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Abstract
For many patients optimal perioperative care may require little or no additional medical management
beyond that given by the anaesthetist and surgeon. However, the continued existence of a group of
surgical patients at high risk for morbidity and mortality indicates an ongoing need to identify such
patients and deliver optimal care throughout the perioperative period. A group of patients exists in
whom the risk for death and serious complications after major surgery is in excess of 20%. The risk is
related mainly to the patient’s preoperative physiological condition and, in particular, the
cardiovascular and respiratory reserves. Cardiovascular management of the high-risk surgical patient
is of particular importance. Once the medical management of underlying disease has been optimized,
two principal areas remain: the use of haemodynamic goals to guide fluid and inotropic therapy, and
perioperative β blockade. A number of studies have shown that the use of goal-directed
haemodynamic therapy during the perioperative period can result in large reductions in morbidity and
mortality. Some patients may also benefit from perioperative β blockade, which in selected patients
has also been shown to result in significant mortality reductions. In this review a pragmatic approach
to perioperative management is described, giving guidance on the identification of the high-risk
patient and on the use of goal-directed haemodynamic therapy and β blockade.
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Introduction
For many patients optimal perioperative care may require little
or no additional medical management beyond that given by
the anaesthetist and surgeon. However, the continued
existence of a group of surgical patients at high risk of
morbidity and mortality indicates an ongoing need to identify
such patients and deliver optimal care throughout the
perioperative period.
The cardiovascular management of the high-risk surgical
patient is of particular importance. A large body of evidence
now exists to guide the clinician in delivering optimal care.
Once the medical management of underlying disease has
been optimized, two principal areas remain: the use of
GDT = goal-directed therapy; PAC = pulmonary artery catheter.

haemodynamic goals to guide fluid and inotropic therapy, and
perioperative β blockade.
This review describes a practical approach to the application
of evidence for these therapies. The relevant clinical trials are
at times inconsistent; the overall strategy described is
therefore a pragmatic approach to best practice in this area.

Goal-directed therapy
Perioperative management of the cardiovascular system will
always involve predefined treatment limits or targets. These
targets may be very basic, such as heart rate and blood
pressure, or they may be more sophisticated, for example
cardiac output monitoring. Regardless of the choice of
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targets, some form of goal-directed therapy (GDT) is
necessary to achieve them.

length of hospital stay. Meanwhile, several studies have failed
to demonstrate mortality reduction in vascular surgery [8–11].

Shoemaker [1] provided the first observational evidence
correlating various cardiovascular parameters with outcome
in patients at high-risk for death or complications after
surgery, and proposed the development of tissue hypoxia as
a likely mechanism. Previous evidence had also suggested
that when routine parameters, such as blood pressure and
urine output, were stabilized in all patients, survivors had
consistently higher cardiac output, oxygen flux and oxygen
consumption than did those who subsequently died [2].
Emphasis was placed not on the cardiovascular parameters
of a normal individual at rest but on the median levels attained
by surviving patients once stabilized following surgery. The
most important parameters were cardiac index (> 4.5 l/min
per m2), oxygen consumption (> 170 ml/min per m2) and
oxygen delivery (> 600 ml/min per m2).

However, the largest trial to date, a multicentre randomized
controlled study conducted by Sandham and coworkers [12]
in a mixed group of surgical patients, failed to show benefit.
The trial compared PAC-guided postoperative care with
standard care as deemed appropriate. Hospital mortality was
7.8% in the PAC group and 7.7% in the control group
(P = 0.93). There was a slightly higher incidence of
pulmonary embolism in the PAC group (P = 0.004) but a
lower incidence of renal failure, which was not statistically
significant. The low mortality in the control group suggests
that a significant mortality reduction would be difficult to
achieve. Haemodynamic goals set for the PAC group were
often not achieved until an unspecified point in the
postoperative period, and many centres enrolled only a small
number of patients.

Shoemaker and coworkers [3] conducted the first major
outcome trial of GDT. Surgical patients considered at high
perioperative risk were administered fluid, inotropes and
oxygen therapy to achieve therapeutic goals. In a complex
study involving two separate series of patients, an impressive
reduction in mortality from 28% to 4% (P < 0.02) was
reported. Although this remains a landmark report, there are
some concerns regarding the methodology of the study.
Individual sample groups were small and treatment regimens
were not clearly reported. There is no evidence of
standardized treatment in either control group, and the study
was not blinded or randomized.

It is often difficult to distinguish complications arising from the
use of GDT from those of PAC insertion. Although failure to
apply management protocols correctly precludes the use of
the study by Sandham and coworkers [12] to draw
conclusions regarding the efficacy of GDT, useful evidence of
the safety of PAC insertion is provided.

A subsequent trial addressed these concerns [4]. Clear
protocols defined the management of both intervention and
control groups. All patients were admitted to intensive care
and received a pulmonary artery catheter (PAC). A
substantial mortality reduction was shown in the intervention
group (22.2% versus 5.7%; P = 0.015). There were no
deaths in the intervention group patients who underwent
abdominal surgery, although the effect was not so strong for
patients undergoing vascular surgery.
Wilson and colleagues [5] then modified the ideas of
previous investigators. They randomly assigned 138 patients
undergoing major elective surgery to receive conventional
treatment or perioperative GDT and achieved very similar
results to those of both previous studies. It is important to
note, however, that conventional treatment involved one-third
of patients in the control group being managed on a general
ward, whereas all intervention group patients remained in the
intensive care unit.
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Mortality following cardiac surgery is low, and studies looking
at GDT after cardiac surgery have therefore failed to achieve
statistically significant mortality reductions [6,7]. They have,
however, demonstrated significant reductions in morbidity and

Role of peroperative goal-directed fluid resuscitation
Sinclair and coworkers [13] used parameters derived from
oesophageal Doppler cardiac output measurements as
haemodynamic
end-points
for
intraoperative
fluid
administration during proximal femoral fracture repair. Both
patient groups received intravenous crystalloid, colloid and
blood products to replace estimated losses and maintain
pulse rate and blood pressure. In addition, protocol patients
received fluid challenges guided by data derived using
oesophageal Doppler. Median cardiac output rose by
1.2 l/min in the intervention group and fell by 0.4 l/min in the
control group (P < 0.05). The study was small in size but
demonstrated a reduction in length of hospital stay from
20 days to 12 days (P < 0.05). That study was repeated by
Venn and colleagues [14], comparing traditional fluid
management with fluid therapy guided by either central
venous pressure or oesophageal Doppler readings. There
was a similar reduction in time to being declared medically fit
for discharge in both central venous pressure and Doppler
groups in comparison with the control patients.
In cardiac surgical patients, Doppler-guided colloid
challenges resulted in a lower rate of serious complications
and shorter length of hospital stay. Measurement of gastric
intramucosal pH suggested a reduction in gastric
hypoperfusion [7]. In a mixed group of general, gynaecology
and urology patients, Doppler-guided fluid therapy resulted in
improvement in cardiac index, reduced length of hospital stay
and an earlier return to enteral feeding, suggesting a
reduction in postoperative ileus [15].

Available online http://ccforum.com/content/8/6/503

Although a mortality reduction has not been demonstrated
using fluid alone, none of the studies performed to date have
had adequate statistical power to answer this question. It
would seem that goal-directed intravenous fluid therapy does
confer an advantage, but in a select group of the patients
further benefit may be accrued with the additional use of
vasoactive therapy.

Figure 1

Identify at risk patient

Investigate according to ACC/AHA
Task Force guidelines

Use of vasoactive agents in fixed doses
Two studies have investigated the resuscitation of surgical
patients following fluid resuscitation with a fixed dose of
dopexamine [16,17]. Neither demonstrated a significant
improvement in terms of outcome. The value of GDT is likely
to be related to the fact that management is individually
tailored to the requirements of each patient. The use of a
fixed dose will result in the unnecessary use of dopexamine in
some patients, who are therefore exposed to risk for
complications with no potential for improvement in outcome.

Reduction of perioperative cardiac ischaemia
A number of studies have considered the prophylactic use of
nitrates, calcium channel blockers and β blockers for patients
who are at risk for perioperative myocardial ischaemia. With
the exception of β blockade, none of these therapies has
resulted in an improvement in outcome. Mangano and
colleagues [18] showed an improvement in outcome with
prophylactic use of atenolol in patients undergoing vascular
surgery. At 6 months there were no deaths in the atenolol
group, as compared with 8% mortality in the control group.
The beneficial effect was maintained at 2 years, with 10% of
the atenolol group and 21% of the control group dying.
Further work in vascular surgery showed a mortality reduction
from 17% to 3.4% with the perioperative use of bisoprolol in
patients with evidence of myocardial ischaemia on
dobutamine stress echocardiography [19]. Interestingly, a
large proportion of patients screened also fulfilled selection
criteria for preoperative GDT used in two important trials
[3,4].
Because of the much larger number of positive outcome
studies, the evidence for the beneficial effect of perioperative
GDT is much stronger than that for β blockade. However, it is
entirely possible that both forms of treatment are beneficial
and not mutually exclusive. GDT has proved most successful
when applied for short periods during resuscitation of
hypovolaemia [20] and least successful when applied to
patients with established critical illness [21,22]. This would
suggest that much of the beneficial effect conferred by GDT
as a resuscitation technique is not due to increases in cardiac
output and oxygen delivery per se. The use of prophylactic β
blockade in patients considered at high risk for perioperative
myocardial ischaemia will not negate the requirement for fluid
resuscitation during periods of hypovolaemia. The use of
GDT in such patients to facilitate optimal fluid therapy is
logical.

Risk stratification and assessment
(including dobutamine stress echo)
Consider suitability for surgery

Optimize medical management of all
coexisting disease

Perioperative
goal-directed
haemodynamic
therapy

β Blockade with
peroperative
fluid
management
guided by
Doppler cardiac
output
monitoring

Practical approach to perioperative care for the high-risk patient.

A practical approach to perioperative care for
the high-risk patient
The first step in the care of such patients is to identify the
individual at risk (Fig. 1). It is important to recognize the
existence of a specific and easily identifiable group of
patients undergoing major surgery with a predicted mortality
rate that may exceed 20%. A typical district general hospital
in the UK will care for approximately 500 patients a year who
are at high risk for postoperative death or major
complications. This group represents only 7.5% of patients
undergoing major surgery but accounts for more than 80% of
all postsurgical deaths [23]. Examples typically include frail
elderly patients with significant cardiac or respiratory disease
who are undergoing major abdominal surgery. In our practice,
the selection criteria used in most interventional studies [3,4],
anaerobic threshold testing [24] and a predicted mortality of
at least 5% using the P-POSSUM scoring system (with the
use of anticipated operative severity) [23] are all effective
tools in the identification of such patients. Once again it
should be emphasized that no large randomized trials have
demonstrated a benefit for this overall strategy. However,
intelligent clinical application of inconsistent evidence
requires a pragmatic approach.
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Once the patient has been identified as being at risk,
systematic investigation is required. This should follow the
American College of Cardiology/American Heart Association
Task Force guidelines [25], which stratify patients according
to metabolic reserve. An important aspect of these guidelines
is the use of dobutamine stress echocardiography to identify
patients at high risk for perioperative myocardial ischaemia.
This process of evaluation may indicate a patient in whom the
risks for surgery are not justified by the potential benefits. In
such situations the patient should be provided with sufficient
information to make an informed choice from the options
available.
The medical management of all coexisting disease processes
should then be reviewed to ensure that current standards of
best practice are adhered to. Various aspects of perioperative management should then be given consideration. It
is recommended that all such patients be admitted to a
critical care area ideally before surgery. There is evidence to
suggest that this approach results in an overall reduction in
consumption of resources [7,13,26].
The two specific approaches considered here are the use of
perioperative GDT and perioperative β blockade. Dobutamine
stress echocardiography will identify those patients in whom
β blockade is indicated as a result of a high probability of
perioperative myocardial ischaemia. This usually accounts for
between 10% and 20% of the total population of high-risk
patients. Ideally, this form of management should be
commenced before surgery and continued for a minimum of 8
hours postoperatively. A number of methods of cardiac
output measurement are now available, and the use of GDT
no longer necessitates pulmonary artery catheterization.

perioperative, peroperative or postoperative cardiac output
monitoring is therefore still recommended in this subgroup in
order to ensure optimal fluid management.

Conclusion
There is a select group of patients in whom the risk for death
and serious complications following major surgery is in
excess of 20%. The risk is not related to the surgery per se
but mainly to the patient’s own preoperative physiological
condition. In particular, it is related to the presence of poor
cardiovascular and respiratory reserves. There are now a
number of well conducted studies that show that the use of
perioperative GDT may improve outcome. Many studies
demonstrate significant reductions in morbidity and mortality
[3–5,28,29], although some smaller studies failed to
demonstrate an improvement in outcome [8,9].
A proportion of such patients may also benefit from
perioperative β blockade, which in selected patients has also
been shown to result in significant mortality reductions
[18,19].
Once the at-risk patient has been identified and assessed,
medical management of coexisting disease should be
reviewed. A pragmatic approach to perioperative
management is to administer perioperative GDT to the
majority not considered to be especially at risk for myocardial
ischaemia. The remainder should receive a β blocker but also
receive perioperative fluid therapy guided by cardiac output
monitoring technology. All patients should be admitted to a
critical care area for the perioperative period.
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Those patients in whom β blockade is not indicated should
receive perioperative goal-directed haemodynamic therapy.
This generally involves the use of intravenous fluid and
inotropic therapies aiming to achieve an oxygen delivery index
of 600 ml/min per m2 wherever possible, without causing
tachycardia or myocardial ischaemia. Central venous oxygen
saturation has been shown to be a valid haemodynamic goal
in severe sepsis [20] and may also prove to be useful in highrisk surgery [27]. The use of inodilator agents, for example
dopexamine, with modest maximum infusion rates may
minimize the risk for complications of inotrope use. These
agents are thought to achieve both improved global oxygen
delivery as well as tissue perfusion.
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The remaining subgroup of high-risk patients are those
identified as being at particular risk of perioperative
myocardial ischaemia. Perioperative β blockade is indicated
in this group. However, optimal fluid management is still
required in such patients. Improvements in outcome have
been shown in cardiac [7], orthopaedic [13,14] and general
surgical patients [15] by the use of peroperative oesophageal
Doppler to guide fluid administration. The use of
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