,5,6 n=1021; the MASTER trial, n=915) were underpow-
ered for death andmyocardial infarction. Systematic reviews ne-
cessarily summarize small studies, many are of inferior quality
and conducted decades ago,12 23 25–27 and concern is mounting
about the risk of type 1 error from repeated testing.28 Large retro-
spective studies24 29 30 and post hoc analyses of large randomized
trials of other interventions13 provide high numbers of events but
are limited by the methods available to minimize bias.14 31–34

Despite this lack of definitive evidence, many anaesthetists still
believe that neuraxial block represents a useful intervention to
reduce perioperative mortality.1

We conducted a similar post hoc analysis of the POISE-1 Trial
that randomized patients to metoprolol or placebo.13 35 In that
analysis, neuraxial block was associated with increased odds of
the primary outcome (cardiovascular death, non-fatal myocar-
dial infarction and non-fatal cardiac arrest) (OR, 1.24; 95% CI,
1.02–1.49) and myocardial infarction (OR, 1.32; 95% CI, 1.07–
1.64). The POISE-1 and POISE-2 sub-analyses included similar
numbers of subjects receiving neuraxial block (n=3909 and
n=3986, respectively). The baseline covariates available for pro-
pensity score development and details of neuraxial block were
similar in the two studies. Although POISE-1 randomized more
men; more subjects having vascular surgery; and more subjects
with coronary artery disease and peripheral vascular disease
than POISE-2, event rates were similar.16 35 We conclude that
the differences in results might result from random error.

We urged cautious interpretation of our initial finding of an
interaction between clonidine and neuraxial block with respect
to the primary outcome because it was counter to the direction
of our a priori hypothesis.16 Supporting this, after excluding pa-
tient groups for whom neuraxial block was not an option and ad-
justing for baseline variables related to the decision to use
neuraxial block, we found no significant interaction. The reversal
of the original direction of effect16 in the current analyses further
supports our conclusion of no significant interaction between
clonidine and neuraxial block.

Our secondary analyses suggested that spinal anaesthesia
was associated with lower odds of the primary outcome, death,
myocardial infarction and clinically important hypotension
than general anaesthesia. Lower odds of adverse outcomes in
the spinal anaesthesia group were also demonstrated in post
hoc analyses of the POISE-1 Trial, although in that case statistical
significance was not reached.13 Our results are consistent with a
recent observational study in hip fracture patients,30 but incon-
sistent with systematic reviews that do not support a difference
in cardiovascular outcomes after hip fracture surgery,27 total
hip arthroplasty36 or lower limb orthopaedic surgery.37 However,
none of these studies differentiated between spinal and epidural
anaesthesia.

Our secondary analyses also suggested that thoracic epidural
with general anaesthesia was associated with greater odds of
clinically important hypotension than general anaesthesia
alone. This result is consistent with our POISE-1 analysis13 and
a previous systematic review.38 As clinically important hypoten-
sion was independently associated withmyocardial infarction in
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Table 4 Estimated associations with outcomes. *Primary outcome, death and non-fatal myocardial infarction within 30 days of randomization. †Postoperative analgesia with continuous nerve
block and/or parenteral opioid. OR, odds ratio; CI, confidence interval; GA, general anaesthesia

No neuraxial block
(n=4938)

Neuraxial block (n=3986) Unadjusted analysis Inverse probability weighted analysis

No neuraxial block vs neuraxial block n % n % OR (95% CI) P-value OR (95% CI) P-value
Primary outcome* 321 6.5 298 7.5 1.16 (0.99, 1.37) 0.072 0.89 (0.73, 1.08) 0.243
Death 68 1.4 41 1.0 0.74 (0.50, 1.10) 0.138 0.84 (0.53, 1.35) 0.477
Myocardial infarction 273 5.5 274 6.9 1.26 (1.06, 1.50) 0.009 0.91 (0.74, 1.12) 0.361
Stroke 19 0.4 12 0.3 0.78 (0.38, 1.61) 0.505 1.05 (0.44, 2.49) 0.912
Clinically important hypotension 2255 45.7 1554 39.0 0.76 (0.70, 0.83) <0.001 0.90 (0.81, 1.00) 0.042

GA (n=4027) Spinal anaesthesia (n=2483) Unadjusted analysis Inverse probability weighted analysis
GA vs spinal anaesthesia n % n % OR (95% CI) P-value OR (95% CI) P-value
Primary outcome 280 7.0 139 5.6 0.79 (0.64, 0.98) 0.031 0.44 (0.33, 0.57) <0.001
Death 59 1.5 17 0.7 0.46 (0.27, 0.80) 0.005 0.41 (0.19, 0.86) 0.019
Myocardial infarction 238 5.9 130 5.2 0.88 (0.71, 1.10) 0.253 0.46 (0.35, 0.60) <0.001
Stroke 16 0.4 8 0.3 0.81 (0.35, 1.90) 0.628 0.89 (0.28, 2.78) 0.842
Clinically important hypotension 1872 46.5 794 32.0 0.54 (0.49, 0.60) <0.001 0.37 (0.32, 0.43) <0.001

GA (n=2562) Thoracic epidural (n=564) Unadjusted analysis Inverse probability weighted analysis
GA vs thoracic epidural with GA n % n % OR (95% CI) P-value OR (95% CI) P-value
Primary outcome 168 6.6 58 10.3 1.63 (1.19, 2.23) 0.002 1.31 (0.90, 1.89) 0.160
Death 34 1.3 7 1.2 0.93 (0.41, 2.12) 0.871 0.81 (0.32, 2.07) 0.666
Myocardial infarction 143 5.6 54 9.6 1.79 (1.29, 2.48) <0.001 1.42 (0.96, 2.09) 0.080
Stroke 10 0.4 3 0.5 1.36 (0.37, 4.97) 0.638 1.80 (0.43, 7.60) 0.422
Clinically important hypotension 1423 55.5 393 69.7 1.84 (1.51, 2.24) <0.001 2.06 (1.60, 2.66) <0.001

GA (n=1898) Lumbar epidural (n=234) Unadjusted analysis Inverse probability weighted analysis
GA vs lumbar epidural±GA n % n % OR (95% CI) P-value OR (95% CI) P-value
Primary outcome 160 8.4 30 12.8 1.60 (1.05, 2.42) 0.027 1.08 (0.51, 2.30) 0.846
Death 23 1.2 8 3.4 2.89 (1.28, 6.53) 0.011 0.92 (0.39, 2.20) 0.857
Myocardial infarction 142 7.5 25 10.7 1.48 (0.94, 2.32) 0.087 1.11 (0.49, 2.51) 0.803
Stroke 7 0.4 0 0.0 – – – –

Clinically important hypotension 990 52.2 86 36.8 0.53 (0.40, 0.71) <0.001 0.84 (0.54, 1.31) 0.449

No epidural (n=1934) Epidural (n=893) Unadjusted analysis Inverse probability weighted analysis
No postoperative epidural analgesia vs

postoperative epidural analgesia
n % n % OR (95% CI) P-value OR (95% CI) P-value

Primary outcome 120 6.2 105 11.8 2.01 (1.53, 2.65) <0.001 1.48 (0.89, 2.48) 0.133
Death 16 0.8 12 1.3 1.63 (0.77, 3.47) 0.202 0.84 (0.35, 1.98) 0.684
Myocardial infarction 111 5.7 98 11.0 2.02 (1.52, 2.69) <0.001 1.53 (0.90, 2.61) 0.115
Stroke 7 0.4 4 0.4 1.24 (0.36, 4.24) 0.733 0.65 (0.18, 2.32) 0.505
Clinically important hypotension 694 35.9 562 62.9 3.03 (2.57, 3.58) <0.001 1.40 (0.95, 2.09) 0.092

Opioid (n=340) Local anaesthetic opioid
(n=731)

Unadjusted analysis Inverse probability weighted analysis
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Postoperative epidural opioid vs
postoperative epidural local
anaestheticopioid

n % n % OR (95% CI) P-value OR (95% CI) P-value

Primary outcome 39 11.5 79 10.8 0.94 (0.62, 1.41) 0.747 1.01 (0.65, 1.59) 0.954
Death 7 2.1 10 1.4 0.66 (0.25, 1.75) 0.403 0.63 (0.21, 1.89) 0.408
Myocardial infarction 34 10.0 72 9.8 0.98 (0.64, 1.51) 0.939 1.11 (0.69, 1.77) 0.675
Stroke 2 0.6 4 0.5 0.93 (0.17, 5.10) 0.933 1.22 (0.21, 7.02) 0.823
Clinically important hypotension 194 57.1 495 67.7 1.58 (1.21, 2.06) 0.001 1.74 (1.29, 2.34) <0.001

Table 5 Subgroup analysis of the primary outcome and neuraxial block. Estimated interaction terms for neuraxial block and clonidine and P-value for interaction. OR, odds ratio; CI, confidence
interval

Subgroup Placebo (n=4456) Clonidine (n=4468) Unadjusted analysis Inverse probability weighted analysis

n % n % OR (95% CI) P-value for interaction OR (95% CI) P-value for interaction

No neuraxial block 163 3.7 158 3.5 0.96 (0.77, 1.21) 0.032 0.91 (0.70, 1.19) 0.087
Neuraxial block 127 2.9 171 3.8 1.38 (1.09, 1.75) 1.28 (0.96, 1.71)
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themain POISE-2 analysis, prevention and/or treatment of clinic-
ally important hypotension in patients having operations where
thoracic epidural, is an option thatmust be a significant focus for
future work. We did not replicate our finding from POISE-1 where
thoracic epidural with general anaesthesia was associated with
higher odds of the primary outcome or myocardial infarction
than general anaesthesia alone.13 This may be as a result of a
type I error.

These sub-analyses suggest that neuraxial block should not
be considered a homogeneous intervention. This argument is
supported by our pre-specified plan to explore the effects of
three neuraxial techniques in the same analysis, the consistency
of these results with our POISE-1 analysis13 and by the differen-
tial effect of the two techniques on the risk of clinically important
hypotension (decreased for spinal anaesthesia and increased
for thoracic epidural anaesthesia). On the other hand, the
well-established and repeatedly-demonstrated danger of draw-
ing firm conclusions from sub-group analyses (of post hoc ana-
lyses) must be recognized.39 It should also be noted though
that general anaesthesia was administered to thoracic epidural
patients but not spinal anaesthesia patients and the effect of
this is uncertain.

Postoperative epidural analgesia was not associated with
altered cardiovascular outcomes, although postoperative epi-
dural analgesia with local anaesthetic, with or without opioid,
was associated with more clinically important hypotension
than postoperative epidural opioid alone. A systematic review
of randomized trials of postoperative epidural analgesia with
local anaesthetics, opioids or both compared with systemic
opioids in aortic surgery patients, concluded that myocardial in-
farction risk was reduced but mortality risk was unchanged by
postoperative epidural analgesia.40 However, comparable re-
views in hip and knee joint replacement41 and open abdominal
surgery42 patients found no evidence for effects on cardiovascu-
lar outcomes, although hypotension was more common in
patients receiving epidural analgesia in the orthopaedic review.41

Hypotension resulting from sympathetic nervous system block is
a well-known effect of epidural local anaesthetic,41 43 and might
bemechanistically linked to adverse postoperative outcomes and
could have implications for the appropriate venue for post-
operative care in these patients.

This analysis has strengths and limitations. The analysis in-
cluded more subjects than previous randomized controlled
trials5 6 and systematic reviews.12 37 40 41 Patients were at high
risk of adverse cardiovascular events andweremonitored closely
for predefined efficacy and safety outcomes in a clinical trial con-
text. The quality and fidelity of our data minimizes ascertain-
ment bias, misclassification of important variables and missing
data. The size of the database allows a precision of effect-size
estimates not usually possible outside of administrative mega-
databases; however, administrative data frequently suffers
from ascertainment bias and misclassification of covariates.

Our analyses have limitations, many of which are shared by
our analysis of POISE-1 Trial subjects,4 13 14 and other observa-
tional studies. The POISE-2 Trial was designed to test hypotheses
about the randomized interventions and not neuraxial block and
postoperative epidural analgesia. We did not record the reasons
for choosing neuraxial block or postoperative epidural analgesia
over other techniques, and it is clear from regional variations that
local preferences exist. The broad classification of surgery type in
POISE-2 meant that exclusion of subjects who were ineligible for
the interventions might have been inaccurate. Propensity meth-
odswere applied in an attempt to ameliorate these issues,19 how-
ever these methods do not create baseline equality with respect

to unmeasured or unknown confounders, and we had difficulty
with residual baseline imbalance of known confounders in sev-
eral sub-groups. We have little data on the details of the anaes-
thetic and postoperative analgesic techniques used: the quality
and extent of anaesthesia and postoperative analgesia in the
neuraxial or postoperative epidural patients and their compara-
tor groups is likely to be important.2 Neuraxial block and post-
operative epidural analgesia might have influenced other
aspects of care, such as haemodynamic and antiplatelet agent/
anticoagulant management, the conduct of general anaesthesia
and the use of plexus and nerve blocks, however we have no in-
formation of these aspects of care. We made an a priori decision
to limit our analyses to the cardiovascular outcomes that were
considered in our POISE-1 analysis,13 as these were the focus of
the POISE-2 Trial as well.16 17 Respiratory outcomes associated
with increased mortality such as pneumonia and the need
for postoperative mechanical ventilation were not specifically
assessed in the POISE-2 Trial16 17 and likely affect overall
outcomes.38 Finally the sample size available for this analysis
did not allow us to rule out smaller, but still potentially clinically
meaningful, differences in outcomes according to anaesthesia
type. The confidence intervals around our estimates of effects
demonstrate that our analyses have not ruled out potentially
clinically meaningful differences in outcomes according to an-
aesthesia type.

Papers about neuraxial block and postoperative epidural anal-
gesia typically conclude with a call for more randomized con-
trolled trial evidence.12 13 24 25 29 30 36 38 40 42 We agree that this
issue will not be settled without such evidence, but are also of
the opinion that it is unlikely to be settled by one ‘mega’ trial. Sig-
nificant variation in outcomes associated with different patient
groups and different neuraxial block and postoperative epidural
techniques have been demonstrated.12 13 24 25 29 30 36 38 40 42

A suite of trials in high-risk patients having common operations
often managed with these techniques, and associated with sig-
nificant postoperative pain and adverse outcomes, will therefore
be required.

In conclusion, intraoperative neuraxial block and post-
operative epidural analgesia were not associated with altered
odds of adverse cardiovascular outcomes in high-risk noncardiac
surgery patients participating in the POISE-2 Trial, and there was
no significant interaction between clonidine and neuraxial block.
These findings contrastwith the results of our post hoc analysis of
the POISE-1 Trial. The effect of these techniques on adverse car-
diovascular outcomes remains unresolved and large randomized
controlled trials are required.
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