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Hemodynamic 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),1 early treatment of sepsis
in the emergency department,2 or perioperative optimiza-
tion of fluid status,3 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.4 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.5 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.6 and Gurgel and do
Nascimento7 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.

Perioperative hemodynamic optimization was first de-
scribed in the 1980s, when the PAC was used to guide fluid
and inotrope administration.8 This enabled clinicians to
augment tissue oxygen delivery to supranormal levels
(DO2 �600 mL/min/m2) in high-risk surgery patients, the
target being based on earlier work by Shoemaker et al.9

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.1,10–12

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.13 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.14 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

From the Department of Anesthesiology, Duke University Medical Center,
Durham, North Carolina.

Accepted for publication February 28, 2011.

Conflict of Interest: See Disclosures at the end of the article.

Reprints will not be available from the authors.

Address correspondence to Tong J. Gan, MD, MHS, FRCA, Department of
Anesthesiology, Duke University Medical Center, Box 3094, Durham, NC
27710. Address e-mail to tjgan@duke.edu.

Copyright © 2011 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e318218cc4f

1274 www.anesthesia-analgesia.org June 2011 • Volume 112 • Number 6

EDITORIAL



volume responsiveness in controlled mechanically venti-
lated patients.15 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.16 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.17 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.18 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.19 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 Anesthesia &
Analgesia this month are the largest yet published on
hemodynamic optimization in major surgery. Hamilton et
al.6 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 Nascimento7 focus more on tissue per-
fusion, and include negative studies such as one by Takala
et al.,20 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 DO2.

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.21 Furthermore, Enhanced Re-
covery After Surgery programs are currently driving in-
creased interest in hemodynamic optimization.22 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 DO2, 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 DO2 of 600 mL/min/m2 suggested by
Shoemaker et al.8 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.

DISCLOSURES
Name: Timothy E. Miller, MB ChB, FRCA.
Conflicts of Interest: This author has received honoraria from
Covidien and Edwards Lifesciences, and research support
from Cheetah Medical.
Name: Anthony M. Roche, MB ChB, FRCA, MMed (Anaes).
Conflicts of Interest: This author has received honoraria from
Covidien, Masimo, Hospira, and Fresenius.
Name: Tong J. Gan, MD, MHS, FRCA.
Conflicts of Interest: This author has received honoraria from
Baxter, Eisai, and Fresenius, and research support from Eisai,
Durect, and NICOM.

REFERENCES
1. Boyd O, Grounds RM, Bennett ED. A randomized clinical trial

of the effect of deliberate perioperative increase of oxygen
delivery on mortality in high-risk surgical patients. JAMA
1993;270:2699–707

2. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich
B, Peterson E, Tomlanovich M. Early goal-directed therapy in
the treatment of severe sepsis and septic shock. N Engl J Med
2001;345:1368–77

Hemodynamic Optimization

June 2011 • Volume 112 • Number 6 www.anesthesia-analgesia.org 1275



3. Gan TJ, Soppitt A, Maroof M, el-Moalem H, Robertson KM,
Moretti E, Dwane P, Glass PSA. Goal-directed intraoperative
fluid administration reduces length of hospital stay after major
surgery. Anesthesiology 2002;97:820–6

4. Hamilton-Davies C, Mythen MG, Salmon JB, Jacobson D,
Shukla A, Webb AR. Comparison of commonly used clinical
indicators of hypovolaemia with gastrointestinal tonometry.
Intensive Care Med 1997;23:276–81

5. Marik PE, Baram M, Vahid B. Does central venous pressure
predict fluid responsiveness? A systematic review of the
literature and the tale of seven mares. Chest 2008;134:172–8

6. Hamilton MA, Cecconi M, Rhodes A. A systematic review and
meta-analysis on the use of preemptive hemodynamic inter-
vention to improve postoperative outcomes in moderate- and
high-risk surgical patients. Anesth Analg 2011;112:1392–402

7. Gurgel ST, do Nascimento P Jr. Maintaining tissue perfusion in
high-risk surgical patients: a systematic review of randomized
clinical trials. Anesth Analg 2011;112:1384–91

8. Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS.
Prospective trial of supranormal values of survivors as thera-
peutic goals in high-risk surgical patients. Chest 1988;94:
1176–86

9. Shoemaker WC, Montgomery ES, Kaplan E, Elwyn DH. Physi-
ologic patterns in surviving and nonsurviving shock patients:
use of sequential cardiorespiratory variables in defining crite-
ria for therapeutic goals and early warning of death. Arch Surg
1973;106:630–6

10. Lobo SM, Salgado PF, Castillo VG, Borim AA, Polachini CA,
Palchetti JC, Brienzi SL, de Oliveira GG. Effects of maximizing
oxygen delivery on morbidity and mortality in high-risk
surgical patients. Crit Care Med 2000;28:3396–404

11. Polonen P, Ruokonen E, Hippelainen M, Poyhonen M, Takala
J. A prospective, randomized study of goal-oriented hemody-
namic therapy in cardiac surgical patients. Anesth Analg
2000;90:1052–9

12. Wilson J, Woods I, Fawcett J, Whall R, Dibb W, Morris C,
McManus E. Reducing the risk of major elective surgery:
randomised controlled trial of preoperative optimisation of
oxygen delivery. BMJ 1999;318:1099–103

13. Connors AF Jr, Speroff T, Dawson NV, Thomas C, Harrell FE
Jr, Wagner D, Desbiens N, Goldman L, Wu AW, Califf RM,
Fulkerson WJ Jr, Vidaillet H, Broste S, Bellamy P, Lynn J,
Knaus WA. The effectiveness of right heart catheterization in
the initial care of critically ill patients. SUPPORT Investigators.
JAMA 1996;276:889–97

14. Funk DJ, Moretti EW, Gan TJ. Minimally invasive cardiac
output monitoring in the perioperative setting. Anesth Analg
2009;108:887–97

15. Marik PE, Cavallazzi R, Vasu T, Hirani A. Dynamic changes in
arterial waveform derived variables and fluid responsiveness
in mechanically ventilated patients: a systematic review of the
literature. Crit Care Med 2009;37:2642–7

16. Wyler von Ballmoos M, Takala J, Roeck M, Porta F, Tueller D,
Bracht H, Baenziger B, Jakob SM. Pulse pressure variation and
hemodynamic response in patients with elevated pulmonary
artery pressure: a clinical study. Crit Care 2010;14:R111

17. Brandstrup B, Tonnesen H, Beier-Holgersen R, Hjortso E,
Ording H, Lindorff-Larsen K, Rasmussen MS, Lanng C, Wallin
L, Iversen LH, Gramkow CS, Okholm M, Blemmer T, Svendsen
PE, Rottensten HH, Thage B, Riis J, Jeppesen IS, Teilum D,
Christensen AM, Graungaard B, Pott F. Effects of intravenous
fluid restriction on postoperative complications: comparison of
two perioperative fluid regimens—a randomized assessor-
blinded multicenter trial. Ann Surg 2003;238:641–8

18. Chappell D, Jacob M, Hofmann-Kiefer K, Conzen P, Rehm M.
A rational approach to perioperative fluid management. An-
esthesiology 2008;109:723–40

19. Giglio MT, Marucci M, Testini M, Brienza N. Goal-directed
haemodynamic therapy and gastrointestinal complications in
major surgery: a meta-analysis of randomized controlled trials.
Br J Anaesth 2009;103:637–46

20. Takala J, Meier-Hellmann A, Eddleston J, Hulstaert P, Sramek
V. Effect of dopexamine on outcome after major abdominal
surgery: a prospective, randomized, controlled multicenter
study. European Multicenter Study Group on Dopexamine in
Major Abdominal Surgery. Crit Care Med 2000;28:3417–23

21. Rhodes A, Cecconi M, Hamilton M, Poloniecki J, Woods J,
Boyd O, Bennett D, Grounds RM. Goal-directed therapy in
high-risk surgical patients: a 15-year follow-up study. Inten-
sive Care Med 2010;36:1327–32

22. Lassen K, Soop M, Nygren J, Cox PB, Hendry PO, Spies C, von
Meyenfeldt MF, Fearon KC, Revhaug A, Norderval S,
Ljungqvist O, Lobo DN, Dejong CH. Consensus review of
optimal perioperative care in colorectal surgery: Enhanced
Recovery After Surgery (ERAS) Group recommendations.
Arch Surg 2009;144:961–9

EDITORIAL

1276 www.anesthesia-analgesia.org ANESTHESIA & ANALGESIA


