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Purpose of review
The incidence of complications following major surgery is surprisingly high. Patients
who develop complications suffer a reduction in long-term survival. This review aims to
gg;ﬁsfg:gs: C,_? Jspﬁslpwhiggﬁ cllmﬁgizgncgqe 1U B”S‘ explore recent advances in the management of surgical patients aimed at preventing
UK ’ ' Y postoperative complications.
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Identifying patients prior to surgery who are at risk of a poor outcome remains
challenging. There are a number of scoring systems to assist clinical risk assessment.
Recent work has investigated the use of plasma biomarkers for perioperative risk
prediction. Therapies aimed at reducing complication rates by attempting to improve
tissue oxygen delivery include goal-directed haemodynamic therapy and postoperative
noninvasive ventilation. The role of perioperative -adrenoceptor antagonists remains
unclear. Other important measures include the use of a surgical safety checklist and
thromboprophylaxis.
Summary
Current systems for the identification and treatment of high-risk surgical patients are
inadequate. Further research is required to establish the optimal approach to the
identification and management of the high-risk surgical patient.
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risk so that appropriate perioperative interventions can
be provided [2,3]. For example, in the UK less than
30% of high-risk patients are admitted to critical care
after surgery [2,3]. As most postoperative deaths occur
in the high-risk population, better identification of
these patients would lead to substantial improvements
in outcome through targeted use of resources and
specific interventions. The typical high-risk case is
an elderly patient, with comorbid disease, undergoing
major or complex surgery, often as an emergency. A
variety of scoring systems have been developed to
facilitate clinical risk assessment [6]; however, they
lack diagnostic precision and there is some doubt as
to whether they may be safely applied in the assess-
ment of individual patients. Submaximal cardiopul-
monary exercise testing (CPET) is now increasingly
used to provide a more objective assessment of peri-
operative risk [7]. Poor functional capacity and, in
particular, low anaerobic threshold are associated
with a high risk of postoperative complications and
death [7]. However, CPET is time-consuming and
costly to perform and is not an option for patients

Introduction

Recent estimates suggest that 234 million major surgical
procedures are performed worldwide each year [1°°]. In
the overall population, the incidence of postoperative
complications and death is low. However, a readily ident-
ified high-risk subgroup accounts for over 80% of post-
operative deaths but less than 15% of in-patient pro-
cedures [2,3]. This pattern of poor outcomes following
major surgery can be readily identified worldwide [4,5].
Patients who develop complications but survive will still
suffer reductions in functional independence and in the
long-term, a substantially reduced life expectancy [5]. It
is essential, therefore, that we continue to improve out-
comes following major surgery. The systematic assess-
ment of patients will allow identification of those at
greatest risk and hence individualized care to ensure
the best possible outcome. The aim of this article is to
describe our current understanding of why postoperative
complications occur and how these concepts are being
applied to improve outcomes.

Identifying patients at risk of complications
A key component of the high complication rates after
surgery is the failure to identify the patients at greatest
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undergoing emergency surgery. One alternative may
be the use of biomarkers to evaluate operative risk.
Preoperative measurement of plasma B type natriuretic
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peptide concentrations may allow the prediction of com-
plications following both cardiac and noncardiac surgery
[8,9]. Other candidate biomarkers include C-reactive
protein and serum creatinine/estimated glomerular filtra-
tion rate [10,11]. Further research is needed to identify the
optimal approach to risk assessment using biomarkers.

Pathophysiology: why do patients develop
postoperative complications?

Happily, relatively few patients develop complications as a
result of a specific failure of anaesthetic or surgical tech-
nique. However, a large number of patients will develop
complications that relate to the interplay between the
tissue injury-induced inflammatory response and the pre-
existing disease state. In noncardiac surgical patients, the
majority of postoperative complications result either from
infection or thrombosis.

Tissue oxygen delivery and consumption

It is well established that high-risk surgical patients who
fail to mount an adequate global oxygen delivery will more
frequently develop postoperative complications, which are
often fatal [12—14]. The importance of adequate perio-
perative global oxygen delivery (DO;) may relate in part to
adverse events, which result in excessive oxygen con-
sumption (VO,). Considerable changes in oxygen con-
sumption occur in the perioperative period. Although
anaesthesia and invasive ventilation may reduce oxygen
consumption [15], pathological abnormalities, including
shivering [16], pain and agitation will result in significant
increases in VO,. Imbalance between global oxygen deliv-
ery and consumption is particularly common during the
first few hours after major surgery. The importance of the
balance between oxygen supply and demand is illustrated
by studies describing significant reductions in central
venous oxygen saturation (ScvO,) following major non-
cardiac surgery [17,18]. It has been suggested that poor
global oxygen delivery is associated with reduced tissue
perfusion and oxygenation and hence postoperative com-
plications, although this has yet to be demonstrated. There
is some evidence to suggest that surgical wound infections
are associated with reductions in tissue PO, [19]. The
findings of several studies suggest that reductions in
microvascular blood flow during gastrointestinal surgery
may be associated with an increased incidence of compli-
cations [20—22]. In a recent investigation by our group,
sublingual microvascular flow was impaired in patients
who developed postoperative complications even prior
to elective surgery [20]. Figure 1 highlights the role of
current and potential future therapies aimed at improving
tissue oxygen delivery.

Myocardial injury
Perioperative myocardial ischaemia differs from the clas-
sical pattern. A greater proportion of patients who

Figure 1 The perioperative oxygen cascade indicating the role
of current and potential future therapies to prevent postopera-
tive complications
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develop perioperative myocardial ischaemia present with
an acute coronary syndrome as opposed to classic ST-
segment elevation [23]. Perioperative increases in heart
rate and arterial pressure appear to result in an imbalance
of myocardial oxygen supply and demand, which, when
coupled with systemic inflammation and the procoagu-
lant state, may result in myocardial injury in patients with
preexisting coronary artery disease [23].

Venous thromboembolism

The high-risk surgical patient will typically have a num-
ber of important risk factors for venous thromboembolism
(VTE), including advanced age, heart failure, malig-
nancy, chemotherapy, previous stroke, immobility and,
of course, major surgery itself [24]. Most of these factors
result in endothelial damage, blood stasis or hypercoa-
gulability, the key aetiological factors first described by
Virchow.

Respiratory management

The importance of perioperative respiratory manage-
ment is well recognized. Interventions as simple as the
use of supplemental inspired oxygen may improve the
incidence of wound infections [25]. Postoperative pul-
monary complications appear to be related to local
changes in lung mechanics associated with anaesthesia
as well as the inflammatory effects of major surgery and
mechanical ventilation [26]. Atelectasis occurs rapidly
after the induction of anaesthesia and may persist for
many days resulting in hypoxaemia in up to 50% of
patients undergoing abdominal surgery [27]. A number
of strategies have been shown to reduce atelectasis for-
mation during surgery, including positive end expiratory
pressure and recruitment manocuvres [28]. However,
improvements in pulmonary function are often tempor-
ary [29]. Postoperative physiotherapy may improve lung
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volumes and oxygenation but the outcome benefits
remain unclear [30]. The findings of a recent systematic
review and meta-analysis suggest that the use of con-
tinuous positive airways pressure (CPAP) after abdominal
surgery may reduce the incidence of postoperative respir-
atory complications [31]. Interestingly, there is some
evidence to suggest significant beneficial effects of CPAP
and noninvasive ventilation even following gastric tube
reconstruction [32]. These may include a reduced inci-
dence of acute lung injury, reintubation and anastomotic
leak [32]. The use of low tidal volume mechanical venti-
lation is now routine in critical care practice [33]. There is
some evidence that this approach may improve surrogate
markers of respiratory function and inflammation in sur-
gical patients [34], although there is, as yet, no evidence
of improved clinical outcome.

For the majority of patients undergoing surgery with
general anaesthesia, endotracheal extubation is per-
formed immediately after surgery. In a small proportion
of patients, extubation is performed after a short period
of invasive ventilation in intensive care. Delayed extu-
bation may minimize periods of high oxygen consump-
tion due to pain, agitation, hypothermia and increased
work of breathing. This approach is routine following
cardiac surgery. Systematic reviews in this area are
inconclusive [35,36]. However, the benefits of short
periods of invasive ventilation following major abdomi-
nal surgery require further investigation.

Cardiovascular management

There are a number of strategies relating to the cardio-
vascular management of the surgical patient of which we
will focus on three.

Perioperative use of B-adrenoceptor antagonists

A number of small early studies [37,38] suggested a
beneficial effect of B-adrenoceptor antagonist therapy
on the incidence of perioperative myocardial injury.
Although previous systematic reviews have supported this
conclusion [39], the evidence base remains problematic.
The findings of a recently completed large international
randomized controlled trial [PeriOperative ISchemic
Evaluation (POISE) trial] [40°°] suggest the indications
for such treatment may not be as clear as previously
thought. Patients enrolled in POISE were randomized
to perioperative metoprolol or placebo. Metoprolol was
associated with a reduction in the composite end-point of
myocardial infarction, cardiac arrest and cardiovascular
death but disappointingly, an increase in overall mortality.
Although there has been some suggestion that this out-
come was the result of excessive doses of B-antagonists,
this does not appear to be the case [41]. However, the
findings may be the result of the use of B-antagonists in
unselected patients, not all of whom stood to benefit from
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this therapy. This trial strongly emphasizes the importance
of tailoring perioperative care to the individual patient.
Expert opinion currently advises the continued use of
perioperative 3-adrenoceptor antagonists but with careful
consideration of the indications and optimal dose in indi-
vidual patients [41].

Perioperative goal-directed haemodynamic therapy
Goal-directed haemodynamic therapy (GDH'T) is a term
that describes the protocolized use of cardiac output and
related parameters as end-points for the administration of
fluid and/or inotropic therapies. Although in early studies
cardiac output was measured using the pulmonary artery
catheter, there are now a number of less invasive methods
available [42]. The group of Shoemaker er a/. [43] were
the first to perform an interventional trial of perioperative
GDHT, the findings of which suggested this treatment
was associated with a significant reduction in mortality.
However, that study was criticized for several important
methodological flaws, including poorly defined control
and intervention group care and a lack of clear random-
ization procedures. A number of further trials were per-
formed suggesting reductions in morbidity [44,45] and
mortality [46,47]. Others, however, failed to show any
benefit, particularly in the case of vascular surgery
[48,49]. This may relate to harmful effects, in particular
myocardial ischaemia, when inotropic therapy is admi-
nistered in high doses. However, more recent GDHT
protocols, using only low-dose inotropic therapy, do not
appear to be associated with myocardial ischaemia [50].
The importance of the dose of inotropic agents has also
been highlighted by the findings of a recent meta-
regression analysis of five published clinical trials of
perioperative dopexamine infusion. These suggest that
in low doses (<1 pg/kg/min), dopexamine is associated
with a reduction in 28-day mortality [low-dose dopexa-
mine 6.3% versus control 12.3%; odds ratio 0.50 (0.28—
0.88); P=0.016] [51°]. There appears to be no survival
benefit associated with high-dose dopexamine. Itis worth
noting, however, that not all trials included in this
analysis demonstrated a benefit with dopexamine infu-
sion [52].

Restrictive versus liberal approach to perioperative fluid
therapy

There have been a number of clinical trials comparing
‘liberal’ and ‘restrictive’ protocols for perioperative intra-
venous fluid prescription according to body mass [53-55].
The findings of these trials have led to a certain amount of
confusion regarding the optimal fluid management
during the perioperative period. Given that the stress
response to surgery will induce fluid and salt retention, it
seems logical to prescribe maintenance fluids at a
reduced rate in the postoperative period [56,57°]. How-
ever, it should be noted firstly that although maintenance
fluid can and should be prescribed according to body
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mass, this is not a rational method of estimating fluid
losses and the need for resuscitation. Furthermore, in
many of these trials, the protocol termed ‘restrictive’ most
closely reflects routine clinical care, whereas the ‘liberal’
protocol would often result in excessive fluid adminis-
tration. Nonetheless, the findings of these trials have
proved inconsistent. It is clear that those patients who
develop oedema are more likely to develop postoperative
complications [58]. However, this may relate as much to
the patient and the nature of the surgical procedure as to
the fluid strategy [58]. Intravenous fluid resuscitation
should be prescribed according to logical physiological
end-points. The administration of excessive maintenance
fluids is no more or less preferable than the failure to
resuscitate a hypovolaemic patient.

Other

There are a number of general aspects of perioperative
care which are likely to offer significant outcome benefits.
Clearly, the use of thromboprophylaxis is of particular
importance [59]. The findings of a recent case series
suggest that the use of a safety checklist for patients
undergoing noncardiac surgery may also improve out-
comes [4]. Other interventions that should be routinely
considered include the use of warming blankets to pre-
vent perioperative hypothermia [60]. This approach may
reduce the incidence of wound infection, suggesting a
pathophysiological process related to tissue perfusion.
The benefits of epidural analgesia/anaesthesia remain
unproven [61]; however, a recent meta-analysis of clinical
trials involving almost 6000 patients suggested a
reduction in the incidence of pneumonia associated with
epidural analgesia for thoracic and abdominal surgery
[62]. Nutritional support is another important aspect of
perioperative care that seems likely to be of great import-
ance. The effects of major surgery include catabolism,
insulin resistance and impaired peripheral glucose util-
ization. However, the optimal approach to nutritional
support before and after surgery requires further clarifi-
cation. There are several promising lines of research
into other methods of improving postoperative outcome.
Of particular interest is the use of volatile anaesthetics
to prevent ischaemia—reperfusion injury and the pleio-
tropic, anti-inflammatory and antithrombotic effects
of statins.

Conclusion

The high-risk surgical population is larger than generally
realized. These patients account for over 80% of post-
operative deaths but less than 15% of in-patient pro-
cedures [2,3]. Current systems for the identification and
treatment of high-risk surgical patients are inadequate.
Postoperative complications generally result from the
interplay between the tissue injury-induced inflamma-

tory response and preexisting disease states. In noncar-
diac surgical patients, the majority of postoperative com-
plications are either infectious or thrombotic in nature. A
great deal of further research is required to clarify various
key aspects of care of the high-risk surgical patient. Areas
of particular importance include the role of plasma bio-
markers in risk assessment, the efficacy of GDH'T and
the optimal approach to perioperative respiratory care.

Acknowledgements

R.P. is a National Institute for Health Research (NIHR) Clinician
Scientist and has received grants from Circassia Holdings Ltd and
LiDCO Ltd.

R.P. and S.J. are named inventors on a patent application related to
dopexamine and have a related intellectual property agreement with
Circassia Holdings.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

e  of special interest

ee Of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (pp. 374-375).

1 Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the global

ee volume of surgery: a modelling strategy based on available data. Lancet 2008;
372:139-144.

This important article estimates the volume of surgery occurring worldwide.

Mortality and complication rates emphasize the importance of major surgery as

a cause of disability and death.

2  Jhanji S, Thomas B, Ely A, et al. Mortality and utilisation of critical care
resources amongst high-risk surgical patients in a large NHS trust. Anaes-
thesia 2008; 63:695-700.

3 Pearse RM, Harrison DA, James P, et al. Identification and characterisation of
the high-risk surgical population in the United Kingdom. Crit Care 20086;
10:R81.

4 Haynes AB, Weiser TG, Berry WR, et al. A surgical safety checklist to reduce
morbidity and mortality in a global population. N Engl J Med 2009; 360:491 -
499.

5  Khuri SF, Henderson WG, DePalma RG, et al. Determinants of long-term
survival after major surgery and the adverse effect of postoperative complica-
tions. Ann Surg 2005; 242:326-341.

6 Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective
validation of a simple index for prediction of cardiac risk of major noncardiac
surgery. Circulation 1999; 100:1043-1049.

7 Older P, Hall A, Hader R. Cardiopulmonary exercise testing as a screening
test for perioperative management of major surgery in the elderly. Chest 1999;
116:355-362.

8  Cuthbertson BH, Amiri AR, Croal BL, et al. Utility of B-type natriuretic peptide
in predicting perioperative cardiac events in patients undergoing major
noncardiac surgery. Br J Anaesth 2007; 99:170-176.

9 Hutfless R, Kazanegra R, Madani M, et al. Utility of B-type natriuretic peptide in
predicting postoperative complications and outcomes in patients undergoing
heart surgery. J Am Coll Cardiol 2004; 43:1873-1879.

10 Ackland GL, Scollay JM, Parks RW, et al. Preoperative high sensitivity C-
reactive protein and postoperative outcome in patients undergoing elective
orthopaedic surgery. Anaesthesia 2007; 62:888-894.

11 Huynh TT, van Eps RG, Miller CC 3rd, et al. Glomerular filtration rate is
superior to serum creatinine for prediction of mortality after thoracoabdominal
aortic surgery. J Vasc Surg 2005; 42:206-212.

12 Peerless JR, Alexander JJ, Pinchak AC, et al. Oxygen delivery is an important
predictor of outcome in patients with ruptured abdominal aortic aneurysms.
Ann Surg 1998; 227:726-732.

13 Kusano C, Baba M, Takao S, et al. Oxygen delivery as a factor in the
development of fatal postoperative complications after oesophagectomy.
Br J Surg 1997; 84:252-257.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Shoemaker WC. Cardiorespiratory patterns of surviving and nonsurviving
postoperative patients. Surg Gynecol Obstet 1972; 134:810-814.

Lugo G, Arizpe D, Dominguez G, et al. Relationship between oxygen con-
sumption and oxygen delivery during anesthesia in high-risk surgical patients.
Crit Care Med 1993; 21:64-69.

Ralley FE, Wynands JE, Ramsay JG, et al. The effects of shivering on
oxygen consumption and carbon dioxide production in patients rewarming
from hypothermic cardiopulmonary bypass. Can J Anaesth 1988; 35:332—
337.

Pearse RM, Dawson D, Fawcett J, et al. Changes in central venous saturation
after major surgery, and association with outcome. Crit Care 2005; 9:R694 —
R699.

Collaborative Study Group on Perioperative ScvO2 Monitoring. Multicentre
study on peri- and postoperative central venous oxygen saturation in high-risk
surgical patients. Crit Care 2006; 10:R158

Hopf HW, Hunt TK, West JM, et al. Wound tissue oxygen tension predicts
the risk of wound infection in surgical patients. Arch Surg 1997; 132:997 -
1004.

Jhanji S, Lee C, Watson D, et al. Microvascular flow and tissue oxygenation
after major abdominal surgery: association with postoperative complications.
Intensive Care Med 2009; 35:671-677.

Miyazaki T, Kuwano H, Kato H, et al. Predictive value of blood flow in the
gastric tube in anastomotic insufficiency after thoracic esophagectomy.
World J Surg 2002; 26:1319-1323.

Vignali A, Gianotti L, Braga M, et al. Altered microperfusion at the rectal
stump is predictive for rectal anastomotic leak. Dis Colon Rectum 2000;
43:76-82.

Priebe HJ. Perioperative myocardial infarction — aetiology and prevention. BrJ
Anaesth 2005; 95:3-19.

Anderson FA Jr, Spencer FA. Risk factors for venous thromboembolism.
Circulation 2003; 107 (23 Suppl 1):19-116.

Belda FJ, Aguilera L, Garcia de la Asuncion J, et al. Supplemental periopera-
tive oxygen and the risk of surgical wound infection: a randomized controlled
trial. JAMA 2005; 294:2035-2042.

Dreyfuss D, Saumon G. Ventilator-induced lung injury: lessons from experi-
mental studies. Am J Respir Crit Care Med 1998; 1567:294-323.

Arozullah AM, Daley J, Henderson WG, Khuri SF. Multifactorial risk index for
predicting postoperative respiratory failure in men after major noncardiac
surgery. The National Veterans Administration Surgical Quality Improvement
Program. Ann Surg 2000; 232:242-253.

Rothen HU, Neumann P, Berglund JE, et al. Dynamics of re-expansion
of atelectasis during general anaesthesia. Br J Anaesth 1999; 82:551 -
556.

Brismar B, Hedenstierna G, Lundquist H, et al. Pulmonary densities during
anesthesia with muscular relaxation — a proposal of atelectasis. Anesthesiol-
ogy 1985; 62:422-428.

Pasquina P, Tramer MR, Granier JM, Walder B. Respiratory physiotherapy to
prevent pulmonary complications after abdominal surgery: a systematic re-
view. Chest 2006; 130:1887-1899.

Ferreyra GP, Baussano |, Squadrone V, et al. Continuous positive airway
pressure for treatment of respiratory complications after abdominal surgery: a
systematic review and meta-analysis. Ann Surg 2008; 247:617-626.

Michelet P, D'Journo XB, Seinaye F, et al. Noninvasive ventilation for treatment
of postoperative respiratory failure after oesophagectomy. Br J Surg 2009;
96:54-60.

ARDSnet. Ventilation with lower tidal volumes as compared with traditional
tidal volumes for acute lung injury and the acute respiratory distress syndrome.
The Acute Respiratory Distress Syndrome Network. N Engl J Med 2000;
342:1301-1308.

Wolthuis EK, Choi G, Dessing MC, et al. Mechanical ventilation with lower
tidal volumes and positive end-expiratory pressure prevents pulmonary in-
flammation in patients without preexisting lung injury. Anesthesiology 2008;
108:46-54.

Meade MO, Guyatt G, Butler R, et al. Trials comparing early vs late extuba-
tion following cardiovascular surgery. Chest 2001; 120 (6 Suppl):445S—
4538S.

Myles PS, Daly DJ, Djaiani G, et al. A systematic review of the safety and
effectiveness of fast-track cardiac anesthesia. Anesthesiology 2003;
99:982-987.

Mangano DT, Layug EL, Wallace A, Tateo I. Effect of atenolol on mortality and
cardiovascular morbidity after noncardiac surgery. Multicenter Study of
Perioperative Ischemia Research Group. N Engl J Med 1996; 335:1713—
1720.

Prevention of postoperative complications Jhanji and Pearse 353

38

39

40

Poldermans D, Boersma E, Bax JJ, et al. The effect of bisoprolol on perio-
perative mortality and myocardial infarction in high-risk patients undergoing
vascular surgery. Dutch Echocardiographic Cardiac Risk Evaluation Applying
Stress Echocardiography Study Group. N Engl J Med 1999; 341:1789-
1794.

Devereaux PJ, Beattie WS, Choi PT, et al. How strong is the evidence for the
use of perioperative beta blockers in noncardiac surgery? Systematic review
and meta-analysis of randomised controlled trials. BMJ 2005; 331:313-321.

Devereaux PJ, Yang H, Yusuf S, et al. Effects of extended-release metoprolol
succinate in patients undergoing noncardiac surgery (POISE trial): a rando-
mised controlled trial. Lancet 2008; 371:1839-1847.

Large international trial identified an improvement in composite cardiovascular
end-points but an increase in overall mortality. It emphasizes need for individualized
patient care.

a1

42

43

44

45

46

47

48

49

50

51

Sear JW, Giles JW, Howard-Alpe G, Foex P. Perioperative beta-blockade,
2008 what does POISE tell us, and was our earlier caution justified? Br J
Anaesth 2008; 101:135-138.

Jhaniji S, Dawson J, Pearse RM. Cardiac output monitoring: basic science and
clinical application. Anaesthesia 2008; 63:172-181.

Shoemaker WC, Appel PL, Kram HB, et al. Prospective trial of supranormal
values of survivors as therapeutic goals in high-risk surgical patients. Chest
1988; 94:1176-1186.

Pearse RM, Dawson D, Fawcett J, et al. Early goal-directed therapy after major
surgery reduces complications and duration of hospital stay. A randomised,
controlled trial. Crit Care 2005; 9:R687-R693.

Noblett SE, Snowden CP, Shenton BK, Horgan AF. Randomized clinical trial
assessing the effect of Doppler-optimized fluid management on outcome after
elective colorectal resection. Br J Surg 2006; 93:1069-1076.

Wilson J, Woods |, Fawcett J, et al. Reducing the risk of major elective surgery:
randomised controlled trial of preoperative optimisation of oxygen delivery.
BMJ 1999; 318:1099-1103.

Boyd O, Grounds RM, Bennett ED. A randomized clinical trial of the effect of
deliberate perioperative increase of oxygen delivery on mortality in high-risk
surgical patients. JAMA 1993; 270:2699-2707.

Ueno S, Tanabe G, Yamada H, et al. Response of patients with cirrhosis who
have undergone partial hepatectomy to treatment aimed at achieving supra-
normal oxygen delivery and consumption. Surgery 1998; 123:278-286.

Valentine RJ, Duke ML, Inman MH, et al. Effectiveness of pulmonary artery
catheters in aortic surgery: a randomized trial. J Vasc Surg 1998; 27:203—
211.

Pearse RM, Dawson D, Fawcett J, et al. The incidence of myocardial injury
following postoperative goal directed therapy. BMC Cardiovasc Disord 2007;
7:10.

Pearse RM, Belsey JD, Cole JN, Bennett ED. Effect of dopexamine infusion on
mortality following major surgery: individual patient data meta-regression
analysis of published clinical trials. Crit Care Med 2008; 36:1323—-1329.

Meta-analysis of trials of perioperative dopexamine infusion. It highlights impor-
tance of dose of inotropic agents used in surgical patients.

52

53

54

55

56

57

Takala J, Meier-Hellmann A, Eddleston J, et al. Effect of dopexamine on
outcome after major abdominal surgery: a prospective, randomized, con-
trolled multicenter study. European Multicenter Study Group on Dopexamine
in Major Abdominal Surgery. Crit Care Med 2000; 28:3417-3423.

Holte K, Klarskov B, Christensen DS, et al. Liberal versus restrictive fluid
administration to improve recovery after laparoscopic cholecystectomy: a
randomized, double-blind study. Ann Surg 2004; 240:892-899.

Brandstrup B, Tonnesen H, Beier-Holgersen R, et al. Effects of intravenous
fluid restriction on postoperative complications: comparison of two perio-
perative fluid regimens — a randomized assessor-blinded multicenter trial. Ann
Surg 2003; 238:641-648.

Nisanevich V, Felsenstein I, Almogy G, et al. Effect of intraoperative fluid
management on outcome after intraabdominal surgery. Anesthesiology 2005;
103:25-32.

Lobo DN, Bostock KA, Neal KR, et al. Effect of salt and water balance on
recovery of gastrointestinal function after elective colonic resection: a rando-
mised controlled trial. Lancet 2002; 359:1812-1818.

Powell-Tuck J, Gosling P, Lobo DN, et al. British Consensus Guidelines on
Intravenous Fluid Therapy for Adult Surgical Patients (GIFTASUP). 2009
[cited 02 March 2009]. http://www.ics.ac.uk/icmprof/standards.asp?me-
nuid=7.

Multidisciplinary guidelines for perioperative fluid prescription. Potentially impor-
tant first step to establishing consensus in this controversial area of practice.

58

Itobi E, Stroud M, Elia M. Impact of oedema on recovery after major abdominal
surgery and potential value of multifrequency bioimpedance measurements.
Br J Surg 2006; 93:354-361.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.


http://www.ics.ac.uk/icmprof/standards.asp?menuid=7
http://www.ics.ac.uk/icmprof/standards.asp?menuid=7

354 Postoperative problems

59 Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of venous thromboem- 61 Wijeysundera DN, Beattie WS, Austin PC, et al. Epidural anaesthesia and
bolism: American College of Chest Physicians Evidence-Based Clinical survival after intermediate-to-high risk noncardiac surgery: a population-based
Practice Guidelines (8th Edition). Chest 2008; 133 (6 Suppl):381S5-453S. cohort study. Lancet 2008; 372:562-569.

60 Melling AC, Ali B, Scott EM, Leaper DJ. Effects of preoperative warming on 62 Popping DM, Elia N, Marret E, et al. Protective effects of epidural analgesia on
the incidence of wound infection after clean surgery: a randomised controlled pulmonary complications after abdominal and thoracic surgery: a meta-
trial. Lancet 2001; 358:876—880. analysis. Arch Surg 2008; 143:990-999.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



	The use of early intervention to prevent postoperative™complications
	Introduction
	Identifying patients at risk of complications
	Pathophysiology: why do patients develop postoperative complications?
	Tissue oxygen delivery and consumption
	Myocardial injury
	Venous thromboembolism

	Respiratory management
	Cardiovascular management
	Perioperative use of &beta;-adrenoceptor antagonists
	Perioperative goal-directed haemodynamic therapy
	Restrictive versus liberal approach to perioperative fluid therapy

	Other
	Conclusion
	Acknowledgements
	References and recommended reading


