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Introduction

The use of the pulmonary artery catheter (PAC) in critical care was heavily debated shortly

after the start of the Groningen University Tune-up Study (GUTS).1 Connors et al. published

a prospective cohort study on critically ill patients who were monitored and treated by using a

PAC. In this study comprising 5735 patients, case-matching analyses revealed that PAC-

monitored patients had a significantly higher mortality and ICU length of stay (LOS) than

non-PAC-monitored patients. The results raised much discussion on the methodology. The

accompanying editorial even called to ban the PAC. The earlier presumed benefits of using a

PAC in critically ill patients became, at the very least, a matter of dispute.

In Chapter 1 the literature till 1996 was reviewed to investigate the rationale of goal-oriented

hemodynamic treatment (GOHT) in high-risk surgical patients. Five prospective studies were

identified in which perioperative interventions were performed to correct hemodynamic

values to normal or ‘supranormal’ levels, mostly by using a PAC. In Chapter 2 the results of

the GUTS (1996-1998) were presented and discussed. Meanwhile GOHT in high-risk patients

was investigated in prospective clinical trials. In this chapter studies from 1996 on are

described that aim at improving clinical outcome in high-risk surgical patients since 1996.

The focus lay on studies regarding GOHT by using a PAC. Other non-PAC methods related

to optimization of general or regional perfusion are also described. These studies are

discussed in the context of perioperative medicine in high-risk patients undergoing major

noncardiac surgery.

GOHT in prospective clinical trials.

GOHT in patients undergoing major noncardiac surgery.

We used Pubmed to search for studies on GOHT, using combinations of the terms:

hemodynamic, optimization, pulmonary artery catheter, tonometry, pHi, cardiac index,

oxygen delivery, oxygen consumption, noncardiac surgery, major surgery, high-risk,

noncardiac, cardiac, surgical procedures, complications, critical(ly) ill, intensive care unit,

sepsis, sepsis syndrome. We could trace 13 prospective studies of GOHT in patients

undergoing (major) noncardiac surgery reported after 1996. The characteristics of the studies

are summarized in tables 1A – 1D. The studies comprise three main categories of surgical

patients: surgery for hip fractures, major vascular surgery and major noncardiac abdominal

and/or thoracic surgery. There are large differences in hemodynamic treatment. In three

studies ‘supranormal’ targets as defined by Shoemaker et al.2 were used as endpoints of

GOHT or were closely related to those targets.3-5 In two studies of vascular surgery, GOHT

was rather directed at a normalization of cardiac performance.6,7 Others used mixed venous

saturation8 or pHi9 (gastrointestinal pH, tonometry) to guide treatment to predefined values.

Treatment was started preoperatively in most studies. In four studies patients of the control

group stayed at the ward to compare the usual practice with preoperative interventions at the

ICU.3,5-7 Transesophageal echo Doppler (ED)-guided treatment protocols were restricted to

the intraoperative period. In one study pHi-guided treatment started immediately after

surgery.9
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Table 1A. Prospective intervention studies on perioperative GOHT, with or without PAC
catheter, from1996 till 2005, summarized for year of publication, type of intervention, targets

of (hemodynamic) treatment and results.

major surgery

authors, journal, year of
publication

number of
patients,

number of
study groups

surgery study design

1. Sinclair, BJM, 1997
10

2. Ziegler, Surgery, 1997
8

3. Bender, Ann Surg, 1997
6

4. Valentine, J Vasc Surg, 1998
7

5. Pargger, ICM, 1998
9

6. Wilson, BMJ, 1999
3

7. Takala, CCM, 2000
15

8. Lobo, CCM, 2000
4

9. Venn, BJA, 2002
11

10. Gan, Anesthesiology, 2002
17

11. Sandham, NEJM, 2003
5

12. Stone, BJA, 2003
16

13. Parker, BJA, 2004
12

40, 2
72, 2

103, 2
120, 2

55, 2
138, 3

412, 3

37, 2
90, 3

100, 2
1994, 2

100, 2

396, 2

proximal femur repair
vasc surg: selective LSP, AoR

AoR
AoR

AoR
major (abdominal) surgery

major abdominal surgery

major (abdominal) surgery
proximal femur repair

major surgery
major surgery or hip fracture

major (abdominal) surgery

hip fracture repair

RCT
RCT
RCT
RCT

RCT
RCT

mc-RCT

RCT
RCT

RCT
mc-RCT

RCT

RCT

(mc)-RCT, (multi-center) randomized controlled trial; ED, transesophageal Echo Doppler; SV, stroke volume; OR,
operating room; LSP, limb salvage procedure; AoR, aorta reconstruction; #, combined with 8 ≤ PCWP ≤ 12 and

SVRI ≤ 1100; ## pHi > 7.32; ###: DO2I > 550-600 mL/min, CI 3.5-4.5 L/min, MAP > 70 mm Hg, PCWP 18, HR <
120/min, Ht > 0.27.
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Table 1B.

major surgery

start (pre, intra, postoperatively)
and target (value) of GOHT

location of
treatment,

control
group

location of
treatment,
protocol
group(s)

type of intervention

1. 
2. 
3. 
4. 

5. 
6. 

7. 

8. 
9. 

10. 
11. 

12. 

13. 

Intraoperative ED, maximal SV

Preoperative SvO2 ≥ 65 %
Preoperative CI > 2.8 L/min#
Preoperative CI > 2.8 L/min#

Postoperative pHi-guided therapy##
Preoperative DO2I > 600 mL/min

preoperative
placebo vs 2 doses of dopexamine

intra-op., postop. DO2 > 600 mL/min
intraop.CVP or ED GOHT

intraop. ED, GOHT (maximal SV)
preoperative GOHT###

intraop. ED, GOHTh (maximal SV)
RCT dopexamine 0 or ¼ �J�NJ�PLQ

Preoperative fluid challange

OR
ICU

Ward
ward

ICU
Ward

ICU

ICU
OR

OR
Ward

OR

Ward

OR
ICU
ICU
ICU

ICU
ICU, HDU

ICU

ICU
OR

OR
ICU

OR

ward

preloading with colloids
preloading, inotropics, vasodilators
preloading, inotropics, vasodilators
preloading, vasoactive substances

preloading, norepinephrine
preloading, adrenaline, dopexamine

preloading, dopexamine

preloading, dobutamine
preloading / fluid challenge

preloading / plasma fluid challenge
preloading, inotropics

vasodilators, vasopressors
Ht > 0.27

prelaoding / fluid challenge
dopexamine or saline

500 mL gelatin or saline
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Table 1C Prospective intervention studies on perioperative GOHT, with or without PAC
catheter, from1996 till 2005, summarized for year of publication, type of intervention, targets

of (hemodynamic) treatment and results.

major surgery

primary endpoint* results, control vs. protocol;  p-value

1. 
2. 
3. 
4. 

5. 
6. 

7. 

8. 
9. 

10. 
11. 

12. 

13. 

hospital LOS, days
reduction of cardiovascular complications

intra- and postoperative events, 0 vs. > 0, % of pts
intra- and postoperative events, 0 vs. > 0, % of pts

mortality
reduction of complications, minor or major (% of pts)

hospital mortality
morbidity, % of pts
28-day mortality

60-day mortality
time for medical fitness for discharge, days

hospital LOS ± SD
hospital mortality

postoperative morbidity, % of pts ≥ 1 complication

30, 60, 90, 120, 365-day mortality

20 vs. 12,  p < 0.05
27% vs. 25%, p=ns

7/53 (13.2%) vs. 7/51 (13.7%), p=ns
17% vs 25%, p=ns
5% vs. 2%, p=ns

31% vs. 24%, p=ns; 38% vs. 41%, p=ns
17% (control),  2% (adren), 4% (dopex), p=0.007

 61% (control), 50% (adren), 30% (dopex), ?
13% (placebo), 7% (dopex½), 15% (dopex2), p=0.13

50% vs 15.7%, p < 0.05
C 14 vs. CVP 10, p=0.008; C 14 vs. ED 8, p=0.035

7 ± 3 vs. 5 ± 3, p=0.03
7.7% vs. 7.8%, p=0.93

25% vs. 19%, p=ns

4.5% vs. 9.6% (30 day mortality), p=ns
9.6% vs.  12.6% (60 day mortality), p=ns

*Unless otherwise indicated, LOS is expressed as mean number of days; HDU, High Dependency Unit; OF, organ
failure; LOMV, length of mechanical ventilation in days.
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Table 1D

major surgery

secondary endpoint(s)* results, control vs. protocol; p-value

1. 
2. 
3. 
4. 

5. 
6. 

7. 

8. 
9. 

10. 
11. 

12. 

13. 

(hospital mortality)
(hospital mortality)

mortality, LOS
(hospital LOS)

(hospital mortality, median ICU/hosp. LOS)
hospital LOS

ICU or HDU LOS
serious adverse events, %  pts

organ dysfunction, % pts
ICU LOS, surv/nonsurv

Hospital LOS, surv/nonsurv
infectious complications, % of pts
postoperative morbidity, % of pts

(postoperative morbidity)
(hospital mortality, %)

(median hospital stay, days)

(median LOS, days)

hospital LOS, complications

(10% vs. 5%)
(5%  vs. 9%)

(2% vs 2%; 12.0 vs. 12.5 days)
(13 vs. 13 days)

(8% vs. 3%, 1 vs. 1, 14 vs. 14)
22 (control), 19 (adren), 13 (dopex)

5.5 (control), 4.2 (adren), 3.3 (dopex)
43 (control), 39 (dopex½), 46 (dopex2)

13-73 (control), 9-75 (dopex½), 9-75 (dopex2)
6/6 (control), 5/10 (dopex½), 6/9 (dopex2)

24/10 (control), 21/15 (dopex½), 27/12 (dopex2)
67% vs. 32%, p<0.05

C 49%, CVP 26%, ED 23%, p=0.078
 (Oral intake ,p=0.01)

(4% vs. 6%, p=ns)
(10 vs. 10, p=0.41)

(13 vs. 13, p=ns)

22.5 vs. 17.3 days, p=ns; complic, p=ns

When secondary endpoints were not explicitely mentioned, data are placed in brackets.
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Peroperative ED-guided GOHT was beneficial in the two studies of elderly patients

undergoing surgery for a hip fracture.10,11 Patient recovery was faster, indicated by a

significantly shorter hospital LOS10 or by achieving a condition that was denoted as

“medically fit for discharge”.11 The study by Venn et al. consists of three study groups.11 Both

CVP- and ED-group monitored patients were significantly faster fit for discharge than

patients of the control group. All patients received general anesthesia, which may be unusual

nowadays. Additional regional anesthesia (‘3-in-1-nerve block’) was provided in 55%, 67%

and 67% of the control, CVP- and ED-group, respectively. The ED-group had less blood loss

and shorter surgical procedures, which may have confounded the results. Differences were

found regarding distribution of surgical interventions; significantly more dynamic hip screws

were placed in the CVP-group compared to the ED- and control group. Total hip arthroplasty

in the control group was 55% and 33% in the CVP- and ED-group. No differences were found

in mortality rates: 2/29 (6.9%) control, 6/31 (19.4) CVP; 3/30 ED (10.0%); p > 0.05. Overall

mortality was < 5%. Actual hospital LOS was similar. In the study of Sandham et al.5, 8.6%

of the patients underwent surgery for a hip fracture. These patients did not benefit from

GOHT regarding the primary endpoint mortality. Other investigators described the outcome

of a simple intervention of preoperative fluid challenge of 500 mL colloid or saline in patients

scheduled for fractured hip surgery.12 Although related to perioperative GOHT, this study

lacks a control group without preoperative fluid challenge as the study focused on potential

benefits of colloid vs. saline and not on GOHT. No differences were found in mortality,

neither in postoperative complications nor in hospital LOS.

GOHT in vascular surgery did not reduce mortality, postoperative complications or LOS at

the ICU or in the hospital (table 1).5-9 In two of those studies6;7 the protocol was used that was

developed earlier by Berlauk13 who deemed a CI > 2.8 L/min/m2 as ‘optimal’. Others used

continuously mixed venous saturation ≥ 65% as endpoint.8 In one of those studies the mean

number of postoperative complications per patient was higher in the protocol group (0.43 vs.

0.23) nevertheless the percentage of patients, ICU LOS, hospital LOS and mortality were

similar in both groups.7 In most studies from the late nineties, mortality was between 0 and

9%. It is of note that the in the earlier GOHT-studies by Shoemaker and Boyd, mortality rates

of the protocol groups were also in this range.2,14

In patients undergoing elective major noncardiac abdominal and/or thoracic surgery,

including vascular surgery, two randomized controlled trials on GOHT report a significant

reduction of mortality in the treatment group.3,4 Both studies had an exceptionally high

mortality in the control group. Wilson et al. found a reduction of 17% in the control group to

2% and 4% in the GOHT-groups3. This study was criticized for the unusually high mortality

rate in the control group and for the lower quality of care for patients of the control group.

The latter is illustrated by the fact that postoperatively 16 (34.8%) patients in the control

group and only 1 patient (1.1%) of both intervention groups postoperatively returned to the

ward via the recovery room, while the other patients were admitted to the HDU (high depency

unit) or ICU.

Lobo et al. described a reduction in 60-day mortality of 50% in the control group to 15.7% in

the protocol group in a mixed group of patients undergoing elective major surgery. Both

groups were treated by preloading and dobutamine, but in the treatment group higher values

of DO2 were strived for. The significant difference in mortality appears to be caused by 3 late

deaths in this small sample-sized study (table 1). Others, however, found no effects of GOHT

on any of the primary or secondary clinical endpoints in mixed groups of patients undergoing

major surgery.5;15;16 Only Gan et al. described a significant reduction in hospital LOS

(median: 1 day, mean: 2 days, p=0.03) in patients undergoing major surgery, who were

treated hemodynamically to achieve maximal cardiac stroke volume.17 The reduction in
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hospital LOS was interpreted as a result of improved postoperative gastrointestinal function

(enteral feeding tolerance). Mortality in both groups was less than 6%.

The study of Sandham et al. is important because of its large number of patients (n=1994) and

the restrictive inclusion criteria applied (age, ASA-class). They investigated the impact of

GOHT in high-risk patients, who underwent elective or urgent surgery.5 Eligibility was

confined to elderly patients (≥ 60 years) with ASA-class III or IV. The majority of patients

underwent major vascular surgery (n=1108, 55.6 %). The study was designed to assess the

safety of perioperative application of a PAC and the influence on clinical outcome of

perioperative GOHT that started at the ICU the day before surgery. Although a higher rate of

pulmonary embolism was found in the treatment group, this did not effect clinical outcome.

Perioperative PAC in these patients was deemed safe but not benificial in the field of

perioperative care. The study was criticized regarding the chosen endpoints of hemodynamic

treatment, especially the limits of maximal values of HR (<120/minute) and PCWP (<18) and

for the fact that endpoints of GOHT were achieved postoperatively for CI in only 79.0% and

for DO2 in 62.9% of the patients. In the correspondence that followed the authors presented

additional results, showing that patients were not forced to achieve endpoints of GOHT at the

expense of tachycardia and overfilling.18

Stone et al. performed a randomized controlled trial of low-dose dopexamine (0.25

µg/kg/min) for 24 hours after surgery in 100 patients older than 60 years, who had undergone

elective major abdominal surgery. Cardiac performance was monitored in all patients by ED.

Fluid challenges were given with colloids till no further increase of SV was achievable

(increase of SV < 5% of the SV before the last fluid challenge). No differences were found

regarding postoperative morbidity. Interestingly, this group of investigators showed a

significant reduction of mortality by PAC-guided GOHT in an earlier similar study published

in 1999.3 They used POSSUM (Physiological and Operative Severity Score for the

enUmeration of Mortality and morbidity) to describe patient groups. POSSUM is a scoring

system specifically defined for surgical audit in the United Kingdom.19 In the recent study a

mortality rate of 4% in the control group and 6% in the protocol group was found, while its

predictions based on POSSUM-scores were 13 and 27%, respectively.

GOHT in patients undergoing cardiac surgery.

Polonen et al. immediately treated cardiac surgical patients during postoperative ICU-

admission to achieve supranormal values of DO2.
20 This randomized controlled trial included

403 patients. The treatment group received more fluids and inotropes to achieve an SvO2 >

70% while lactate remained < 2.0 mmol/L during 8 hours postoperatively. The treatment

group had a significantly shorter hospital LOS (median 6 vs. 7 days in the control group, p <

0.05) and less morbidity at hospital discharge. Mortality rates 1, 6 and 12 months were less

than 5% in both groups.

GOHT in trauma patients, critically ill patients and patients with sepsis and septic

shock.

The design and results of studies of GOHT in trauma patients, critically ill patients at the ICU

and patients with sepsis and septic shock are summarized in tables 2A – 2D.
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Table 2A. Prospective interventional studies on perioperative GOHT, with or without
pulmonary artery catheter, from 1996 till 2005, summarized for year of publication, type of

intervention, targets of hemodynamic treatment and results.

trauma & sepsis

Authors, journal name, year of
publication

number of patients,
number of study groups

surgery study design

1. Durham et al., J Trauma, 1996
2. Chang et al.J Trauma, 1997
3. Yu et al., CCM, 1998
4. Alia et al., Chest, 1999
5. Velmahos et al., Ann Surg, 2000
6. Gomersall et al., CCM, 2000
7. Rivers et al., NEJM, 2001

58, 2
79, 2

105, 2
63, 2
75,2

210, 2
263, 2

trauma
trauma

postoperative sepsis
sepsis, septic shock

trauma
critically ill

severe sepsis, septic shock

RCT
cohort study*

RCT
RCT
RCT
RCT
RCT

RCT, randomized controlled trial
* comparison of  patients with low pHi and normal pHi
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Table 2B.

trauma & sepsis

target (value) of hemodynamic
treatment

location of
treatment,

control
group

location of
treatment,
protocol
group(s)

type of intervention

1. 
2. 
3. 
4. 
5. 
6. 
7. 

supranormal CI, DO2I, VO2I(#)
RVEDVI > 80 mL/m

2
, adeq syst perf

DO2I 450-550 vs. > 600 ml/min
DO2I > 600 ml/min

supranormal CI, DO2I, VO2I(#)
gastric tonometry guided treatment

EGDT, protocol: ScvO2 ≥ 70 %

ICU
-

ICU
ICU
ICU
ICU
TED

ICU
ICU
ICU
ICU
ICU
ICU
TED

preloading, inotropics, vasodilators
preloading, inotropics, amiodarone
preloading, vasoactice substances
preloading, vasoactice substances
preloading, vasoactice substances

preloading, dobuatmine
preloading, vasoactive substances

TED, transoesophageal Echo Doppler; SV, stroke volume; OR, operating room; LSP, limb salvage
procedure; AoR, aorta reconstruction; RVEDVI, indexed right ventricle end diastolic volume; EGDT,
early goal-directed therapy;

#DO2I > 600 mL/min, VO2I > 150 mL/min;  #, combined with 8 ≤ PCWP ≤ 12 and SVRI ≤ 1100; ## pHi
> 7.32; §, in subgroup of patients undergoing aortic surgery
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Table 2C Prospective interventional studies on perioperative GOHT, with or without
pulmonary artery catheter, from 1996 till 2005, summarized for year of publication, type of

intervention, targets of hemodynamic treatment and results.

trauma /  sepsis

primary endpoint results, control vs protocol;  p-value

1.
2.
3.
4.
5.
6.
7.

hospital mortality, OF
OF, hospital mortality

mortality
ICU mortality

mortality
ICU mortality, hospital mortality

30, 60 day and hospital mortality

11% vs. 10%, p=0.85;  67% vs. 73%, p=0.58
9% vs. 33%, p <0.01;  11%  vs. 33%, p<0.05

21% vs. 52%, p<0.01
66% vs. 74%, p=0.46
15% vs 11%, p=0.742

39.6% vs. 38.5%, p=ns; 45.3% vs. 42.3 p=ns
46.5% vs, 30.5%, p=0.001

OF, organ failure; LOMV, length of mechanical ventilation in days
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Table 2D

trauma /  sepsis

secondary endpoint(s) results, control vs protocol; p-value

1.
2.
3.
4.
5.
6.
7.

(ICU LOS, LOMV, hospital LOS)
(ICU LOS, hospital LOS)
(ICU LOS, hospital LOS)

organ dysfunction per patient
(OF, complications, LOS)

(OF, ICU and hospital LOS)
APACHE II, SAPS II

(ns)
(ns)
(ns)

2.1 vs. 2.6. (p=0.12)
(ns)
(ns)

p < 0.001 at 6 and 72 hours after therapy

OF, organ failure; LOMV, length of mechanical ventilation in days, APACHE II, Acute Physiology and
Chronic Health Evaluation II, SAPS, Simplified Acute Physiology Score.
When secondary endpoints were not explicitely mentioned, data are placed in brackets.
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o Trauma patients

Durham et al. randomized 58 critically ill trauma patients to a control (n=31) and a protocol

group (n=27), using entry criteria as defined earlier by Shoemaker et al.2 Treatment in the

protocol group was directed at achieving and maintaining DO2I > 600 mL/min or VO2I > 150

mL/min for 24 hours after study entry, whereas in the control group a MAP > 60 mm Hg and

CI > 2.5 L/min was deemed satisfactory. No differences were found in mortality, ICU LOS or

hospital LOS. The occurrence of organ failure was significantly higher in patients with a DO2I

< 600 L/min (88% vs. 59%, p < 0.02).

Velmahos et al. resuscitated 75 trauma patients in a prospective randomized controlled trial in

which control patients were to achieve a CI of 3.5 L/min, whereas in the protocol group

treatment was directed at achieving a CI > 4.5 L/min.21 Patients were monitored

hemodynamically using both bioimpedance and a PAC. Patients with brain and spinal cord

trauma were excluded. Similar results were achieved in both groups. An interim analysis was

performed after 2 years of patient entry. It was expected that a difference in mortality was

extremely difficult to detect. Therefore the study was terminated preliminary; its projected

sample size exceeded 500. Comparing achievers (n=33) and nonachievers (n=42) showed that

nonachievers had a significantly higher mortality rate (30 vs. 0%, p=0.0001), organ failure

(70 vs. 29%, p=0.0005) and a longer ICU stay (21 ± 24 vs. 10 ± 11 days, p=0.017). The

authors concluded that these findings support the concept that achieving high values of

hemodynamics are an indication of preserved physiologic capacity. They also note that

interventions directed at achieving predefined values may have been detrimental as the

mortality rate of nonachievers in the protocol was 50%, compared to 19% in the nonachievers

of the control group (p=0.11). Age was the most important predictor for achieving predefined

values of GOHT.

o Critically ill patients, patients with sepsis and septic shock.

In Chapter 1 the study of Hayes et al. was discussed.22 In 1997 they showed that survivors

were also responders to treatment, whereas in nonsurvivors DO2I and VO2I were significantly

lower and these patients were not able to clear lactate.23

Yu et al. reported a significant reduction of mortality in a subgroup of patients aged 50-75

years, who were treated to achieve a DO2I > 600 mL (21% vs. 52% in the control group,

p=0.01).24 From earlier work of this group it is comprehensible that they choose to include

patients older than 50 years in their study.25 They clarify the stratification into these age

groups (50-75 years vs. > 75 years) with the fact that older age is accompanied by reduced

values of DO2I and VO2I. The authors suggest that the study was designed as such, but the

choice of the cutoff point at 75 years seems arbitrary. The overall mortality in the control vs.

the protocol group is not significantly different (protocol group 33% vs. control group 56%,

p=ns).

Alia et al. randomized 63 patients with severe sepsis and septic shock. Patients were treated

till hemodynamically stabilized by preloading with crystalloids, blood transfusion to maintain

Hb > 6.0 mmol/L, ventilatory conditions to achieve SaO2 > 90% and dopamine to maintain

MAP > 60 mmHg. The controls were treated to achieve a DO2I > 330 mL/min, while in the

protocol patients the endpoint of therapy was a DO2I > 600 mL/min. ICU-mortality was

similar (66% in the control and 74% in the treatment group, respectively, p=0.46), neither

were differences found regarding the number nor organ dysfunctions per patients (table 2).

The tonometry values were similar for both groups during a follow-up period of 4 days.
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Gomersall et al. conducted a randomized controlled trial in critically ill patients who were

resuscitated using tonometer-guided therapy. No differences were found regarding ICU or

hospital mortality, organ failure or ICU or hospital LOS. Tonometer results correlated with

outcome. The authors concluded that tonometer results may be better indicators of severity of

disease than a pathophysiologic substrate that can be used to guide therapeutic interventions.

Rivers et al. used central venous SvO2 to diagnose at hospital admission the severity of a

compromised circulatory condition in severely septic patients. All patients were resuscitated

immediately. They were treated to achieve predefined classical endpoints (CVP ≥ 8-12

mmHg, MAP ≥ 65 mmHg, UOP > 0.5 mL/kg/hr), whereas patients of the treatment group

were concomitantly SvO2-monitored and therapy was directed to achieve SvO2 ≥ 70% (Early

Goal Directed Therapy, EGDT). The treatment group received more fluids to achieve a

central venous saturation ≥ 70%. Significant reductions in APACHE II and SAPS II scores

were found and the in-hospital mortality was lower in the treatment group. (46.5% vs. 30.5%,

p=0.009).

GOHT in retrospective studies

GOHT in mixed groups of surgical patients undergoing major noncardiac surgery.

Four retrospective studies concerning GOHT in surgical patients were published since

1996.26-29 The retrospective studies by Curran et al. and Flancbaum et al. show a large

difference in mortality rates.26,27 Flancbaum et al. present a significant reduction of

cardiovascular complications in noncardiac and nonthoracic surgical patients who had been

normalized preoperatively to values of PCWP > 10 mmHg and Hb > 8 g/dL (4.85 mmol/L).26

They report an in-hospital mortality of < 2.5% in both groups. Curran et al., however, found a

much higher mortality rate, up to 30% in high-risk surgical patients as defined by Shoemaker

and Boyd.27 Half of the patients underwent emergency operations. The authors compared

actual with predicted mortality rates using POSSUM scores. They found a significant

reduction of mortality in patients with the highest risk for perioperative complications and

mortality (predicted mortality, 57% vs. actual mortality 30%, p=0.024).

Sandison performed a partially retrospective and prospective study on urgent or emergency

surgery for aorta aneurysm in two hospitals in the United Kindom.28 One hundred forty-five

patients were reviewed with 68% undergoing urgent surgery. The rate of PACs used in one

hospital was 96% of the patients, while in the other hospital 18% of the patients had a PAC.

Preoperative patient characteristics and intraoperative data were similar in both hospitals.

Postoperative management in the hospital in which more PACs were used was characterized

by the use of significantly more fluids and vasoactive substances for the first 24 hrs after

surgery at the ICU. In the hospital in which PAC monitoring was common in the

perioperative management of patients with aorta aneurysm surgery, postoperative mortality

was higher (28% vs. 9%, p=0.0068) and both ICU and hospital LOS were significantly

longer. The authors suggest that PAC-guided postoperative interventions, such as a more

liberal use of fluids, had a negative impact on clinical outcome in these patients.

Kavarana et al. performed a retrospective study in patients > 65 years, undergoing elective

colon surgery.29 Two hundred and seventy-seven patients were studied in a ten-year period

(1985-1995). They compared patients who were monitored perioperatively with a PAC (PAC

group) to patients who were not monitored with a PAC (no-PAC group). Patients of the PAC-

group (n=60) received GOHT. Setpoints for preoperative GOHT were used as defined earlier

by Berlauk et al.13 Patients within the groups were stratified using the Goldman-CRI scoring

(< 10 vs. ≥ 10).30 Twenty patients (33.3%) of the PAC group and 38 patients (21.2%) of the
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no-PAC group had a CRI ≥ 10. The PAC group had a significantly higher CRI (10 vs. 8, p <

0.05). The cardiopulmonary history of both groups was comparable. Mortality in the entire

population was 4.3% (PAC-group 3.3%; no-PAC group 4.6%). However, patients with a CRI

≥ 10 in the no-PAC group had a higher mortality (15.8% vs. 5% in the PAC group and CRI ≥

10, p < 0.001). The authors attributed this result to the effects of the PAC-guided GOHT.

Other prospective (observational) studies in high-risk patients. PAC-monitoring & pre-

operative fluid optimization.

Prospective observational studies.

Shoemaker et al. continued their monitoring studies on critical ill patients, without

interventions to achieve ‘supranormal’ values of global perfusion. Noninvasive monitoring

(bioimpedance and percutaneously measured O2 and CO2 tension) was compared to invasive

monitoring (PAC) in an observational multicenter study on 680 critically ill emergency

patients.31 Two hundred and sixty-eight patients were monitored at the emergency department

(139 trauma patients, 129 nontrauma patients), 274 patients were monitored during

perioperative emergencies and 138 patients after ICU admission. Noninvasively obtained

values of perfusion and circulation correlated with invasively acquired values. Nonsurviving

patients were found to have significantly different patterns of hemodynamics and regional

perfusion compared to surviving patients. It is unclear whether management of these patients

contained a specific protocol on GOHT. The publication was severely criticized by an

accompanying editorial in the context of the earlier published study of Connors et al.1,32 The

criticism was specifically directed at the limitations in the methodology and the clinical

relevance of the monitoring as proposed by Shoemaker et al.

The group of Shoemaker et al. published another prospective study of 356 high-risk surgical

patients.33 They used the earlier defined criteria to select patients, who underwent major

surgery.2 The focus of this study is solely on the early development of circulatory deficiencies

after surgery. The in-hospital mortality was 25%. Nonsurvivors’ circulatory conditions were

characterized by cardiac failure and deficiencies of global perfusion that gradually developed

during surgery. The authors did not comment on the fact that many of these values already

differed preoperatively. Survivors’ and nonsurvivors’ demographics were not presented. Such

preoperative differences may explain differences in circulatory performance. It cannot be

excluded that the described differences may result from other confounding perioperative

clinical variables.

Polanczyk et al. performed a prospective, observational study in elective, high-risk,

noncardiac surgical patients ≥ 50 years (n=4059).34 Two hundred and twenty-one patients

were monitored perioperatively by a PAC. The entire population was used for a case-matched

controlled study on the perioperative use of a PAC. Two groups of 215 patients were

compared for major cardiac and noncardiac events. Perioperative usage of a PAC was

associated with significantly more heart failure (13 vs. 5%, p=0.006) and major noncardiac

complications (10% vs. 5%, p=0.04).

Preoperative fluid optimization in low/medium risk surgical procedures and ambulant

surgery.

Preoperative fluid administration (20 mL/kg) significantly reduced postoperative incidence of

thirst, drowsiness and dizziness in patients undergoing short ambulatory surgery.35 A study of

fluid preloading (15 mL/kg) in patients planned for a laparosopic cholecystectomy
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significantly reduced postoperative nausea and vomiting (PONV).36 A similar study in

gynecologic patients showed that 30 mL/kg cristalloids was more effective than 10 mL/kg to

reduce PONV. Others found a significant reduction of PONV and a facilitated postoperative

recovery in patients undergoing major noncardiac, surgery after the intraoperative usage of

colloids instead of saline.37

These studies were not performed on high-risk patients and the surgical procedures were

restricted to minor or medium size abdominal surgery. Nevertheless, in these studies it was

tried to improve the hemodynamic performance by fluids. In these studies a liberal

perioperative use of fluids resulted in significant improvements in postoperative recovery.

However, it is unclear whether these differences in postoperative side effects are a result of

improved preservation of organ function and more stable hemodynamic performance, or that

the improved outcome is a result of accelerated clearance of anesthetics and analgetics in the

patients who received significantly larger amounts of fluids.

Restrictive perioperative fluid regimens – the opposite of GOHT.

A key issue of GOHT is the liberal perioperative use of fluids. Recently two studies were

published that contain an ‘anti-Shoemaker’ approach as these studies investigated effects of

perioperative fluid restrictions and its effects on clinical outcome in major abdominal surgery.

Standard (≥ 3 L, 154 sodium mmol/day) and restrictive postoperative fluid management (< 2

L and 77 mmol sodium/day) was compared in a randomized controlled trial of 20 ASA I and

II patients who underwent colon resection.38 The 10 patients of the treatment group had a

significantly faster recovery of gastrointestinal function, less complications and a faster

discharge from the hospital (postoperative median LOS 6 vs. 9 days, p=0.001).

Brandstrup compared two perioperative fluid regimens in a randomized clinical multicenter

study, containing 176 patients undergoing colorectal surgery.39 Twenty-nine patients were

excluded from analysis for several reasons. The treatment group had a restricted fluid

management that aimed at maintaining the patient’s body weight unchanged. More patients of

the standard group had postoperative complications (51% vs. 33% of the treatment group,

p=0.013). Postoperative mortality was 4.7% and 0% in the standard group and treatment

group respectively (n=0 vs. n=4, p=0.14).
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Meta-analysis and reviews / expert opinion on GOHT in noncardiac surgical patients.

Six meta-analyses have been published on GOHT in surgical patients since 1996. Table 3

depicts an overview of all included studies in order of the year of publication. Heyland et al.

critically reviewed the literature on PAC-monitored patients by discerning studies that started

hemodynamic treatment preoperatively and after ICU admission.40 Intervention studies using

the PAC to guide treatment to ‘supranormal’ values of CI, DO2 and VO2 was considered

effective when started preoperatively (combined odds ratio 0.2, 95% CI 0.07-0.55). The meta-

analysis of Ivanov et al. focused on the outcome variable ‘morbidity’ and found that GOHT

was effective (odds ratio 0.58 , 95% CI 0.36-0.94).41 This meta-analysis included most of the

studies analyzed earlier by Heyland et al. Others restricted the meta-analysis to patients

undergoing major vascular surgery and found that the use of a PAC in these patients did not

improve outcome when applied routinely.42 Studies included in this analysis have in common

that the PAC was used for GOHT perioperatively.

Kern and Shoemaker compared studies that started GOHT before and after the development

of organ failure.43 They concluded that mortality rates could be reduced by GOHT in high-

risk patients with a mortality rate of > 20% only if instituted before signs of organ failure

developed.

Boyd reviewed 17 GOHT studies and calculated a reduction in mortality of 0.45 (0.33-

0.60).44 He found that the higher the mortality rate the more improvement could be achieved

by GOHT. He states, however, that “it is difficult to assess which patients may benefit most

from cardiovascular optimization, information is lacking and there are as yet no formal

scoring systems that have been shown to be useful in this situation.”

Recently a meta-analysis was published on perioperative fluid optimization in patients

undergoing surgery for a hip fracture.45 The authors concluded that ED-guided hemodynamic

treatment may shorten hospital stay.

Discussion

At first sight the results of the described studies of perioperative GOHT seem controversial.

These studies have in common that treatment was directed at improving general or regional

perfusion to normal or supranormal levels in order to reduce mortality rate and accelerate

discharge from ICU and hospital by reduction of complications and/or improving

postoperative recovery.

The conflicting results and the differences in the design of the described studies raise many

issues and need clarification: which patients should be treated, i.e. only high-risk for medical

or surgical conditions, whether a cut-off point should be handled for age, whether only

patients for elective surgery should be included or also patients admitted for emergency

surgery and trauma patients, whether only patients should be included undergoing

intraperitoneal surgery or also other categories of extensive surgery, and, when effective, how

early before surgery GOHT should be started, which hemodynamic parameter should be

treated and to what level, whether colloids should be part of such a strategy, what type of

inotropic support should be applied if increase of preload is insufficient to attain protocol

values, whether the therapy should be continued during surgery and how long it should be

continued thereafter.
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Table 3. An overview of the studies included in the six meta-analyses on GOHT in different
groups of patients.
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A meta-analysis could help to clarify the differences in outcome. Mackenzie commented that

this method is hindered by methodological problems, as the studies are characterized by large

heterogenity in patients, surgical procedures and treatment strategies.46 Nevertheless, a

number of meta-analyses were performed.40-45 When the results are compiled, arguments in

favor of GOHT may emerge in specific conditions of perioperative medicine: GOHT is

effective when started before the development of organ failure and in patients with a risk for

mortality greater than 20%.43,44 It would then be reasonable to identify patients with a

mortality risk greater than 20%. Emergency procedures are well known for higher mortality

rates compared to elective surgery. However, mortality rates greater than 10% in series of

patients undergoing elective surgery should raise concerns. We deem such outcome as

abnormally high in the context of mortality rates reported in elective major surgical

procedures (Chapter 1). When this criterion is used it seems impossible to select patients

electively undergoing major noncardiac surgery who may benefit from GOHT.

Combining demographic patient data also does not provide a simple instrument that may

easily identify such patients. Takala has suggested that 3 or more high-risk criteria according

to Shoemaker may help to identify the patients that may benefit from GOHT.15 However, a

prospective randomized controlled trial in such a selected group still has to be performed.

Sandham et al. only included a selection of high-risk patients (patients > 60 years and

classified as ASA-class ≥ 3).5 GOHT however, did not surpass perioperative management of

the control group in this large study.

Also, GOHT does not reduce morbidity or accelerate postoperative recovery in most studies.

Measuring efficacy of GOHT by variables such as a reduction of postoperative morbidity,

LOS in the ICU or the hospital raises some methodological problems. Different sets of

complications are used in the reviewed studies. Some only present percentages of the number

of patients who developed complications. Others denote complications arbitrarily as minor or

major. The relevance of a reduction of complications would be evident when the result could

directly be translated into a reduction of ICU- or hospital LOS. However, these clinical

endpoints are also influenced by variables other than clinical recovery of the patient.47

When perioperative GOHT could be beneficial for a selected group as some have suggested,

these high-risk patients have to be identified. The next step should be that prospective

randomized controlled trials of GOHT in such carefully selected patient groups are performed

to demonstrate the efficacy of GOHT. Till now, only ED-guided treatment of elderly patients

undergoing hip fracture surgery has been shown to have short term benefits.45 Considering

major surgery, in particular abdominal surgery, GOHT of any type has remained

controversial.

Identification of patients at high-risk for morbidity and mortality is the major problem.44 For

risk assessment of an individual patient a lot of population based data are available in

different risk stratifying systems (Chapter 1). Assessment of the risk of cardiac morbidity and

mortality has been well established.48 Recently a risk index to predict postoperative

pneumonia has been developed and validated.49 Others have been variably successful in

finding better predictors of outcome than the ASA-class stratification that was mostly used.50-

54 The POSSUM-score was developed in the United Kindom. It seemed a promising

instrument that accounted for many clinical variables which could be easily performed and

help in predicting outcome.19 This scoring system, however, has not been validated

sufficiently. Recent studies show that the predicted and actual morbidity and mortality do not

correlate outside the United Kingdom, nor in the United Kingdom recently.16,55,56 The

predicted morbidity and mortality rates overestimate actual data. Widespread application of

POSSUM as a tool to identify high-risk patients still is not helpful to identify the patient at

high-risk for postoperative morbidity and mortality.
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The strong correlation of high (‘supranormal’) values of global perfusion and survival has

been explained as a result of à priori existing differences in cardiorespiratory performance

(Chapter 1). Most scoring systems provide an estimation instead of performing a test of the

actual preoperative condition of an individual patient or a specific organ system. Studies on

exercise testing before surgery are available to get specific information about the reserve

capacity of the cardiorespiratory system in individual patients. Results of a simple bicycle

exercise test strongly correlated with postoperative cardiopulmonary morbidity and

mortality.57 Another simple exercise test has also shown to be a sensitive marker for the

prediction of postoperative cardiopulmonary complications.58

Older and Smith first used preoperative invasive monitoring at the ICU for assessment and

treatment of cardiorespiratory and renal function, in addition to the usual preoperative work-

up in patients planned for major noncardiac surgery.59 Later they turned the focus on the

actual dynamics of the cardiorespiratory performance in individual patients to predict

outcome.60 They used preoperative exercise testing to identify cardiac failure in addition to

cardiac ischemia. Patients with an anaerobic threshold (AT) < 11 mL/kg/minute had a

significantly higher mortality rate (18 %) when compared to patients with an AT > 11

mL/kg/minute (0.8%, p < 0.001). The combination of cardiac ischemia and heart failure was

associated with a mortality rate of 42%. They successfully used exercise testing as an

instrument to decide for pre- and postoperative admission to the ICU or postoperative

admission to the HDU or ward in 548 patients.61

In the study of Sandham et al. 16% of patients had a history of heart failure and they describe

symptoms of heart failure in 12% of patients during the study.5 Heart failure was not

incorporated in their regression analysis to correct for potential confounders. Therefore it is

unknown whether this variable could have helped to identify a subgroup of patients that may

have benefitted from PAC-guided GOHT.

Girbes and Groeneveld emphasized that in general perioperative GOHT-protocols are

insufficiently directed to the individual condition of patients.62 Fixed values of global

perfusion as advocated in the past by Shoemaker et al.2 do not fit to the individual condition

of patients. Velmahos et al. found indications that treatment to achieve ‘supranormal’ values

in ‘nonresponders’ even may result in worse outcome.21 Limitations in achieving such values

were met in different studies.5,31 The unattainability of such values should not be interpreted

as a result of insufficient treatment but as a result of limited cardiorespiratory capacity.

ED-guided treatment is the only method until now that takes the patient’s individual cardiac

performance into account when the goal of treatment is defined as achieving maximally

attainable global perfusion. This treatment is characterized by administration of fluids till no

further increments of SV occur. The optimal value is then primarily the patient’s individual

maximal value instead of a fixed, population-derived hemodynamic endpoint. Efficacy of ED-

GOHT in randomized controlled trials has been shown in patients undergoing surgery for hip

fractures and in one study of patients undergoing major abdominal surgery.17,45

When the findings of Older et al. are combined with results obtained in prospective

randomized controlled trials of GOHT as summarized in tables 1A and 1B, it can be

hypothesized that in these studies subgroups of patients, who may have benefit from GOHT,

are masked by the entire group. Although exercise testing may help to identify patients who

may benefit from GOHT with a high sensitivity and specificity, the additional value of GOHT

in such selected groups still has to be proven. Older et al. preoperatively admitted patients to

the ICU when they were at high-risk (AT < 11 mL/kg/min) or when they had been planned

for surgery of the aorta or the esophagus.61 These patients were hemodynamically treated, but

the authors did not specify interventions nor did they present data of obtained endpoints of

any kind of GOHT. The hospital mortality in the subgroup of patients with an AT < 11

mL/kg/min was 4.6%. This is a reduction compared to the mortality rate of 18% in 1993.60
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This may indicate that preoperative ICU admission and hemodynamic treatment is beneficial

in selected patients. Identical suggestions come from the retrospective study by Kavarana et

al.29 They stratified patients using the Goldman CRI that partially may help to identify

conditions of heart failure. However, a prospective randomized controlled trial evaluation of

efficacy of GOHT in high-risk patients selected on basis of exercise testing has yet to be

conducted. It is of note that in the study of Older et al. patients with an AT < 11 mL/kg/min

noncardiac causes accounted for 58% of mortality.61

Treatment directed at maximal values of global perfusion aims to achieve optimal regional

perfusion to prevent or reverse organ dysfunction and/or failure.63. Although gastric-pHi

(tonometry) has been shown to be a strong predictor of outcome,64-67 pHi-guided GOHT in

prospective studies of elective surgery was not shown to be efficacious.9 Since adequate organ

perfusion and oxygenation are presumed to play a key role in prevention of organ dysfunction

and failure, new devices were developed for continuous monitoring of regional oxygen

supply, perfusion and/or metabolism.68,69 Direct measurement of regional flow, pHi or derived

parameters have been suggested to be helpful to guide perioperative management that may

improve overall outcome.70,71 Studies in vascular surgery have focused on perfusion-related

dysfunction of the intestine.72-75 In a study of colonic surgery and regional measurement of

organ perfusion, a reduction in blood flow correlated with postoperative anastomotic

leakage.76 Regional perfusion and oxygenation during esophageal surgery can be monitored

and modified; this may improve results of the operative procedure and eventually patient

outcome.77,78

The novel approach of perioperative fluid restriction in patients undergoing colon surgery

constitutes the opposite to the liberal use of fluids as proposed in all studies of perioperative

GOHT. A few studies have been published and results suggest that fluid-restrictive regimens

are efficacious in improving clinical outcome.38,39 This adds fuel to the ongoing controversy

of perioperative fluid management and whether ‘supranormal’ or normal should be the ideal

targets. It has to be emphasized that both studies included mainly ASA I/II patients and in one

study fluid restriction was explicitly confined to the postoperative period.38 It also illustrates

that the term ‘high-risk’ is insufficiently defined. Fluid restriction may benefit outcome in

colon surgery. Whether such a regimen should have a place in other categories of surgery and

in patients classified as ASA ≥ III is unknown.

Kehlet has advocated to combine different proven and/or presumed beneficial strategies in

perioperative medicine into one multimodal approach to enhance postoperative recovery.79;80

Studies that included perioperative pain management, early postoperative enteral feeding,

early mobilization and other interventions in patients that fulfill ‘high-risk’ criteria have been

shown to be very effective in reducing complications, hospital LOS and costs.81-86 These

multimodal approaches or strategies denoted as ‘short track’, ‘fast track’ or ‘clinical pathway’

obviously have a major impact on clinical outcome without any specific interventions that

could be described as GOHT.

Conclusion

Studies of GOHT performed during and after the GUTS show that in a majority of the studies

GOHT-outcome, expressed as a reduction of mortality, was only improved in populations

with a mortality rate greater than 15-20 %. These are unusually high values of mortality in

electively operated patients.

However, data from the literature do not exclude the possibility that patients with a restricted

cardiorespiratory condition could benefit from preoperatively started management of

continuous cardiopulmonary monitoring and treatment. Individual titration of interventions

might be crucial. Stroke volume may be the variable of global perfusion that should be
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modified in relation to patient’s individual performance. The location and timing of such a

GOHT has to be defined.

The majority of patients undergoing major noncardiac surgery, however, do not benefit from

additional preoperative hemodynamic treatment. It is of major importance that in

perioperative medicine the combination of therapies, that specifically aim for a fast recovery

by different modalities, have been shown to be efficacious in multiple studies. GOHT should

be employed neither alone nor in combination with other therapies aimed for a fast recovery

until its efficacy has been demonstrated in adequate randomized controlled trials.
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