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Tecnica e outcome 

¤ La tecnica appropriata e adeguata al tipo 
di intervento 

¤ La tecnica appropriata e adeguata alla 
struttura e al modello organizzativo 



20 anni fa: si apre una strada 

Anesthesiology. 1987 Jun;66(6):729-36. 
Epidural anesthesia and analgesia in high-risk surgical patients. 
Yeager MP, Glass DD, Neff RK, Brinck-Johnsen T. 
 
Abstract 
The authors conducted a randomized controlled clinical trial to evaluate the effect of epidural anesthesia 
and postoperative analgesia (EAA) on postoperative morbidity in a group of high-risk surgical patients. A total 
of 53 patients were admitted to the study, 28 received EAA, and 25 received standard anesthetic and 
analgesic techniques without EAA. Surgical "risk" was evaluated preoperatively and found to be comparable 
in the two groups. When compared to control patients, patients who received EAA had a reduction in the 
overall postoperative complication rate (P = 0.002) and in the incidence of cardiovascular failure (P = 0.007) 
and major infectious complications (P = 0.007). Urinary cortisol excretion, a marker of the stress response, was 
significantly diminished during the first 24 postoperative hours in the group receiving EAA (P = 0.025). Finally, 
hospital costs were significantly reduced for patients who received EAA (P = 0.02).  
The authors conclude that EAA exerted a significant beneficial effect on operative outcome in 
a group of high risk surgical patients. 
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Reduction of postoperative mortality and morbidity with
epidural or spinal anaesthesia: results from overview of
randomised trials
Anthony Rodgers, Natalie Walker, S Schug, A McKee, H Kehlet, A van Zundert, D Sage, M Futter,
G Saville, T Clark, S MacMahon

Abstract
Objectives To obtain reliable estimates of the effects
of neuraxial blockade with epidural or spinal
anaesthesia on postoperative morbidity and mortality.
Design Systematic review of all trials with
randomisation to intraoperative neuraxial blockade or
not.
Studies 141 trials including 9559 patients for which
data were available before 1 January 1997. Trials were
eligible irrespective of their primary aims,
concomitant use of general anaesthesia, publication
status, or language. Trials were identified by extensive
search methods, and substantial amounts of data were
obtained or confirmed by correspondence with
trialists.
Main outcome measures All cause mortality, deep
vein thrombosis, pulmonary embolism, myocardial
infarction, transfusion requirements, pneumonia,
other infections, respiratory depression, and renal
failure.
Results Overall mortality was reduced by about a third
in patients allocated to neuraxial blockade (103
deaths/4871 patients versus 144/4688 patients, odds
ratio = 0.70, 95% confidence interval 0.54 to 0.90,
P = 0.006). Neuraxial blockade reduced the odds of
deep vein thrombosis by 44%, pulmonary embolism by
55%, transfusion requirements by 50%, pneumonia by
39%, and respiratory depression by 59% (all P < 0.001).
There were also reductions in myocardial infarction
and renal failure. Although there was limited power to
assess subgroup effects, the proportional reductions in
mortality did not clearly differ by surgical group, type of
blockade (epidural or spinal), or in those trials in which
neuraxial blockade was combined with general
anaesthesia compared with trials in which neuraxial
blockade was used alone.
Conclusions Neuraxial blockade reduces
postoperative mortality and other serious
complications. The size of some of these benefits
remains uncertain, and further research is required to
determine whether these effects are due solely to
benefits of neuraxial blockade or partly to avoidance
of general anaesthesia. Nevertheless, these findings
support more widespread use of neuraxial blockade.

Introduction
Anaesthesia is commonly classified into two main
techniques: general anaesthesia, in which gaseous or
intravenous drugs achieve central neurological depres-
sion, and regional anaesthesia, in which drugs are
administered directly to the spinal cord or nerves to
locally block afferent and efferent nerve input.1

Regional anaesthesia for major thoracic, abdominal, or
leg surgery relies on neuraxial blockade by injection of
local anaesthetic drugs into either the subarachnoid
space (spinal anaesthesia) or into the epidural space
surrounding the spinal fluid sac (epidural anaesthesia).

The risks of fatal or life threatening events are
increased several fold after major surgery, but there is
debate about whether the type of anaesthesia has any
substantive effect on these risks. Neuraxial blockade
has several physiological effects that provide a
rationale for expecting to improve outcome with this
technique.2 However, the few clinical trials of epidural
or spinal anaesthesia that have focused specifically on
fatal or life threatening events have generally been too
small to detect effects of plausible size reliably. To pro-
vide more reliable estimates of the effects of neuraxial
blockade on postoperative morbidity and mortality,
we conducted a systematic review of all relevant
randomised trials.

Methods
Identification of trials and data collection
We sought to identify all trials in which patients were
randomised to receive intraoperative neuraxial block-
ade (with epidural or spinal anaesthesia) or not.
Eligibility was not based on whether results were pub-
lished, the language of publication, or the primary aims
of the trial. Trials were ineligible if they were not
randomised or were quasi-randomised or if data were
not available before 1 January 1997.

We searched the electronic databases Current
Contents (1995-6), Embase (Excerpta Medica, 1980-
96), Medline (1966-96), and the Cochrane Library
(1998). We used the key words “regional anaesthesia,”
“regional anesthesia,” “spinal,” or “epidural” and the
Cochrane Collaboration search terms for randomised
trials.3 Once papers were identified, authors’ names
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Venous thromboembolism, cardiac events, and
stroke
A total of 365 deep vein thromboses were reported
from 18 trials. Neuraxial blockade reduced the risk of
deep vein thrombosis by almost half (0.56, 0.43 to 0.72;
fig 3). Since more than 80% of deep vein thromboses
were recorded in orthopaedic trials, there was limited
power to detect differences between surgical groups.
Outcome assessments were known to be blinded in
only two trials, and deep vein thromboses were also
reduced in these studies (0.46, 0.21 to 0.99). A total of
96 pulmonary emboli were reported from 23 trials, 21
(22%) of which were fatal. Overall, there were about
half as many pulmonary emboli in patients allocated to
neuraxial blockade (0.45, 0.29 to 0.69; fig 3).

A total of 104 myocardial infarctions were reported
in 30 trials. Overall, there were about one third fewer
myocardial infarctions in patients allocated to neurax-
ial blockade, but the confidence intervals were compat-
ible with both no effect and a halving in risk (0.67, 0.45
to 1.00; fig 3). Only 42 strokes were reported from
eight trials, and the confidence intervals were very wide
for this outcome (0.85, 0.46 to 1.57; fig 3).

Bleeding
In total, 473 patients from 16 trials required
transfusion of two or more units of blood and 100
patients from 12 trials had a postoperative bleed
requiring a transfusion. The requirement for a transfu-
sion of two or more units of blood was reduced by
about half in patients allocated neuraxial blockade
(0.50, 0.39 to 0.66; fig 3). A similar proportional reduc-
tion was found for postoperative bleeds requiring a
transfusion (0.45, 0.29 to 0.70; fig 3). There was no clear
difference in the proportional effects on either
outcome across surgical groups.

Postoperative infection
In total, 62 wound infections were reported from 14
trials. There were fewer wound infections in those allo-
cated to neuraxial blockade, although the confidence
intervals were wide (0.79, 0.47 to 1.33; fig 3). Three
hundred and eighty seven cases of pneumonia were
recorded in 28 trials, of which 38 (10%) were fatal. The
risk of developing pneumonia was less in patients ran-
domised to neuraxial blockade (0.61, 0.48 to 0.76; fig
3). There was some evidence (P for homogene-
ity = 0.05) that the proportional reduction in pneumo-
nia was greater after thoracic epidural anaesthesia
(0.48, 0.35 to 0.67) than after lumbar epidural or spinal
anaesthesia (0.76, 0.55 to 1.04). Twelve deaths due to an
infective cause other than pneumonia were recorded
in six trials, of which two occurred in patients allocated
to neuraxial blockade (0.33, 0.10 to 1.07; fig 3).

Other postoperative events
A total of 64 cases of respiratory depression were
reported from eight trials. The odds of respiratory
depression were reduced by 59% in patients allocated
to neuraxial blockade (0.41, 0.23 to 0.73; fig 3). The
effect was present in trials with and without
concomitant general anaesthesia. Fifty cases of renal
failure were recorded in 10 trials. Although the risk of
renal failure was reduced in patients randomised to
neuraxial blockade, the confidence intervals were wide
and compatible with both no effect and a two thirds
reduction (0.57, 0.32 to 1.00; fig 3).

Sensitivity analyses
We conducted several analyses to assess whether the
effects on total mortality were dependent on trials with
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Regional techniques and outcome: what is the evidence?
Marie N. Hanna, Jamie D. Murphy, Kanupriya Kumar and Christopher L. Wu

Introduction
Perioperative use of regional anesthesia and analgesia
may attenuate adverse perioperative pathophysiology
and improve patient outcomes. Overall, the data suggest
that the perioperative use of regional anesthesia and
analgesia may improve both conventional (i.e. mortality
and morbidity) and patient-centered outcomes. Although
the majority of available data have examined the effect of
epidural anesthesia and analgesia on patient outcomes, an
increasing number of studies recently have investigated
the effect of peripheral regional techniques on outcomes.
We will review the recent data on the effect of peri-
operative regional anesthesia and analgesia on both con-
ventional and patient-centered outcomes.

Beneficial outcomes associated with regional
anesthesia and analgesia
Through the attenuation of perioperative pathophysiol-
ogy and provision of superior analgesia, regional anesthe-
sia–analgesia may improve patient outcomes; however,
the benefits of perioperative regional anesthesia–

analgesia are most apparent in patients with decreased
physiologic reserves or who are undergoing higher risk
procedures (e.g. thoracotomy).

Mortality
Prior meta-analyses and database analyses have
examined the association of perioperative epidural
anesthesia–analgesia and patient mortality; however,
the overall effect of epidural analgesia and patient
mortality has been uncertain. The largest meta-analysis
of randomized controlled trials (RCTs) comparing
intraoperative neuraxial to general anesthesia (141
RCTs, 9559 patients) indicated a decrease in mortality
[1.9 vs. 2.8%; odds ratio (OR)¼ 0.7, 95% confidence
interval (CI) 0.54–0.90] [1]; however, other smaller,
procedure-specific meta-analyses (e.g. open abdominal
aortic surgery, coronary artery bypass grafting, hip and
knee replacement surgery) have not shown any differ-
ence in mortality [2–5]. A 5% random sample of the
Medicare claims database found that the presence of
postoperative epidural analgesia was associated with a
significantly lower incidence for both 7-day mortality
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Purpose of review
Despite some controversy regarding the strength of the available data, the use of
regional anesthesia and analgesia does provide improvement in patient outcomes.
Although the majority of available data have examined the effect of epidural anesthesia
and analgesia on patient outcomes, an increasing number of studies recently have
investigated the effect of peripheral regional techniques on patient outcomes.
Recent findings
Data generally indicate that the perioperative use of regional anesthesia and analgesia
may be associated with improvement in both major (e.g. mortality, major morbidity)
outcomes and rehabilitation. The majority of evidence favors an ability of epidural
analgesia to reduce postoperative cardiovascular and pulmonary complications and
there is also consistent evidence that epidural analgesia with local anesthetics is
associated with faster resolution of postoperative ileus after major abdominal surgery.
Overall, regional analgesic techniques provide statistically superior analgesia compared
with systemic opioids.
Summary
Perioperative use of regional analgesic techniques may provide improvement in
conventional outcomes, although the benefit appears to be limited to high-risk patients
and those undergoing high-risk procedures. The benefits conferred by perioperative
regional anesthetic techniques need to be weighed against any potential risks and this
should be assessed on an individual basis.
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epidural, outcomes, peripheral nerve block
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determine whether these effects are due solely to
benefits of neuraxial blockade or partly to avoidance
of general anaesthesia. Nevertheless, these findings
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Introduction
Anaesthesia is commonly classified into two main
techniques: general anaesthesia, in which gaseous or
intravenous drugs achieve central neurological depres-
sion, and regional anaesthesia, in which drugs are
administered directly to the spinal cord or nerves to
locally block afferent and efferent nerve input.1

Regional anaesthesia for major thoracic, abdominal, or
leg surgery relies on neuraxial blockade by injection of
local anaesthetic drugs into either the subarachnoid
space (spinal anaesthesia) or into the epidural space
surrounding the spinal fluid sac (epidural anaesthesia).

The risks of fatal or life threatening events are
increased several fold after major surgery, but there is
debate about whether the type of anaesthesia has any
substantive effect on these risks. Neuraxial blockade
has several physiological effects that provide a
rationale for expecting to improve outcome with this
technique.2 However, the few clinical trials of epidural
or spinal anaesthesia that have focused specifically on
fatal or life threatening events have generally been too
small to detect effects of plausible size reliably. To pro-
vide more reliable estimates of the effects of neuraxial
blockade on postoperative morbidity and mortality,
we conducted a systematic review of all relevant
randomised trials.

Methods
Identification of trials and data collection
We sought to identify all trials in which patients were
randomised to receive intraoperative neuraxial block-
ade (with epidural or spinal anaesthesia) or not.
Eligibility was not based on whether results were pub-
lished, the language of publication, or the primary aims
of the trial. Trials were ineligible if they were not
randomised or were quasi-randomised or if data were
not available before 1 January 1997.

We searched the electronic databases Current
Contents (1995-6), Embase (Excerpta Medica, 1980-
96), Medline (1966-96), and the Cochrane Library
(1998). We used the key words “regional anaesthesia,”
“regional anesthesia,” “spinal,” or “epidural” and the
Cochrane Collaboration search terms for randomised
trials.3 Once papers were identified, authors’ names
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¤  Possiamo ridurre morbidità e mortalità post-operatoria? 

¤  Perché La metanalisi di Rodgers non ha trovato conferma in 
successive metanalisi? 
¤  La mortalità è un evento raro, difficilmente riconducibile ad un unico 

evento causale 
¤  Il management molto migliorato ha ridotto anche  l’incidenza di eventi 

avversi 

¤  I rischi di M&M dipendono alla procedura chirurgica e i 
potenziali benefici delle tecniche anestetiche/analgesiche 
vanno inseriti nel contesto: 
¤  Chirurgia ortopedica: TE e riabilitazione 

¤  Chirurgia vascolare: IM 
¤  Chirurgia addome superiore e toracica: Pneumonia 

British Journal of Anaesthesia 95 (1): 52–8 (2005)

doi:10.1093/bja/aei038 Advance Access publication December 3, 2004

Influence of anaesthetic and analgesic techniques on outcome
after surgery

F. Bonnet* and E. Marret

Service d’Anesthésie-Réanimation, Hôpital Tenon, Assistance Publique Hôpitaux de Paris,
4 rue de la Chine, F-75970 Paris cedex 20, France

*Corresponding author. E-mail: francis.bonnet@tnn.ap-hop-paris.fr

Postoperative symptoms and complications can be prevented by a suitable choice of anaesthetic
and analgesic technique for specific procedures. The aim of analgesic protocols is not only to
reduce pain intensity but also to decrease the incidence of side-effects from analgesic agents and
to improve patient comfort. Moreover, adequate pain control is a prerequisite for the use of
rehabilitation programmes to accelerate recovery from surgery. Thus, combining opioid and/or
non-opioid analgesics with regional analgesic techniques not only improves analgesic efficacy but
also reduces opioid demand and side-effects such as nausea and vomiting, sedation, and prolonga-
tion of postoperative ileus. Although all attempts to demonstrate that regional anaesthesia and
analgesia decrease postoperative mortality are unsuccessful, there is evidence supporting a
reduction in pulmonary complications after major abdominal surgery, and an improvement in
patient rehabilitation after orthopaedic surgery. When such techniques are used, cost–benefit
analysis should be considered to determine suitable analgesic protocols for specific surgical
procedures.

Br J Anaesth 2005; 95: 52–8

Keywords: anaesthetic techniques, epidural; analgesic techniques, regional; analgesics
non-opioid; surgery, postoperative period

Surgery induces important disturbances in body homeostasis
such as hypercatabolism, hypercoagulability, and inflamma-
tion, leading to a series of symptoms and signs such as
hypoxaemia, pain, nausea, vomiting, ileus, sleep distur-
bances, and fatigue, and complications including pneumonia
and myocardial infarction.33 34 Each symptom or complica-
tion that contributes to postoperative morbidity is likely to
prolong the duration of hospital stay. Anaesthetic and
analgesic techniques not only aim to provide suitable con-
ditions for surgery, but also to prevent postoperative
complications and to decrease postoperative morbidity
and mortality.

Assessment of the impact of anaesthetic and analgesic
techniques on postoperative outcome commonly focuses
on the incidence of mortality and major complications
after major surgical procedures. Nevertheless, other post-
operative adverse events such as pain, nausea, vomiting, and
urinary retention may also impair patient comfort, recovery,
and rehabilitation after minor andmajor surgical procedures.
In addition, there is growing evidence that acute postopera-
tive events may have long-term consequences. For example,
uncontrolled postoperative pain is related to the develop-
ment of chronic pain syndromes;41 postoperative myocardial
ischaemia and infarction are risk factors for death
from cardiac causes in the following months;22 37 54 and

postoperative increases in plasma creatinine concentration
could be indicative of the development of chronic renal
failure.
As postoperative pain is often the predominant symptom,

it can be considered an important outcome of surgery.
Patients may relate improved pain control to improved post-
operative outcome. Several analgesic agents and techniques,
including regional analgesia and i.v. patient-controlled
analgesia (PCA) using opioids, have been demonstrated
to effectively control postoperative pain.5 9 29 63 72 78 Two
issues need to be addressed. Is it possible to optimize
pain control, improving the effectiveness of analgesic agents
and reducing the incidence of their side-effects; and are we
able to reduce postoperative morbidity and hasten recovery
through the treatment of postoperative pain?

Improving the effectiveness of analgesic
agents
Patient-controlled administration of i.v. opioids, and periph-
eral and central nerve blocks using local anaesthetic agents,
are the corner stones of analgesic strategies, the latter being
considered more effective than the former. Nevertheless,
each technique has its own limitations and none can achieve
complete postoperative pain control.

# The Board of Management and Trustees of the British Journal of Anaesthesia 2004. All rights reserved. For Permissions, please e-mail: journal.permissions@oupjournals.org
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CONCLUSIONS: Overall, there is 
insufficient evidence to confirm 
or deny the ability of 
postoperative analgesic 
techniques to affect major 
postoperative mortality or 
morbidity. This is primarily due to 
typically insufficient subject 
numbers to detect differences in 
currently low incidences of 
postoperative complications.  

Anesth Analg 2007;104:689–702 

CONCLUSIONS: Although 
there are data suggesting that 
improved postoperative 
analgesia leads to better 
patient outcomes, there is 
insufficient evidence to 
support subsequent 
improvements inpatient-
centered outcomes such as 
quality of life and quality of 
recovery.  

Anesth Analg 2007;105:789–808  



Postoperative Pain Management
and Patient Outcome: Time
to Return to Work!

Paul F. White, PhD, MD*

Henrik Kehlet, MD, PhD†

The most recent systematic review of the pain literature by Liu and Wu
(1) examined the effect of the postoperative analgesic technique on the
incidence of complications after surgery. The authors reanalyzed 18
meta-analyses and 10 systematic reviews (in addition to 8 randomized
clinical trials and 2 observational studies), and concluded that “there is
insufficient evidence to confirm or deny the ability of postoperative
analgesia techniques to affect postoperative mortality or morbidity.”

Unfortunately, many anesthesiologists and surgeons may erroneously
conclude from this analysis that optimizing pain management does not
really make any difference with respect to patient outcome after surgery.
Therefore, this review raises several important questions for the anesthesia
community. For example, what is the value of a systematic review of a
complex multifactorial problem involving the interplay between postop-
erative pain and its effects on patient outcomes? In comparing their
findings to published reviews on this topic (2–5), it would appear that the
current analysis contains little, if any, new information. Given that their
findings largely represent a “reanalysis” of previous analyses from the
pain literature, the authors’ conclusion is not unexpected. However,
another potential explanation for the negative findings regarding the
potential beneficial effects of IV patient-controlled analgesia and epidural
analgesia on major postoperative complications relates to the possibility of
a type-2 statistical error due to an “insufficient number of comparable
subjects,” given the low incidence of serious complications in the postop-
erative period.

The second, and even more important, question relates to the value
of continuing to “meta-analyze” old studies involving a single type of
intervention in nonhomogenous surgical populations (6). These studies
have repeatedly found limited effects of a single intervention on adverse
postoperative outcomes unless every aspect of perioperative care is tightly
controlled. For example, the well-documented reduction in postoperative
ileus when a continuous thoracic epidural with local anesthetics is admin-
istered for pain control after major intraabdominal surgery does not lead to
improved patient outcomes (e.g., decreased major complications) or re-
duced hospital stay unless the patient is encouraged to rapidly resume oral
intake and begins to ambulate in the early postoperative period (6).

Liu and Wu (1) suggested that, despite the vast peer-reviewed literature
documenting the benefits of a wide variety of analgesic drugs and drug
combinations in the perioperative period, we need to perform more “large
scale outcome studies” to establish the benefits of analgesic therapies. We
would suggest that the negative findings from the current reanalysis of the
pain literature were related in part to the fact that the authors only
included large-scale randomized studies (7,8) while ignoring smaller,
well-controlled clinical trials containing group sizes of !100 patients. In
the large Veterans Administration hospital study (7), epidural opioids
were used for ill-defined time intervals after different types of operations,
rather than as part of a carefully controlled fast-track perioperative care
regimen (9). Furthermore, it is well known that epidural opioids without
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local anesthetics have minimal effects on the undesir-
able pathophysiologic responses and major organ sys-
tem dysfunction which can occur after surgery. Finally,
epidural analgesia is not always epidural analgesia
and must be defined and optimized according to level
of insertion and sufficient use of local anesthetic
(10–12). In another large scale, the so-called MASTER
anesthesia trial (8), neither the site nor even the
specific drugs administered for epidural analgesia
were described. More importantly, the surgical proce-
dures which were studied varied from abdominal
hysterectomy to esophagectomy!

Other factors (e.g., fluid management) can also
have a major impact on postoperative complications
and, therefore, must be controlled in analgesic studies
(especially when a central neuroaxial block is in-
volved) (13). For example, in patients undergoing
aortic aneurysm surgery, use of epidural analgesia in
combination with early nutritional intake and mobili-
zation eliminated pulmonary morbidity and reduced
the length of the hospital stay to about 3 days when
fluid administration was tightly controlled (14). On
the other hand, in outpatients undergoing ambulatory
surgery, aggressive hydration to avoid functional hy-
povolemia will improve the recovery profile by reduc-
ing side effects and minimizing organ dysfunction
(15,16).

The authors’ statement suggesting that the problem
in finding a beneficial effect of postoperative analgesic
techniques on complications after surgery is related to
the “morass of underpowered randomized clinical
trials” could also be seriously questioned. The vast
majority of carefully controlled, randomized, prospec-
tive clinical trials demonstrating benefits of specific
analgesics and novel administration techniques have
group sizes which range from 25 to 100 patients.
Therefore, it is hardly surprising that a systematic
review which eliminated all studies with group sizes of
!100 patients would have a negative result. An im-
portant lesson regarding this issue can be learned
from examining the peer-reviewed literature on the
comparative effects of antiemetic drugs in the preven-
tion of postoperative nausea and vomiting (PONV).

In a relatively small, single-site, placebo-controlled
study involving ondansetron and droperidol, the two
antiemetics were found to have similar efficacy and
side effect profiles (versus placebo) when adminis-
tered for the prevention of PONV (17). The manufac-
turer of the 5-HT3 antagonist assumed that the failure
to find any significant differences between
the two antiemetics was simply due to the fact that the
earlier study was inadequately powered because of
the allegedly small group sizes (n " 40) (17). Subse-
quently, a large multicenter study was performed
with group sizes of more than 500 patients each, and
the findings were identical to the original comparative
study (18,19). In a subsequent large multi-center com-
parative study by Apfel et al. (20) involving more than
4000 patients, the original findings of Tang et al. (17)

were once again confirmed. When studying multifac-
torial problems like PONV and postoperative pain,
clinical trials conducted at a single site, where poten-
tially confounding factors are tightly controlled, may
actually prove to be more valuable than less rigor-
ously controlled multicenter studies having huge
group sizes.

Another important question relates to what, if any,
additional information a large meta-analysis provides
that a well-conducted, adequately powered, prospec-
tive, randomized, double-blind study conducted at a
single site apparently lacks (21)? A critical reading
of the peer-reviewed literature would suggest that
the answer to this question is not obvious. In fact,
small-scale, single-institution studies which are well
designed and carefully conducted can be hypothesis-
generating and provide important information about
how to optimally design larger confirmatory trials
which target important outcome variables that occur
with a low frequency (e.g., serious postoperative com-
plications). If the primary goal of anesthesiologists in
trying to optimize pain management was only to
prevent major complications such as myocardial in-
farction, pulmonary emboli, and strokes, we could
probably simply ignore the problem and go home!

For most anesthesia practitioners, the primary goal
in trying to improve pain management is to enhance
patient comfort and facilitate the recovery process
after surgery (9), as well as to minimize postoperative
complications. Therefore, it is critically important to
incorporate the principle of optimizing perioperative
medical care by using a fast-track recovery paradigm
in future studies examining the impact of pain man-
agement on patient outcomes (6,9). Well-controlled
and appropriately powered clinical studies which
examine the impact of improved analgesic techniques
on patient comfort, quality of recovery, and resump-
tion of normal activities of daily living (i.e., fast-track
recovery) are probably of greater relevance than the
mega-studies proposed by Liu and Wu, which largely
focus on end points that are relatively rare and which
include multiple pathogenic mechanisms that are very
difficult to tightly control.

Hopefully, these investigators will begin to perform
well-designed prospective, randomized outcome studies
with clinically meaningful end points when effective
analgesic techniques are integrated in perioperative
care and rehabilitation, as was suggested more than a
decade ago (22). It is time to “roll up our sleeves and
get back to work” doing high-quality clinical research
rather than simply reanalyzing previously published
studies.
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Perioperative use of regional analgesic techniques may provide 
improvement in conventional outcomes,  
although the benefit appears to be limited to high-risk 
patients and those undergoing high-risk procedures.  
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Regional techniques and outcome: what is the evidence?
Marie N. Hanna, Jamie D. Murphy, Kanupriya Kumar and Christopher L. Wu

Introduction
Perioperative use of regional anesthesia and analgesia
may attenuate adverse perioperative pathophysiology
and improve patient outcomes. Overall, the data suggest
that the perioperative use of regional anesthesia and
analgesia may improve both conventional (i.e. mortality
and morbidity) and patient-centered outcomes. Although
the majority of available data have examined the effect of
epidural anesthesia and analgesia on patient outcomes, an
increasing number of studies recently have investigated
the effect of peripheral regional techniques on outcomes.
We will review the recent data on the effect of peri-
operative regional anesthesia and analgesia on both con-
ventional and patient-centered outcomes.

Beneficial outcomes associated with regional
anesthesia and analgesia
Through the attenuation of perioperative pathophysiol-
ogy and provision of superior analgesia, regional anesthe-
sia–analgesia may improve patient outcomes; however,
the benefits of perioperative regional anesthesia–

analgesia are most apparent in patients with decreased
physiologic reserves or who are undergoing higher risk
procedures (e.g. thoracotomy).

Mortality
Prior meta-analyses and database analyses have
examined the association of perioperative epidural
anesthesia–analgesia and patient mortality; however,
the overall effect of epidural analgesia and patient
mortality has been uncertain. The largest meta-analysis
of randomized controlled trials (RCTs) comparing
intraoperative neuraxial to general anesthesia (141
RCTs, 9559 patients) indicated a decrease in mortality
[1.9 vs. 2.8%; odds ratio (OR)¼ 0.7, 95% confidence
interval (CI) 0.54–0.90] [1]; however, other smaller,
procedure-specific meta-analyses (e.g. open abdominal
aortic surgery, coronary artery bypass grafting, hip and
knee replacement surgery) have not shown any differ-
ence in mortality [2–5]. A 5% random sample of the
Medicare claims database found that the presence of
postoperative epidural analgesia was associated with a
significantly lower incidence for both 7-day mortality
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Purpose of review
Despite some controversy regarding the strength of the available data, the use of
regional anesthesia and analgesia does provide improvement in patient outcomes.
Although the majority of available data have examined the effect of epidural anesthesia
and analgesia on patient outcomes, an increasing number of studies recently have
investigated the effect of peripheral regional techniques on patient outcomes.
Recent findings
Data generally indicate that the perioperative use of regional anesthesia and analgesia
may be associated with improvement in both major (e.g. mortality, major morbidity)
outcomes and rehabilitation. The majority of evidence favors an ability of epidural
analgesia to reduce postoperative cardiovascular and pulmonary complications and
there is also consistent evidence that epidural analgesia with local anesthetics is
associated with faster resolution of postoperative ileus after major abdominal surgery.
Overall, regional analgesic techniques provide statistically superior analgesia compared
with systemic opioids.
Summary
Perioperative use of regional analgesic techniques may provide improvement in
conventional outcomes, although the benefit appears to be limited to high-risk patients
and those undergoing high-risk procedures. The benefits conferred by perioperative
regional anesthetic techniques need to be weighed against any potential risks and this
should be assessed on an individual basis.
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The benefits conferred by perioperative regional anesthetic 
techniques need to be weighed against any potential risks 
and this should be assessed on an individual basis.  



¤  La popolarità delle metanalisi è cresciuta moltissimo ma… 
Spesso sono inconcludenti, mal condotte, interpretate in maniera 
discutibile 

La stessa Cochrane ha pubblicato metanalisi con risultati diversi 
rispetto ad altre ma resta lo standard di riferimento più elevato 

¤  C’è una aspettativa non realistica sull’influenza della 
tecnica anestetica sulla mortalità perioperatoria 

¤  Le “Expert opinions” rappresentano il più basso livello di 
evidenza, ma possono essere utili se valutate con prudenza 
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Does regional anaesthesia really improve outcome?
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Editor’s key points

† Outcome studies showing
differences in mortality between
regional and general anaesthetic
techniques are probably impossible.

† Meta-analyses have shown
improved outcomes for specific
endpoints associated with specific
regional anaesthesia techniques.

Summary. In recent decades, a number of studies have attempted to determine
whether regional anaesthesia offers convincing benefits over general
anaesthesia. However, today we interpret meta-analyses more carefully, and it
remains unclear whether regional anaesthesia reduces mortality. However,
regional anaesthesia offers superior analgesia over opioid-based analgesia,
and a significant reduction in postoperative pain is still a worthwhile outcome.
Recent developments in technical aspects of regional anaesthesia have the
potential to provide significant advantages for many patients in all age groups.
Moreover, studies focusing on specific outcomes have shown benefits for
regional anaesthesia used for surgery and postoperative analgesia.
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In 1987, Yeager and colleagues showed a dramatically reduced
mortality by epidural analgesia in high-risk surgical patients. In
2000, Rodgers and colleagues published an extensive
meta-analysis showing a reduction in postoperative mortality
and morbidity with neuraxial anaesthesia with the subsequent
recommendation of more widespread use of neuraxial anaes-
thesia. As in all fields of medicine, evidence in regional anaes-
thesia is rapidly growing. It is hard to review all relevant
studies, and therefore meta-analyses are very helpful to cat-
egorize the available evidence. Although the popularity of
meta-analyses has increased dramatically over the last two
decades, many are poorly conducted, the results are sometimes
questionable, and interpretation can lead to deceptive results.1

Evidence-based medicine has limitations, and some medical
questions can simply not be answered by randomized controlled
trials. Perhaps, it is an unrealistic expectation that regional
anaesthesia influences perioperative mortality. With estimated
anaesthesia-related mortality as low as 8.2 per million hospital
surgical discharges, it might be impossible to detect differences
in mortality in randomized controlled trials that would have to
include millions of patients. The Cochrane collaboration has pub-
lished strict rules for meta-analyses,2 often resulting in differing
conclusions of Cochrane meta-analyses compared with
meta-analyses published in other journals. The following
review discusses the influence of various regional anaesthetic
techniques on outcome parameters. Given the high quality of
the Cochrane collaboration, we will consider Cochrane analyses
as the best available evidence in this review.

Peripheral nerve blocks
Consideration of the various techniques of peripheral nerve
blocks and potential advances in comparison with general

anaesthesia requires a short discussion of the safe and effec-
tive performance of peripheral nerve block. Peripheral nerve
blocks and local anaesthesia have very few cardiovascular or
pulmonary side-effects. There are still potential complications,
and peripheral nerve block must be done with adequate safety
precautions by anaesthetists with appropriate experience. In
rare cases, such as accidental block of the phrenic nerve
during interscalene brachial plexus block, nerve blocks can
compromise pulmonary function, usually without clinical con-
sequences.3 A potentially significant side-effect is systemic
toxicity of local anaesthetics.4 With ultrasound guidance, the
volumes of injected local anaesthetics can be decreased dra-
matically,5 –8 limiting the risk of toxic side-effects.

In experienced hands, it seems likely that peripheral nerve
block would be safer than general anaesthesia due primarily
to the avoidance of airway management. However, evidence
to prove this assumption will never be available due to the
low numbers of severe anaesthesia-related complications.
Nevertheless, perioperative opioid consumption can be
reduced or even avoided, in particular with peripheral peri-
neural catheter techniques.9 Subsequently, opioid-related
side-effects can be reduced when perineural block is per-
formed. Optimal performance of single-shot or continuous
perineural block is the major prerequisite for implementation
of these techniques in daily clinical practice.

Epidural anaesthesia
Postoperative epidural analgesia after major abdominal and
thoracic surgery has been extensively investigated. However,
most of the studies did not include enough patients for defini-
tive conclusions. Accordingly, a number of meta-analyses
have addressed the question whether and which outcome

British Journal of Anaesthesia 107 (S1): i90–i95 (2011)
doi:10.1093/bja/aer340

& The Author [2011]. Published by Oxford University Press on behalf of the British Journal of Anaesthesia. All rights reserved.
For Permissions, please email: journals.permissions@oup.com



It is likely that reduction or even avoidance of opioids and
optimized postoperative pain therapy via neuraxial regional
analgesia is superior regarding pulmonary postoperative
function. However, the use of neuraxial regional anaesthesia
for major surgery should be carefully balanced. Individual
risk assessment and physician skills are important to attain
optimal regional anaesthesia effects during abdominal and
thoracic surgery.

Gastrointestinal effects
Postoperative ileus is an important morbidity and mortality
factor. Thoracic epidural anaesthesia causes sympatholysis
and improved microcirculation with subsequent improved
bowel function.32 – 34 The preventions and treatment of post-
operative ileus are multifactorial and should include the
avoidance of opioids, use of epidural block, use of a nasogas-
tric tube, and correction of electrolyte imbalance.32

Effects on blood coagulation
The effects of neuraxial regional anaesthesia on platelet
function are well known.35 – 38 Recent publications show
that epidural anaesthesia also prevents perioperative
venous stasis.39 The incidence of perioperative venous
thrombosis can be significantly reduced, as shown by a
Cochrane meta-analysis from Parker and colleagues.16

With regard to the influence of various regional anaes-
thetic techniques on blood coagulation, local anaesthetics
do have a direct effect on platelet function.40 – 42 Thus, a
combination of indirect and direct mechanisms for regional
anaesthesia effects on blood coagulation seems to be
responsible for the antithrombotic effects of regional block.

Cancer recurrence
Studies both in vivo and in vitro suggest several mechanisms
by which cancer surgery might affect cellular immunity:
stress response to tissue injury, general anaesthesia, and
the use of perioperative opioids. A hypothesis currently
under investigation is that regional anaesthesia can influ-
ence cancer recurrence by several mechanisms: decreased
neuroendocrine stress response to surgical tissue injury,
reduced need for general anaesthesia, and reduced opioid
consumption.43 In addition, pain is an important stress
factor and perioperative pain therapy is superior when suc-
cessful regional anaesthesia is performed.

The relationship between regional anaesthesia and cancer
recurrence is one of the most fascinating topics in anaesthe-
sia today. The concept that anaesthesia can influence the
outcome of cancer would raise our speciality to a new
level. An initial retrospective analysis of survival rates after
breast cancer surgery showed impressively improved results
for patients treated with paravertebral block (94%
metastasis-free and survival) compared with those receiving
general anaesthesia (77% metastasis-free and survival).44 A
prospective multicentre trial will determine whether these
retrospective data can be confirmed.45

A positive influence of regional anaesthesia on
cancer outcome after surgery is also suggested for pros-
tate cancer.46 On the other hand, Myles and colleagues47

did not find a positive correlation between the use of epi-
dural anaesthesia and abdominal cancer surgery. There-
fore, the entire topic of regional anaesthesia and cancer
is evolving and potentially complex. Further experimental
and prospective clinical studies have to investigate possible
beneficial effects of regional anaesthesia on cancer
recurrence.

Regional anaesthesia and outcome: what
we know and what we wish
Whether regional anaesthesia influences outcome after
surgery is a controversial topic. Several meta-analyses have
investigated this important topic with controversial results.
Cochrane analyses probably represent the highest standards
of meta-analyses. Accordingly, conclusions are very carefully
expressed by authors of Cochrane reviews. On the other
hand, large outcome studies and meta-analyses are only
one side of the coin. Expert opinions represent lower levels
of evidence that are still useful in informing current practice,
but must be considered even more cautiously. In skilled
hands, various regional anaesthetic techniques are powerful
tools providing almost perfect perioperative pain therapy.
Using an optimal balance between appropriate techniques,
application of advanced equipment, and optimal doses of
drugs, regional anaesthesia plays an important role in peri-
operative medicine. No outcome study or meta-analysis con-
siders the individual skills and the directly associated success
rates. In the author’s opinion, failed blocks are probably the
most important factors for negative outcome. Improvement
in outcome can probably be achieved when the skills of indi-
vidual practitioners are improved and regional anaesthesia is
used wisely and appropriately leading to reduced failure
rates.

Whether specific regional anaesthetic techniques or local
anaesthetics influence the course of illness is an important
topic in the future. The theoretical approach is fascinating,
and retrospective data in specific fields are promising.
Either way, performing a successful regional block during
cancer surgery is rarely harmful and should therefore be per-
formed whenever applicable. Whether it influences cancer
outcome—let’s find out!
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¤  Benefici sembrano limitati ai setting ad alto rischio 

¤  Associare tecnica appropriata, utilizzare avanzate 
tecnologie e ottimizzare il dosaggio dei farmaci 
potrebbe consentire alle tecniche di anestesia 
regionale di impattare sul perioperatorio 

¤  Nessuno studio di outcome considera la skillness e 
l’associata percentuale di successo 

¤  I fallimenti procedurali sono probabilmente una delle 
cause principali dell’outcome negativo 
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In 1987, Yeager and colleagues showed a dramatically reduced
mortality by epidural analgesia in high-risk surgical patients. In
2000, Rodgers and colleagues published an extensive
meta-analysis showing a reduction in postoperative mortality
and morbidity with neuraxial anaesthesia with the subsequent
recommendation of more widespread use of neuraxial anaes-
thesia. As in all fields of medicine, evidence in regional anaes-
thesia is rapidly growing. It is hard to review all relevant
studies, and therefore meta-analyses are very helpful to cat-
egorize the available evidence. Although the popularity of
meta-analyses has increased dramatically over the last two
decades, many are poorly conducted, the results are sometimes
questionable, and interpretation can lead to deceptive results.1

Evidence-based medicine has limitations, and some medical
questions can simply not be answered by randomized controlled
trials. Perhaps, it is an unrealistic expectation that regional
anaesthesia influences perioperative mortality. With estimated
anaesthesia-related mortality as low as 8.2 per million hospital
surgical discharges, it might be impossible to detect differences
in mortality in randomized controlled trials that would have to
include millions of patients. The Cochrane collaboration has pub-
lished strict rules for meta-analyses,2 often resulting in differing
conclusions of Cochrane meta-analyses compared with
meta-analyses published in other journals. The following
review discusses the influence of various regional anaesthetic
techniques on outcome parameters. Given the high quality of
the Cochrane collaboration, we will consider Cochrane analyses
as the best available evidence in this review.

Peripheral nerve blocks
Consideration of the various techniques of peripheral nerve
blocks and potential advances in comparison with general

anaesthesia requires a short discussion of the safe and effec-
tive performance of peripheral nerve block. Peripheral nerve
blocks and local anaesthesia have very few cardiovascular or
pulmonary side-effects. There are still potential complications,
and peripheral nerve block must be done with adequate safety
precautions by anaesthetists with appropriate experience. In
rare cases, such as accidental block of the phrenic nerve
during interscalene brachial plexus block, nerve blocks can
compromise pulmonary function, usually without clinical con-
sequences.3 A potentially significant side-effect is systemic
toxicity of local anaesthetics.4 With ultrasound guidance, the
volumes of injected local anaesthetics can be decreased dra-
matically,5 –8 limiting the risk of toxic side-effects.

In experienced hands, it seems likely that peripheral nerve
block would be safer than general anaesthesia due primarily
to the avoidance of airway management. However, evidence
to prove this assumption will never be available due to the
low numbers of severe anaesthesia-related complications.
Nevertheless, perioperative opioid consumption can be
reduced or even avoided, in particular with peripheral peri-
neural catheter techniques.9 Subsequently, opioid-related
side-effects can be reduced when perineural block is per-
formed. Optimal performance of single-shot or continuous
perineural block is the major prerequisite for implementation
of these techniques in daily clinical practice.

Epidural anaesthesia
Postoperative epidural analgesia after major abdominal and
thoracic surgery has been extensively investigated. However,
most of the studies did not include enough patients for defini-
tive conclusions. Accordingly, a number of meta-analyses
have addressed the question whether and which outcome
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Blocchi centrali 



¤ Epidural anaesthesia during cardiac surgery reduces 
¤ post- operative supraventricular arrhythmias   
¤ respiratory complications,  
 

¤ Definitive conclusions regarding mortality, myocardial 
infarction, and stroke were precluded due to the 
diversity of data, although a reduced risk of 
cardiopulmonary complications was estimated  

 
Meta-analysis of thoracic epidural anesthesia vs  

general anesthesia for cardiac surgery.  
Svircevic V, van Dijk D, Nierich AP, et al.  

Anesthesiology 2011; 114: 271–82 



Epidural anaesthesia and survival after 
intermediate-to-high risk  

non-cardiac surgery: 
 a population-based cohort study 

¤ Findings:  259 037 patients 

¤ 56 556 (22%) received epidural anaesthesia.  

¤ Within the matched-pairs cohort (n=88 188), epidural 
anaesthesia was associated with a small reduction in 
30-day mortality (1·7% vs 2·0%; relative risk 0·89, 95% 
CI 0·81—0·98, p=0·02) NNT= 477 

The Lancet, Volume 372,  9638, Pages 562 - 569, 2008 
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¤  Randomized trials of combined intraoperative and 
postoperative anesthetic or analgesic regimens do not clearly 
indicate that a combined epidural approach prevents 
postoperative pulmonary complications  

Strategies To Reduce Postoperative Pulmonary Complications after
Noncardiothoracic Surgery: Systematic Review for the American
College of Physicians
Valerie A. Lawrence, MD; John E. Cornell, PhD; and Gerald W. Smetana, MD

Background: Postoperative pulmonary complications are as fre-
quent and clinically important as cardiac complications in terms of
morbidity, mortality, and length of stay. However, there has been
much less research and no previous systematic reviews of the
evidence of interventions to prevent pulmonary complications.

Purpose: To systematically review the literature on interventions to
prevent postoperative pulmonary complications after noncardiotho-
racic surgery.

Data Sources: MEDLINE English-language literature search, 1 Jan-
uary 1980 through 30 June 2005, plus bibliographies of retrieved
publications.

Study Selection: Randomized, controlled trials (RCTs); systematic
reviews; or meta-analyses that met predefined inclusion criteria.

Data Extraction: Using standardized forms, the authors abstracted
data on study methods, quality, intervention and control groups,
patient characteristics, surgery, postoperative pulmonary complica-
tions, and adverse events.

Data Synthesis: The authors qualitatively synthesized, without
meta-analysis, evidence from eligible studies. Good evidence (2
systematic reviews, 5 additional RCTs) indicates that lung expansion
interventions (for example, incentive spirometry, deep breathing

exercises, and continuous positive airway pressure) reduce pulmo-
nary risk. Fair evidence suggests that selective, rather than routine,
use of nasogastric tubes after abdominal surgery (2 meta-analyses)
and short-acting rather than long-acting intraoperative neuromus-
cular blocking agents (1 RCT) reduce risk. The evidence is conflict-
ing or insufficient for preoperative smoking cessation (1 RCT), epi-
dural anesthesia (2 meta-analyses), epidural analgesia (6 RCTs, 1
meta-analysis), and laparoscopic (vs. open) operations (1 systematic
review, 1 meta-analysis, 2 additional RCTs), although laparoscopic
operations reduce pain and pulmonary compromise as measured by
spirometry. While malnutrition is associated with increased pulmo-
nary risk, routine total enteral or parenteral nutrition does not
reduce risk (1 meta-analysis, 3 additional RCTs). Enteral formula-
tions designed to improve immune status (immunonutrition) may
prevent postoperative pneumonia (1 meta-analysis, 1 additional
RCT).

Limitations: The overall quality of the literature was fair: Ten of 20
RCTs and 6 of 11 systematic reviews were good quality.

Conclusions: Few interventions have been shown to clearly or
possibly reduce postoperative pulmonary complications.

Ann Intern Med. 2006;144:596-608. www.annals.org
For author affiliations, see end of text.

Postoperative pulmonary complications are as common
as cardiac complications for patients undergoing non-

cardiothoracic surgery (1–6). Further, these complications
have similar mortality rates and length of stay after elective
abdominal surgery or hip fracture repair (1, 2). In an ac-
companying systematic review (7), we identify patient,
procedure, and laboratory risk factors for postoperative
pulmonary complications. Our current systematic review
synthesizes the evidence on preventive strategies and fo-
cuses on atelectasis, pneumonia, and respiratory failure.
While we have written the review primarily for internists,
this field crosses specialty disciplines.

METHODS
Literature Search and Selection Criteria

We performed a systematic MEDLINE English-lan-
guage literature search from 1 January 1980 to 30 June
2005. The search strategy and inclusion and exclusion cri-
teria are described in the accompanying review of risk fac-
tors and in further detail in its Appendix, available at www
.annals.org (7). The search strategy used 1) the Medical
Subject Heading (MeSH) terms preoperative care, intraop-
erative care, postoperative care, intraoperative complications,

and postoperative complications as a focus of the article; 2)
the MeSH text term perioperative complications as a text
term in the title or abstract; and 3) additional MeSH and
text terms for pulmonary, respiratory, or cardiopulmonary
conditions, complications, or care. In addition, we per-
formed additional focused searches for preoperative chest
radiography and spirometry, laparoscopic versus open ma-
jor abdominal operations, general versus spinal or epidural
anesthesia, intraoperative neuromuscular blockade, postop-
erative pain management, and postoperative lung expan-
sion techniques. Eligible studies were randomized, con-
trolled trials; systematic reviews; or meta-analyses. We
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¤  Over the past 35 years, the incidence of pneumonia with 
epidural analgesia remained about 8% but has decreased from 
34 to 12% with systemic analgesia, and, as a result, the relative 
benefit of epidural analgesia has diminished 

Protective effects of epidural analgesia on pulmonary complications 
after abdominal and thoracic surgery: a meta-analysis.  
Archives of Surgery 2008; 143(10): 990-999  
Popping DM, Elia N, Marret E, Remy C, Tramer MR.  
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Epidural Analgesia Is Associated with Improved Health
Outcomes of Surgical Patients with Chronic Obstructive
Pulmonary Disease

Felix van Lier, M.D., Ph.D.,* Patrick J. van der Geest, M.D.,† Sanne E. Hoeks, Ph.D.,‡
Yvette R. B. M. van Gestel, Ph.D.,‡ Jaap W. Hol, M.D.,† Don D. Sin, M.D., F.C.C.P.,§
Robert Jan Stolker, M.D., Ph.D.,! Don Poldermans, M.D., Ph.D.!

ABSTRACT

Background: Patients with chronic obstructive pulmonary
disease (COPD) have increased postoperative morbidity and
mortality. Epidural analgesia (EDA) improves postoperative
outcome but may worsen postoperative lung function. It is
unknown whether patients with COPD benefit from EDA.
The objective of this study was to determine whether patients
with COPD undergoing major abdominal surgery benefit
from EDA in addition to general anesthesia.
Methods: This cohort study included 541 consecutive pa-
tients with COPD who underwent major abdominal surgery
between 1995 and 2007 at a university medical center. Pro-
pensity scores estimating the probability of receiving EDA
were used in multivariate correction. The primary outcome
was postoperative pneumonia and 30-day mortality.
Results: There were 324 patients (60%) who received EDA
in addition to general anesthesia. The incidence of postoper-
ative pneumonia (16% vs. 11%; P ! 0.08) and 30-day mor-
tality (9% vs. 5%; P ! 0.03) was lower in patients who
received EDA. After correction EDA was associated with
improved outcome for postoperative pneumonia (OR 0.5;
95% CI: 0.3–0.9; P ! 0.03). The strongest preventive effect
was seen in patients with the most severe type of COPD.
Conclusion: This study provides evidence that in patients
with COPD who are scheduled for major abdominal surgery,

epidural analgesia decreases postoperative pulmonary com-
plications.

P ERIOPERATIVE pulmonary complications are com-
mon, especially in elderly patients with comorbidities.

Approximately 5% of all patients undergoing noncardiac
surgery experience significant pulmonary complications.1,2

Postoperative pulmonary complications include respiratory
failure, pneumonia, and atelectasis. Patients with chronic
obstructive pulmonary disease (COPD) are particularly vul-
nerable to postoperative pulmonary complications with risk
that is on average 300–700% higher than that of those with-
out COPD.3 Major abdominal surgery, especially operations
near the diaphragm, further increases this risk by causing
respiratory muscle weakness and abdominal pain, which to-
gether lead to reduced lung volumes, a blunted cough reflex,
and atelectasis.4 One anesthetic method of mitigating ab-
dominal pain is by using epidural analgesia (EDA). Studies
have shown that EDA offers superior postoperative pain con-
trol with fewer adverse effects compared with intravenous
opioids.5,6 A recent study suggests that the use of EDA is
associated with small improvement in survival after elective
intermediate to high-risk noncardiac surgical procedures.7

EDA might also be associated with improved respiratory out-
come after surgery.8–10 However, some studies suggest that
EDA can cause a transient impairment in lung function.11

There are no studies available regarding the effect on patients
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! This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.

What We Already Know about This Topic

• Whether epidural anesthesia and analgesia reduces pulmo-
nary complications in patients with chronic obstructive pulmo-
nary disease (COPD) undergoing major surgery is not known

What This Article Tells Us That Is New

• In a propensity-controlled analysis of more than 500 patients
with COPD undergoing major abdominal surgery, epidural an-
esthesia and analgesia were associated with a 50% reduction
in the risk of postoperative pneumonia

Anesthesiology, V 115 • No 2 August 2011315

 

This observational retrospective study included 556 consecutive 
patients with COPD who underwent elec- tive major abdominal 
surgery between 1995 and 2007 at the Erasmus Medical Center, 
Rotterdam 
In this analysis, the use of EDA was associated with reduced risk 
of postoperative pneumonia (OR 0.5; 95% CI: 0.3– 0.9; P < 0.03)  
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¤  Confronto tra blocco paravertebrale e epidurale su 
complicanze post-pneumonectomy in 312 patienti  

¤  Analgesia epidurale si associa a maggiore incidenza di: 
Ipotensione con necessità di terapia inotropa; Aritmie con 
necessità di terapia antiaritmica; Complicanze respiratorie che 
richiedono supporto ventilatorio; Necessità di reintervento 

PAIN

A prospective, multicentre, observational cohort study
of analgesia and outcome after pneumonectomy
E. S. Powell 1, D. Cook 1, A. C. Pearce 2, P. Davies 1, G. M. R. Bowler 3, B. Naidu 1, F. Gao 1*
and UKPOS Investigators†

1 Heart of England NHS Foundation Trust, Birmingham, UK
2 Guy’s and St Thomas’ NHS Trust, London, UK
3 Edinburgh Royal Infirmary, Edinburgh, UK

* Corresponding author. E-mail: fang.gao@warwick.ac.uk

Editor’s key points

† Analgesic technique has
an important impact on
thoracic surgery
outcomes.

† This prospective
observational study
examined associations
between analgesic
technique and major
outcomes in
pneumonectomy
patients.

† Epidural analgesia was
associated with an
increased incidence of
major complications
compared with
paravertebral blockade.

† A large randomized
controlled trial is
necessary to establish
this association.

Background. Meta-analysis and systematic reviews of epidural compared with paravertebral
blockade analgesia techniques for thoracotomy conclude that although the analgesia is
comparable, paravertebral blockade has a better short-term side-effect profile. However,
reduction in major complications including mortality has not been proven.

Methods. The UK pneumonectomy study was a prospective observational cohort study in
which all UK thoracic surgical centres were invited to participate. Data presented here
relate to the mode of analgesia and outcome. Data were analysed for 312 patients
having pneumonectomy at 24 UK thoracic surgical centres in 2005. The primary endpoint
was a major complication.

Results. The most common type of analgesia used was epidural (61.1%) followed by
paravertebral infusion (31%). Epidural catheter use was associated with major
complications (odds ratio 2.2, 95% confidence interval 1.1–3.8; P¼0.02) by stepwise
logistic regression analysis.

Conclusions. An increased incidence of clinically important major post-pneumonectomy
complications was associated with thoracic epidural compared with paravertebral
blockade analgesia. However, this study is unable to provide robust evidence to change
clinical practice for a better clinical outcome. A large multicentre randomized controlled
trial is now needed to compare the efficacy, complications, and cost-effectiveness of
epidural and paravertebral blockade analgesia after major lung resection with the
primary outcome of clinically important major morbidity.

Keywords: anaesthetic techniques, epidural; anaesthetic techniques, paravertebral;
postoperative complications; surgery; thoracic

Accepted for publication: 5 November 2010

Acute pain after thoracotomy can lead to cardiopulmonary
complications and development of chronic pain. Thoracic epi-
dural analgesia using local anaesthetic and opioid infusion is
widely used for prevention of pain associated with thoracotomy
and for reduction of the associated complications. However, a
recent meta-analysis and systematic reviews1 2 comparing
the analgesic efficacy and side-effects of epidural analgesia
with paravertebral blockade for thoracotomy concluded that,
although the analgesia was comparable, paravertebral block-
ade had a better short-term side-effect profile. This included
a reduced incidence of urinary retention, hypotension, nausea
and vomiting, and pulmonary complications. This paravertebral
blockade might be superior to epidural analgesia, but these

reviews did not evaluate the most important outcomes
(major complications including mortality). This prospective,
national observational study of pneumonectomy outcome in
the UK collected data on the analgesic techniques used and
incidence of major complications.

Methods
Study design
This was a prospective, multicentre observational cohort
study. All UK thoracic surgical centres (n¼35 in 2005) were
invited to participate. Twenty-eight of these centres partici-
pated in this multicentre ethics committee and locally

† See Appendix 1 for UKPOS Investigators.

British Journal of Anaesthesia 106 (3): 364–70 (2011)
Advance Access publication 2 February 2011 . doi:10.1093/bja/aeq379
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¤  Retrospective analysis1,592 patients who had undergone 
thoracotomy for lung resection between May 2000 and April 
2008 

¤  Conclusions: Paravertebral catheter analgesia with morphine 
PCA seems as effective as thoracic epidural for reducing the risk 
of postoperative complications. Paravertebral catheter use is 
associated with a shorter hospital stay and may be a better 
form of analgesia for fast-track thoracic surgery.  

Thoracic Epidural or Paravertebral Catheter for Analgesia After Lung
Resection: Is the Outcome Different?

Hany Elsayed, FRCS, Cth,*† James McKevith, FRCA,‡ James McShane, BS,§ and Nigel Scawn, FRCA‡

Objective: The aim of this study was to determine
whether thoracic epidural analgesia (TEA) or a paravertebral
catheter block (PVB) with morphine patient-controlled anal-
gesia influenced outcome in patients undergoing thoracot-
omy for lung resection.

Design: A retrospective analysis.
Setting: A tertiary referral center.
Participants: The study population consisted of 1,592 pa-

tients who had undergone thoracotomy for lung resection
between May 2000 and April 2008.

Interventions: Not applicable.
Measurements and Main Results: Patients who received

PVBs were younger, had a higher forced expiratory volume
in 1 second, had a higher body mass index, a higher inci-
dence of cardiac comorbidity, fewer pneumonectomies, and
more wedge resections. A multivariable logistic regression
model was used to develop a propensity-matched score for
the probability of patients receiving an epidural or a para-
vertebral catheter. Four patients with an epidural to one
with a paravertebral catheter were matched, with 488 pa-

tients and 122 patients, respectively. Postmatching analysis
now showed no difference between the groups for preoper-
ative characteristics or operative extent. Postmatching anal-
ysis showed no significant difference in outcome between
the two groups for the incidence of postoperative respira-
tory complication (p ! 0.67), intensive therapy unit (ITU)
stay (p ! 0.51), ITU readmission (p ! 0.66), or in-hospital
mortality (p ! 0.67). There was a significant reduction in the
hospital length of stay in favor of the paravertebral group (6
v 7 days, p ! 0.008).

Conclusions: Paravertebral catheter analgesia with mor-
phine patient-controlled analgesia seems as effective as tho-
racic epidural for reducing the risk of postoperative compli-
cations. The authors additionally found that paravertebral
catheter use is associated with a shorter hospital stay and
may be a better form of analgesia for fast-track thoracic
surgery.
© 2012 Elsevier Inc. All rights reserved.

KEY WORDS: paravertebral block, thoracic epidural, post-
thoracotomy pain

ATHORACOTOMY INCISION is widely recognized as
being one of the most painful surgical procedures. The

incision involves multiple muscle layers and possible rib injury.
Acute post-thoracotomy pain is aggravated by the continuous
motion as the patient breathes. The effective treatment of acute
post-thoracotomy pain after lung resections is particularly im-
portant to keep the patient comfortable and to minimize pul-
monary complications.1,2

Thoracic epidural analgesia (TEA) has long been considered
the optimal technique for the management of post-thoracotomy
pain. A paravertebral block (PVB) is an alternative technique.
It has, for some time, been argued that a thoracic PVB may
provide an equivalent level of analgesia to that of thoracic
epidurals.2,3 In this study, the relationship between the analge-
sic technique used and the outcome of patients undergoing
thoracotomy with lung resection was analyzed using propensity
matching of the populations.

METHODS

Patients who underwent thoracotomy for lung resection in the au-
thors’ center between May 2000 and April 2008 were examined retro-
spectively. Patients were offered either a thoracic epidural or a para-
vertebral catheter with morphine patient-controlled analgesia (PCA)
depending on the outcome of the preoperative assessment and dialog
between the anesthesiologist and patient regarding benefits and risks of

both techniques. All patients were fully informed of the risks and
benefits of each technique and gave verbal consent for the analgesic
technique that was to be used, as is the usual practice.

Thoracic epidural catheters (TEAs) were inserted before the induc-
tion of anesthesia at the level of T7 and secured in place. TEA was used
for intraoperative analgesia. The protocol during the period of study
was for patients to receive a mixture of 0.1% local anesthetic, initially
racemic bupivicaine but later levobupivacaine, combined with 5 !g/mL
of fentanyl. This was commenced at 0.1 mL/kg/h but then titrated to
provide adequate analgesia.

Paravertebral catheters were inserted under direct vision by the
operating surgeon at the end of the procedure and secured in place.
Patients received an infusion of plain local anesthetic 0.25%, initially
racemic bupivicaine but later levobupivacaine, which was commenced
at a maximum dose of 0.1 mL/kg/h, but this also was titrated down if
analgesia was adequate.

Intravenous opioids (fentanyl or morphine) were given before the
cessation of anesthesia at the anesthesiologist’s discretion. Morphine
PCA with a 1-mg bolus and 5-minute lockout was connected in
recovery and continued into the postoperative period. During working
hours, an acute pain nurse and consultant anesthesiologist conducted
pain rounds to ensure that pain relief was adequate. After hours, a
senior anesthetic resident was available to review analgesia manage-
ment.

Measured perioperative variables that may have influenced in-hos-
pital patient outcomes were examined. These included preoperative
patient characteristics (eg, age, predicted forced expiratory volume in 1
second %, body mass index, smoking status, New York Heart Associ-
ation classification of dyspnea, hypertension, and cardiac comorbidity)
and the extent of surgical resection (eg, pneumonectomy, lobectomy, or
wedge resection). Endpoints for the analysis were postoperative out-
comes, including respiratory complications (eg, chest infection, atelec-
tasis, sputum retention, and acute lung injury), intensive therapy unit
(ITU) readmission, in-hospital mortality, ITU length of stay, and total
hospital length of stay.

Continuous variables not normally distributed are shown as a median
with 25th and 75th percentiles. Categoric data are shown as percent-
ages. Univariate comparisons were made with Wilcoxon rank sum tests
and chi-square tests as appropriate. In all cases, a p value !0.05 was
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¤  8 studies were included (n=331 patients)  

¤  3 RCT Epidural versus PCA or IV analgesia : No difference 
in LOS; Reduced time to diet, flatus  

¤  1 cohort study Epidural versus IV analgesia: significant 
shorter hospital in the epidural ropivacaine group.  

!

A systematic review of postoperative analgesia 
following laparoscopic colorectal surgery 
Levy BF, Tilney HS, Dowson HM, Rockall TA 
Colorectal Disease 2010; 12(1): 5-15 
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Systematic review

Meta-analysis of epidural analgesia versus parenteral opioid
analgesia after colorectal surgery
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Background: Epidural analgesia (EA) with local anaesthetic is considered to play a key role after
colorectal surgery. However, its effect on postoperative recovery is still a matter of debate.
Methods: A systematic review of randomized controlled trials comparing postoperative EA and parenteral
opioid analgesia after colorectal surgery was performed. The effect on postoperative recovery was
evaluated in terms of length of hospital stay, pain intensity, duration of postoperative ileus, incidence of
postoperative complications and side-effects.
Results: Sixteen trials published between 1987 and 2005 were included. EA significantly reduced pain
scores and duration of ileus (weighted mean difference − 1·55 (95 per cent confidence interval (c.i.)
− 2·27 to − 0·84) days). On the other hand, it was associated with a significant increase in the incidence
of pruritus (odds ratio (OR) 4·8 (95 per cent c.i. 1·3 to 17·0)), urinary retention (OR 4·3 (1·2 to 15·9))
and arterial hypotension (OR 13·5 (4·0 to 57·7)). EA did not influence duration of hospital stay.
Conclusion: Despite improved analgesia and a decrease in ileus, EA has some adverse effects and does
not shorten the duration of hospital stay after colorectal surgery.
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Introduction

Colorectal operations are among the most frequently per-
formed major abdominal surgical procedures1,2. Postoper-
ative pain requiring bed rest and persistent gastrointestinal
dysfunction are key factors keeping the patient in hospital.
Although systemic opioids are effective for pain, they delay
recovery of colonic mobility and prolong postoperative
ileus3. For more than 20 years epidural analgesia (EA) has
been advocated as improving pain control4, and it has been
demonstrated to decrease the duration of ileus and post-
operative complications in some studies5. EA is currently
considered as playing a key role in postoperative manage-
ment after colorectal surgery6,7 but studies have failed to
demonstrate that it reduces hospital stay8,9, and it may even
increase the cost of postoperative pain management and
be responsible for rare but devastating complications, such
as epidural haematoma and abscess10,11. In the light of the
above, a systematic review of the literature was performed
to assess the effect of EA with local anaesthetic (LA) on

recovery, evaluated in terms of length of hospital stay, pain
intensity, duration of ileus, incidence of complications and
side-effects.

Methods

This study was conducted according to Quality of Report-
ing of Meta-analyses (QUOROM) recommendations for
improving quality of meta-analysis12.

Literature review and identification of studies

Three electronic databases were scrutinized through the
internet for studies published between January 1966
and February 2006: PubMed (Medline/Index Medicus),
the Cochrane Controlled Trials Register published
by the Cochrane Library, and Embase. The medical
subject heading (MeSH) terms used for the search
were ‘colectomy’, ‘colon’, ‘sigmoid’, ‘rectal surgery’,

Copyright © 2007 British Journal of Surgery Society Ltd British Journal of Surgery 2007; 94: 665–673
Published by John Wiley & Sons Ltd
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Chirurgia oncologica e anestesia 
regionale 

La possibile relazione tra anestesia regionale e “cancer recurrence” 
è uno dei topics oggi 

L’ipotesi che l’anestesia possa influenzare l’outcome del paziente 
oncologico porta la disciplina su un altro livello 

Sessler DI, Can regional analgesia reduce the risk of recurrence 
after breast cancer? Methodology of a multicenter randomized 
trial. Contemp Clin Trials 2008; 29: 517 – 26  

Biki B, Anesthetic technique for radical prostatectomy surgery 
affects cancer recurrence: a retrospective analysis. 
Anesthesiology 2008; 109: 180 – 7  

Myles PS Perioperative epidural analgesia for major abdominal 
surgery for cancer and recurrence-free survival: randomised trial. 
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A B S T R A C T

Background

Epidural analgesia offers greater pain relief compared to systemic opioid-based medications, but its effect on morbidity and mortality
is unclear. This review was originally published in 2006 and was updated in 2011.

Objectives

To assess the benefits and harms of postoperative epidural analgesia in comparison with postoperative systemic opioid-based pain relief
for adult patients who underwent elective abdominal aortic surgery.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2010, Issue 11) via Ovid; Ovid
MEDLINE (from inception to week 1 November 2010); and EMBASE (from inception to week 1, November 2010). The original
search was performed in 2004. We assessed non-English language reports and contacted researchers in the field. We did not seek
unpublished data.

Selection criteria

We included all randomized and quasi-randomized controlled trials comparing postoperative epidural analgesia and postoperative
systemic opioid-based analgesia for adult patients who underwent elective open abdominal aortic surgery.

Data collection and analysis

Two authors independently assessed trial quality and extracted data. We contacted study authors for additional information and data.

Main results

We included 15 trials that involved 1297 patients (633 patients received epidural analgesia and 664 received systemic opioid anal-
gesia) in this review. This included one trial we found in our updated search and one trial from our original review that had been
awaiting translation. The epidural analgesia group showed significantly lower visual analogue scale scores for pain on movement (up

1Epidural pain relief versus systemic opioid-based pain relief for abdominal aortic surgery (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

q  Epidural analgesia provides better pain management up 
to postoperative day three, regardless of the site of the 
epidural catheter and epidural formulations.  

q  Epidural analgesia also reduces postoperative time to 
extubation by approximately 48%.  

q  Epidural anaesthesia and analgesia, especially thoracic, 
reduces the incidence of cardiovascular, respiratory and 
renal complications.  

q  Findings on mortality were inconclusive; although no 
difference in mortality was demonstrated, there were 
fewer patients studied than would be needed to show a 
difference  
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Cochrane Database of Systematic Reviews 2003, Issue 3 
Published in Issue 4, 2013 (no change to conclusions).  

¤  Epidural analgesia may be useful for postoperative pain 
relief following major lower limb joint replacements.  

¤  The benefits may be limited to the early (four to six hours) 
postoperative period.  

¤  The magnitude of pain relief must be weighed against 
the frequency of adverse events.  

¤  The current evidence is insufficient to draw conclusions 
on the frequency of rare complications from epidural 
analgesia, postoperative morbidity or mortality, 
functional outcomes, or length of hospital stay.  
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Pain management in the elderly and cognitively impaired patient:
the role of regional anesthesia and analgesia
Thomas M. Halaszynski

Introduction
Over the past century, remarkable achievements in medi-
cine and public health have made it possible for people to
live longer with more productive life spans. For this
reason, physicians can expect to spend a significantly
larger portion of their practice dealing with disease man-
agement and operative procedures in older adults [1]. Yet,
despite advances in anesthesia, analgesia, and drug deliv-
ery systems, the debate continues as to whether neural
blockade and regional anesthesia/analgesia is more effi-
cacious and safer in elderly patients, particularly those
with co-morbidities and cognitive deficits. This article
will touch upon the physiological and pharmacological
implications of aging on surgical anesthesia and pain
management and focus on the potential benefits of
regional anesthesia/analgesia in geriatric and cognitively
impaired patients. Nevertheless, it is the lack of consist-
ency within regional anesthesia/analgesia studies that
has prevented firm recommendations, indications, and
guidelines, about which techniques offer the greatest
advantage for elderly and cognitively impaired patients

undergoing particular surgical procedures, but an oppor-
tunity exists to recommend a tailored perioperative pain
management plan focused on minimizing risk.

Physiologic function during aging
Optimal anesthetic management of elderly patients
depends on knowledge and understanding of normal
age-related changes in anatomy, physiology, and response
to pharmacological agents. It is also important to dis-
tinguish between normal physiological alterations of
the nervous, cardiovascular, and hepato-renal systems
and disease-related pathophysiological changes. A general
approach to optimize perioperative pain management in
geriatric patients is to consider postoperative compli-
cations commonly associated with routine surgical pro-
cedures and to assess any potential benefits associated with
regional anesthesia/analgesia. Neurologic, pulmonary, and
cardiovascular complications are among the most common
observed in the elderly persons and occur most frequently
in orthopedic and general surgical settings. There are both
established and theoretical indications supporting the
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Purpose of review
To review the rational for use of the many regional anesthetic/analgesic techniques and
acute pain management modalities in the elderly and cognitively impaired high-risk
patients, as increasing numbers of older adults are presenting for surgery.
Recent findings
There are numerous studies examining short and long-term consequences of regional
anesthesia/analgesia along with identification of the many potential advantages, but
those studying the influence and potential benefits in elderly and cognitively impaired
patients are only beginning to be developed as issues related to cognitive dysfunction
associated with surgery/anesthesia are beginning to be observed.
Summary
Pain management therapy, including regional anesthesia, along with multimodal
analgesia may help reduce the risk of negative influences in the elderly patient along with
reducing postoperative delirium and cognitive dysfunction. Improvements in analgesic
efficacy with regional anesthesia may attenuate pathophysiological surgical responses,
reduce the length of hospitalization, and accelerate patient rehabilitation and recovery.
Analgesic techniques that provide optimal pain control and low side effect profiles with
minimal opioid exposure should always be considered for elderly high-risk and
cognitively impaired patients.

Keywords
cognitively impaired, elderly/high-risk patient, neuraxial anesthesia, peripheral nerve
blocks, regional anesthesia
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A B S T R A C T

Background

Caesarean section delivery is becoming more frequent. Childbirth is an emotion-filled event and the mother needs to bond with
her newborn baby as early as possible. Any intervention that leads to improvement in pain relief is worthy of investigation. Local
anaesthetics, either on their own or in combination with opioids or nonsteroidal antiinflammatory drugs, have been employed as an
adjunct to other postoperative pain relief strategies. Conflicting reports were noted.

Objectives

To assess the effects of local anaesthetic agent wound infiltration/irrIgation and/or abdominal nerve blocks on post-caesarean section
pain and the mother’s well being and interaction with her baby.

Search methods

We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register (April 2009).

Selection criteria

Randomised controlled trials of pre-emptive local analgesia during caesarean section.

Data collection and analysis

One author extracted data. The second author checked the data.

Main results

Twenty studies (1150 women) were included. Women who had caesarean section performed under regional analgesia and had wound
infiltration had a decrease in morphine consumption at 24 hours (SMD -1.70mg; 95% confidence interval (CI) -2.75 to -0.94)
compared to placebo.

Local anaesthetic wound infiltration and abdominal nerves block during caesarean section for postoperative pain relief (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

Local analgesia infiltration and abdominal nerve blocks as adjuncts 
to regional analgesia and general anaesthesia are of benefit in 
caesarean section by reducing opioid consumption  
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Does regional anesthesia improve outcome after 

total knee arthroplasty? 
Macfarlane AJ, Prasad GA, Chan VW, Brull R   

 
¤  Twenty-eight trials (n=1,538) compared general anaesthesia and/or 

specific systemic analgesia with specific regional anaesthesia and/or 
regional analgesia for total knee arthroplasty   

¤  One trial (n=262) assessed mortality There were no differences in the 
number of deaths over an eight-week postoperative period  

¤  For cardiovascular morbidity (nine trials), there was no difference in 
terms of postoperative myocardial infarction and pulmonary embolism 

¤  Three trials indicated that length of hospital stay could be reduced. 

¤   Six trials reported that rehabilitation could be improved with regional 
anaesthesia, specifically in terms of range of motion and ambulation 

Clinical Orthopaedics and Related Research 2009; 467(9): 2379-2402 



Martin F, Martinez V, Mazoit JX, et al.  

Antiinflammatory effect of peripheral nerve blocks 
after knee surgery: clinical and biologic evaluation.  

¤ They showed that combined sciatic and 
femoral nerve block reduced clinical 
inflammation (evaluated by local skin 
temperature and circumference of the knee) 
after major knee surgery compared with 
morphine analgesia  

Anesthesiology 2008; 109: 484 – 90 
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Peri-operative interventions producing better
functional outcomes and enhanced recovery
following total hip and knee arthroplasty: an
evidence-based review
Mazin S Ibrahim*, Muhammad A Khan, Ikram Nizam and Fares S Haddad

Abstract
The increasing numbers of patients undergoing total
hip arthroplasty (THA) or total knee arthroplasty (TKA),
combined with the rapidly growing repertoire of
surgical techniques and interventions available have
put considerable pressure on surgeons and other
healthcare professionals to produce excellent results
with early functional recovery and short hospital stays.
The current economic climate and the restricted
healthcare budgets further necessitate brief
hospitalization while minimizing costs.
Clinical pathways and protocols introduced to achieve
these goals include a variety of peri-operative
interventions to fulfill patient expectations and
achieve the desired outcomes.
In this review, we present an evidence-based
summary of common interventions available to
achieve enhanced recovery, reduce hospital stay, and
improve functional outcomes following THA and TKA.
It covers pre-operative patient education and
nutrition, pre-emptive analgesia, neuromuscular
electrical stimulation, pulsed electromagnetic fields,
peri-operative rehabilitation, modern wound dressings,
standard surgical techniques, minimally invasive
surgery, and fast-track arthroplasty units.

Keywords: Knee, hip, arthroplasty, functional out-
comes, recovery of function, surgical interventions,
rehabilitation.

Background
Joint arthroplasty is a surgical procedure performed to
reduce pain, improve function, and correct deformity [1].
Hip and knee arthroplasties have been found to be very
effective in improving health-related quality of life [2].
Joint arthroplasty is becoming increasingly common as

the population ages and clinical researchers advance medi-
cal knowledge. The full number of total hip arthroplasty
(THA) and total knee arthroplasty (TKA) procedures per-
formed annually in the UK has increased steadily over the
past decade [3]. The annual report of the National Joint
Registry showed that 71,672 primary hip replacement pro-
cedures and 79,516 primary knee replacements were
undertaken in 2011 [4]. A similar rise in the incidence of
these procedures was noted worldwide [2]. Use of total
knee arthroplasty in the USA doubled from 1999 to 2008,
and this increase was noticed in all age groups [5]. This
rise cannot be fully explained by population growth and
the obesity epidemic alone, and is probably related to the
increasing incidence of sports-related knee injuries and
the expanded indications for TKR [5].
Early functional recovery and discharge from hospital

are important to surgeons, patients, and health adminis-
trators. The current economic climate and restricted
healthcare budgets represent additional hurdles.
In 2004, Berend et al. found that adopting a holistic

peri-operative rapid-recovery program reduced inpatient
stays and readmissions following THA and TKA. How-
ever, the authors reviewed only non-operative measures,
and concluded that these can be effective in speeding
recovery. They suggested combining these measures with
minimally invasive surgery to achieve the best possible
outcomes and faster recovery [6].
The aim of this review is to provide an evidence-based

summary of measures, interventions, and procedures
(both surgical and non-surgical) that help to achieve

* Correspondence: dibm80@yahoo.com
Department of Trauma and Orthopaedics, University College Hospital, 235
Euston Road, London, NW1 2BU, UK

Ibrahim et al. BMC Medicine 2013, 11:37
http://www.biomedcentral.com/1741-7015/11/37

© 2013 Ibrahim et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

¤  In this review, we present an evidence-based summary of 
common interventions available to achieve enhanced 
recovery, reduce hospital stay, and improve functional 
outcomes following THA and TKA.  

¤  It covers pre-operative patient education and nutrition, 
pre-emptive analgesia, neuromuscular electrical 
stimulation, pulsed electromagnetic fields, peri-operative 
rehabilitation, modern wound dressings, standard surgical 
techniques, minimally invasive surgery, and fast-track 
arthroplasty units.  

Capdevila X, Effects of perioperative analgesic technique on the surgical 
outcome and duration of rehabilitation after major knee surgery. 

Anesthesiology 1999; 91  
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ContinuousPeripheralNerveBlocks:
AReviewofthePublishedEvidence
BrianM.Ilfeld,MD,MS

Acontinuousperipheralnerveblock,alsotermed“perineurallocalanestheticinfusion,”involves
thepercutaneousinsertionofacatheteradjacenttoaperipheralnerve,followedbylocalanesthetic
administrationviathecatheter,providinganesthesia/analgesiaformultipledaysorevenmonths.
Continuousperipheralnerveblocksmaybeprovidedinthehospitalsetting,buttheuseof
lightweight,portablepumpspermitsambulatoryinfusionaswell.Thistechnique’smostcommon
applicationisprovidinganalgesiaaftersurgicalprocedures.However,additionalindications
includetreatingintractablehiccups;inducingasympathectomyandvasodilationtoincreaseblood
flowafteravascularaccident,digittransfer/replantation,orlimbsalvage;alleviatingvasospasmof
Raynauddisease;andtreatingperipheralembolismandchronicpainsuchascomplexregionalpain
syndrome,phantomlimbpain,trigeminalneuralgia,andcancer-inducedpain.Aftertrauma,perineu-
ralinfusioncanprovideanalgesiaduringtransportationtoadistanttreatmentcenter,orwhilesimply
awaitingsurgicalrepair.Catheterinsertionmaybeaccomplishedusingmanypossiblemodalities,
includingnervestimulation,ultrasoundguidance,paresthesiainduction,fluoroscopicimaging,and
simpletactileperceptions(“facialclick”).Eitheranonstimulatingepidural-typecathetermay
beused,ora“stimulatingcatheter”thatdeliverselectricalcurrenttoitstip.Administered
infusategenerallyincludesexclusivelylong-acting,dilute,localanestheticdeliveredasabolus
only,basalonly,orbasal-boluscombination.Documentedbenefitsappeartobedependenton
successfullyimprovinganalgesia,andincludedecreasingbaseline/breakthrough/dynamic
pain,supplementalanalgesicrequirements,opioid-relatedsideeffects,andsleepdisturbances.
Insomecases,patientsatisfactionandambulation/functioningmaybeimproved;an
acceleratedresumptionofpassivejointrange-of-motionrealized;andthetimeuntildischarge
readinessaswellasactualdischargefromthehospitalorrehabilitationcenterachieved.
Lastly,postoperativejointinflammationandinflammatorymarkersmaybedecreased.Nearly
allbenefitsoccurduringtheinfusionitself,butseveralrandomizedcontrolledtrialssuggestthat
insomesituationsthereareprolongedbenefitsaftercatheterremovalaswell.Easilyrectifiedminor
complicationsoccursomewhatfrequently,butmajorrisksincludingclinicallyrelevantinfectionand
nerveinjuryarerelativelyrare.Thisarticleisanevidence-basedreviewofthepublishedliterature
involvingcontinuousperipheralnerveblocks.(AnesthAnalg2011;113:904–25)

C
ontinuousperipheralnerveblocks(CPNBs)are
relativelysimpleinconcept:acatheterispercuta-
neouslyinsertedadjacenttoaperipheralnerve,

followedbylocalanestheticadministrationviathecatheter
(Fig.1).Thus,thetermsCPNBand“perineurallocal
anestheticinfusion”areoftenusedsynonymously.Using
currentlyavailablelong-actinglocalanesthetics,themaxi-
maldurationofasingle-injectionperipheralnerveblockis
8to24hours.Therefore,CPNBprovidesanalternative
optionwhenaprolongedneuralblockadeisdesired.

1,2

Sinceitsfirstdescriptionin1946,
3

CPNBhasevolvedfrom
anexperimentalcasereportinvolvinganeedleinserted
throughacorktapedtoapatient’schest,toawell-validated
analgesictechniqueacceptedbythemedicalcommunity

withproductsdesignedsolelyforitsapplication.This
articleisanevidence-basedreviewofthepublishedCPNB
literature.

INDICATIONS
TheearliestreportsofCPNBdescribeprolongingintraopera-
tivesurgicalanesthesia

3,4
andtreatingintractablehiccups.

5

LaterarticlesreportusingCPNB-inducedsympathectomy
andvasodilationtoincreasebloodflowafteravascular
accident,

6
digittransfer/replantation,

7,8
orlimbsalvage

9
;

alleviatethevasospasmofRaynauddisease
10

;andtreat
peripheralembolism.

11
Aftertrauma,CPNBcanprovide

analgesiaduringtransportationtoadistanttreatmentcen-
ter

12
orwhilesimplyawaitingsurgicalrepair.

13
Although

yetunvalidated,reportsdescribeCPNBtotreatchronic
pain,suchascomplexregionalpainsyndrome,

14
intrac-

tablephantomlimbpain,
15

aswellaspainfromterminal
cancer

16
andtrigeminalneuralgia.

17
However,theover-

whelmingmajorityofCPNBreportsinvolvetheperioper-
ativeperiod,andonlythisapplicationofperineurallocal
anestheticinfusionremainsvalidatedwithrandomized
controlledclinicaltrials(RCTs).

18

BecausethereareintrinsicriskswithCPNB,mostprovid-
ersrestrictitsusetosurgicalproceduresthatareexpectedto
resultinpainnoteasilycontrolledwithless-invasiveanalgesic
techniques(e.g.,oralanalgesics,cooling/heatingpads)

19
orin
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¤  Documented benefits appear to be dependent on 
successfully improving analgesia, and include 
decreasing baseline/breakthrough/dynamic pain, 
supplemental analgesic requirements, opioid-related 
side effects, and sleep disturbances.  

¤  In some cases, patient satisfaction and ambulation/
functioning may be improved  

¤  Only through prospective research will we fully reveal 
and maximize the potential benefits, while minimizing 
the potential risks, of CPNB for our patients.  
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Improving Postoperative Pain Management

What Are the Unresolved Issues?
Paul F. White, Ph.D., M.D., F.A.N.Z.C.A.,* Henrik Kehlet, Ph.D., M.D.†

DESPITE recent advances in our understanding of the
physiology of acute pain, the development of new opi-

oid and nonopioid analgesics and novel methods of drug
delivery, and more widespread use of pain-reducing mini-
mally invasive surgical techniques, pain after surgical proce-
dures remains a challenge for many practitioners.1 Not sur-
prisingly, recent surveys in the United States and Europe
have emphasized the insufficient quality of postoperative
pain management and the need for further improvements.2,3

The increasing implementation of standardized pain evalua-
tion and treatment protocols, and the use of multimodal
analgesic techniques, are hopeful signs that improvements in
pain management are likely to continue in the years ahead.
What then are the major unresolved issues in the manage-
ment of acute postoperative pain, and how should surgical
patients be managed based on the available evidence from the
peer-reviewed medical literature?

Multimodal Analgesia

The concept of multimodal “opioid-sparing” analgesic tech-
niques (so-called balanced analgesia) was introduced more
than 15 yr ago,4 with the aim of improving analgesia by

combining analgesics with additive or synergistic effects.
Theoretically, the use of a combination of analgesics from
different pharmacologic drug classes for managing perioper-
ative pain should improve the safety and efficacy of pain
therapy due to the differing mechanisms of action and the
side-effect profiles of the individual drugs. Although only a
limited number of well-conducted, prospective randomized
clinical trials have demonstrated improved clinical outcomes
with respect to analgesia and opioid-related side effects with
multimodal (vs. single) therapy,5,6 meta-analyses of single-
modality, nonopioid analgesics have demonstrated clinically
significant reductions (20–40%) in postoperative nausea
and vomiting and sedation.7 However, beneficial effects of
multimodal therapy with respect to other common side ef-
fects (e.g., bowel and bladder dysfunction and ventilatory
depression) and improvement in dynamic analgesia have
been less consistently reported. Clearly, a need exists for
large-scale clinical investigations of drugs (and class) specific
side effects when analgesics are administered as part of com-
bination therapies in the postoperative period. Although opi-
oid-related side effects (e.g., postoperative nausea and vom-
iting, urinary retention, ileus, constipation, sedation, and
ventilatory depression) have been extensively described in the
literature, nonopioid analgesics such as acetaminophen, clas-
sic and cyclooxygenase selective nonsteroidal antiinflamma-
tory drugs (NSAIDs), ketamine, and gabapentanoids also
have their own unique side-effect profiles (e.g., hepato- and
renal toxicity, coagulation, confusion, sedation, and dizzi-
ness), which may be exacerbated when they are administered
as a part of a multimodal regimen after surgery. The benefit–
risk ratio for analgesic drug combinations is, therefore,
largely dependent on the type of surgery (i.e., risk of rebleed-
ing after tonsillectomy, renal failure after vascular surgery,
and ileus after colon surgery).

Despite available evidence showing the benefits of multi-
modal analgesic techniques,4–6 major surveys have reported
that these techniques are underused in clinical practice.2,3

What is needed to improve the perioperative pain manage-
ment is to first implement the existing evidence-based rec-
ommendations regarding the use of individual nonopioid
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Conclusioni: perché tante 
controversie? 

¤ L’incapacità a dimostrare influenza sull’outcome 
chirurgico delle differenti tecniche di analgesia post-
operatoria: 
¤  Studi inadeguati per numerosità e metodologia 

¤  Valutazione di un solo  intervento su popolazioni eterogee 

¤  Controllo del dolore non adeguato 

¤  Fallimenti tecnici 

¤ La tentazione dei grandi numeri: le grandi metanalisi 

¤ La necessità di studi con obiettivi specifici: non solo 
studi di coorte…  



Conclusioni: le certezze o quasi.. 

¤ SI Epidurale in Chirurgia Toracica, Cardiochirurgia, 
Chirurgia Vascolare maggiore  

¤ SI Paravertebrale in Chirurgia Toracica 

¤ SI Epidurale in COPD Chirurgia addominale  

¤ ? Chirurgia addominale (efficacia-ileo) 

¤ SI Analgesia regionale nella chirurgia protesica 
ortopedica (epidurale??) 

I vantaggi delle tecniche di analgesia regionale 
sull’outcome sono più evidenti nelle fasce ad 
alto rischio 



Conclusioni: le certezze 

¤ E’ necessario migliorare il target degli 
studi e la skillness per ridurre i fallimenti 
delle tecniche regionali e l’outcome 
negativo 

¤ Il beneficio certo/probabile/incerto che 
consegue all’utilizzo di alcune procedure 
deve essere pesato sulla base del rischio 

¤  file://localhost/Volumes/NO NAME 1/SIAARTI 2013/nanni moretti.html 


