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Do Neuraxial Techniques Affect Perioperative
Outcomes? The Story of Vantage Points

and Number Games

Stavros G. Memtsoudis, MD, PhD, FCCR and Spencer S. Liu, MD

perioperative physicians on the question whether

the technique used for anesthesia and/or analgesia
can affect outcomes. Over the past decades, many attempts
have been made to provide at least incremental evidence
to support or refute the hypothesis that regional anesthe-
sia and analgesia influences perioperative outcomes with
definitive results still lacking.

In a review of the literature published in this edition,
Kooij et al.! provide a critical assessment of a number of
studies on the topic and conclude that neither neuraxial
nor regional techniques improve perioperative outcomes
in general surgical patients. While this interpretation of
reviewed studies seems soundly founded on the presented
scientific evidence, the article also highlights the complexity
of the issue at hand.

In this context, it is not surprising that in the presence of
the same data sources, there are those who conclude that
regional anesthetic and analgesic techniques can indeed
improve outcomes after surgery. This phenomenon is
intriguing because it suggests that the difference in opinion
may be based more on the difference in vantage point rather
than on an alternative scientific basis. What then may be the
reasons for such a dichotomy in conclusion? In our opinion,
a number of points need to be considered before drawing
conclusions from the literature.

First, a major problem and source of confusion that bur-
dens the interpretation of results is the blurry line drawn
between the use of regional techniques for anesthesia and /
or analgesia. Kooij et al.,! recognizing the significance of
this issue, have attempted to focus on the analgesic use,
but this distinction is at best difficult to make, as evident
by the inclusion of landmark publications such as that by
Rodgers et al.?

ﬁ debate continues and has recently intensified among
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After all, a regional technique used for intraoperative
anesthesia may have a profound impact on subsequent
analgesic needs, as suggested by the concept of preventive
analgesia. Furthermore, neuraxial and regional anesthetics
may suppress the stress response during the time of maxi-
mal injury and have long-term effects.

Perhaps such a distinction is indeed artificial and not
even possible. It is a fact that many of the most frequently
quoted studies have difficulties differentiating between the
two from a purely methodological perspective, that is, it is
often not clear what the purpose of the neuraxial/regional
technique was. In this context, the systematic review per-
formed by Guay et al.,’ which also appears in this month’s
Anesthesin & Analgesia, suggests that the use of neuraxial
compared with that of general anesthesia can affect 30-day
mortality and the risk of pneumonia while positively influ-
encing the latter outcome when neuraxial is added to a gen-
eral anesthetic. Similarly, recent population-based analyses,
targeted to investigate the impact of neuraxial anesthesia on
perioperative outcomes in joint arthroplasty patients, must
be mentioned because they have found significant reduc-
tions in mortality, cardiopulmonary, and other complica-
tions.*” It is interesting to note that none of these studies
could identify whether perhaps the use of these neuraxial
techniques was pursued for postoperative “analgesia” in
addition to their “anesthetic” purposes.

Second, the number of patients included in most stud-
ies evaluating this subject is relatively small compared with
the relatively low incidence of postoperative complications,
thus limiting the power of even well-conducted meta-analy-
ses, which are further burdened by inclusion of studies with
high heterogeneity of populations and methodology. It is
therefore not surprising that in the systematic review pre-
sented here by Guay et al.’ the authors conclude that larger
sample sizes are needed to more definitively answer impor-
tant questions on the topic. It must be pointed out, however,
thatin this® as in most other studies on the topic, many effects
that were found to not reach statistical significance did show
a trend toward better outcome compared with that of con-
trol groups. The impact of the limited power of traditional
studies and meta-analyses in this setting may have become
more obvious in the era of large database research, which,
despite many disadvantages, has the ability to employ much
larger populations for analysis. However, the benefits associ-
ated with neuraxial techniques shown in these studies have
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also been criticized as being a function of very large sample
sizes. Therefore, their clinical relevance in individual prac-
tice has been questioned.® However, this viewpoint has to be
countered by the fact that with tens of millions of surgeries
performed in the United States alone every year, even small
increments in outcome improvement or effect sizes may
have substantial impact on a public health level. In the case
of total joint arthroplasties, assuming some level of causal-
ity, the use of neuraxial instead of general anesthesia may
relate to hundreds of lives saved and tens of thousands of
complications averted, given the fact that over 1 million pro-
cedures are performed annually:* This view of our specialty
as a part of a population-based health care system should
not be difficult to follow, especially because when it comes
to assessing complications associated with neuraxial tech-
niques, we have become accustomed to considering events
that occur in the range of 1:10,000 to 1:200,000 as significant
to our practice.

One final point to consider is the fact that while the lit-
erature can be interpreted as not sufficiently supporting the
broad superiority of neuraxial techniques, especially analge-
sic ones, with respect to perioperative outcomes, one would
be hard-pressed to conclude that outcomes are worse with
regional techniques compared with alternative approaches,
that is, general anesthesia or systemic analgesia.

In conclusion, while the literature on anesthetic and
analgesic techniques and their effect on outcome is far
from definitive, it is clear that the interpretation of studies
depends on factors as simple as definitions chosen and as
complex as the discussion regarding our role as anesthesi-
ologists in the wider health care system.

As perioperative care has become complex, integrated,
and is constantly changing, thus making it difficult for a
single effect from a single component to be detected and
isolated from the overall noise, alternative approaches to
answer related questions may be needed. As such, practical
clinical trials collecting large amounts of detailed observa-
tional data and using advanced analytical methodologies
may bring at least incremental evidence to the debate. At
the same time, it will be necessary to pursue studies iden-
tifying and documenting potential mechanisms by which
these techniques can confer their suggested benefit.

While many more investigations will without a doubt
be published on the topic, clinical judgment, patient and
procedure-related characteristics, local preferences, and a
multitude of other factors will have to continue to guide
physicians’ choices of anesthetic and analgesic techniques
in day-to-day practice. We agree, however, with Kooij et al.!
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that designations of individual techniques and approaches
as “standard of care” are of little value in the era of indi-
vidualized health care and dynamic changes in scientific
knowledge. &%
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cv:iDoes Regional Analgesia for Major Surgery Improve
Outcome? Focus on Epidural Analgesia

Fabian O. Kooij, MD, Wolfgang S. Schlack, MD, PhD, DEAA, Benedikt Preckel, MD, PhD, DEAA, and

Markus W. Hollmann, MD, PhD, DEAA

nique for pain relief after major surgery and has been

studied as a measure to improve outcome. Although
conclusions from historical studies were promising, more
recent studies show no relevant effect.

In the following discussion, we will assume regional
analgesia does not make a difference in mortality and mor-
bidity and will try to convince ourselves otherwise critically
appraising the studies available.

E pidural analgesia is often considered the optimal tech-

HISTORICAL OVERVIEW

Rodgers et al.! published the first and most cited meta-anal-
ysis on this topic. They concluded that neuraxial blockade
reduces postoperative mortality and other serious compli-
cations. However, many of the trials included were already
outdated, had methodological flaws, and do not represent
current standard of care. All studies were performed before
1997 and a substantial number before 1985.

Several studies reported an unusually high mortal-
ity rate of up to 27% in the control group.>® This neither
represented the rest of the population in the meta-analysis
nor does it represent current clinical practice with vastly
improved outcomes due to less invasive surgical techniques
and the widespread introduction of low molecular weight
heparins.?

Ballantyne et al.” demonstrated that the difference in
mortality was related to the year in which a study was
done, with newer studies finding smaller or no differences
in mortality.

The study by Yeager et al.? included in many reviews
and meta-analyses, was flawed both by a 76% incidence of
adverse events in the nonepidural group (19 of 25 patients)
and by premature termination of inclusion.® When this
study was excluded from the meta-analysis by Beattie et al.
(both in 2001 and 2003) as well as the Cochrane review, the
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mortality difference between epidural and general anesthe-
sia was no longer significantly different.”"

In a large retrospective study, Wijeysundera et al.’> com-
pared 88,188 patients with and without epidural anesthe-
sia and/or analgesia and found a very small difference in
patient outcome (0.2% absolute risk reduction) of border-
line significance (P = 0.02). The authors concluded that “this
study should not be used to justify the use of epidural anal-
gesia for mortality reduction.”

CLINICAL OUTCOMES: CARDIOVASCULAR
COMPLICATIONS

It has been suggested that epidural analgesia reduces post-
operative cardiovascular complications. Three meta-analy-
ses, mainly including studies in vascular surgery, showed
a significant reduction in cardiac morbidity with epidural
techniques.®!! Beattie et al.’® included 1173 patients and
found a nonsignificant risk reduction of 0.56 (confidence
interval [CI], 0.30-1.03, P = 0.06) for myocardial infarction
(MI). Only a post hoc subgroup analysis for thoracic epi-
durals achieved significance (P = 0.04) with an odds ratio of
0.43 (CI, 0.19-0.97).1% In patients undergoing open abdomi-
nal aortic surgery, Nishimori et al.” reported a significant
relative risk reduction of 0.52 (CI, 0.29-0.93) for MI in the
presence of thoracic epidural analgesia.

The results of these 3 studies critically depended on
inclusion of the previously discussed study by Yeager et al.®
Without this study, no significant results remained.

A meta-analysis focusing on cardiac surgery demon-
strated a reduction in supraventricular arrhythmias but
not in ML'® Another meta-analysis, including 70 random-
ized controlled trials (RCTs) and nearly 5500 mixed surgical
patients, did not find a difference in the incidence of ML
Two more meta-analyses and 2 RCTs, also including cardiac
surgery, also did not demonstrate an effect of epidural anal-
gesia on cardiovascular complications.!*1”

In their systematic review of all available evidence, Liu
and Wu'® concluded that epidural analgesia failed to signifi-
cantly reduce cardiovascular complications in a general sur-
gical population. From the evidence above, we can add that
the effects on cardiac complications are minimal and limited
to a subpopulation of high-risk patients and procedures.

CLINICAL OUTCOME: PULMONARY
COMPLICATIONS

Based on the shortcomings mentioned before and the
unknown incidence of pneumonia in the control group, the
odds ratio of 0.61 demonstrated by Rodgers et al.! should
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Epidural and Regional Analgesia and Outcome

be treated with caution. When comparing thoracic epidural
analgesia to IV analgesia after coronary artery bypass graft
surgery, an odds ratio of 0.41 (CI, 0.27-0.60) for pulmonary
complications was found.’ In a multicenter RCT, includ-
ing 888 patients with at least 1 risk factor, the risk of post-
operative respiratory failure was significantly reduced by
epidural techniques from 30.2% to 23.3% (P = 0.02), and in
a meta-analysis in cardiac surgery, a significant risk reduc-
tion of 0.53 (CI, 0.40-0.69) was shown on the compound end
point “respiratory complications.”131¢

A large RCT and a meta-analysis could not reproduce
these effects.'*!” Similarly, the meta-analysis by Liu and
Wu'® did not find a significant difference in pulmonary
outcome between systemic and epidural analgesia. Taken

together, the influence of epidural analgesia on pulmonary
comEIications; if present at alli is limited to high-risk intra-

thoracic procedures and high-risk patients.

In conclusion, adding epidural analgesia to general anes-
thesia does not reduce postoperative morbidity and mortality
in a general surgical population. It is unlikely that such evi-
dence will appear in the next years because of the decreased
incidence of complications. For example, the incidence of
pneumonia has decreased from 20% to 28% in the 1980s to

systemic analgesia. Therefore, the effect on a group level is
not superior to systemic analgesia.

ALTERNATIVES TO EPIDURAL ANALGESIA

For extremity surgery, continuous peripheral nerve blocks
are widely used. As for epidural analgesia, there was no evi-
dence for any effect on long-term outcome.'® Nevertheless, 2
meta-analyses suggested that peripheral nerve blocks facili-
tated a quicker rehabilitation with less opioid use and less
sleep disturbance.*#*

Epidural analgesia and femoral nerve block resulted in
comparable analgesia, opioid consumption, postoperative
nausea and vomiting incidence and speed of rehabilitation
for major knee surgery although femoral blocks caused
fewer side effects (hypotension, pruritus, and urinary reten-
tion), and increased patient satisfaction.®

For truncal surgery, paravertebral, intercostal, and trans-
versus abdominal plane blocks and wound infusion cath-
eters are alternatives for epidural or systemic analgesia.”!
Currently, there is insufficient evidence to judge their value.

Local anesthetics work beyond the direct inhibition of
local signal transmission in the nerve and modulate the

8% to 10% in more recent trials.”1°22 Moreover, the beneficial
effects of epidural analgesia on deep venous thrombosis and
pulmonary embolism have been diminished by routine anti-
thrombotic prophylaxis. Finally, surgical techniques advanc-
ing toward less invasive procedures, such as endovascular
aortic aneurysm repair or thoracoscopic and laparoscopic
surgery, are associated with less short-term postoperative
morbidity and mortality, thereby further diminishing any
potential for a benefit caused by epidural analgesia.®

QUALITY OF ANALGESIA AND FAILURE RATE

Most studies comparing epidural analgesia with systemic
analgesia reported a difference, which was often statistically
significant and in favor of epidural analgesia.?** However,
the absolute difference ranged from 6 to 17 mm on a 100-
mm visual analog scale. Since a commonly accepted mini-
mum difference to detect clinical superiority is 20 to 30 mm
difference on a 100-mm visual analog scale, the small statis-
tical difference is not clinically relevant.?®%

Second, treatment of control groups in most studies con-
sisted of parenteral opioids alone or combined with acet-
aminophen, which cannot be considered state of the art.3!
An optimal regimen should contain a cyclooxygenase
inhibitor (nonsteroidal anti-inflammatory drugs, cyclooxy-
genase-2 inhibitor, or dipyrone), an N-methyl-p-aspartate

inflammatory response by acting on G protein-coupled
receptors.> Clinical studies demonstrated that a periopera-
tive IV infusion of lidocaine yielded a reduction in duration
of postoperative ileus and length of hospital stay accompa-

nied by a reduced stress/inflammation response.®-3415354

ENHANCED RECOVERY PROGRAMS

Thoracic epidural analgesia is sometimes promoted as part
of fast-track or enhanced recovery after surgery (ERAS)
programs.®® There was substantial heterogeneity in the
studies regarding type of surgery, care in the control group
as well as the type, and number of interventions that were
implemented. Although ERAS reduced length of stay and
sometimes postoperative complications, it remains unclear
which elements are essential for success and actually con-
tribute to an improved outcome.® A meta-analysis con-
cluded that implementation of at least 4 interventions, not
necessarily including epidural analgesia, resulted in reduc-
tion of hospital stay of 2 days and a nearly 50% reduction
in complications.*” Success of ERAS is primarily based on
a structured and protocol-based approach and a modified
attitude toward rehabilitation goals.

Although excellent analgesia and dampening of the sur-
gical stress response are needed, epidural analgesia is not
the only way to achieve this. The 2 ERAS trials comparing
thoracic epidural analgesia with IV analgesia did not find

receptor antagonist (1S) ketamineh a descending inhibitog

pain pathway inhibitor (e.g., clonidine) and possibly an
anticonvulsive drug (e.g., Eregabalinz in addition to opi-
oids. IV lidocaine has also been proven beneficial.**~!
Clinically most important, the statistical superiority of
epidural analgesia was offset by a failure rate of 13% to 47%
in experienced hands.*? In the MASTER trial, 42.5% of the
inserted epidural catheters were removed before the sched-
uled 72 hours.!® This was in accordance with other reports.*>+
In conclusion, eEidural analgesia Erovides statisti-
cally, but not clinically, superior analgesia to 53% to 87%
of patients. The other 13% to 47% will likely experience
a period of inadequate analgesia, often requiring rescue

September 2014 o Volume 119 e Number 3

any difference in length of stay, morbidity, or mortality.””*
The reduction in length of stay achieved within an ERAS
program using systemic lidocaine was comparable with that
of studies using epidural analgesia.®4!5

We conclude that there is no evidence that thoracic epi-
dural analgesia should be a compulsory part of an ERAS
program.

CANCER RECURRENCE

A small retrospective study suggested that regional anal-
gesia could improve cancer-free survival, but more recent
trials could not reliably reproduce these results.®**? This
leaves the effect itself as well as dependent variables, such
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as tumor type, anesthesia technique, and molecular mecha-
nisms as a matter of debate.®-%3

COMPLICATIONS OF EPIDURAL ANALGESIA
Epidural analgesia was considered a safe technique with
an incidence of serious complications (neuraxial hematoma
and abscess) of <1 _in 100,000 patients. However, several
studies demonstrated that the setting in which a neuraxial
block was performed, as well as the technique used, made a
difference in the risk of complications.®* The incidence of
permanent harm (including paraplegia and death) ranged
from <1 in 200,000 spinal punctures performed in an obstet-
ric setting to 1 in 5700 to 12,000 cases for thoracic epidur-
als in surgical patients.® These numbers were confirmed by
several large studies, some of which report an incidence of
up to 1 in every 1000 cases.*% Considering the evidence
from the last decade, it should now be accepted that a m
racic epidural catheter in surgical patients carries a 10- to
100-fold higher risk, that is, 1 in 1000 to 10,000 for serious
complications.®® It is unclear whether better reporting
of complications is responsible for the higher figures or
whether the incidence of neuraxial hematoma has actu-
ally increased over the years. Thromboprophylaxis with
low molecular weight heparins and other agents might
have caused both the decrease in thrombotic surgical com-
plications as well as an increased risk of epidural hemor-
rhage.”” Anesthesia societies have proposed guidelines for
management of anticoagulated patients undergoing neur-
axial block.”” Most recommendations in these guidelines are
based on case series, pharmacology, and expert opinion, but
it is clear that anticoagulant therapy should prevail over the
indication for neuraxial anesthesia/analgesia since the evi-
dence for thromboprophylaxis (or other anticoagulants) is
much stronger than the evidence for an epidural catheter.

In conclusion, there is strong evidence that epidural
analgesia or peripheral regional analgesic techniques
improve neither perioperative mortality nor postoperative
pulmonary and cardiovascular complications to a clinically
significant extent for the general surgical population. If any,
the advantages of epidural analgesia are limited to high-
risk morbid patients undergoing high-risk procedures.>”
Analgesia is statistically, but not clinically, superior using
epidural techniques. The marginal superiority is further
offset by failure rates and analgesic alternatives such as
(S)-ketamine, clonidine, and IV lidocaine. Epidural analge-
sia is associated with a small but relevant number of serious
complications, especially in the presence of anticoagulant
therapy. The risk/benefit balance should be discussed with
the patient in the preoperative consultation.

In our opinion, epidural analgesia remains a valid option
for postoperative analgesia, and all authors regularly use
it for patients undergoing major surgery after careful indi-
vidual risk assessment. However, given the arguments dis-
cussed above, epidural analgesia can no longer be considered
the standard of care for a general surgical population. g§
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Neuraxial Anesthesia for the Prevention of
Postoperative Mortality and Major Morbidity: An
Overview of Cochrane Systematic Reviews

Joanne Guay, MD,* Peter T. Choi, MD,t Santhanam Suresh, MD,+ Natalie Albert, MD,§
Sandra Kopp, MD, || and Nathan Leon Pace, MDY

BACKGROUND: This analysis summarized Cochrane reviews that assess the effects of neur-
axial anesthesia on perioperative rates of death, chest infections, and myocardial infarction.
METHODS: A search was performed in the Cochrane Database of Systematic Reviews on July
13, 2012. We have included all Cochrane systematic reviews that examined subjects of any age
undergoing any type of surgical (open or endoscopic) procedure, compared neuraxial anesthesia
to general anesthesia alone for the surgical anesthesia, or neuraxial anesthesia plus general
anesthesia to general anesthesia alone for the surgical anesthesia, and included death, chest
infections, myocardial infarction, and/or serious adverse events as outcomes. Studies included
in these reviews were selected on the same criteria.

RESULTS: Nine Cochrane reviews were selected for this overview. Their scores on the Overview Quality
Assessment Questionnaire varied from 4 to 6 of a maximal possible score of 7. Compared with gen-
eral anesthesia, neuraxial anesthesia reduced the O- to-30-day mortality (risk ratio [RR] 0.71; 95%
confidence interval [Cl], 0.53-0.94; > = 0%) based on 20 studies that included 3006 participants.
Neuraxial anesthesia also decreased the risk of pneumonia (RR 0.45; 95% Cl, 0.26-0.79; > = 0%)
based on 5 studies that included 400 participants. No difference was detected in the risk of myocar-
dial infarction between the 2 techniques (RR 1.17; 95% Cl, 0.57-2.37; > = 0%) based on 6 studies
with 849 participants. Compared with general anesthesia alone, adding neuraxial anesthesia to gen-
eral anesthesia did not affect the 0- to-30-day mortality (RR 1.07; 95% Cl, 0.76-1.51; I = 0%) based
on 18 studies with 3228 participants. No difference was detected in the risk of myocardial infarction
between combined neuraxial anesthesia—general anesthesia and general anesthesia alone (RR 0.69;
95% Cl, 0.44-1.09; > = 0%) based on 8 studies that included 1580 participants. Adding a neuraxial
anesthesia to general anesthesia reduced the risk of pneumonia (RR 0.69; 95% Cl, 0.49-0.98; > =
9%) after adjustment for publication bias and based on 9 studies that included 2433 participants.
The quality of the evidence was judged as moderate for all 6 comparisons. The quality of the report-
ing score of complications related to neuraxial blocks was 9 (4 to 12 [median {range}]) for a possible
maximum score of 14.

CONCLUSIONS: Compared with general anesthesia, neuraxial anesthesia may reduce the
0-to-30-day mortality for patients undergoing a surgery with an intermediate-to-high cardiac risk (level
of evidence moderate). Large randomized controlled trials on the difference in death and major out-
comes between regional and general anesthesia are required. (Anesth Analg 2014;119:716-25)
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(superficial, deep, urinary tract, and organ infections
or sepsis), hematological (postoperative bleeding
requiring transfusion, deep-vein thrombosis, pulmonary
embolus), cardiovascular (myocardial infarction, stroke),
respiratory (pneumonia, unplanned intubation, prolonged
mechanical ventilation), renal (acute kidney injury), and sur-
gical (wound dehiscence, vascular graft loss) complications.
Neuraxial anesthesia with or without general anesthesia
may reduce the incidence of some major complications that
can lead to death such as pulmonary complications, time to
tracheal extubation, cardiac dysrhythmias, venous throm-
boembolism, blood transfusion, surgical site infection, and
acute kidney injury.!®* Maximal blood concentrations of stress
response markers, such as epinephrine, norepinephrine, cor-
tisol, and glucose, are lower in patients to whom epidural
anesthesia is added to general anesthesia.? Several Cochrane
reviews have evaluated the effect of neuraxial anesthesia for
various types of surgical populations. There is currently no
synthesis of those reviews reported in an overview.

Postoperative death may occur after major infectious
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Our primary objective was to summarize Cochrane sys-
tematic reviews that assess the effects of neuraxial anes-
thesia on perioperative rates of death, chest infections, and
myocardial infarction by integrating the evidence from all
Cochrane systematic reviews that have compared neur-
axial anesthesia with or without general anesthesia versus
general anesthesia alone for different types of surgery on
various populations. Our secondary objective was to sum-
marize the evidence about adverse effects (an adverse event
for which the causal relation between the intervention and
the event is at least a reasonable possibility) of neuraxial
anesthesia.

METHODS

We considered all Cochrane systematic reviews that
included randomized controlled trials (RCTs); examined
participants of any age undergoing any type of surgical
(open or endoscopic) procedure; compared neuraxial anes-
thesia to general anesthesia alone for the surgical anesthesia
or compared neuraxial anesthesia plus general anesthesia
to general anesthesia alone for the surgical anesthesia; and
included death, chest infections, myocardial infarction, or
serious adverse events as outcomes. Neuraxial anesthesia
consisted of epidural, caudal, spinal, or combined spinal-
epidural techniques administered as a bolus or continu-
ous infusion intraoperatively. We searched the Cochrane
Database of Systematic Reviews on July 13, 2012, using the
following terms: #1 MeSH descriptor Anesthesia, Epidural
explode all trees; #2 MeSH descriptor Nerve Block explode
all trees; #3 MeSH descriptor Anesthetics, Local explode all
trees; #4 MeSH descriptor Anesthesia, Intravenous explode
all trees; #5 MeSH descriptor Analgesia, Epidural explode
all trees; #6 MeSH descriptor Anesthesia, Caudal explode all
trees; #7 ([epidural or caudal or spinal or spinal?epidural)
near (technig* or administ* or bolus* or infusion*]) or
an?esthesia; #8 (an?esthesia or block* or analgesia) near
(regional or local or neuraxial or nerve or caudal or spinal
or epidural or lumbar or general); #9 (#1 or #2 or #3 or #4
or #5 or #6 or #7 or #8). We analyzed the data with RevMan
5.1 (Review Manager version 5.1) and Comprehensive Meta
Analysis version 2.2.044 (http:/ /www.Meta-Analysis.com).
One author screened all the abstracts of reviews identified
by the search. The full reports of the potential reviews were
obtained. Two authors independently reviewed each report
for inclusion.

From the included studies of selected reviews, studies
were selected independently by 2 authors with the same cri-
teria used for the selection of the reviews without any lan-
guage restriction. Data of selected studies were reextracted
by 1 author and compared with the data included in the
corresponding review. Any discrepancy was checked by a
second author.

Two of the authors independently assessed the meth-
odological quality of included reviews using a 10-item
index, the Overview Quality Assessment Questionnaire.”
Because the latest version of the risk of bias tool was
unavailable when some of the Cochrane reviews were
performed, the methodological quality of included RCTs
was reassessed using the current Cochrane tool for risk of
bias. Studies were classified in to 2 groups: (1) neuraxial
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anesthesia versus general anesthesia for the surgery; and
(2) neuraxial anesthesia added to general anesthesia ver-
sus general anesthesia alone for the surgery. Random-
effects models were used and the effects were expressed
as risk ratio (RR) and its 95% confidence interval (CI).
Heterogeneity was quantified by the I? statistic, with the
data entered in the direction (benefit or harm) yielding
the lowest value. Although we planned to use a value of
>25% as cutoff for exploration, this was not necessary. The
I? value was 0% for 5 of the 6 comparisons and 9% for
the outcome pneumonia, comparison neuraxial anesthe-
sia added to general anesthesia versus general anesthesia
alone. A priori factors chosen were as follows: ASA physi-
cal status (1 or 2 vs 3 or higher); age (<18 years versus
18 to <70 years versus 70 years or higher); type of sur-
gery (high versus intermediate versus low cardiac risk);?
type of neuraxial blockade (spinal versus epidural or cau-
dal; lumbar versus thoracic epidural); type of neuraxial
drug (long-acting opioid alone versus local anesthetic
alone versus local anesthetic plus long-acting opioid
versus other adjuvants [e.g., clonidine, neostigmine, or
ketamine]); duration of neuraxial blockade (intraopera-
tive only versus infusion continued for at least 48 hours
after surgery); use of thromboprophylaxis (appropriate or
not according to current standards); type of thrombopro-
phylaxis (low-molecular weight heparin, ximelagatran,
fondaparinux, or rivaroxaban versus regional blockade,
pneumatic compression, and aspirin versus warfarin);
pregnancy; and mode of analgesia in the control group
(IV analgesia versus other routes).

For results where the intervention produced an effect, a
number-needed-to-treat (NNT) or number-needed-to-harm
was calculated based on the odds ratio (http://www.nnton-
line.net/visualrx/). Publication bias was assessed with a
funnel plot followed by Duval and Tweedie’s trim and fill
technique for each outcome or classical fail-safe number
(number of studies with no effect required to bring the P
value to 0.05; a = 0.05, 2-tails). The quality of the body of
evidence for each outcome was judged as high, moderate,
or low according to the system developed by the GRADE
Working Group.®!° With a high quality of evidence, further
research is unlikely to change our confidence in the esti-
mated effect. When the quality is moderate, further research
is likely to have an important impact on our confidence in
the estimate of effect and may change the estimate. Three
authors independently applied these criteria. Discrepancies
were resolved by discussion.

For adverse effects of neuraxial blockade, all selected
studies were assessed according to the 7 criteria proposed
by Stojadinovic et al.! method of accrual, duration of data
collection, definition of complication, morbidity and mor-
tality rates, grade of complication severity, exclusion cri-
teria, and study follow-up. The following complications
related to neuraxial blockade were sought specifically:
mortality (anytime up to 5 years), seizure or cardiac arrest
related to local anesthetic toxicity (any significant pro-
longed neurological sequelae related to these events were
to be described), prolonged central or peripheral neuro-
logical injury lasting >1 month, and infection secondary to
neuraxial blockade.
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Table 1. Overview Quality Assessment Questionnaire
Afolabi Barbosa Choi

Craven

Cyna and Jgrgensen Nishimori Parker Werawatganon and

Item et al.? etal.® etall* etal.® Middleton ¢ et al.’ etal! etal.® Charuluxanun®

1. Were the search methods reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes

2. Was the search comprehensive? Yes Yes Yes Yes Yes Yes Yes Partially Partially

3. Were the inclusion criteria reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes

4. Was selection bias avoided? Yes Yes Yes Partially Yes Partially Yes Partially Yes

5. Were the validity criteria reported? Yes Yes Yes Yes Yes Yes Yes Yes Yes

6. Was validity of the included studies Partially  Yes  Partially Partially  Partially Partially Yes Partially Yes
assessed appropriately?

7. Were the methods used to combine Yes Yes Partially Partially  Partially Partially Yes Yes Partially
studies reported?

8. Were the findings combined appropriately? Partially ~ Yes Partially Partially  Partially Partially ~ Partially Partially Yes

9. Were the conclusions supported by the Yes Yes Yes Partially Yes Yes Yes Yes Yes
reported data?

10. What was the overall scientific quality of 5 6 5 4 4 5 6 5 5

the overview? (Likert scale from 1 to 7)

Random sequence generation (selection bias) -:I

Allocation concealment (selection bias) - |

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) -:-
Incomplete outcome data (attrition bias) _:-

Selective reporting (reporting bias) -—

oneres [

0% 5%  50%

. .
5%  100%

| . Low risk of bias |:| Unclear risk of bias . High risk of bias ‘

Figure 1. Risk of bias graph: review authors’ judgments about each
risk of bias item presented as percentages across all included stud-
ies. Green is the percentages of studies for which each item was
judged as appropriate and red the percentages of studies for which
each specific item was judged as inappropriate. Yellow means that
there was not enough information in the report to make a judgment.

RESULTS
A total of 1158 titles/abstracts were screened. Of these, 304
were protocols, 844 were not relevant to neuraxial blockade
used during surgery, and 1 did not contain a control group
with general anesthesia. Therefore, we retrieved and kept
9 systematic reviews.!#12-18 The overall quality of included
reviews was average (Table 1). These 9 reviews included 117
trials but only 40 studies met our inclusion criteria and were
retained (Afolabi, 3; Barbosa, 4; Choi, 1; Craven, 0; Cyna, 0;
Jorgensen, 4; Nishimori, 12; Parker, 13; and Werawatganon,
3).131258 Altogether we retained 40 studies for the new
analysis.!”® All the retained trials studied adults patients
undergoing surgeries with an intermediate, or high cardiac
risk, or a mixture of both. These surgeries were performed
on the lower limb, in the intra-abdominal cavity or at vari-
ous parts of the body. Three trials studied pregnant women
undergoing cesarean deliveries.'”?' The quality of the 40
studies retained for reanalysis can be found in Figure 1.
Compared with general anesthesia, neuraxial anesthe-
sia reduced the 0- to 30-day mortality (classical fail safe
number = 7; Fig. 2 and Table 2). The NNT calculated on
the odds ratio was 44 (95% CI, 27-228) for an incidence
of 7.9% for general anesthesia versus 5.2% for neuraxial
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anesthesia (Fig. 2). Cardiac risk was classified as interme-
diate for 76.5% (2300/3006) (intraperitoneal or orthopedic
surgery) and high for 23.5% (706/3006) (aortic or periph-
eral vascular surgery) of the participants. With Duval and
Tweedie’s trim and fill analysis, the adjusted RR was 0.72
(95% CI, 0.54-0.95) looking for missing studies to the right,
and unchanged while looking for missing studies to the left.
Egger’s regression intercept did not indicate a small-study
effect. Mortality data were available for 896 participants for
the 1- to-6-month follow-up (RR 1.52; 95% CI, 0.89-2.62) and
for 726 participants at 6- to-12-month follow-up (RR 1.27;
95% Cl, 0.74-2.17). Neuraxial anesthesia also decreased the
risk of pneumonia (classical fail safe number = 3; Table 2
and Fig. 3). The NNT was 11 (95% CI, 8-27) for incidences of
7.6% and 16.8% for neuraxial anesthesia and general anes-
thesia, respectively. Egger’s regression intercept did not
indicate a small-study effect. The RR adjusted for a possible
publication bias was 0.44 (95% CI, 0.26-0.73). There was
no difference in the risk of myocardial infarction between
neuraxial anesthesia and general anesthesia (Table 2 and
Fig. 4). There was no evidence of publication bias for this
comparison.

For the studies where neuraxial anesthesia was added
to general anesthesia, a spinal block was used in 1 study
and an epidural block was used for 19 studies. The epidural
block was used intra and postoperatively for all studies:
time unspecified for 2 studies and mean time 59 hours (95%
CI, 46-98 hours) for the other studies. Adding neuraxial
anesthesia to general anesthesia did not affect the mortal-
ity risk (Table 2 and Fig. 2). With Duval and Tweedie’s trim
and fill analysis, the effect was almost unchanged (RR 1.13;
95% CI, 0.80-1.59). The risk of myocardial infarction was not
different between the 2 anesthetic techniques (Table 2 and
Fig. 4). The power to detect a 25% reduction in incidence
from 5.7% was only 0.25 (o = 0.05, 2-sided test). With an
adjustment for a possible publication bias, the RR would
be 0.72 (95% CI, 0.46-1.13). Likewise, the addition of neur-
axial anesthesia did not change the risk of a pneumonia
when a random model effects was used (Table 2 and Fig. 3)
and was marginally suggestive of an effect when a fixed
effect model was used (RR 0.74; 95% CI, 0.56-0.98). For the
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random effects model, the power to detect a 25% reduction
is 0.58 (a = 0.05, 2-sided test) from an incidence of 9.5%. For
the fixed effect model, the NNT was 40 (95% CI, 24-387).
Egger’s regression intercept did not indicate a small-study
effect. The funnel plot revealed that 2 studies might be miss-
ing on the left side. With Duval and Tweedie’s trim and fill
analysis, the adjusted RR was 0.69 (95% CI, 0.49-0.98) with
arandom effects model. If only studies with an a priori defi-
nition for the diagnosis of pneumonia were included, then
adding neuraxial anesthesia to general anesthesia reduced
the risk of pneumonia (RR 0.70 [95% CI, 0.49-1.00] versus
RR 1.28 [95% CI, 0.31-5.19] for the studies where it was not).

For the effect of neuraxial anesthesia on the risk of pneu-
monia by the type of neuraxial block, the RR was 0.90 (95%
CI, 0.31-2.62) for spinal anesthesia, RR was 5.5 (95% CI,
0.28-107.78) for lumbar epidural anesthesia, RR was 0.64
(95% CI, 0.17-2.47) for thoracic epidural anesthesia, and RR
was 0.69 (95% CI, 0.45-1.06) when either lumbar or thoracic
epidural anesthesia could be used. All studies for this com-
parison included a local anesthetic in the neuraxial block.
There was no correlation between the effect size (RR) and
the mean age of the patients included in the studies.

No serious adverse events were reported. The quality
score of the reporting of complications related to neuraxial

Regional anaesthesia ~ General anaesthesia Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% Cl
1.1.1 Regional Anaesthesia versus General Anaesthesia
Couderc 1977 (45) 2 50 4 50  3.0% 0.50[0.10, 2.61] 1977 1
McLaren 1978 (50) 4 56 17 60 7.8% 0.25[0.09, 0.70] 1978 -
Hodgkinson 1980 (20) 1 10 2 10 16% 0.50[0.05, 4.67] 1980 N B
Davis 1981 (46) 3 64 9 68 5.1% 0.35[0.10, 1.25] 1981 /T
Tasker 1983 (52) 4 50 6 50  5.6% 0.671[0.20, 2.22] 1983 1
McKenzie 1984 (49) 8 73 13 75 12.2% 0.63[0.28, 1.44] 1984 T
Bigler 1985 (44) 1 20 1 20 11% 1.00[0.07, 14.90] 1985 .
Cook 1986 (24) 1 50 3 51 1.6% 0.3410.04, 3.16] 1986 —
Racle 1986 (51) 2 35 5 35 33% 0.4010.08,1.93] 1986 1
Valentin 1986 (54) 17 281 24 297 22.7% 0.75[0.41,1.36] 1986 -
Berggren 1987 (43) 1 28 0 29 08% 3.10[0.13,73.12] 1987 —
Davis 1987 (47) 17 259 16 2719 18.7% 1.14[0.59,2.22] 1987 -
Christopherson 1993 (23) 1 49 1 51 11% 1.04[0.07, 16.18] 1993 -
Ungemach 1993 (53) 3 57 3 57 34% 1.00[0.21,4.75] 1993 .
Wallace 1995 (21) 0 58 0 26 Not estimable 1995
Bode 1996 (22) 9 285 4 138 6.1% 1.09[0.34, 3.48] 1996 -1
Juelsgaard 1998 (48) 6 29 2 14 38% 1.45[0.33,6.28] 1998 I
Wulf 1999 (26) 0 44 0 46 Not estimable 1999
Dyer 2003 (19) 1 35 1 3% 1.1% 1.00[0.07, 15.36] 2003 D
Dodds 2007 (25) 0 37 2 45 09% 0.2410.01,4.89] 2007 —
Subtotal (95% CI) 1570 1436 100.0% 0.71[0.53, 0.94] ¢
Total events 81 13
Heterogeneity: Tau? = 0.00; Chi? = 11.57, df = 17 (P = 0.83); I = 0%
Test for overall effect: Z = 2.36 (P = 0.02)
1.1.2 Regional Anaesthesia added to General Anaesthesia versus General Anaesthesia alone
White 1980 (55) 0 20 1 36 12% 0.59[0.03,13.78] 1980 ——— [
Yeager 1987 (42) 0 28 3 25 14% 0.13[0.01,2.36] 1987 —————
Reinhart 1989 (41) 3 35 7 70 72% 0.86[0.24,3.11] 1989 T
Seeling 1991 (58) 6 183 4 106 7.7% 0.8710.25,3.01] 1991 T
Riwar 1991 (29) 1 24 0 24 12% 3.00[0.13,70.16] 1991 —
Kataja 1991 (36) 0 10 1 10 13% 0.33[0.02,7.32] 1991 —— [
Davies 1993 (34) 2 25 0 25 1.3% 5.00[0.25,99.16] 1993 ]
Liu 1995 (28) 1 40 0 12 12% 0.95[0.04,21.96] 1995 ]
Garnett 1996 (35) 0 48 2 51 1.3% 021[0.01,431] 199 — |
Bois 1997 (31) 1 59 1 65 1.6% 1.10[0.07,17.22] 1997 -
Norman 1997 (37) 0 20 0 19 Not estimable 1997
Broekema 1998 (33) 2 60 0 30 1.3% 2.5410.13,51.31] 1998 I B —
Boylan 1998 (32) 0 19 0 21 Not estimable 1998
Norris 2001 (38) 5 89 4 79 73% 1.11[0.31,3.99] 2001 —
Carli 2001 (56) 1 21 0 21 12% 3.00[0.13,69.70] 2001 —
Paulsen 2001 (57) 0 23 1 21 12% 0.31[0.01,7.12] 2000 —— [
Park 2001 (39) 20 514 17 507 29.6% 1.16[0.62, 2.19] 2001 -
Peyton 2003 (40) 23 447 19 441 33.9% 1.19[0.66, 2.16] 2003 I—
Subtotal (95% CI) 1665 1563 100.0% 1.07 [0.76, 1.51]
Total events 65 60
Heterogeneity: Tau? = 0.00; Chi? = 7.05, df = 15 (P = 0.96); 1> = 0%
Test for overall effect: Z = 0.38 (P = 0.70)

Test for subgroup differences: Chi? = 3.23, df =1 (P = 0.07), I =69.0%

o4 1 10 100
Favours RA Favours GA

r
0.01

Figure 2. Forest plots for mortality O to 30 days. The upper part of the figure illustrates the comparison neuraxial anesthesia versus general
anesthesia. The lower part of the figure illustrates the comparison neuraxial anesthesia added to general anesthesia versus general anes-

thesia alone.
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Table 2. Summary of New Findings

Neuraxial blockade (GA) compared with general anesthesia (GA) for perioperative mortality, myocardial infarction or chest infection
Patient or population: Patients with perioperative mortality
Settings: In hospital or ambulatory surgery
Intervention: Neuraxial blockade (GA)
Comparison: General anesthesia (GA)
Illustrative comparative risks? (95% ClI)

Relative effect No. of participants Quality of the

Outcomes Assumed risk Corresponding risk (95% CI) (studies) evidence (GRADE) Comments
General anesthesia Neuraxial blockade
(GA) (GA)
RA versus GA: mortality— Study population RR 0.71 3006 (20 studies) @@@o moderate®
Follow-up: 30 days 79 per 1000 56 per 1000 (42 -74) (0.53-0.94)
Low-risk population
20 per 1000 14 per 1000 (11-19)
High-risk population
100 per 1000 71 per 1000 (53-94)
RA versus GA: myocardial Study population RR 1.17 849 (6 studies) @@do moderate®
infarction—Follow-up: 34 per 1000 40 per 1000 (19-81) (0.57-2.37)
30 days Low-risk population
20 per 1000 23 per 1000 (11-47)
High-risk population
60 per 1000 70 per 1000 (34-142)
RA versus GA: pneumonia— Study population RR 0.45 400 (5 studies®) @@ moderate? e
Follow-up: 30 days 167 per 1000 75 per 1000 (43-132) (0.26-0.79)
Low-risk population
40 per 1000 18 per 1000 (10-32)
High-risk population
200 per 1000 90 per 1000 (52-158)
RA added to GA versus GA: Study population RR 1.07 3228 (18 studies) @@@o moderate®
mortality—Follow-up: 38 per 1000 41 per 1000 (29-57) (0.76-1.51)
30 days Low-risk population
20 per 1000 21 per 1000 (15-30)
High-risk population
60 per 1000 64 per 1000 (46-91)
RA added to GA versus GA: Study population RR 0.69 1580 (8 studies) @@ moderate®
myocardial infarction— 57 per 1000 39 per 1000 (25-62) (0.44-1.09)
Follow-up: 30 days Low-risk population
20 per 1000 14 per 1000 (9-22)
High-risk population
80 per 1000 55 per 1000 (35-87)
RA added to GA versus GA: Study population RR 0.74 2433 (10 studies) @@®o moderate?
pneumonia—rFollow-up: 95 per 1000 71 per 1000 (50-98) (0.53-1.03)

30 days

Low-risk population

40 per 1000 30 per 1000 (21-41)
High-risk population

120 per 1000 89 per 1000 (64-124)

aThe assumed risk is based on the mean control risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the
comparison group and the relative effect of the intervention (and its 95% Cl).

GRADE Working Group grades of evidence. High quality = Further research is very unlikely to change our confidence in the estimate of effect. Moderate quality =
Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. Low quality = Further research is
very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. Very low quality = We are very uncertain

about the estimate.

Cl = confidence interval; RR = risk ratio; RA = regional anesthesia; GA = general anesthesia.

bBlinding.

°For the comparison RA versus GA, outcome pneumonia, studies were published between 1981 and 1987.

dClassical fail safe number = 3.
°RR < 0.5.

blockade was: 9 (4-12) (median [range]) from a possible
maximal score of 14. The quality of the evidence was rated as
moderate for all 6 comparisons (Table 2). Risk of bias intro-
duced by study design was the reason for downgrading the
quality from high to moderate with the absence of blind-
ing of outcome assessors being the most serious potentially
avoidable concern (Fig. 1). For the effect on pneumonia of
the comparison of neuraxial anesthesia versus general anes-
thesia, the small fail-safe number (possibility of publication
bias) was compensated by the large (<0.5) effect size.
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DISCUSSION

Compared with general anesthesia, neuraxial anesthesia
reduced the mortality rate by approximately 2.5% (Fig. 2)
and the risk of perioperative pneumonia (Fig. 3). Adding
neuraxial anesthesia to general anesthesia may reduce the
incidence of pneumonia; however, this is less conclusive
because the results varied depending on whether the effect
size was adjusted or not for a possible publication bias. We
decided to use only random effects models regardless of the
amount of heterogeneity because we wanted to reduce the

ANESTHESIA & ANALGESIA



Regional Anaesthesia  General Anaesthesia Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI Year M-H, Random, 95% ClI
3.1.1 Regional Anaesthesia versus General Anaesthesia

Davis 1981 (46) 2 64 4 68 11.2% 0.5310.10,2.80] 1981 I
Bigler 1985 (44) 1 20 2 20 58% 0.50 [0.05, 5.08] 1985 - 1
Racle 1986 (51) 3 35 8 35 20.1% 0.38[0.11,1.30] 1986 - T

Cook 1986 (24) 8 50 18 51 57.3% 0.45[0.22,0.95] 1986 —H

Berggren 1987 (43) 1 28 2 29  56% 0.52[0.05, 5.40] 1987 -1
Subtotal (95% Cl) 197 203 100.0% 0.45[0.26, 0.79] 2 3

Total events 15 34

Heterogeneity: Tau? = 0.00; Chi? = 0.14, df = 4 (P = 1.00); [*= 0%
Test for overall effect: Z = 2.81 (P = 0.005)

3.1.2 Regional Anaesthesia added to General Anaesthesia versus General Anaesthesia alone

White 1980 (55) 4 20 8 36 9.0% 0.901[0.31,2.62] 1980 -
Cuschieri 1985 (27) 1 25 1" 50 27% 0.18[0.02,1.33] 1985 — [
Yeager 1987 (42) 1 28 9 25 27% 0.10[0.01,0.73] 1987 —

Davies 1993 (34) 3 25 2 25 37% 1.50(0.27, 8.22] 1993 I
Garnett 1996 (35) 2 48 2 51 2.9% 1.06[0.16, 7.25] 1996 I
Boylan 1998 (32) 2 19 0 21 12% 5.50[0.28, 107.78] 1998 .
Park 2001 (39) 28 514 40 507 35.0% 0.69[0.43,1.10] 2001 -

Norris 2001 (38) 1 80 1 1 14% 0.89[0.06, 13.93] 2001 -1
Peyton 2003 (40) 37 447 46 441 41.2% 0.79[0.53,1.20] 2003 :
Subtotal (95% CI) 1206 1227 100.0% 0.7410.53, 1.03]

Total events 79 19

Heterogeneity: Tau? = 0.03; Chi? = 8.82, df = 8 (P = 0.36); I*= 9%
Test for overall effect: Z = 1.81 (P = 0.07)

001 01 0 100
Favours RA  Favours GA

Test for subgroup differences: Chi? = 2.19, df = 1 (P = 0.14), I = 54.4%

Figure 3. Forest plots for pneumonia O to 30 days. The upper part of the figure illustrates the comparison neuraxial anesthesia versus gen-
eral anesthesia. The lower part of the figure illustrates the comparison neuraxial anesthesia added to general anesthesia versus general
anesthesia alone.

Regional Anaesthesia ~ General Anaesthesia Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.1.1 Regional Anaesthesia versus General Anaesthesia
Bode 1996 (22) 14 285 5 138 50.4% 1.360.50, 3.69]
Christopherson 1993 (23) 2 49 2 51 13.7% 1.04[0.15,7.10] DN
Cook 1986 (24) 2 50 1 51 9.0% 2.0410.19, 21.79] -1
Couderc 1977 (45) 0 50 1 50  5.0% 0.331001,799) — [
Dodds 2007 (25) 2 37 3 45 16.8% 0.811[0.14, 4.60] -
Juelsgaard 1998 (48) 1 29 0 14 51% 1.50 [0.06, 34.66] -1
Subtotal (95% Cl) 500 349 100.0% 1.1710.57, 2.37] L 4
Total events 21 12

Heterogeneity: Tau? = 0.00; Chi? = 1.10, df = 5 (P = 0.95); I*= 0%
Test for overall effect: Z = 0.42 (P = 0.67)

2.1.2 Regional Anaesthesia added to Genral Anaesthesia versus General Anaesthesia alone
Bois 1997 (31) 3 59 5 65 10.7% 0.66[0.17, 2.65]

Boylan 1998 (32) 1 19 1 2 28% 1110007, 1647] —_—
Carli 2001 (56) 0 2 1 A 21% 0.33[0.01,7.74] —
Davies 1993 (34) 2 2% 1 2% 38%  200(0.19,2067] T
Garnett 1996 (35) 3 48 5 51 10.9% 0.64[0.16, 2.52] —
Norris 2001 (38) 3 80 2 6% 133[0.23,7.74] —
Park 2001 (39) 18 514 27 507 60.6% 0.66[0.37, 1.18]

Yeager 1987 (42) 0 2 3 2% 24% 0.13[0.01, 2.36]

Subtotal (95% CI) 794 786 100.0% 0.69 [0.4, 1.09]

Total events 30 45
Heterogeneity: Tau? = 0.00; Chi? = 2.99, df = 7 (P = 0.89); I*= 0%
Test for overall effect: Z=1.61 (P = 0.11)

1 1
0.01 041 1 10 100
Favours RA Favours GA

Test for subgroup differences: Chi? = 1.49, df =1 (P = 0.22), 1= 33.1%

Figure 4. Forest plots for myocardial infarction O to 30 days. The upper part of the figure illustrates the comparison neuraxial anesthesia
versus general anesthesia. The lower part of the figure illustrates the comparison neuraxial anesthesia added to general anesthesia versus
general anesthesia alone.
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possibility of finding an effect where there was none. When
heterogeneity is present, a random effects model will usu-
ally widen the confidence interval. The only comparison
where we saw statistical heterogeneity was the effect on the
risk of pneumonia when neuraxial anesthesia was added to
general anesthesia compared with general anesthesia alone
(I =9%). If data were pooled with a fixed effect model, then
adding neuraxial anesthesia to general anesthesia reduced
the incidence of pneumonia, whereas no effect was detected
if data were pooled with a random effects model. However,
when we included only the studies where an a priori defi-
nition for the diagnosis of pneumonia was reported, addi-
tion of neuraxial anesthesia to general anesthesia reduced
the risk of pneumonia regardless of the model used. None
of the interventions (neuraxial anesthesia compared with
general anesthesia or neuraxial anesthesia added to general
anesthesia versus general anesthesia alone) reduced the risk
of myocardial infarction (Fig. 4), but the power to detect a
25% risk reduction from the addition of neuraxial anesthesia
to general anesthesia was only 0.25 (o = 0.05, 2-sided test).

When deciding which intervention to choose for a
patient, one has to balance the benefits versus the risks.
Although many studies gave an appropriate description
of the techniques used, a clear mention of the presence or
absence of complications related to the techniques, with
an adequate duration of follow-up, was lacking in many
Of the repOrts.20,22,23,25,29,31,32,34—36,41413/45,48,49/51754/57,58 There is no
doubt for the authors of this overview that complications
will need to be evaluated in future trials. Currently, we have
to rely on the data provided by the most recent large pro-
spective studies to estimate the incidence of complications
related to neuraxial blockade.

The 40 studies retained for analysis are of good quality
except for 2 criteria. First, blinding was usually not used in
these studies. Considering the potentially serious (although
rare) side effects that can be associated with the insertion
of an epidural catheter, many clinicians would consider
insertion of an epidural catheter to be unethical if it is
not used to provide neuraxial blockade. Second, many of
our studies suffered from the absence of reporting of side
effects of neuraxial blocks, which resulted in lower scores of
quahty.ZO/ZZ,ZB,ZS/29,31,32/34—36/4143/45,48,49/51754/57/58

Using systematic reviews to find relevant studies to
answer a question could be considered an unusual tech-
nique, but we do not think that this led us to “biased” results.
First, all the included systematic reviews used very com-
prehensive search strategies. Second, by using Duval and
Tweedie’s trim and fill analysis, we were able to quantify
the effects sizes while considering any potential publication
bias. Publication bias occurs when medical journals publish
more studies favoring one intervention than studies favor-
ing another one or a placebo. No matter the search technique
used, it is never possible to be certain that all studies will be
included. One simple reason for this is that authors them-
selves may simply not submit a study with absence of effect.
When performing a study, we do not measure all the popu-
lation to whom the treatment may apply, instead we choose
a fair sample of participants and then assume that the treat-
ment will be equally effective or ineffective to other patients
with characteristics similar to those included in our study.
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Likewise, we chose a sample of studies while clearly defin-
ing in advance our criteria for inclusion. As in the example
above, results of our overview apply to patients with charac-
teristics similar to those included in our overview.

In a metaanalysis published in 2000, Rodgers et al.® con-
cluded that neuraxial blockade reduced the overall 30-day
mortality by approximately one-third and that this would
apply to trials in which neuraxial blockade was combined
with general anesthesia as well as to trials in which neur-
axial blockade was used alone. The metaanalysis of Rodgers
et al.® included studies published up to 1996, while we were
able to include 13 studies published after 1996. We dem-
onstrated that these 2 interventions (neuraxial anesthesia
compared with general anesthesia versus adding neuraxial
anesthesia to general anesthesia) are not equivalent (I for
heterogeneity between the 2 interventions is 69%) (Fig. 2).
Using neuraxial anesthesia as the sole anesthetic technique
reduced the 30-day mortality rate, while adding neuraxial
anesthesia to general anesthesia did not. Our overview does
not allow us to determine whether this difference between
the 2 interventions is due to a diminishing of the beneficial
effects of neuraxial anesthesia by general anesthesia, to
adverse effects of general anesthesia itself, or a combina-
tion of both. Our results apply to patients undergoing an
intermediate-to-high cardiac risk procedure (peripheral
vascular, intraperitoneal, orthopedic, and prostate surgery).
The magnitude of this effect requires further exploration
because the overall quality of the included trials was mod-
erate. Large high-quality trials will be required to confirm or
refute our results on the effects of using neuraxial anesthe-
sia as opposed to general anesthesia on the mortality rate.
Alarger sample size is required before drawing any conclu-
sions on the effects of adding neuraxial anesthesia to gen-
eral anesthesia on the risk of myocardial infarction. These
trials should include appropriate follow-up and description
of side effects of each technique to allow the reader to bal-
ance the risks and benefits of each technique.

Although neuraxial analgesia was used for the vast
majority of the studies in the group neuraxial anesthesia
added to general anesthesia (19 of 20), the effects of post-
operative neuraxial analgesia cannot be determined from
our overview because we retained studies where neuraxial
anesthesia was used for the intraoperative period regard-
less of their use or not for the postoperative period.

In conclusion, compared with general anesthesia, neur-
axial anesthesia may reduce the 0- to-30-day mortality for
patients undergoing a surgery with an intermediate-to-high
cardiac risk (level of evidence moderate). Large RCTs on the
difference in death and major outcomes between regional
and general anesthesia are required. g8
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