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Poor Adoption of Hemodynamic Optimization During
Major Surgery: Are We Practicing Substandard Care?

Timothy E. Miller, MB ChB, FRCA, Anthony M. Roche, MB ChB, FRCA, MMed (Anaes),

and Tong J. Gan, MD, MHS, FRCA

emodynamic optimization of surgical patients

during the perioperative period aims to improve

outcomes. This is frequently referred to as goal-
directed therapy (GDT), a term that has been used for
nearly 30 years to describe methods of optimizing fluid and
hemodynamic status. Unfortunately, the term has never
been standardized, and therefore can mean different things
to different people, causing a significant amount of confu-
sion. It can refer to supramaximal oxygen delivery using a
pulmonary artery catheter (PAC)," early treatment of sepsis
in the emergency department,® or perioperative optimiza-
tion of fluid status,” all different goals directing different
therapies.

It could be said that we all practice a form of GDT
intraoperatively every day, except that our goals are nor-
mally related to arterial blood pressure (BP), heart rate, and
occasionally central venous pressure (CVP). These are all
known to be poor indicators of intravascular volume and
cardiac output (CO). In healthy volunteers, heart rate and
BP remain relatively unchanged despite a 25% hemorrhage
of blood volume.* One systematic review showed that CVP
is unable to identify which patients need more fluid, and
concluded that CVP should no longer be routinely mea-
sured in the intensive care unit, operating room, or emer-
gency department.” This leads to a key question: Can
monitoring of stroke volume (SV) and CO improve our
ability to optimize fluid and hemodynamic status?

This issue of Anesthesia & Analgesia includes 2 excellent
systematic reviews by Hamilton et al.® and Gurgel and do
Nascimento” on hemodynamic optimization of patients
undergoing major surgery. The authors avoided the term
GDT, and instead described the techniques as “preemptive
hemodynamic intervention” and “optimizing tissue perfu-
sion.” It is clear that the reviews examined the same subject,
with 26 studies (of 29 and 31, respectively) common to both
articles.
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Perioperative hemodynamic optimization was first de-
scribed in the 1980s, when the PAC was used to guide fluid
and inotrope administration.® This enabled clinicians to
augment tissue oxygen delivery to supranormal levels
(DO, >600 mL/min/m?) in high-risk surgery patients, the
target being based on earlier work by Shoemaker et al.’
observing survivors after high-risk surgery. As both sys-
tematic reviews have shown, oxygen-targeted approaches
were generally successful, and when mortality in high-risk
surgery was approaching 20%, most studies were able to
show a survival benefit.""1°~'2

Despite these promising results, the technique was not
widely adopted. Oxygen-targeted approaches required sig-
nificant resources, were very labor intensive, and most
importantly were reliant on information from the PAC.
Catheterization of the right heart began falling out of favor
in intensive care units in the 1990s after the publication of
several observational studies showing increased mortal-
ity."® Because early GDT was linked so closely with the use
of PACs, it became embroiled in this controversy.

The last 20 years have seen the arrival of a number of
minimally invasive CO technologies such as esophageal
Doppler, arterial pressure waveform analysis devices pro-
viding SV variation (SVV) and pulse pressure variation
(PPV), and monitors based on bioimpedance and bioreac-
tance technology.'* This has enabled clinicians to monitor
and optimize SV, SVV, CO, and other hemodynamic vari-
ables without the need for a PAC.

These monitors are easy to operate and minimally
invasive, so they have gained wider use than PAC optimi-
zation in high-risk patients. They are also frequently used
in patients undergoing major but not necessarily high-risk
surgery, for example, elective abdominal surgery, extensive
cancer surgery, hip arthroplasty, or major spinal surgery.
Hemodynamic optimization in this patient population can
usually be obtained by optimization of preload alone. The
change in SV, SVV, or CO in response to a fluid challenge
is used to assess volume responsiveness. When a patient is
hypovolemic, an IV fluid challenge will typically result in a
>10% increase in SV or CO, or a reduction in SVV. This
patient has “recruitable” SV and is in a fluid-responsive
state. In the perioperative setting, fluid challenges should
be considered until the SV no longer increases by 10% and
preload has been optimized. SVV and PPV alone have also
been shown to be superior to static indices in predicting
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Hemodynamic Optimization

volume responsiveness in controlled mechanically venti-
lated patients.'> However, special care should be taken in
applying fluid challenges in patients with severely compro-
mised cardiac function. In right heart dysfunction, SVV and
PPV may misleadingly suggest volume responsiveness,
although further volume may be harmful.'® Earlier PAC
optimization concepts used predetermined supraphysi-
ologic goals, whereas a key difference in the present
approach is individualized optimization within each pa-
tient’s cardiac capacity.

Despite what many believe to be conflicting bodies of
evidence, volume optimization is in fact complementary to
a “restrictive” fluid approach, particularly with regard to
crystalloids.'”” Our use of crystalloids has been greatly
exaggerated over the last 50 years. An excellent review
claimed that the so-called third space does not exist, and
that intraoperative evaporative losses are probably no more
than 100 mL/h."® Hence, a background infusion of bal-
anced crystalloid (e.g., lactated Ringer solution) of 1 to 2
mL/kg/h for maintenance requirements can be combined
with colloid boluses of 250 mL for volume optimization.

A number of studies have demonstrated that perioper-
ative volume optimization is beneficial, and that it results
in improved outcomes with lower complication rates and
shorter hospital lengths of stay. Admittedly, most are
single-center trials.'"” In modern major elective surgery,
mortality is much less than previous optimization of high-
risk patients with the PAC; therefore, these small studies
are underpowered to detect a mortality difference.

So the pertinent question remains: Why is modern
hemodynamic optimization not performed routinely for
high-risk surgery? One possible factor is that anesthesiolo-
gists like to see immediate results. Benefits from optimiza-
tion will not be obvious during the intraoperative and early
postoperative periods. Lack of user-friendly equipment
and skepticism with regard to the concept may also have a
role. Furthermore, the absence of large-scale randomized
controlled trials is almost certainly a significant factor.
Systematic reviews, despite their inherent limitations, are
therefore a valuable way of analyzing the literature.

The 2 systematic reviews published in Anesthesin &
Analgesia this month are the largest yet published on
hemodynamic optimization in major surgery. Hamilton et
al.® specifically investigated hemodynamic intervention,
and showed a significant reduction in complications with
modern minimally invasive devices that are comparable
with PAC optimization. This is an important finding,
because the growing availability of minimally invasive
devices is the future of perioperative optimization.

Gurgel and do Nascimento” focus more on tissue per-
fusion, and include negative studies such as one by Takala
et al,*® which added an intervention in the study group (in
this case dopexamine) without a clear optimization goal.
Although this reduces the significance of their overall
results, nevertheless they again showed a clear benefit with
optimization. The lack of a reliable marker of tissue perfu-
sion is highlighted, with lactate and central venous oxygen
saturation the best available. Monitoring “adequacy” of
tissue perfusion remains controversial, but until such time as
the ideal tissue perfusion monitor is available, our present
focus should remain on optimization of CO and DO,.
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So what does the future hold? Interest in perioperative
hemodynamic optimization continues to grow. It is easy to
accomplish for all major surgery, makes physiologic sense,
and has a growing evidence base. A reduction in compli-
cation rates and shorter hospital stays have been widely
demonstrated across surgical types. There is emerging
evidence that optimization during the perioperative period
may be associated with a long-term (15 years) survival
benefit in high-risk patients.' Furthermore, Enhanced Re-
covery After Surgery programs are currently driving in-
creased interest in hemodynamic optimization.*> This is
common practice in our hospital for selected procedures.

There are effectively 2 main groups of patients in which
the clinician should carefully consider monitoring and
optimization. First, we believe that a minimally invasive
CO monitor should be considered in all major surgery to
optimize preload. If CO and/or BP are still inadequate after
volume optimization, the physiologic variables should
guide the addition of an inotrope or vasopressor. This
should be individualized to meet the patient’s needs, and is
currently based on measurements of CO and DO,, with the
future hope of advanced monitoring of tissue perfusion.

The second group of patients is those at increased risk of
significant perioperative morbidity and mortality. Should
we aim for supraphysiologic targets or not? These meta-
analyses make a strong point for aiming “high,” especially
in the sickest of this second group of perioperative patients.
Although the target DO, of 600 mL/min/m?* suggested by
Shoemaker et al.® could still be ideal, it seems prudent to
individualize each patient’s target based on their specific
physiologic profile. Our challenge: Do we believe that
supramaximal targets are necessary in these patients, are
we brave enough to implement them, and what will we use
to accomplish these goals?

As the population ages, the number of patients requiring
major noncardiac surgery is only going to increase. Hemo-
dynamic optimization using a variety of invasive and
minimally invasive technologies may be a key step in
improving short-, intermediate-, and long-term outcomes
in these patients. §a
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A Systematic Review and Meta-Analysis on the Use
of Preemptive Hemodynamic Intervention to Improve
Postoperative Outcomes in Moderate and High-Risk
Surgical Patients

Mark A. Hamilton, MRCP, FRCA, Maurizio Cecconi, MD, and Andrew Rhodes, FRCP, FRCA

BACKGROUND: Complications from major surgery are undesirable, common, and potentially
avoidable. The long-term consequences of short-term surgical complications have recently been
recognized to have a profound influence on longevity and quality of life in survivors. In the past
30 years, there have been a number of studies conducted attempting to reduce surgical mortality
and morbidity by deliberately and preemptively manipulating perioperative hemodynamics. Early
studies had a high control-group mortality rate and were criticized for this as being unrepresen-
tative of current practice and raised opposition to its implementation as routine care. We
performed this review to update this body of literature and to examine the effect of changes in
current practice and quality of care to see whether the conclusions from previous quantitative
analyses of this field remain valid.

METHODS: Randomized clinical trials evaluating the use of preemptive hemodynamic interven-
tion to improve surgical outcome were identified using multiple methods. Electronic databases
(MEDLINE, EMBASE, and the Cochrane Controlled Clinical Trials register) were screened for
potential trials, reference lists of identified trials were examined, and additional sources were
sought from experts and industry representatives. Identified studies that fulfilled the entry criteria
were examined in full and subjected to quantifiable analysis, subgroup analysis, and sensitivity
analysis where possible.

RESULTS: There were 29 studies identified, 23 of which reported surgical complications. In
total, the 29 trials involved 4805 patients with an overall mortality of 7.6%. The use of
preemptive hemodynamic intervention significantly reduced mortality (pooled odds ratio [95%
confidence interval] of 0.48 [0.33-0.78]; P = 0.0002) and surgical complications (odds ratio
0.43 [0.34-0.53]; P < 0.0001). Subgroup analysis showed significant reductions in mortality
for studies using a pulmonary artery catheter, supranormal resuscitation targets, studies using
cardiac index or oxygen delivery as goals, and the use of fluids and inotropes as opposed to fluids
alone. By contrast, there was a significant reduction in morbidity for each of the 4 subgroups
analyzed.

CONCLUSION: The use of a preemptive strategy of hemodynamic monitoring and coupled
therapy reduces surgical mortality and morbidity. (Anesth Analg 2011;112:1392-402)
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ajor surgery is associated with a significant and

quantifiable rate of both morbidity and mortal-

ity.!? This risk of adverse events is increased in
groups of patients with certain clinical criteria, for instance,
emergency surgery or surgery in a patient with limited
cardiovascular or respiratory reserve. The mitigation of
these risks is important both for the individual patient who
then has a better outcome and for health care planners and
managers who are able to provide a higher quality of care
for a reduced overall cost.'”

Over the last 30 years, many authors have described
how the use of flow-based hemodynamic monitoring com-
bined with hemodynamic manipulations in the periopera-
tive period can reduce the incidence of both morbidity, and
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in some studies, mortality.* > For a variety of reasons, this
practice has not been developed as a routine standard of
care and includes the fact that many of these studies have
been performed on small sample sizes from single centers.
Very few studies have been conducted in a multicentric
manner. Previous systematic reviews and meta-analyses
have demonstrated benefits with this approach for major
surgical patients®>%; however, there is a need for these to
be updated given the recent plethora of studies published
since the generation of newer and less-invasive hemody-
namic monitors and improvement in the overall quality of
care delivered.

This systematic review and meta-analysis was designed
to explore whether a preemptive strategy of hemodynamic
monitoring and manipulation in the perioperative period
for moderate- and high-risk surgical patients can improve
postoperative outcome.

METHODS

Search Strategy

Three electronic databases (MEDLINE, EMBASE, and the
Cochrane Controlled Clinical Trials register) were
searched with the following keywords: hemodynamic

June 2011 ¢ Volume 112 ¢ Number 6
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monitoring, cardiac output, stroke volume, oxygen de-
livery, goal-directed therapy, dobutamine, dopexamine,
surgery, and randomized controlled trial. The search
strategy was run from 1985 and closed on January 24,
2010. Articles were restricted to English language and
human studies only. In addition to electronic searching,
industry representatives were contacted for additional
material, and personal archives and communications
were searched. All identified review articles and
evidence-based guidelines were hand-searched for addi-
tional references, and reference lists for identified studies
were snowballed for additional articles. The title and
abstracts identified from the search strategy were then
screened for potential articles by 2 investigators. After
this primary exclusion, full articles were obtained and
examined for suitability.

Study Inclusion Criteria

All randomized controlled clinical trials evaluating a pre-
emptive hemodynamic monitored approach to cardiovas-
cular management were considered and reviewed. All
studies had to be properly randomized to control for
selection bias and had to report hospital mortality as an
outcome on an intention-to-treat basis. Studies were ex-
cluded from the analysis if the hemodynamic monitoring
was only used differently between the control and protocol
groups before randomization, because these studies tended
to be fixed-dose drug studies that did not fit our selection
criteria.***”*® Only peer-reviewed papers were included.
Abstracts from scientific meetings were not screened; pre-
vious studies in this field have shown only low yield to this
process, despite attempting to counter for potential report-
ing bias.

We defined a hemodynamic intervention as the proac-
tive use of hemodynamic monitoring and therapies to
manipulate hemodynamics in the perioperative period.
Therapies could be classified as IV fluids and/or additional
inotropic support. The hemodynamic intervention had to
be preemptively started in the perioperative period, which
was defined as 24 hours preoperatively, intraoperatively, or
up to 24 hours into the postoperative period. Previous
meta-analyses have included heterogeneous groups of pa-
tients that were not restricted to moderate- and high-risk
groups of surgical patients. We therefore aimed only to
assess studies that were assessing the impact of these
interventions on a moderate- to high-risk group of patients.
We defined this group according to criteria previously
published by Shoemaker et al.'' and later modified by
Pearse et al.'®

Methodological Quality of Included Studies
Eligible studies were graded using the systems described
by Jadad et al.>* Nonrandomized studies were excluded.
This scale is used to describe study quality by scoring 5
elements of randomization, application, and blinding with
a score range of 1 to 5.

Analysis of Outcomes

The primary outcome was hospital mortality. As an out-
come measure, it is discrete, well defined, and reported in
the majority of articles. Our secondary outcome measure

June 2011 ¢ Volume 112 ¢ Number 6

Potential studies from electronic
databases

(n=4974)
Studies excluded by screening abstracts
and titles
(n=4883)
Potential studies retrieved for detailed
evaluation
(n=91)

Studies excluded
(n=68)

Studies finally included from electronic

databases
(n=23)

Papers added from snowballing &
hand-searching
(n =6)

Selected studies included in the meta-
analysis
(n=29)

Figure 1. Flow chart showing the number of abstracts and articles
identified and evaluated during the review process.

was the number of patients with complications after sur-
gery. Although this outcome measure is less easy to define,
it is frequently reported and provides a description of what
is happening to the patient population. We chose not to
report length of stay because it is often used as a marker of
process and reported differently across institutions and
countries. A number of a priori subgroup and sensitivity
analyses were planned: (a) the type of monitoring used, (b)
therapy used (fluids versus fluids and inotropes), (c) thera-
peutic goals, and (d) resuscitation target (normal versus
supranormal). Supranormal was defined as any study
that aimed to achieve an oxygen delivery index of =600
mL/min/m? in 1 of the trial arms. Data were extracted
from each original article by 2 authors and cross-checked
for reliability; disputed data were resolved by the third
author by a majority decision on reference to the original
text.

A sensitivity analysis was performed on both the pri-
mary and secondary outcomes. This consisted of a correc-
tion for quality using the Jadad score, with a score >3
classified as a higher quality study.*” In addition, a time-
dependent analysis was performed to examine the influ-
ence of change in care and underlying event rates in the last
35 years by decade.

Statistical Analysis

The meta-analysis was performed using the Review Man-
ager, version 5 software (The Cochrane Collaboration,
Oxford, UK), with a random effects model. The results are
presented as an odds ratio (OR) for dichotomous data with
its 95% confidence intervals (CIs). All results were checked
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Preemptive Hemodynamic Intervention

Table 1. Randomized Clinical Trials of Preemptive Hemodynamic Intervention to Improve

Postoperative Outcome

Type of
Trial/author Year intervention Goals of optimization Control group
Bender et al.>? 1997  Fluids and  Cl =2.8 L/min/m?, SVR =1100 dynes-s/cm®, Standard care
inotropes PAOP 8-14
Berlauk et al.>* 1991  Fluids and  Cl =2.8 L/min/m?, SVR =1100 dynes-s/cm®, Standard care
inotropes PAOP 8-14
Bishop et al.*° 1995  Fluids and Do,l =670 mL/min/m?, Vo,l =166 mL/min/m?,  Systolic pressure =120, HR =110, Hb =10,
inotropes and Cl =4.5 L/min/m? within 24 h of UO >30-50 mL/h, CVP 8-12, PAOP 8-12
admission and at least 48 h thereafter
Bonazzi et al.?® 2002  Fluids and  Cl >3 L/min/m?, SVR =1450 dynes-s/cm®, Standard care
inotropes PAOP >10 and <18, Do, >600 mL/min/m?
Boyd et al.?® 1993  Fluids and Do, >600 mL/min/m? MAP 80-110, PAP 12-14, Sao, >94%, Hb
inotropes >12, UO >0.5 mL/kg/h
Buettner et al.?” 2008  Fluids SPV <10%, Hct <23% = blood, clotting
abnormal = product
Chytra et al.?® 2007  Fluids and FTc >0.35, SV CVP 12-15, MAP >65, Spo, >95%, HR <100
inotropes beats/min, UO >1 mL/kg/h, temperature
37°C, Hb >8.5
Conway et al.?® 2002  Fluids FTc >0.35, SV Standard care
Donati et al.?* 2007 Fluids and Maintain O,ER <27%,CVP from 8 to 12 cm H,0, CVP 8-12 cm H,0, MAP >80 mm Hg, urinary
inotropes mean arterial blood pressure >80 mm Hg, output >0.5 mL/kg/h
urinary output >0.5 mL/kg/h
Gan et al.?® 2002  Fluids FTc >0.35, SV If UO <0.5 mL/kg/h, heart rate =20% above
baseline/>110 beats/min, mean SBP
<20% below baseline or <90 mm Hg, or
CVP <20% of baseline; 200-mL fluid bolus
administered until the above target was
restored
Lobo et al.?? 2000 Fluids and Do, intentionally increased to levels >600 mL/ Do, between 520 and 600 mL/min/m?
inotropes min/m?
Lobo et al.?* 2006 Fluids and Do, >600 (fluids and dobutamine) Do, >600 (fluids alone)
inotropes
Lopes et al.?° 2007  Fluids PPV = <10% Standard care
Kapoor et al.® 2008  Fluids and  CI >2.5 mL/min/m?, CVP >6 mm Hg, SVV CVP 6-8 mm Hg, MAP 90-105 mm Hg, Hct
inotropes <10%, ScVo, >70%, SVI >30 mL/bet/m?, =30%, pH >7.35-7.45, Pao, >100 mm
SVRI >1500 dynes-s/cm®/m?, Do,l >450 Hg, Paco, 35-45 mm Hg, Spo, >95%, UO
mL/min/m?2, CVP 6-8 mm Hg, MAP 90-105 >1 mL/kg/h
mm Hg, Hct =30%, pH >7.35-7.45, Pao,
>100 mm Hg, Paco, 35-45 mm Hg, Spo,
>95%, UO >1 mL/kg/h
McKendry et al.*® 2004  Fluids and  Maintain stroke index >35 mL/m? Standard care
inotropes
Mythen,*” 1995 Fluids CVP increase <3 mm Hg and 10% increase Standard care
in SV
Noblett et al.*® 2006  Fluids FTc > 0.35, SV Standard care
Pearse et al.'® 2005  Fluids and Do, >600 mL/min/m? Common goals, Sao, =94%, Hb >8 g dL,
inotropes temperature 37°C, HR <100 beats/min or
<20% above baseline, MAP 60-100 mm
Hg, Cl =2.5 mL/min/m?
PGl6nen et al.** 2000  Fluids and  SVo, >70% and lactate <2 Standard care
inotropes
Sandham et al.*® 2003  Fluids and Do,l 550-600 mL/min/m?, Cl 3.5-4.5, MAP Standard care
inotropes >70 mm Hg, PAOP 18 mm Hg, HR <120
beats/min, Hct >27%
Schultz et al.*? 1985 Fluids and Normalization of abnormalities Standard care
inotropes
Shoemaker et al.®* 1988  Fluids and  CO >4.5 L/min, Do, >600 mL/min/m?, Vo, Standard care
inotropes >170 mL/min/m?
Sinclair et al.*® 1997  Fluids FTc >0.35, SV 10% Standard care
Ueno et al.® 1998  Fluids First 12 h, dopamine, Spo,% >95%, Hb >10, Spo,% >95%, Hb >10, LVSWI, PAOP
LVSWI, PAOP, Cl >4.5 L/min/m?, Do, >600
mL/min/m?, and Vo,l >175 mL/min/m?
(Continued)
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Table 1. (Continued)

Control group
Standard care

Standard care
CVP 12-15, standard care
Standard care

Standard care (IV fluids only)

Type of
Trial/author Year intervention Goals of optimization

Valentine et al.® 1998  Fluids and  Cl =2.8 L/min/m?, SVR =1100 dynes-s/cm®,

inotropes PCWP =8 and <15, other parameters same
as Berlauk et al.31

Venn et al.” 2002  Fluids FTc >0.35, SV 10%

Wakeling et al.® 2005 Fluids SV increase of 10%, CVP increase of >3 mm Hg

Wilson et al.® 1999  Fluids and Do,l >600 mL/min/m?, PAOP 12, Hb =11,
inotropes Sao, >94%

Ziegler et al.* 1997  Fluids and SVo, >65%, PAOP =12, Hb =10
inotropes

Cl = cardiac index; SVR = systemic vascular resistance; SVRI = systemic vascular resistance index; PAOP= pulmonary artery occlusion pressure; Do,| = oxygen
delivery index; Vool = oxygen consumption index; MAP = mean arterial blood pressure; HR = heart rate; Hb = hemoglobin concentration; CVP = central venous
pressure; Het = hematocrit; SVo, = arterial saturation of oxygen; UO = urine output; FTc = corrected flow time; SVV = stroke volume variation; SVI = stroke
volume index; SVo, (Scvo,) = mixed (central) venous oxygen saturation; SPV = systolic pressure variation; O,ER = oxygen extraction ratio; PPV = pulse pressure
variation; LVSWI = left ventricular stroke work index; PAP = pulmonary arterial pressure.

Protocol
Events Total Events Total Weight M-H, Random, 95% Cl

Study or Subgroup

0Odds Ratio 0Odds Ratio

M-H, Random, 95% CI

Control

Bender 1997 (32)
Berlauk 1991 (31)
Bishop 1995 (30)
Bonazzi 2002 (29)
Boyd 1993 (28)
Buettner 2008 (27)
Chytra 2007 (26)
Conway 2002 (25)
Donati 2007 (24)
Gan 2002 (23)
Kapoor 2008 (19)
Lobo 2000 (22)
Lobo 2006 (21)
Lopes 2007 (20)
Mckendry 2004 (18)
Mythen 1995 (17)
Noblett 2006 (16)
Pearse 2005 (15)
Polonen 2000 (14)
Sandham 2003 (13)
Schultz 1985 (12)
Shoemaker 1988 (11)
Sinclair 1997 (10)
Ueno 1998 (9)
Valentine 1998 (8)
Venn 2002 (7)
Wakeling 2005 (6)
Wilson 1999 (5)
Ziegler 1997 (4)

-
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Figure 2. Effects of preemptive hemody-
namic intervention in protocol group ver-
sus control on mortality rate. M-H =
Mantel-Haenszel.

~
=

WWOWWO e

Total (95% CI)
Total events 142

Heterogeneity: Tau® = 0.25; Chi* = 37.72, df = 25 (P = 0.05); ¥ = 34%
Test for overall effect: Z = 3.77 (P = 0.0002)

for statistical heterogeneity using the I* methodology. Sig-
nificance was set at a P value <0.05.

RESULTS

Included Trials

Our search strategy retrieved 4974 titles suitable for further
review. Screening of these titles and abstracts produced 91
potential articles that were examined in detail against the
predefined eligibility criteria. Further examination led to
the exclusion of 68 studies from the analysis because they
did not meet high-risk criteria, lacked randomization or
nonprospective study design, or did not fulfill our
moderate- and high-risk inclusion criteria (Fig. 1). This
resulted in 23 articles that were included from electronic
databases. Through snowballing of references, hand-
searching, and contacting experts and industry representa-
tives, 6 more articles were added. Therefore, 29 articles
were included in the final analysis.

June 2011 ¢ Volume 112 ¢ Number 6

51 1 53 1.7% 1.04 (0.06, 17.08]

68 2 21 21% 0.14 [0.01, 1.65) —_—

50 24 65 8.5% 0.38 [0.16, 0.90] ——

50 0 50 Not estimable

53 12 54 5.4% 0.21 [0.06, 0.79] —

40 1 40 1.3% 0.33 [0.01, 8.22) —

80 18 82 9.3% 0.69 [0.31, 1.52] ==

29 1 28 1.3% 0.31(0.01, 7.95] —

68 2 67 3.0% 0.98 [0.13, 7.20] I e

50 0 50 Not estimable

15 0 15 Not estimable

19 9 18 4.4% 0.19 [0.04, 0.88] e

25 7 25 3.9% 0.22 [0.04, 1.21) —

17 S 16 3.5% 0.29 [0.05, 1.80] —_—

89 2 90 3.7% 2.07 [0.37, 11.60] —_1

30 1 30 1.3% 0.32 [0.01, 8.24] —

51 1 52 1.3% 0.33 [0.01, 8.37] —

62 9 60 7.1% 0.72 [0.25, 2.08) ==
196 6 197 4.1% 0.33 [0.07, 1.65) —_—
997 77 997 13.9% 1.01 [0.73, 1.41) +

35 10 35 2.7% 0.07 [0.01, 0.61]

28 18 60 2.8% 0.09 [0.01, 0.69]

20 2 20 2.1% 0.47 [0.04, 5.69] —_—T

16 2 18 1.4% 0.20 [0.01, 4.49] —

60 1 60 2.4% 3.11(0.31, 30.73] -1

30 2 29 3.3% 1.50 [0.23, 9.70]) —

67 1 67 1.3% 0.33 [0.01, 8.21] —

92 8 46 5.1% 0.16 [0.04, 0.64) —_—

32 2 40 3.3% 1.97 [0.31, 12.54] —T

2420 2385 100.0% 0.48 [0.33, 0.70] ¢
224
0.001 0.1 10 1000

Favours Protocol Favours Control

Description of Studies

The 29 identified studies are described in detail in Table 1.
All reported mortality as an end point. Three studies had a
zero rate of mortality in both protocol and control groups.
These 3 studies were reexamined to ensure that they met
moderate- to high-risk criteria. Twenty-three studies re-
ported the number of patients in whom complications
developed during the course of their stay. The reporting of
complications was variable across the studies as were the
definitions of complications in use. Two studies did use
standardized methods of outcome reporting such as the
postoperative morbidity survey, but the majority were
diffuse.**

Mortality

All 29 studies reported mortality as an end point. The
overall effect when combining the studies was a significant
reduction in mortality for the intervention group (pooled
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Preemptive Hemodynamic Intervention

Table 2. Subgroup Analysis for Mortality

Subgroup No. of studies No. of patients
Monitor
ODM 9 894
PAFC 15 3511
Other? 5 400
Therapy
Fluids 10 700
Fluids and 19 4105
inotropes
Goals
Cl/Do, 17 3350
FTc/SV 9 894
Other® 3 561
Resuscitation
target
Supranormal 8 0.29 (0.18-0.47)
Normal 21 0.86 (0.66-1.13)

Control group mortality 0Odds ratio (95% CI)

28/448 (6%) 0.75 (0.41-1.37)
179/1739 (10%) 0.35 (0.19-0.65)*

17/198 (9%) 0.61 (0.27-1.35)

16/350 (5%) 0.44 (0.19-1.06)

208/2035 (10%) 0.47 (0.29-0.76)*

183/1657 (11%)
28/448 (6%)
13/280 (5%)

0.38 (0.21-0.68)*
0.75 (0.41-1.37)
0.43 (0.15-1.19)

89/346 (26%)
135/2039 (7%)

0.29 (0.18-0.47)*
0.86 (0.66-1.13)

ODM = esophageal Doppler monitoring; PAFC = pulmonary artery flotation catheter; Cl = cardiac index; Do, = oxygen delivery; FTc = corrected flow time; SV =

stroke volume.

2 PiCCOplus, CVP/A line, DX2020, FloTrac, LidCOplus.

b Oxygen extraction ratio, pulse pressure variation, SVoz, and lactate.
*Statistically significant.

Figure 3. Effects of preemptive hemody-
namic intervention in protocol group ver-
sus control on complication rate. M-H =
Mantel-Haenszel.

Protocol Control 0dds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% ClI M-H, Random, 95% CI
Bender 1997 (32) 7 51 7 53 4.0% 1.05 [0.34, 3.22) 1
Berlauk 1991 (31) 11 68 9 21 4.3% 0.26 [0.09, 0.76] =
Bonazzi 2002 (29) 2 50 4 50 1.7% 0.48 [0.08, 2.74] e
Chytra 2007 (26) 15 80 28 82 9.3% 0.45 [0.22, 0.92] —s—
Conway 2002 (25) 5 29 9 28 3.2% 0.44 [0.13, 1.53] .
Donati 2007 (24) 8 68 20 67 6.1% 0.31(0.13, 0.77) ——

Gan 2002 (23) 0 50 6 50 0.6% 0.07 [0.00, 1.24] r
Kapoor 2008 (19) 1 15 3 15 0.9% 0.29 [0.03, 3.12] —_—
Lobo 2000 (22) 6 19 12 18 2.7% 0.23 [0.06, 0.91] —

Lobo 2006 (21) 14 25 17 25 3.8% 0.60 [0.19, 1.90] — T
Lopes 2007 (20) 7 17 12 16 2.3% 0.23 [0.05, 1.03] —
Mckendry 2004 (18) 17 89 26 85 9.9% 0.54 [0.27, 1.08] —]
Mythen 1995 (17) 0 30 6 30 0.6% 0.06 [0.00, 1.15] r
Noblett 2006 (16) 1 51 8 52 1.1% 0.11 [0.01, 0.91]

Pearse 2005 (15) 27 62 41 60 8.9% 0.36 (0.17, 0.75] b
Polonen 2000 (14) 2 196 11 197 2.2% 0.17 [0.04, 0.80] _—
Schultz 1985 (12) 2 35 3 35 1.5% 0.65 [0.10, 4.13] e
Shoemaker 1988 (11) 8 28 30 60 5.4% 0.40 [0.15, 1.05] —

Ueno 1998 (9) 4 16 S 18 2.2% 0.87 [0.19, 4.01] T
Valentine 1998 (8) 15 60 10 60 6.2% 1.67 [0.68, 4.08] ==
Venn 2002 (7) 7 30 14 29 4.0% 0.33 [0.11, 1.00] —
Wakeling 2005 (6) 24 67 38 67 10.0% 0.43 [0.21, 0.85] —
Wilson 1999 (5) 38 92 28 46 9.3% 0.45 [0.22, 0.93] ==
Total (95% CI) 1228 1164 100.0% 0.44 [0.35, 0.55] [}

Total events 221 347

Heterogeneity: Tau? = 0.01; Chi* = 22.52, df = 22 (P = 0.43); I = 2%
Test for overall effect: Z = 7.14 (P < 0.00001)

OR of 0.48 [0.33-0.78]; P = 0.0002) (Fig. 2). Subgroup
analysis of the mortality end point revealed that mortality
was reduced in those studies using a pulmonary artery
catheter (OR 0.35 [0.19-0.65]; P = 0.001), for fluids and
inotropes as opposed to IV fluids alone (OR 0.47
[0.29-0.76]; P = 0.002), cardiac index or oxygen delivery as
the end point (OR 0.38 [0.21-0.68]; P = 0.001), and studies
using a supranormal resuscitation target (OR 0.29
[0.18-0.47]; P = 0.00001) (Table 2).

Morbidity

Twenty-three of the 29 studies reported the number of
patients with complications as an end point. Meta-analysis
of these studies (Fig. 3) demonstrated a significant reduc-
tion in the overall complication rate (OR 0.43 [0.34—-0.53];
P < 0.00,001) and a significant reduction across all of the 4
subgroups assessed (Table 3).
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Trial Quality

The quality of the individual studies as assessed by the Jadad
score is presented in Table 4. It is apparent that very few of the
studies were performed in a double-blind manner and nearly
all were done in a single center. Figure 4 shows an OR plot of
mortality split by quality. The higher quality studies (with a
Jadad score =3) fail to show a significant reduction in mor-
tality, as opposed to lower quality studies that do. The effect of
quality on morbidity is shown in Figure 5. In contrast to
mortality, there is a significant reduction in morbidity irrespec-
tive of trial quality. The point estimate of effect is similar for the
2 groups but the CI for the lower quality studies is wider.

Time-Dependent Analysis

Figure 6 shows a graph of the apparent decline in control-
group mortality over time, with recent studies demonstrat-
ing lower mortality rates. Figure 7 shows an approximate
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Table 3. Subgroup Analysis for Number of Patients with Complications

Subgroup No. of studies No. of patients

Monitor

ODM 9 987

PAFC 10 1085

Other? 4 320
Therapy

Fluids 9 742

Fluids and inotropes 14 1650
Goals

Cl/Do, 12 982

FTc/SV 8 849

Other® 3 561
Resuscitation target

Supranormal 6 469

Normal 17 1923

No. of patients with complications
in control group 0dds ratio (95% ClI)
163/469 (35%)
108/537 (20%)
76/158 (48%)

0.41 (0.30-0.57)*
0.54 (0.33-0.88)*
0.32 (0.19-0.54)*

126/372 (34%)
221/792 (28%)

0.38 (0.26-0.55)*
0.47 (0.35-0.64)*

169/461 (37%)
135/423 (32%)
43/280 (15%)

0.52 (0.37-0.74)*
0.41 (0.28-0.58)*
0.26 (0.13-0.52)*

133/227 (59%)
214/937 (23%)

0.42 (0.29-0.63)*
0.43 (0.31-0.60)*

ODM = esophageal Doppler monitoring; PAFC = pulmonary artery flotation catheter; Cl = cardiac index; Do, = oxygen delivery; FTc = corrected flow time; SV =

stroke volume.

4 CVP/arterial line, DX2020, FloTrac, LidCOplus.

b Oxygen extraction ratio, pulse pressure variation, SVOQ, and lactate.
* Significant difference.

Table 4. Quality Assessment of Included

Randomized Clinical Trials

Author and year

Bender et al.,32 1997
Berlauk et al.,3* 1991
Buettner et al.,?” 2008
Bishop et al.,*° 1995
Bonazzi et al.,?® 2002
Boyd et al.,?® 1993
Chytra et al.,2® 2007
Conway et al.,?® 2002
Donati et al.,?* 2007
Gan et al.,%® 2002

Lobo et al.,??> 2000
Lobo et al.,?* 2006
Lopes et al.,?° 2007
Kapoor et al.,*® 2008
McKendry et al.,*® 2004
Mythen and Webb,” 1995
Noblett et al.,*® 2006
Pearse et al.,*®> 2005
Pél6nen et al.,** 2000
Sandham et al.,*® 2003
Schultz et al.,*? 1985
Shoemaker et al.,** 1988
Sinclair et al.,*°® 1997
Ueno et al.,® 1998
Valentine et al.,® 1998
Venn et al.,” 2002
Wakeling et al.,® 2005
Wilson et al.,®> 1999
Ziegler et al.,* 1997

Jadad score

NBWWWNNNEPWOWWWONWNNWWOAOWNWENRENNPRE

halving of mortality rates in the control group every decade
(29.5%, 13.5%, 7%). It can be seen, however, that although
the mortality is reduced over time, the complication rate
remains consistent, with approximately one-third of pa-
tients experiencing complications (Fig. 8).

DISCUSSION

This systematic review and meta-analysis has demon-
strated that preemptive hemodynamically targeted therapy
in the perioperative period can reduce both morbidity and

June 2011 ¢ Volume 112 ¢ Number 6

mortality after surgery. Although over time the control-
group mortality decreased, suggesting a lowering of the
threshold for the performance of these techniques, the
impact of this therapy remains even for the lower risk
categories of patients. Although mortality was not proven
to be reduced in the lower risk group, the effects on
reducing morbidity were still valid, confirming the as-
sumption that the technique of targeted hemodynamic
intervention is beneficial across risk profile groups and
across monitoring technologies.

There are a number of reasons why the control
mortality may have decreased over time. These include
the possibilities of better overall care thus decreasing
mortality for similar patients, clinicians learning from
previous early published studies and therefore drifting
their practice toward lower risk groups, and also the
likelihood that as technology has improved and become
less invasive, the technique has gained more credibility.
This can be seen especially in the way the pulmonary
artery catheter, with all of its incumbent controver-
sies,*'*> has now been largely superseded by less-
invasive hemodynamic monitoring techniques such as
esophageal Doppler-based systems and arterial pressure
analysis.*® It is of note that, although the debate sur-
rounding the pulmonary artery catheter focused on an
inability to prove a significant beneficial effect to pa-
tients,**~*° this study has demonstrated a highly signifi-
cant reduction in both morbidity and mortality with the
use of this technique for these patients. The same is also
true for the newer generation of monitoring modalities.

The burden of complications and mortality for surgical
patients is becoming increasingly understood.!> Many au-
thors have now demonstrated that the rate of complications
is related to a number of factors that include the type of
surgery performed, the skill of the operating team, the
overall “fitness” of the patient, and also the provision of a
number of techniques that have shown to reduce the
risk. #7720

This study confirms that hemodynamic targeted
therapy can reduce this risk. Khuri et al." demonstr-
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Preemptive Hemodynamic Intervention

Protocol Control 0dds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, d 95% CI M-H, Random, 95% CI
1.7.1 Jadad Score >=3
Chytra 2007 (26) 13 80 18 82 9.4% 0.69 [0.31, 1.52] —_—
Gan 2002 (23) 0 50 0 50 Not estimable
Lobo 2000 (22) 3 19 9 18 4.6% 0.19 (0.04, 0.88] —_—
Lobo 2006 (21) 2 25 7 25 4.0% 0.22 [0.04, 1.21] —_—
Mckendry 2004 (18) 4 89 2 90 3.9% 2.07 (0.37, 11.60]) 1
Noblett 2006 (16) 0 51 1 52 1.4% 0.33(0.01, 8.37] —
Pearse 2005 (15) 7 62 9 60 7.3% 0.72 [0.25, 2.08] — T
Polonen 2000 (14) 2 196 6 197 4.3% 0.33 (0.07, 1.65] et
Sandham 2003 (13) 78 997 77 997 13.7% 1.01[0.73, 1.41) -+
Valentine 1998 (8) 3 60 1 60 2.5% 3.11(0.31, 30.73] =S
Venn 2002 (7) 3 30 2 29 3.5% 1.50 [0.23, 9.70] s e
Wakeling 2005 (6) 0 67 1 67 1.4% 0.33 (0.01, 8.21] —
Wilson 1999 (5) 3 92 8 46 5.3% 0.16 [0.04, 0.64] —_——
Subtotal (95% CI) 1818 1773 61.2% 0.62 [0.39, 1.01] L
Total events 118 141
Heterogeneity: Tau? = 0.21; Chi* = 17.70, df = 11 (P = 0.09); I = 38%
Test for overall effect: Z = 1.94 (P = 0.05)
1.7.2 Jadad score <3
Bender 1997 (32) 1 51 1 53 1.8% 1.04 (0.06, 17.08]
Berlauk 1991 (31) 1 68 2 21 2.2% 0.14 [0.01, 1.65] —
Bishop 1995 (30) 9 50 24 65 8.6% 0.38 (0.16, 0.90] —
Bonazzi 2002 (29) 0 50 0 50 Not estimable
Boyd 1993 (28) 3 53 12 54 5.6% 0.21 [0.06, 0.79] —_—
Buettner 2008 (27) 0 40 1 40 1.4% 0.33 [0.01, 8.22] ——
Conway 2002 (25) 0 29 1 28 1.4% 0.31[0.01, 7.95] —
Kapoor 2008 (19) 0 15 0 15 Not estimable
Lopes 2007 (20) 2 17 5 16 3.6% 0.29 [0.05, 1.80] —
Mythen 1995 (17) 0 30 1 30 1.4% 0.32 [0.01, 8.24) —
Schultz 1985 (12) 1 35 10 35 2.8% 0.07 [0.01, 0.61] +———
Shoemaker 1988 (11) 1 28 18 60 2.9% 0.09 [0.01, 0.69]
Sinclair 1997 (10) 1 20 2 20 2.2% 0.47 [0.04, 5.69] —
Ueno 1998 (9) 0 16 2 18 1.5% 0.20 [0.01, 4.49) &——
Ziegler 1997 (4) 3 32 2 40 3.5% 1.97(0.31, 12.54] —
Subtotal (95% CI) 534 545 38.8% 0.31 [0.18, 0.52] E -3
Total events 22 81
Heterogeneity: Tau® = 0.00; Chi® = 8.97, df = 12 (P = 0.71); I = 0%
Test for overall effect: Z = 4.46 (P < 0.00001)
Total (95% CI) 2352 2318 100.0% 0.46 [0.31, 0.69] <&
Total events 140 222

B 3 . a¥ = - = sl e I I 4 n
Heterogeneity: Tau® = 0.27; Chi* = 37.57, df = 24 (P = 0.04); I’ = 36% o1 o1 To 100

Test for overall effect: Z = 3.80 (P = 0.0001)

Favours experimental Favours control

Protocol Control 0dds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% CI M-H, Random, 95% CI
2.7.1 Jadad score >=3
Chytra 2007 (26) 15 80 28 82 9.3% 0.45 [0.22, 0.92] ——
Donati 2007 (24) 8 68 20 67 6.1% 0.31(0.13, 0.77] —
Gan 2002 (23) 0 50 6 50 0.6% 0.07 [0.00, 1.24) ¥—
Lobo 2000 (22) 6 19 12 18 2.7% 0.23 [0.06, 0.91]
Lobo 2006 (21) 14 25 17 25 3.8% 0.60 [0.19, 1.90] ——l
Mckendry 2004 (18) 17 89 26 85 9.9% 0.54 [0.27, 1.08] —]
Noblett 2006 (16) 1 51 8 52 1.1% 0.11(0.01, 0.91])
Pearse 2005 (15) 27 62 41 60  8.9% 0.36 [0.17, 0.75] ==
Polonen 2000 (14) 2 196 11 197 2.2% 0.17 [0.04, 0.80]
Valentine 1998 (8) 15 60 10 60 6.2% 1.67 [0.68, 4.08] T
Venn 2002 (7) 7 30 14 29 4.0% 0.33 (0.11, 1.00] —
Wakeling 2005 (6) 24 67 38 67 10.0% 0.43 [0.21, 0.85] ——
Wilson 1999 (5) 38 92 28 46 9.3% 0.45 [0.22, 0.93] —
Subtotal (95% CI) 889 838 74.1% 0.43 [0.32, 0.59] L 2
Total events 174 259
Heterogeneity: Tau’ = 0.07; Chi* = 15.77, df = 12 (P = 0.20); I* = 24%
Test for overall effect: Z = 5.38 (P < 0.00001)
2.7.2 Jadad score <3
Bender 1997 (32) 7 51 7 53 4.0% 1.05 [0.34, 3.22) T
Berlauk 1991 (31) 11 68 9 21 43% 0.26 [0.09, 0.76] ——
Bonazzi 2002 (29) 2 50 4 50 1.7% 0.48 (0.08, 2.74) e
Conway 2002 (25) 5 29 9 28 3.2% 0.44 [0.13, 1.53] —_—
Kapoor 2008 (19) 1 15 3 15 0.9% 0.29 [0.03, 3.12] —
Lopes 2007 (20) 7 17 12 16 2.3% 0.23 [0.05, 1.03]
Mythen 1995 (17) 0 30 6 30 0.6% 0.06 [0.00, 1.15] &——
Schultz 1985 (12) 2 35 3 35 1.5% 0.65 [0.10, 4.13] —_—T
Shoemaker 1988 (11) 8 28 30 60 5.4% 0.40 [0.15, 1.05] —
Ueno 1998 (9) 4 16 S 18 2.2% 0.87 [0.19, 4.01) —_— T
Subtotal (95% CI) 339 326 25.9% 0.44 [0.28, 0.68] L 2
Total events 47 88
Heterogeneity: Tau? = 0.00; Chi* = 6.76, df = 9 (P = 0.66); I’ = 0%
Test for overall effect: Z = 3.69 (P = 0.0002)
Total (95% CI) 1228 1164 100.0% 0.44 [0.35, 0.55] *
Total events 221 347

e 2 _ “ 2 - - R = i L 4 y

Heterogeneity: Tau? = 0.01; Chi* = 22.52, df = 22 (P = 0.43); ¥ = 2% o1 o1 To 100

Test for overall effect: Z = 7.14 (P < 0.00001)

ated that this reduction in postoperative complications
can have long-lasting effects on the survival of these
patients, outside of the remit of a short-term follow-up
period in these studies. If this hypothesis is correct, then
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Figure 4. Effects of preemptive hemody-
namic intervention in protocol group ver-
sus control on mortality rate, grouped by
quality of the study as assessed by a
Jadad score of more than or less than 3.
M-H = Mantel-Haenszel.

Figure 5. Effects of preemptive hemody-
namic intervention in protocol group
versus control on complication rate,
grouped by quality of the study as as-
sessed by a Jadad score of more than or
less than 3. M-H = Mantel-Haenszel.

the upfront costs of this relatively inexpensive technique
are easily outweighed by the longer-term benefits. Irre-
spective of this, the prevention of complications is in
itself a mechanism for saving significant amounts of
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health care resources, because it is often these complica-
tions that prolong hospital length of stay and result in
multiple costly interventions. Recent work published in
the New England Journal of Medicine has also raised the
possibility that survival is related to the identification
and then immediate and appropriate management of
these complications.®> It remains a possibility that pa-
tients being studied in trials such as ours have a lower
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than normal complication and mortality rate for this very
reason. By participating in a study, they are frequently
assessed and probably offered a quality of care that is
above the standard approach.

This study has a number of limitations. We made no
attempt to correct for the type or quantity of fluids or
inotropes given, because they are inconsistently reported in
the literature and have a demonstrable wide variability in
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Test for overall effect: Z = 1.87 (P = 0.06)
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Bender 1997 (32) 7 51 7 53 4.0% 1.05 [0.34, 3.22] —
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Conway 2002 (25) 529 9 28 32%  0.44[0.13, 1.53] — grouped by the decade the study was
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Gan 2002 (23) 0 50 6 50 0.6% 0.07 [0.00, 1.24] r
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Lobo 2000 (22) 6 19 12 18 2.7% 0.23 [0.06, 0.91] —
Lobo 2006 (21) 14 25 17 25 3.8% 0.60 [0.19, 1.90] —
Lopes 2007 (20) 7 17 12 16 2.3% 0.23 [0.05, 1.03] —=
Mckendry 2004 (18) 17 89 26 85 9.9% 0.54 [(0.27, 1.08] —]
Noblett 2006 (16) 1 51 8 52 1.1% 0.11 (0.01, 0.91])
Pearse 2005 (15) 27 62 41 60 8.9% 0.36 (0.17, 0.75] —_
Polonen 2000 (14) 2 196 11 197 2.2% 0.17 [0.04, 0.80] —_—
Venn 2002 (7) 7 30 14 29 4.0% 0.33 (0.11, 1.00] —
Wakeling 2005 (6) 24 67 38 67 10.0% 0.43 [0.21, 0.85] —
Subtotal (95% CI) 848 841 66.7% 0.38 [0.29, 0.50] *
Total events 136 249
Heterogeneity: Tau® = 0.00; Chi* = 6.92, df = 14 (P = 0.94); I’ = 0%
Test for overall effect: Z = 7.01 (P < 0.00001)
Total (95% CI) 1228 1164 100.0% 0.44 [0.35, 0.55] ¢
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Heterogeneity: Tau? = 0.01; Chi* = 22.52, df = 22 (P = 0.43); ¥ = 2% 5001 o ) 1000'

Test for overall effect: Z = 7.14 (P < 0.00001)

their dosing across studies. Also, a number of grouped
studies rather than individual patient data were meta-
analyzed. Some authors would suggest that this would be
a more robust methodology, although obtaining the origi-
nal data is often not possible, especially over such a long
period such as this. It also has to be recognized that very
few of the studies that we identified were performed in a
high-quality design. It is almost impossible to have a
properly double-blind study when the 2 groups need to
have therapy targeted to different protocols. It is also of
note that the majority of the trials were single-centered and
performed on a limited sample size. The heterogeneity of
this analysis is therefore relatively high, although the
results remain consistent across a number of subgroups
and sensitivity analyses, thereby helping to affirm our
assumptions. We have also reported on studies that de-
scribe the incidence of postoperative complications. It has
to be recognized that the reporting of complications is not
consistent and that the definitions used can differ, limiting
the applicability of some of our findings.

CONCLUSIONS

This meta-analysis suggests that a preemptive targeted
approach to the management of hemodynamics in the
perioperative period may reduce morbidity and mortality
for high-risk surgical patients. g
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Maintaining Tissue Perfusion in High-Risk Surgical
Patients: A Systematic Review of Randomized
Clinical Trials

Sanderland T. Gurgel, MD, and Paulo do Nascimento, Jr., MD, PhD

BACKGROUND: Surgical patients with limited organic reserve are considered high-risk patients
and have an increased perioperative mortality. For this reason, they need a more rigorous
perioperative protocol of hemodynamic control to prevent tissue hypoperfusion. In this study, we
systematically reviewed the randomized controlled clinical trials that used a hemodynamic
protocol to maintain adequate tissue perfusion in the high-risk surgical patient.

METHODS: We searched MEDLINE, Embase, LILACS, and Cochrane databases to identify
randomized controlled clinical studies of surgical patients studied using a perioperative
hemodynamic protocol of tissue perfusion aiming to reduce mortality and morbidity; the latter
characterized at least one dysfunctional organ in the postoperative period. Pooled odds ratio
(POR) and 95% confidence interval (Cl) were calculated for categorical outcomes.

RESULTS: Thirty-two clinical trials were selected, comprising 5056 high-risk surgical patients.
Global meta-analysis showed a significant reduction in mortality rate (POR: 0.67; 95% ClI:
0.55-0.82; P < 0.001) and in postoperative organ dysfunction incidence (POR: 0.62; 95% ClI:
0.55-0.70; P < 0.00,001) when a hemodynamic protocol was used to maintain tissue
perfusion. When the mortality rate was >20% in the control group, the use of a hemodynamic
protocol to maintain tissue optimization resulted in a further reduction in mortality (POR: 0.32;
95% Cl: 0.21-0.47; P < 0.00,001). Monitoring cardiac output with a pulmonary artery catheter
and increasing oxygen transport and/or decreasing consumption also significantly reduced
mortality (POR: 0.67; 95% Cl: 0.54-0.84; P < 0.001 and POR: 0.71; 95% Cl: 0.57-0.88; P <
0.05, respectively). Therapy directed at increasing mixed or central venous oxygen saturation did
not significantly reduce mortality (POR: 0.68; 95% Cl: 0.22-2.10; P> 0.05). The only study using
lactate as a marker of tissue perfusion failed to demonstrate a statistically significant reduction
in mortality (OR: 0.33; 95% Cl: 0.07-1.65; P > 0.05).

CONCLUSIONS: In high-risk surgical patients, the use of a hemodynamic protocol to maintain tissue
perfusion decreased mortality and postoperative organ failure. Monitoring cardiac output calculating
oxygen transport and consumption helped to guide therapy. Additional randomized controlled clinical
studies are necessary to analyze the value of monitoring mixed or central venous oxygen saturation
and lactate in high-risk surgical patients. (Anesth Analg 2011;112:1384-91)

ANESTHESIA SCANALGESIA

patients is much higher than expected for most

surgical procedures.! Despite the multifactorial
causes of death and organ failure in these patients, a
persistent inadequacy of tissue perfusion seems to be the
pivotal factor for the development of perioperative organ
failure.? With respect to risk identification, there seems to
be a tendency toward the occurrence of a postoperative
cardiac event in the surgical patient, but for most high-risk
patients, the main cause of death is more often related to
tissue perfusion dysfunction than to a cardiac problem.?

I I The mortality rate in some subgroups of surgical
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Thus, even if it seems obvious that surgical patients with
a risk of tissue hypoperfusion should be monitored and
treated during a perioperative period with fluids, blood,
and drugs, there are some unanswered questions about this
approach. Who, when, and how to maintain tissue perfu-
sion, but mainly, what is the best goal to guide tissue
perfusion? In this systematic review, we analyzed the
methodological quality of randomized controlled clinical
trials of high-risk surgical patients whose tissue perfusion
was monitored and maintained perioperatively, and evalu-
ated the influence of treatment on postoperative organ
failure and mortality. Furthermore, the role of individual
markers of tissue perfusion as the goal for treatment in the
perioperative period to establish information for clinical
practice and guidelines for the future was also analyzed.

METHODS

This article is a systematic review of randomized controlled
clinical trials of surgical patients with a limited physiological
organic reserve who were submitted to a hemodynamic
protocol to maintain adequate tissue perfusion compared
with patients who had standard care in the perioperative

June 2011 ¢ Volume 112 ¢ Number 6

Copyright © 2011 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.



<
%)
L
0
—
<
Z
<
2
=
0]
L
am
—
1p)
L]
Z
<C

Table 1. Criteria to Define High-Risk

Surgical Patients

. Previous severe cardiorespiratory illness (acute myocardial infarct,
chronic obstructive pulmonary disease, stroke)

2. Extensive ablative surgery planned for carcinoma, e.g.,
esophagectomy and total gastrectomy, prolonged surgery (>8 h)

3. Severe multiple trauma, e.g., >3 organs or >2 systems, or
opening 2 body cavities

4. Massive acute blood loss, blood volume <1.5 L - m™2, hematocrit
<20%

5. Age >70 y and evidence of limited physiological reserve of =1
vital organ

6. Shock, mean arterial blood pressure <60 mm Hg, central venous
pressure <15 cm H,0, and urine output <20 mL - h—*

7. Acute abdominal event with hemodynamic instability, e.g.,
pancreatitis, gangrenous bowel, peritonitis, perforated viscus,
gastrointestinal bleeding

8. Late-stage vascular disease involving aortic disease

period. The impact of the treatment on postoperative organ
failure and mortality was analyzed. MEDLINE, Embase,
LILACS, and Cochrane databases were searched up to No-
vember 2009 with the following terms: end point, optimiza-
tion, goal-directed therapy, hemodynamic optimization,
global tissue hypoxia, multiple organ failure, multiple organ
dysfunction, surgery, high-risk patients, postoperative period,
perioperative period, trauma, shock, burns, critical care, in-
tensive care, oxygen delivery, oxygen transport, oxygen con-
sumption, cardiac output, dobutamine, fluid therapy, blood
lactate, central venous oxygen saturation (Scvo,), mixed ve-
nous oxygen saturation (5v0,), and oximetry.

The criteria of inclusion were as follows: randomized
controlled clinical studies, blinded or not; patients older than

18 years submitted to major surgery with high likelihood of
development of complications in the postoperative period,
according to the presence of =1 high-risk criteria defined by
Shoemaker et al.* in 1988 (Table 1); presence of a well-defined
hemodynamic protocol to maintain tissue perfusion with
either/both fluids or/and vasoactive and inotropic drugs
with therapeutic goals well defined (primary end points for
treatment involving variables of tissue perfusion: cardiac
output, oxygen delivery/consumption, Scvo,/Svo,, lactate);
presence of a control group with patients treated according to
standard of care; and reduction of mortality rate (defined as
the total mortality rate within the first 28 postoperative days
or in-hospital mortality, if postoperative days were not re-
ported in the articles), and/or postoperative organ dysfunc-
tion, as defined by Donati et al® (Table 2), as the main
outcomes. The measured variables as the result of hemody-
namic control, i.e., death and organ dysfunction, were vali-
dated and categorized as postoperative complications by
Dindo et al.® in a cohort study of 6336 patients.

Studies of patients with sepsis or septic shock or with
patients presenting evidence of organ dysfunction or failure
before surgery were excluded from the analysis. Analysis of
the outcome of postoperative organ dysfunction was con-
ducted in the form of a dichotomous variable, that is, the
number of patients who had at least 1 organ dysfunction
versus the number of patients without any organ dysfunction.

Selected studies were analyzed according to their method-
ological quality, using a scoring system previously evaluated
(Table 3).” Considering possible differences in clinical out-
comes according to the scientific rigor of the trials, we chose to
separate the trials in 2 distinct analyses according to the

Table 2. Criteria to Define Postoperative Organ Failure

1. Cardiocirculatory: mean arterial blood pressure <80 mm Hg, central venous pressure >18 mm Hg, and urinary output <0.5 mL - kg~* - h™%;
acute myocardial infarction; myocardial ischemia defined as an ST-segment depression or increase of 1 mm

2. Respiratory: mechanical ventilation or requirement for continuous positive airway pressure for >24 h

3. Renal: serum creatinine concentration >2 mg - dL™* or need for renal replacement therapy

4. Hepatic: alanine aminotransferase (ALT) and aspartate aminotransferase (AST) >80 IU and total bilirubin >2 mg - dL™* or AST and ALT

>200 IU or total bilirubin >3 mg - dL™*

5. Hematology: platelets <50,000 X 10%/uL; leukocytosis <2500 or >30,000 X 103/ulL; disseminated intravascular coagulation, defined as
decrease of platelet count >50% with increase of prothrombin time =50% or increase of partial thromboplastin time >20% and increase of

p-dimer >500 ng - mL™*
6. Glasgow coma scale score <7

Table 3. Criteria to Define Methodological Quality of the Trials

Score

0

Methodology

Randomization Nonrandomized

Blinding Nonblinded

Analysis Other

Primary outcome Other than mortality
Population

Selection Nonevident or elected nonconsecutive patients

Patients at baseline Noncompared or no evidence

Follow-up Incomplete
Intervention

Protocol Nonevident

Nondescribed
Nondescribed

Cointerventions
Group crossover

Randomized
Blinded
Treatment intention
Mortality as secondary outcome Mortality as primary outcome
Consecutive elected patients
Compared
Complete

Reproducible
Nonidentical or nonevident
>10% of patients

Well described and defined
<10% of patients
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Tissue Perfusion in Surgical Patients

Potentially relevant references identified and screened for retrieval from

PUBMED, EMBASE, LILACS and COCHRANE databases

N=4607

— I454l citations excluded owing to failure to meet selection criteria I

I 66 potentially relevant articles retrieved for detailed evaluation I

34 studies excluded

e 25 studies related to optimization in sepsis

o 9 studi

protocol

| 32RCTs included in systematic review I

Figure 1. Number of articles identified and evaluated during the
review process. RCTs = randomized controlled trials.

methodological quality score, one with the score between 0
and 9 and another with a score between 10 and 16.

Based on the possible influence of patients’ clinical
conditions on mortality, the selected clinical trials were also
divided in 3 subgroups according to the mortality rate of
the control group: 0% to 10%, 11% to 20%, and >20%.

For statistical evaluation, the MetaView module of
Review Manager 5.0 (RevMan) computer software (Copen-
hagen: The Nordic Cochrane Centre, The Cochrane Col-
laboration, 2008) was used. Odds ratio (OR) and 95%
confidence interval (CI) with a model of fixed effect for
dichotomy variables were calculated with the Mantel-
Haenszel method. y* with P > 0.05 for homogeneity was
used, and I? was calculated for a heterogeneity test, consider-
ing values between 0% and 30% of little importance, values

between 31% and 50% of moderate importance, values be-
tween 51% and 75% of high importance, and values =76% of
extreme importance.

RESULTS

A total of 4607 potentially relevant references were identi-
fied and screened for retrieval. Sixty-six studies were
selected, and 32 randomized controlled trials with 5056
patients met the eligibility criteria (Fig. 1).

The average methodological system score was 9.5 from a
range of 0 to 16, corresponding to 59.3% of the top score. The
average score was close to the median (equal 9) and the mode
(equal 10), suggesting a normal distribution.

Figures 2 through 4 show pooled ORs for mortality
according to the control group mortality rate. Table 4
shows characteristics of selected clinical trials, including
intervention, methodological quality score, and treatment
goals to maintain tissue perfusion. Table 5 shows ORs and
95% ClIs, level of heterogeneity, and overall effect for
mortality and organ failure incidence according to the
methodological score of the studies, mortality rate of con-
trol groups, use of pulmonary artery catheter, and variables
used for hemodynamic control.

DISCUSSION

There is a subgroup of patients during some surgical
procedures that have a high potential for complications
during the perioperative period. To explore the possible
interventions that might reduce the incidence of complica-
tions in these patients, a substantial number of randomized
controlled clinical trials on perioperative hemodynamic
stabilization are necessary. A systematic review of these
clinical trials would be considered the highest level of
evidence and guide for interventions that improve out-
come.® There is still a need to explore perioperative hemo-
dynamic control in high-risk surgical patients, considering
not only the diverse markers of tissue perfusion, but also

Figure 2. Studies with mortality in the
control group ranging from 0% to 10%. The

pooled odds ratio (OR) and 95% confi-

dence interval (Cl) are shown as the total.
The size of the box at the point estimate of
‘.‘ the OR gives a visual representation of the

“weighting” of the study. The diamond

represents the point estimate of the
pooled OR, and the length of the diamond

is proportional to the CI.

Intervention Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Bender, 1997 (24) 1 51 1 53 10% 1.04[0.06, 17.08] 4 »
Berlauk, 1991 (25) 1 68 2 21 31% 0.14[0.01, 165 4 P
Bonazzi, 2002 (28) 0 50 0 50 Not estimable
Conway, 2002 (31) 0 29 1 28 15%  0.31[0.01,7.95] 4
Donati, 2007 (5) 2 68 2 67 20% 0.98[0.13, 7.20]
Gan, 2002 (33) 0 50 0 50 Not estimable
Kapoor, 2008 (34) 0 13 0 14 Not estimable
Mythen, 1995 (37) 0 30 1 30 15% 0.32[0.01, 8.24] 4
Noblett, 2006 (38) 0 51 1 52  15% 0.33[0.01, 8.37] ¢
Polonen, 2000 (23) 2 1% 6 197 6.1% 0.33[0.07, 1.65] i ——
Sandham, 2003 (16) 7% 997 77 997 73.2% 1.01[0.73, 1.41)
Sinclair, 1997 (41) 1 20 2 20 20% 0.47 [0.04, 5.69] 4
Stone, 2003 (42) 3 50 2 50 19% 1.53[0.24, 9.59]
Valentine, 1997 (45) 3 60 1 60 10%  3.11[0.31,30.73] »
Venn, 2002 (47) 3 30 2 29 19% 1.50 [0.23, 9.70)
Wakeling, 2005 (48) 0 64 1 64  15% 0.33[0.01, 8.21] ¢ -
Ziegler, 1997 (50) 3 32 2 40 17% 1.97[0.31, 12.54) »
Total (95% Cl) 1859 1822 100.0% 0.95 [0.71, 1.26] .
Total events 97 101

Heterogeneity: Chi* =8.25, df=13 (P = 0.83); F=0%
Test for overall effect: Z=0.37 (P =0.71)
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Intervention
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Control Odds Ratio Odds Ratio

M-H, Fixed, 95% CI

i ) ) o Boldt, 1998 (27) 0
Figure 3. Studies with mortality in the
control group ranging from 11% to 20%.  ©earse 2005(39) ¥
The pooled odds ratio (OR) and 95% con- Takala, 2000 (43) 27
fidence interval (Cl) are shown as the total. Ueno, 1998 (44) 0
The size of the box at the point estimate of Velmahos, 2000 (46) 6
the OR gives a visual representation of the
“weighting” of the study. The diamond  "iison. 1999 (49) 9
represents the point estimate of the
pooled OR, and the length of the diamond Total (95% CI)
is proportional to the CI. Tolal @veits 43

Heterogeneity: Chi?= 996, df =5 (P = 0.08); P = 50%
Test for overall effect: Z=0.88 (P = 0.38)

137 22 140 395%

15 2 15 55%
62 9 60 183%

0.17 [0.01, 3.96] ¢ o
072 [0.25, 2.08)
1.32[0.71, 2.45] -

16 2 18 52% 020[001, 449)¢ .
40 4 35 82% 137[035 530] —ta—
92 8 46 233% 016[004 064 —8—
362 314 100.0%  0.82[0.53, 1.27] ’
47

i I I
T

1 1 1

T T U T T

0102 05 1 2 5 10
Favours experimental Favours control

Intervention Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bishop, 1995 (26) 9 50 24 65 186%  038[0.16,090) ——®——
. ) ) o Boyd, 1993 (29) 3 53 12 54 122%  0.21[0.06,0.79) &——"
Figure 4. Studies with mortality in the
—a
control group >20%. The pooled odds S:’y"_a' 2(12;2(30)2 1: gg :: gi :g‘:: g’jf [g::' :?? |
ratio (OR) and 95% confidence interval (CI) ing. T2 99 : RN "
are shown as the total. The size of the box 000, 2000 (17) 3 9 18 84%  019[0.04,0.88]
. . . ———r
at the point estimate of the OR gives a  Lobo, 2006 (35) 2 2 7 25 70% 022[0.04, 1.21]
visual representation of the “weighting” of Lopes, 2007 (36) 2 17 5 16 49%  0.29[0.05 180 &—————
the study. The diamond represents the Shoemaker, 1988 (4) 1 28 10 30 10.1% 0.07[0.01, 0.63] &¥——
point estimate of the pooled OR, and the Shultz, 1985 (40) 1 35 10 35 105%  0.07[0.01,0.61) &——
length of the diamond is proportional to
the CI. Total (95% Cl) 340 359 100.0%  0.32[0.21, 0.47] <o
Total events 42 110
ity: Chi? = = = 2= ¢ + U } : t
Heterogeneity: Chi* = 8.66, df =8 (P =0.37); F = 8% 102 05 1 2 : 0

Test for overall effect: Z=5.66 (P < 0.00001)

the targets for treatment. We focused on those trials com-
prising high-risk surgical patients with no evident organ
dysfunction before surgery and submitted to an early
protocol of hemodynamic treatment, trying to prevent
occult tissue hypoperfusion.

There are several previous systematic reviews on
high-risk surgical patients studied using a hemodynamic
protocol to maintain adequate tissue perfusion during
the perioperative period.

Boyd' identified 17 randomized controlled clinical trials
that had investigated perioperative therapies designed to
increase tissue perfusion in surgical patients, many of them
with limited cardiovascular reserve. A total of 1974 patients
were enrolled in the studies and the OR for reduction in
mortality was 0.45, with 95% Cls ranging from 0.33 to 0.60.
The author suggested that outcome could be improved
preoperatively by increasing tissue oxygen delivery in such
patients.

Heyland et al.” may have been the first to systematically
review randomized clinical trials designed to achieve su-
pranormal values of cardiac, oxygen delivery, and con-
sumption indexes in critically ill patients. They rigorously
selected 7 articles of 64 potentially identified, and did not
find a significant reduction in mortality rate (relative risk
0.86, 95% CI from 0.62 to 1.20). Nonetheless, their analysis
of 2 studies with preoperative increase of tissue perfusion
showed significant reduction in mortality rate, suggesting
that hemodynamic preoperative control could benefit the
high-risk surgical patient.

June 2011 ¢ Volume 112 ¢ Number 6

Favours experimental Favours control

Kern and Shoemaker'’ reviewed 21 randomized con-
trolled studies with hemodynamic protocols for acutely ill,
high-risk elective surgery, trauma, and septic patients,
using either normal or supranormal values for therapy, the
latter described as cardiac index >4.5 L-min '-m 2,
oxygen transport index (Do,I) >600 mL - min~'-m™?, and
oxygen consumption (Vo,I) >170 mL - min~ '+ m™ 2 They
found that in severely ill patients (control group mortality
>20%), 6 studies showed a significant (23%) mortality
difference between the control and protocol groups with
early treatment. However, in 7 studies in which hemody-
namic stabilization was performed after the development
of organ failure, there was not a significant reduction in
mortality rate.

Poeze et al.'' selected 30 randomized clinical trials of
high-risk clinical and surgical patients hemodynamically
treated and analyzed the methodological quality of the
studies. The methodological quality of the studies was
considered moderate and the outcomes of the randomized
clinical trials were not related to their quality. In the studies
that included patients with sepsis or organ dysfunction, no
benefits were seen in outcome with hemodynamic control,
but those with perioperative interventions aimed at main-
taining tissue perfusion of high-risk surgical patients sig-
nificantly reduced mortality.

Three recent reviews involving a few series of random-
ized controlled studies explored different aspects of hemo-
dynamic stabilization. Bundgaard-Nielsen et al.'” identified
9 studies in which a goal-directed therapeutic strategy was

www.anesthesia-analgesia.org 1387
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Tissue Perfusion in Surgical Patients

Table 4. Characteristics, Intervention, Methodological Quality Score, and Treatment Goals of

Included Studies

Hb = hemoglobin (g - dL™1).

Methodological
Studies Type of surgery Intervention score Treatment goals
Bender et al.,?* 1997 Vascular Fluid, blood, drugs. 8 PCWP 8-14; CI>2.8; SVR <1100
Berlauk et al.,?® 1991 Peripheral vascular Fluid, drugs 9 PCWP 8-15; CI>2.8; SVR <1100
Bishop et al.,?® 1995 General surgery Fluid, drugs 10 PCWP <18; Cl >4.5; Do,l >670; Vo,l >166
Boldt et al.,?” 1998 Pancreatic surgery Drugs 8 PCWP 12-14; Cl >2.5; MAP >70
Bonazzi et al.,?® 2002 Infrarenal aortic Fluid, drugs 10 PCWP <18; Cl >3; Do, >600; SVR <1450
Boyd et al.,”° 1993 General surgery Fluid, drugs 10 Do,| >600
Chytra et al.,*° 2007 Trauma Fluid, blood, drugs 10 Esophageal Doppler: FTc 0.35-0.40
Conway et al.,>* 2002 Gastrointestinal Fluid 8 Cl optimized
Donati et al.,® 2007 Gastrointestinal Fluid, blood, drugs 10 O,ER <27
Fleming et al.,®? 1992 Trauma Fluid, blood, drugs 7 Cl >4.5; Do,| >670; Vozl >166
Gan et al.,*® 2002 General surgery Fluid 10 Esophageal Doppler: SV optimized
Kapoor et al.,** 2008 Cardiac surgery Fluid, drugs 9 Cl 2.5; Do,l 450-600; SVV <10; Scvo, >70;
SVRI 1500-2500
Lobo et al.,*” 2000 General surgery Fluid, drugs 11 Do,| >600
Lobo et al.,® 2006 General surgery Fluid, drugs 11 Do,| >600
Lopes et al.,*® 2007 General surgery Fluid 8 APP <10
Mythen and Webb,3” 1995 Cardiac surgery Fluid 8 Esophageal Doppler: SV optimized
Noblett et al.,*® 2006 Gastrointestinal Fluid 13 Esophageal Doppler: FTc >0.35; SV optimized
Pearse et al.,*® 2005 General surgery Fluid, blood, drugs 11 Do,| >600
Polonen et al.,?® 2000 Cardiac surgery Fluid, blood, drugs 7 Svo, >70; lactate<2
Sandham et al.,*® 2003 General surgery Fluid, blood, drugs 11 Do,l 550-600; CI 3.5-4.5
<€ Shoemaker et al.,* 1988 General surgery Fluid, drugs 5] Cl >4.5; Do,| >600; Vozl >170
%) Schultz et al.,*° 1985 Femoral fractures Fluid, drugs 8 LVSW/PCWP optimized
Ll Sinclair et al.,** 1997 Femoral fractures Fluid 8 Esophageal Doppler: FTc 0.35-0.40
(D Stone et al.,*?> 2003 Major abdominal Fluid, drugs 13 Esophageal Doppler: SV optimized
<_(' Takala et al.,*> 2000 Major abdominal Fluid, blood, drugs 13 Cl >2.5 )
= Ueno et al.,** 1998 Hepatic surgery Fluid, drugs 7 Cl >4.5; Do,l >600; Vo,l >170
< Valentine et al.,*® 1998 Aorta Fluid, blood, drugs 10 PCWP <15; Cl >2.8; SVR <1100
CZ Velmahos et al.,*® 2000 Trauma Fluid, blood, drugs 11 Cl >4.5; Do,l >600; Vo,l >170; Spo,/Fio, >200
Venn et al.,*” 2002 Femoral fracture Fluid 10 Esophageal Doppler: SV optimized
<C Wakeling et al.,*® 2005 Major abdominal Fluid 12 Esophageal Doppler: SV optimized
7 Wilson et al.,*® 1999 General surgery Drugs 12 Do,| >600
L Ziegler et al.,>° 1997 Vascular Fluid, blood, drugs 9 Svo, >65; PCWP >12; Hb >10
E PCWP = pulmonary capillary wedge pressure (mm Hg); Cl = cardiac index (L - min~% - m~2); SVR = systemic vascular resistance (dynes - s - cm™°); Do,l =
%p) oxygen transport index (mL - min~* - m~2); Vozl = oxygen consumption index (mL - min~* - m~2); MAP = mean arterial blood pressure (mm Hg); FTc = corrected
% flow time (s); O,ER = extraction rate of oxygen (%); SV = stroke volume (mL); SVV = stroke volume variation (%); Scvo, = central venous oxygen saturation (%);
SVRI = systemic vascular resistance index (dynes - s - cm~° - m~2); APP = pulse pressure variation (%); SVo, = mixed venous oxygen saturation (%); lactate
< (mmol - L™1); LVSW = left ventricular stroke work (g - m); Spo,/Fio, = ratio of oxygen saturation as measured by pulse oximetry and inspired oxygen fraction;

Table 5. Pooled Odds Ratio and 95% CI, Level of Heterogeneity, and Overall Effect for Mortality and

Organ Failure Incidence According to the Methodological Score of the Studies, Mortality Rate of Control
Group, Use of Pulmonary Artery Catheter, and Variables Used for Hemodynamic Control

Category (no. of trials included)
All the 32 RCTs
Methodological score 0-9 (n = 14)
Methodological score 10-16 (n = 18)
Control group mortality 0%-10% (n = 17)

Pooled odds ratio (95% Cl); level of heterogeneity; P value for overall effect

Mortality

0.67 (0.55-0.82
0.27 (0.16-0.46
0.79 (0.64-0.99
0.95 (0.71-1.26

; moderate; P < 0.001
; little; P < 0.0001

; moderate; P> 0.05
; little; P> 0.05

Organ dysfunction
0.62 (0.55-0.70); high; P < 0.00001

0.46 (0.31-0.69
0.66 (0.58-0.75
0.74 (0.64-0.85

little; P < 0.0001
high; P < 0.00001
high; P < 0.0001

)3
);
)3
Control group mortality 11%-20% (n = 6) );
Control group mortality >20% (n = 9)

0.82 (0.53-1.27
0.32 (0.21-0.47

; moderate; P> 0.05
; little; P < 0.00001

0.61 (0.44-0.85); high; P < 0.001
0.38 (0.26-0.56); little; P < 0.00001

PAC for hemodynamic control (n = 19) 0.67 (0.54-0.84); high; P < 0.001 Insufficient information
Cl/Do,l/Vo,l for hemodynamic control (n = 18) 0.71 (0.57-0.88); moderate; P < 0.05 0.69 (0.60-0.79); extreme; P < 0.00001
Svo,/Scvo, for hemodynamic control (n = 3) 0.68 (0.22-2.10); high; P > 0.05 0.49 (0.23-1.06); moderate; P> 0.05

Lactate for hemodynamic control (n = 1) 0.33 (0.07-1.65); nonapplicable; P > 0.05 0.17 (0.04-0.80); nonapplicable; P < 0.05

Cl = confidence interval; RCTs = randomized controlled trials; PAC = pulmonary artery catheter; Cl = cardiac index; Do,l = oxygen transport index; \702I = oxygen
consumption index; Svo, = mixed venous oxygen saturation; Scvo, = central venous oxygen saturation.

studies comprising 420 patients, and demonstrated that there
was a reduction in hospital stay in the intervention group.
Giglio et al.'* selected 16 studies involving perioperative
monitoring and manipulation of hemodynamic variables to
reach normal or supranormal values and also concluded that
goal-directed hemodynamic therapy reduces gastrointestinal

used to maximize flow-related hemodynamic variables in
surgical patients, intra- and postoperatively. They verified
that the treatment strategy reduced gastrointestinal com-
plications and hospital length of stay. Abbas and Hill'?
analyzed the use of esophageal Doppler on hemodynamic
control with fluids in major abdominal surgery, selecting 5
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complications after major surgery, as tissue perfusion is
maintained.

This review differs from previously published reviews
on hemodynamic monitoring and control because it focuses
on surgical patients with no organ failure before surgery,
with a high risk of complications and death, and submitted
to a specific protocol to maintain tissue perfusion involving
cardiac output, oxygen delivery/consumption, and its
derived variables, such as Svo,. With these filters, 32
randomized clinical trials were recovered with >5000 pa-
tients, the largest number of individuals in a review on this
topic.

In the present review, we found that in high-risk surgi-
cal patients with no evident organ dysfunction before
surgery, the use of a protocol to maintain adequate hemo-
dynamic status and tissue perfusion reduced the mortality
rate and the possibility of organ failure in the postoperative
period (Table 5). Therefore, strategies to ensure adequate
perioperative tissue perfusion should be adopted. It is
surprising that in a recent publication, Pearse et al.'®
showed a different outcome in the United Kingdom, where
the high-risk surgical population accounted for 12.5% of
surgical procedures but for >80% of deaths. Despite the
high mortality rates, fewer than 15% of these patients were
admitted to intensive care. It could be that the care provid-
ers did not focus on tissue perfusion management for many
of those patients.

When analyzing the methodological quality of the trials,
we found that a significant percentage of the randomized
controlled clinical studies involving therapeutic interventions
that aimed at hemodynamic control had some methodological
deficiency. Our results showed that, independent of the
methodological quality score, perioperative hemodynamic
control significantly reduced the incidence of organ failure.
However, the methodological score influenced mortality in
overall effect. Studies classified as 10 to 16 according to
Chalmers score” did not result in a significant reduction in
mortality, even though there was a tendency toward a
reduction (OR: 0.79; 95% CI: 0.64—-0.99; moderate heter-
ogeneity; P > 0.05) (Table 5). Additional well-designed
randomized controlled studies are necessary to clarify
this discrepancy and ultimately to determine whether
mortality can be reduced through the maintenance of
perioperative tissue perfusion in high-risk surgical pa-
tients.

The analysis of the subgroup whose control group had a
higher mortality rate (>20%) showed that perioperative
hemodynamic control significantly reduced mortality
(Table 5). From this finding, we understand that the higher
the risk involved, the more benefit patients have with a
protocol to maintain tissue perfusion. In this highest-risk
subgroup, there were probably more patients submitted to
more complex operations, more elderly patients, and prob-
ably more patients with some limitation in physiological
reserves. In the other 2 subgroups whose control groups
had mortality rates of <20%, specific hemodynamic control
protocols did not significantly reduce mortality. A lower
mortality rate in the control group probably indicates
selection of individuals with better clinical conditions hav-
ing less-complex elective operations. The probability of a
state of tissue hypoperfusion in these patients then seems to

June 2011 ¢ Volume 112 ¢ Number 6

be greatly reduced. However, maintaining tissue perfusion
perioperatively significantly reduced the incidence of or-
gan dysfunction in all groups of patients (Table 5).

Even though the work of Sandham et al.,'® involving a
considerable number of patients, has met the criteria for
inclusion in this meta-analysis, the study’s therapeutic
intervention did not necessarily cause an increase in tissue
perfusion compared with the control group. Most likely,
the protocol used for the intervention did not allow uni-
form hemodynamic management among the randomized
patients. A meta-analysis conducted without the inclusion
of this study would decrease the OR and 95% CI for the
event mortality from 0.67 (0.55-0.82) to 0.53 (0.41-0.68).

A well-defined protocol with explicit goals is important
for the results, which tend to be better than in studies
comparing the use of a pulmonary artery catheter with
standard care (Sandham et al.'®). For example, Lobo et al.'”
randomized high-risk surgical patients, and with a defined
goal (Do,I >600 mL - min~' - m~?) and a specific algorithm
for treatment (fluids, drugs) were capable of considerably
and significantly reducing the mortality rate (OR: 0.19; 95%
CI: 0.04-0.88), as compared with Sandham et al. (OR: 1.01;
95% CI: 0.73-1.41).

In addition, we found that the use of a pulmonary artery
catheter as a guide for hemodynamic treatment in the
high-risk surgical patient significantly reduced the mortal-
ity rate (Table 5), contradicting those who found an in-
crease in mortality rate with its use.'® High-risk surgical
patients with no evident signs of preoperative tissue hypo-
perfusion and those without any kind of organ failure may
benefit from pulmonary artery catheterization and hemo-
dynamic control, which differs from many critically ill
patients, some with multiple organ failure, who have
progressive and nonreversible tissue damage and will not
benefit from any kind of monitoring and treatment.

Studies for analysis were selected in which periopera-
tive hemodynamic control was guided by cardiac index,
Do,l, and Vo,l, where we found a significant reduction in
the incidence of both mortality and organ failure (Table 5).
The literature has shown the insensitivity of using clinical
variables such as arterial blood pressure, heart rate, con-
sciousness level, urinary volume, and perfusion of extremi-
ties to determine the presence of tissue hypoperfusion in
both clinical and stable surgical patients.'” We recommend
use of tools that clearly help to recognize and maintain
tissue perfusion and can significantly contribute to the final
result: reduction in mortality rate and organ failure inci-
dence. In the present review, 18 of the 31 selected studies
had hemodynamic control guided by cardiac index, Do,l,
and Vo,l and a significantly reduced incidence of postop-
erative complications.

However, in the 3 studies that used Svo, or Scvo, as
goals to hemodynamically treat high-risk surgical patients,
there was no significant reduction in either mortality or
organ failure. In other specific conditions such as cardiac
failure,®® respiratory insufficiency,>" sepsis,* and cardiac
surgery,” low values of SVo, or Scvo, were significantly
related to increased mortality. Additional studies are nec-
essary to gain a better understanding of the role of these
markers in the perioperative period, because anesthesia
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and reduction of metabolism may make it difficult to
interpret variations in Svo, or Scvo,.

In this meta-analysis, we found just one study in which
lactate was used as a specific marker for perioperative
hemodynamic control. There was no significant reduction
in mortality, but organ dysfunction was significantly re-
duced. Similar to Svo, and Scvo,, in high-risk surgical
patients, additional studies will be necessary to better
understand the role of lactate as a guide for perioperative
hemodynamic management.

In summary, the present meta-analysis suggests that, in
high-risk surgical patients with no evident organ dysfunction
before surgery, maintaining tissue perfusion perioperatively
according to a specific protocol reduces postoperative mortal-
ity and morbidity. Furthermore, the higher the risk, the more
benefit there is from hemodynamic control. The use of the
pulmonary artery catheter, and cardiac index, Do,l, and Vo,l
as targets for hemodynamic control reduces postoperative
mortality and organ dysfunction in this group of patients.
Additional studies with Svo,, Scvo,, and lactate as markers of
tissue perfusion in the high-risk surgical patient should be
performed to clarify their potential as goals for perioperative
hemodynamic control and reduction of postoperative compli-
cations and mortality. Finally, methodological trial quality
seems to influence mortality analysis in perioperative patients
more than in other subsets of patients, such as those with
sepsis and organ failure. g§
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The burden of high-risk surgery and the potential
benefit of goal-directed strategies

Frederic Michard*

See related research by Cannesson et al, http://ccforum.com/content/15/4/R197

The survey by Cannesson and colleagues [1] in the
previous issue of Critical Care shows that only around
16% of anesthetists (5.4% of 210 US respondents and
30.4% of 158 European respondents) use a specific treat-
ment protocol (that is, follow a goal-directed strategy) for
the peri-operative hemodynamic management of patients
undergoing high-risk surgery. In 2008, Weiser and
colleagues [2] estimated the global volume of surgery to
be 234.2 million procedures a year. According to Pearse
and colleagues [3], high-risk surgical procedures repre-
sent around 12.5% of this total. A meta-analysis of the 29
randomized controlled trials investigating the value of
peri-operative goal-directed strategies reported an
average mortality rate of 9.4% in control groups and a
significantly reduced mortality rate of 5.9% when a goal-
directed strategy was adopted [4]. When putting all the
pieces of this puzzle together, one can estimate that
around 860,000 lives could potentially be saved every
year (the equivalent of one life every 37 seconds) if such
strategies became the standard of care around the world
(Table 1).

In addition, millions of post-operative complications
could be avoided. Indeed, the meta-analysis by Hamilton
and colleagues [4] suggests that the post-operative
complication rate could be reduced from 29.8% to 18.0%
with goal-directed strategies. Given the potential volume
of complications after high-risk surgery (Table 1), the
direct costs of treating these complications as well as the
indirect costs related to prolonged hospital length of stay
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are difficult to quantify precisely but without question
are astronomically high. It may be time for heath-care
systems and governments to consider peri-operative
goal-directed strategies as part of quality improvement
programs and as national priorities.
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Table 1. Estimates of the potential worldwide benefit of peri-operative goal-directed strategies
Yearly estimation Reference
All surgical procedures 234,200,000 Weiser et al. [2]
High-risk surgical procedures (12.5%) 29,275,000 Pearse etal. [3]
High-risk procedures without GDS (84%) 24,591,000 Cannesson etal. [1]
Deaths without GDS (9.4%) 2,311,554 Hamilton et al. [4]
Deaths if GDS were to be adopted (5.9%) 1,450,869 Hamilton et al. [4]
Lives potentially saved if GDS were to be adopted 860,685 -
Complications without GDS (29.8%) 7328118 Hamilton et al. [4]
Complications if GDS were to be adopted (18.0%) 4,426,380 Hamilton et al. [4]
Complications potentially avoided if GDS were to be adopted 2,901,738 -

GDS, goal-directed strategies.



