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Introduction

As has been outlined in Chapter 1, Shoemaker and co-workers postoperatively identified a

series of specific changes of hemodynamic variables that clearly discriminated survivors from

nonsurvivors in the early postoperative period 1-8.

It was unclear whether these differences were a symptom of reduced cardiorespiratory reserve

capacity to face perioperative stress, or an perioperatively unnoticed deficiency of the

circulation that should have been corrected. Therefore, two studies were conducted to test the

hypothesis that supranormal values of cardiac index (CI), oxygen delivery (DO2I) and oxygen

consumption (VO2I) could improve outcome in so-called ‘high-risk’ patients.9;10  Shoemaker

et al. demonstrated a reduction in postoperative mortality, mean ICU-stay, ventilator use and

costs in high-risk surgical patients who were treated on the basis of invasively determined

hemodynamic variables, obtained from the perioperatively inserted PA-catheter. This study,

however, has been criticized because of a poor control for confounding factors and uncertain

case mix.11;12 Boyd et al. showed that aiming at a DO2I > 600 mL/min significantly reduced

mortality and morbidity. In this study all patients were preoperatively admitted to the ICU.

However, other studies in which patients were perioperatively treated to hemodynamic values

as defined by Shoemaker (i.e. CI > 4.5 L/min; DO2I > 600 mL/min; VO2I > 170 mL/min) did

not show beneficial effects. On the contrary, even an indication of increased mortality was

found.13

Both key studies9;10 on perioperative goal-oriented hemodynamic therapy have to be

criticized for methodological problems (Chapter 1, section ‘Discussion’), but a study

comparing preoperative preparation at the ward to preoperative ICU-admission and

hemodynamic treatment was not available in 1996. Therefore we designed a prospective open

controlled randomized single-center study comparing high-risk surgical patients treated at the

ICU (tune-up group) versus patients treated in a conservative way at the ward (control group).

In this study the complication rate was used as primary outcome variable, and mortality,

length of stay (LOS) in the ICU and the hospital, and costs as secondary end points. In

contrast to all other studies (Chapter 1, table 12), the anesthestic technique was standardized.

The primary intervention was directed at increasing the preload; when needed, also the

vasoactive drugs dopamine and dobutamine were used to reach predefined values.

Methods

The study protocol was approved by the institutional medical ethics committee and informed

consent was obtained from all patients. The inclusion criteria (table 1) were chosen according

to those available in the literature.9;10;14;14-17 Exclusion criteria were non-elective surgery or

any condition that would require additional evaluation or therapy before surgery.

The goal of preoperative tune-up was to reach a cardiac index ≥ 4.0 L/min. The primary

endpoint was the rate of complications. Secondary endpoints were ICU and hospital LOS,

mortality and costs.

Eligible patients were examined by an internist(-intensivist) to optimize medical treatment

regarding metabolic, cardiac and pulmonary comorbidities. Hereafter, the patients were

randomized using blinded envelopes after stratification for type of surgery: major vascular

surgery, extensive surgery for carcinoma, surgery for septic focus or extensive surgery for

non-carcinoma. Randomization took place in blocks of 8 patients – 4 control and 4 protocol

patients – separately in each stratum. Patients allocated to the tune-up group were admitted to
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the ICU the day before surgery. After achieving peripheral venous access and a canula in the

patient's radial artery, a pulmonary artery catheter (PAC) (Baxter Thermodilution Catheter,

Edwards Laboratories, Irvine, California) was inserted via the internal jugular or subclavian

vein. Correct placement was determined by pressure traces and X-ray. A urinary catheter was

inserted. Cardiac output was measured by triple determination  of thermodilution. The first

complete hemodynamic profile was recorded 1 hour after insertion of the PAC and labelled as

"ICU-admission". Subsequently, goal-oriented therapy was started. All patients received a

"background" infusion of 3000 mL/24 hr dextrose 2.5%/saline 0.45%. The first step was to

optimize cardiac preload by repeated fluid challenges of colloids (Haes-steril 6% or

Gelofusine, 500-1000 mL/hr) to evaluate their hemodynamic effects. Whenever cardiac

output failed to rise further despite increase of filling pressures (PCWP 12-15 mmHg),

dopamine or dobutamine was added (max. 10 µg/kg/min) under the following conditions:

heart rate (HR) should not exceed 120 beats/minute and a diuresis > 1 mL/kg/hr was deemed

appropriate. Once started, vasoactive drugs were continued during anesthetic and surgical

procedures.

Table 1. Inclusion criteria for the Groningen University tune-up study (GUTS).

1. patients aged > 18 years.
2. expected duration of surgery > 90 minutes
3. estimated high-risk as defined by any of the following criteria:

- Cardiac Risk Index  > 12
- previous severe cardiac illness (i.e. acute myocardial infarction, heart failure, stroke)
- age > 70 years with limited physiological reserve in one or more vital organs (NYHA

classification II, III or IV)
- sepsis

30

- acute renal failure defined as an abrupt decrease of clearance of nitrogenous waste by
the kidneys resulting from a variety of processes. This should be accompanied by an
acute increase in serum creatinine > 30% within 24 hours.

- extensive surgery planned for carcinoma (i.e. esophagectomy, gastrectomy, cystectomy),
or late-stage vascular disease involving aortic disease

4. informed consent

The control group received no specific treatment before surgery. However, patients in the

control group, who were planned for gastrointestinal and major urologic surgery, received an

infusion of 2500 mL/24 hr with dextrose 2.5%/saline 0.45% in the late afternoon at day -1 to

compensate for fluid loss by bowel preparation. Diabetic patients received a background

infusion of 2000 – 2500 mL dextrose 5 %/ 24 hr at day -1.  After a fast from midnight, the

patient was transferred to the operating room.

Anesthesia was standardized and identical for both groups. Before induction of anesthesia the

control group received a venous and arterial canula for BP measurement. For per- and

postoperative analgesia in both groups a thoracic epidural catheter was inserted

preoperatively and tested with 3 mL solution of epinephrine 1:200,000/lidocaine 2%.

Epidural anesthesia was omitted in case of the impossibility to introduce the catheter or when

a neurological disease was present (i.e. multiple sclerosis). Anesthesia was induced i.v. with
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sufentanil (0.2 µg/kg),  etomidate (0.3 mg/kg) and rocuronium (0.6 mg/kg) and maintained

with isoflurane (<1% ET concentration) in oxygen-enriched air. After induction a PAC was

also introduced in the controls for per- and postoperative measurements.

A bolus of 50 µg sufentanil in 10 mL saline 0.9 % was administered in the epidural space,

prior to the start of surgery. Continuous epidural administration of a solution of 50 µg

sufentanil in 50 mL bupivacaine 0.125% was started at a rate of 6-10 mL/hr one hour after

start of surgery. Muscle relaxation was monitored (TOF-Guard, Organon Teknika

Turnhout; TOF count < 2/4) and maintained with intermittent intravenous administration of

rocuronium (0.15-0.3 mg/kg). Additional sufentanil was administered intravenously

according to need. To prevent heat loss intraoperative precautions were taken  using an

esophageal heat exchanger or active warming blankets.

All patients were treated according to the tune-up protocol and adherence to the protocol was

closely verified by the principal investigators. During surgery all patients received dopamine

in a dose of 3 µg/kg/min according to departmental policy at the time of design and execution

of the protocol. Postoperative treatment at the ICU was left to the discretion of the

responsible intensivist. Patients were daily visited by one of the principal investigators to

check protocol adherence and to collect data on the prevalence of 18 potential complications

till 28 days after the surgical procedure.

Patients were discharged from the ICU to the ward when the hemodynamic and respiratory

conditions were judged to be stable by the responsible intensivist, according to the following

4 criteria: 1. the patient did no longer need vasoactive drugs, 2. the patient had an arterial

oxygen saturation of > 90 %, 3. and a breathing frequency of < 30/minute and 4. coughing

force was sufficient to clear secretions. Patients were deemed fit for discharge from ward to

home when they were independent for activities of daily life (ADL) and had a low risk profile

for hospital readmission.

The cost-benefit part of this study is presented seperately in Chapter 4 of this thesis.

Statistical analysis

The study was supposed to include 130 patients in each of the two treatment groups. This

number of patients is required to detect a 33% reduction in the rate of complications, i.e. from

60% in the control group to 40% in the tune-up group with p < 0.05 and a power of 90%.

Data are summarized as mean (SD) or median (IQR25-75%) unless indicated otherwise. The

two groups were compared with respect to the outcome variables by t-test, Mann-Whitney U

test or chi-squared test according to the character of the data. In addition a multivariate

regression analysis was performed to investigate the effects of possible contributions of

potential confounding variables and to correct for pre- and peroperative confounding

variables. A logistic regression was applied to a dichotomized total number of complications,

a Cox-model analysis to ICU LOS and a linear regression analysis to the logarithmically

transformed total hospital LOS. A p-value < 0.05 was considered to be statistically

significant.
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Results

The logistic preparation and execution of the Groningen University tune-up study started at

July 1996 and patients could be included until september 1998. The first year was designed as

a pilot study to test the logistics and facilities of all participating departments.

Results of the identification of potentially eligible patients (n=294) are summarized in table 2.

Table 2. Number of identified high-risk patients according to administrative data of the
principal investigators of the Groningen University tune-up study (GUTS).

pilot study
7/1996 - 6/1997

secondary period
7/1997 - 8/1998

total

identified as potentially eligible 94 200 294

eligible patients (%) 86 (91.5) 186 (93.0) 272 (92.5)

• randomized (%)

• nonrandomized (%)

53 (56.4)
33 (35.1)

88 (44.0)
98 (49.0)

141 (48.0)
126 (42.9)

main reasons for not-participation
- logistic problems (%)
- refusal to participate for personal reasons (%)

23 (24.4)
10 (10.6)

53 (26.5)
39 (19.5)

76 (25.9)
49 (16.7)

non-eligible patients (%) 8 (8.5) 14 (7.0) 22 (7.5)

noneligible because of
- psychiatric disorder (%)
- absolute exclusion criteria (%)
- earlier randomisation in GUTS (%)

-
8 (8.5)

-

8 (4.0)
3 (1.5)
3 (1.5)

8 (2.7)
11 (3.7)
3 (1.0)

It should be realized that these administrative data are incomplete and that they also contain

data of explicitely not eligible patients. Potentially eligible patients were announced by their

treating surgeons or identified during the daily preoperative conference of the department of

surgery. The main reasons why patients could not be randomized were logistical (n=76,

25.9%) and comprise: absence of the investigators, preoperative non-availability of an ICU-

bed and identification of an eligible patient later than 17:00 hr. Other patients had personal

reasons to refuse participation, such as earlier bad experiences in ICU or the perspective to be

admitted to the ICU the day before surgery, to be bedridden, having central lines placed while

awake and staying the night over in a noisy setting amongst critically ill patients.



&KDSWHU��

��

The study was planned to continue for three years until July 1999, but had to be terminated

prematurely due to a shortage of ICU-facilities. Only 141 patients were randomized. Fourteen

patients had to be excluded from analysis for various reasons (table 3). The main reason for

exclusion during the trial was the unexpected finding of metastatic disease making the

surgeon decide to alter the surgical procedure, which resulted in a reduction of the length of

surgery to less than 90 minutes.

Table 3. Patients of the Groningen University tune-up study (n=14) excluded from analysis.

number of patientsexclusion patient reasons for exclusion

control tune-up

preoperative phase A
B
C
D
E
F

percutaneous endoprosthesis of aortic aneurysm
claustrophoby
apparant cardiac ischemia before surgery
change of surgical procedure (high-risk > low-risk)
sepsis from PTCD during tune-up
ICU-bed not available after randomization

1
-
-
1
-
-

-
1
1
-
1
1

post-operative phase G – N inoperability (surgery < 90 minutes) 6 2

cumulative 8 6

Sixty-two patients were allocated in the control group and 65 in the tune-up group. Patient

characteristics and type of surgery are depicted in tables 4a and 4b, respectively.
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Table 4a. Groningen University tune-up study, patient characteristics.

control tune-up p-value

number of patients

male / female (%)
age, years
   mean (SD)

ASA Class
    I / II / III (%)

NYHA Class physical tolerance
    I / II / III (%)

cardiovascular risk evaluation:
   Goldman

16
 CRI, median (IQR)

   Lee(*)
31

, median (IQR)

number of patients:
   Goldman

16
 CRI > 12

   current smoking
   CABG in medical history
   CVA

medical condition:
   diabetes

high-risk factors, number of patients:
    previous myocardial infarction
    extensive surgery
    age > 70 & NYHA > II
    aortic disease
    sepsis

cumulative high-risk factors
    1 / 2 / 3 or more (%)
    mean (SD)
    median (IQR, P25-75%)

62

42 / 20 (68 / 32)

66 (11)

1 / 39 / 22 (2 / 63 / 35)

34 / 22 / 6 (55 / 35 / 10)

 6 (3-9)
1 (1 - 2)

9 (15%)
40 (65%)
7 (11%)
5 (8%)

11 (18%)

14 (23%)
43 (69%)
14 (23%)
16 (26%)
1 (2%)

41 / 10 / 11 (66 / 16 / 18)
1.56

1 (1-2)

65

42 / 23 (65 / 35)

64 (12)

2 / 42/ 21 (3 / 65 / 32)

41 / 22 / 2 (63 / 34 / 3)

3 (3-8)
1 (1 - 2)

5 (8%)
41 (63%)
2 (3%)
3 (5%)

4 (6%)

15 (23%)
45 (69%)
8 (12%)
17 (26%)
1 (2%)

45 / 15 / 5 (69 / 23 / 8)
1.40

1 (1-2)

0.72

0.33

0.82

0.27

0.22
0.87

0.22
0.25
0.07
0.42

0.043

0.95
0.99
0.13
0.96
0.97

0.33
0.24
0.48

(*) Data to perform the Lee Cardiac Risk Index scoring were available in the tune-up data
ase, except for the issue of medical history for CVA/TIA; these data were retrospectively
retrieved beyond 1999, i.e. after publication of the study of risk factors for postoperative
cardiac morbidity and mortality in noncardiac surgical patients by Lee et al.31
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Table 4b. Groningen University tune-up study. Type of surgical procedures performed in the
control and the tune-up group; the procedures are distributed in 4 groups according to the 4

strata (A – D) of the design of the stratified randomization.

control tune-up

number of patients

A. vascular surgery:
   abdominal aortic aneurysm
   obstructive aorto-iliacal disease
   ilio-femoral bypass
   renal artery reconstruction

B. extensive surgery for carcinoma:
   Esophagus resection
   gastrectomy
   small bowel surgery
   colon surgery
   rectum surgery
   cystectomy
   (modified) Whipple
   hepatobiliary surgery
   miscellaneous (**)

C. septic focus:
   hepatobiliary surgery

D. major surgery for reasons other than malignancy:
   (modified) Whipple
   hepatobiliary surgery
   colon surgery

62

16 (27%)
 11 (18%)

4 (6%)
-

1 (2%)

41 (66%)
5 (8%)
1 (2%)
1 (2%)
2 (3%)
3 (5%)
3 (5%)

10 (16%)
13 (20%)
3 (5%)

1 (2%)
1 (2%)

4 (6%)
1 (2%)
2 (3%)
1 (2%)

65

18 (28%)
13 (20%)
4 (6%)
1 (2%)

-

42 (65%)
7 (11%)
2 (3%)

-
3 (5%)
4 (6%)
6  (9%)
4 (6%)

15 (23%)
1 (2%)

1 (2%)
1 (2%)

4 (6%)
1 (2%)
2 (3%)
1 (2%)

(**) Nephrectomy, mastectomy, pelvine exenteration.
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With respect to patient characteristics, pre-operative medication and type of surgery, no

significant differences were found between both groups, with the exception that the control

group contained more patients with diabetes mellitus.

In 60 out of 65 tune-up patients (92%) a CI of > 4.0 L/min could be obtained. The mean

preoperative infusion of crystalloids and colloids amounted to 2.50 (0.62) and 1.20 (0.66) L,

respectively. To reach the protocol target in 24 patients (37%) dopamine had to be added, in a

mean dose of 3.6 µg/kg/min, and in 3 patients (5 %)  dobutamine had to be added, in a mean

dose of 3.0 µg/kg/min. No patient was treated with a combination of dopamine and

dobutamine. One patient received a unit of packed red cells during tune-up because of a

dilution drop in Hb below 4.5 mmol/L and in 3 patients nitroglycerin had to be given to

reduce preload. The mean CI before tune-up increased from 3.1 (0.6) to 4.4 (0.4) L/min after

tune-up (p<0.05). The mean HR increased from 68 (11) to 78 (11) beats/minute (p<0.05).

An epidural catheter could successfully be placed in 55 patients (89%) in the control group

and in 58 patients (89%) in the tune-up group. Cardiac index just before surgery was 2.9 (0.9)

and 3.6 (0.9) L/min in the control and tune-up group, respectively (p<0.05). The mean

duration of surgery was 339 (152) and 308 (138) minutes for the controls and the tune-up

group, respectively (p=ns); the mean duration of anesthesia was longer for patients of the

control group [398 (156) vs. 345 (140) minutes, p<0.05]. Median blood loss was 1.85 L (0.80,

3.93) in the controls versus 1.50 L (0.5, 2.75) in the tune-up group (p=0.08). The median total

infusion was higher in the control group [9.90 (7.30, 17.0) L vs. 8.50 (6.00, 11.05) L in the

tune-up group, p<0.05], but when corrected for the duration of anesthesia or surgery no

differences were found (data not shown). POSSUM-scores18 (Physiological and Operative

Severity Score for the enUmeration of Mortality and morbidity) were 17.5 (4.5) for the

controls and 18.3 (5.1) for the tune-up patients. Postoperative APACHE II (Acute Physiology

And Chronic Health Evaluation II) scores were 17 (4) (controls) and 17 (5) (tune-up) (p=ns).

The mortality rate was 1.6 % (n=2) and 2.4 % (n=3) for all patients at 28 and 56 days,

respectively. Details on mortality, complications and complication rate, LOS in the ICU and

in the hospital are depicted in table 5.
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Table 5. Groningen University tune-up study, primary and secondary end points.

control tune-up p-value

number of patients

complications:
   mechanical ventilation > 48 hrs
   pneumonia
   sepsis/SIRS
   pulmonary oedema
   pleural effusion (post hoc)
   wound infection
   acute myocardial infarction
   abdominal abscess
   CVA
   Gastric retention > 48 hrs
   pulmonary emboli
   distal ischemia after vascular surgery
   deterioration of renal function
   renal insufficiency
   myocardial ischemia

number of complications
    mean (SD)
    median (IQR, P25-75%)

post-operative ICU-admission:
   number of patients (%)
post-operative ICU LOS, days:
   median (IQR, P25-75%)

post-operative hospital LOS, days
    median (IQR, P25-75%)

28 day-mortality

62

14
5

16
14

32 (+1)
9
4
4
1

12
-
1
4
3
7

2.0 (1.8)
2 (1 – 3)

53 (85.5)

2 (1 – 3.5)

19 (14.0 – 29.25)

1 (1.6%)

65

8
-

18
6

25 (+9)
5
2
4
-

10
1
-
7
2
8

1.5 (1.6)
1 (0 – 2)

58 (89)

2 (1 – 3)

17 (11.0 – 23.0)

1 (1.5%)

0.13
0.025
0.81
0.05
0.14
0.22
0.37
0.94
0.30
0.55
0.33
0.30
0.39
0.61
0.86

0.07
0.045

0.599

0.861

0.097

0.99
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Only the median number of complications was significantly lower in the tune-up group

(Table 5, p<0.05). This effect diminished (p=0.07) after adjustment for peroperative blood

loss. Peroperative blood loss was also found to be related to ICU LOS and hospital LOS

(table 6).

Table 6. Groningen University tune-up study, results of regression analyses. Number of
patients: 127.

ICU LOS (first admission): Cox regression analysis

Variable relative risk 95% CI p-value

tune-up
age (yr)
lower abdominal surgery (#)
ln2 (peroperative blood loss in mL)

0.90
0.98
1.73
0.82

0.62 – 1.30
0.96 – 1.00
1.10 – 2.70
0.72 – 0.93

0.57
0.02

0.017
0.002

(logarithm of) hospital LOS: linear regression

regression coefficient 95% CI p-value

Intercept 0.336

Tune-up
Lee risk factors, cumulative
Age (yr)
NYHA-class  (I vs >I)
ASA-class
ln2 (peroperative blood loss in mL)

-0.042
-0.194
0.009
0.262
0.362
0.162

-0.154 – 0.154
-0.348 – -0.04
0.001 – 0.016
0.020 – 0.504
0.134 – 0.590
0.098 – 0.226

0.67
0.013
0.046
0.033
0.002

<0.001

complication rate (0 or 1 versus >1): logistic regression

odds ratio 95% CI p-value

Tune-up 0.51 0.25 – 1.12 0.073

ln2 (peroperative blood loss in mL) 1.41 1.09 – 2.82 0.015

#, lower abdominal, nonvascular surgery vs. other
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The regression analysis showed that pre-operative tune-up did not influence any of the

predetermined end points. Non-vascular, non-hepatobiliary surgery was associated with a

longer stay in the ICU; increased scores for NYHA- and ASA-class were associated with an

increased hospital LOS (table 6). The hospital LOS for both groups is presented in a Kaplan-

Meier curve (figure 1).

Hospital LOS after surgery
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Figure 1. A Kaplan-Meier curve of hospital length of stay (LOS) is shown for 60
postoperative days. No statistically significant difference was found for the secondary end

point hospital LOS (log rank analysis; p = 0.5045).

Discussion

The study was supposed to include 130 patients in each of the two treatment groups. This

number of patients was required to detect a 33% reduction of complications (from 60% in the

control group to 40% in the tune-up group) with a type I error rate of 5% and a power of 90%.

When analyzing the data the following problems had to be faced.

First, as the study was terminated prematurely, the power of 90% could not be achieved. This

raised the question whether the statistical tests should be performed at the predetermined level

of 5% and low power should  be ignored, or whether a higher type I error rate should be

accepted, i.e. 10%, to guarantee that the power does not become too low. This issue that had

for obvious reasons not been considered at the design phase of the trial, became difficult to

answer once the results were known.

The second problem concerned the definition of complications. The power analysis was

carried out in terms of a binary outcome variable: presence or absence of complications.

While being sufficient for the purpose of sample size determination, this specification did not

unequivocally specify which statistical analysis should be used for comparison of the two

groups.

Which complications should be looked at was also subject to debate. In this study the

occurrence of 18 different complications was recorded. Initially the list also included the

complication ‘psychosis’, but it was decided to drop this variable from the list since it was
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insufficiently specified. Unfortunately this exclusion took place during and not prior to

analysis. Since ‘psychosis’ had been recorded 4 times in the control group and 8 times in the

protocol group, the decision which complications should be counted and which not would

obviously influence the outcome.

It can also be argued that the dichotomy ‘presence/absence of any complication’ does not use

all available information in an efficient way. It is perhaps more sensible to look at a different

dichotomy, for example ‘one or no complication’ versus ‘two or more’ (table 7; p = 0.033), or

to use the total number of complications.

Table 7. Groningen Universtity tune-up study. Results of the analysis for different levels for
dichotomy on number of complications.

dichotomy for
complications

control;
number of

patients (%)

tune-up;
number of

patients (%)

chi-square
p-value

Fisher exact
test

p-value

reduction of
complications

(%)

95%-CI
(%)

0 vs. > 0
1 vs. > 1
2 vs. > 2

49/62 (79)
34/62 (55)
21/62 (32)

44/65 (68)
23/65 (35)
14/65 (22)

0.149
0.028
0.173

0.165
0.033
0.229

11
20
10

- 27 – - 4
- 3 – 37
- 5 – 25

Another possibility would be to construct a weighted complication score in order to take into

account the fact that some complications are more serious than others. Also description of

single complications in stages of severity related to the clinical impact or costs would be an

option. While it is feasible to perform computations for a large number of definitions, the

choice how to integrate, select and interpret possibly conflicting results from such analyses is

not easy. This will certainly introduce bias if it takes place in the course of the analysis and

not prior to it. Moreover, recording of complications is further complicated by the fact that for

each individual patient a single complication may vary extensively in severity and clinical

consequences. For example, a myocardial infarction may only be detected as a complication

by positive indicators found by blood sampling and ECGs at fixed time points according to

the study design. When such a patient would not have been included in the study, this

complication would probably not have been detected. At the other side of the spectrum the

same complication also could have been occurred as a clinical major event instead of a minor

complication. This would have resulted in acute heart failure, necessity of (re)admission to

the ICU and a prolonged stay at the ICU for multi-organ failure or even death. Ideally,

complications should be weighted for the impact on hospital LOS and costs. Therefore, in this

type of studies ICU LOS, hospital LOS and costs seem to be better primary end points –

besides mortality –  than complication rate.

A third problem was whether or not to correct for possible confounding variables in the

analysis. In a simple randomized study with two groups it is legitimate to compare the groups

without any correction. If a stratified randomization took place, it is preferable to perform an

analysis which takes this type of randomization into account. But it makes also sense to

perform additional analyses (for example fitting logistic regression models) with the intention
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to correct possible effects of confounding variables not controlled by the design. This may be

illustrated by the fact that this study included stratification in four main groups to reduce

problems of case mix. The largest group comprises patients having major surgery for

malignancies. After randomization it appeared that patients were not well balanced for the

control and protocol group. When such a study contains an extensive database with variables

that are well known factors to influence outcome, these data should be used to reveal major

confounding variables to prevent simple, but incorrect conclusions.

To summarize, statistical analysis of the present study involves a number of choices. In order

to avoid bias in our conclusions we need to explore the stability of results under different

approaches.

Although the data suggest that complications in the protocol group are reduced, firm

conclusions cannot be made. The strength of the conclusions regarding reduction of

complications is further complicated by practical problems of data management. This is

illustrated by the fact that during the first 3 days at the ICU some complications (for instance

‘pleural fluid’) were collected in a separate file of the data base. This information had to be

conveyed manually to the main study data file. During ongoing data analysis it was found that

omissions in this procedure had brought about that post hoc a higher frequency of the

complication ‘pleural fluid’ was found in both groups (control 33, vs. tune-up 34, p=0.86).

This eventually eliminates the earlier found significant difference for the median

complication rate. Some other complications that may have occurred were also not collected,

since the file did not provide a data entry for other complications than the predefined 18

complications.

Since the aim of the study was to improve clinical outcome and to reduce costs, mainly by a

reduction of hospital LOS, the complication rate may be considered as a surrogate end point.

Since in our hospital mortality rates of high-risk elective surgical patients already were < 5%,

significant differences were not expected. Therefore, this clinical end point was not the right

instrument to evaluate the efficacy of preoperative GOHT.

Originally the trial was designed as a cost-benefit study, specifically aiming at a reduction of

complications to reduce (the costs of) ICU LOS and hospital LOS. Considering the

aforementioned limitations of the complication rate as primary end point in our study, ICU

LOS and/or hospital LOS may be more adequate primary end points. The quantity and

severity of complications are then linked immediately to one or two clinically relevant

outcome variables. This hypothesis is based on the presumption that postoperative costs are

mainly determined by hospital LOS. Considering our data from this point of view it is clear

that the clinical relevance of this finding cannot be demonstrated, even if the complication

rate was reduced by GOHT at the ICU.

We think that our results are meaningful, as they provide valuable information with respect to

the meaning of preoperative hemodynamic treatment, in particular with consequences for the

management of care in high-risk surgical patients. Although the study was designed as a

prospective, randomized controlled clinical trial, differences exist between both groups. Risk

factors tended to occur more frequentely in the control group. To correct for a possible

confounding effect of these differences, we performed a logistic multivariate regression

analysis. The results of this analysis show that the trend towards improved outcome, i.e. less

complications and faster recovery to discharge from the hospital in the protocol group,

appears to be related to other perioperative conditions rather than to preoperative tune-up.

Standard perioperative care in our hospital to so called ‘high-risk’ patients is associated with

a low adverse event rate. Comparison with the results of two similar key studies9;10 is
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hampered, since we used a different data set of complications. In our study the mortality rate

in both groups is equal or lower than mortality rates in previous studies. Shoemaker et al. and

Boyd et al. found an in hospital mortality rate in the protocol group of  4% and 5.7%,

respectively.9;10 But the authors report a significantly higher mortality rate in the controls of

22 to 33%, respectively. One reason for the low mortality rate in the control group of the

present study might be a difference of treatment. Many of our control patients planned for

gastrointestinal and urologic surgery and diabetic patients may have had a favorable outcome

as result of the ‘background infusion’ that is started at the preoperative day in these patients.

In addition anesthesiologic practice at our institute consists of volume loading with at least

750 mL to 1500 mL saline and colloids during induction of anesthesia. It must be emphasized

that all patients were scrutinized for optimal medical treatment before entry in the study.

Although the study was designed as a randomized controlled trial, the frequency of diabetic

patients was lower in the protocol group. To our surprise, the results of the regression analysis

showed that diabetes was correlated with improved outcome (data not shown).

There may be another cause for the differences between our control patients and those in

studies of Shoemaker and Boyd.9;10 Although the inclusion criteria in our study were similar

to those of Shoemaker and Boyd, the application of the criteria to include patients may have

differed as we did not include emergency patients, the consequence being that the studies by

Shoemaker and Boyd contained sicker patients. This may explain the higher mortality rate in

their controls. The younger age of the patients in Shoemaker’s study may have been

advantagous but may have been counteracted by the fact that a substantial part comprised

critically ill and trauma patients needing emergency surgery. The patients in Boyd’s study

were older and also in this population an unknown number of patients underwent emergency

surgical procedures, although the emphasis was on elective surgery. From the literature

concerning ruptured aortic aneurysms the mortality rates for emergency procedures differ

significantly from elective surgery and mortality rates up to 50% are reported for

emergencies.13 Nevertheless, as outlined in Chapter 1, patients in the control group of Boyd’s

study undergoing elective surgery, had a mortality rate of 23,7%.10

The mean number of ‘high-risk’ factors per patient, as defined by Shoemaker et al. and

reported in their study (series 2), was 1.80, 1.21 and 1.23 in the CVP-control,  PAC-control

and PAC-protocol group, respectively, while in Boyd’s study it was 2.07 for the control group

and 2.13 for the protocol group. Considering these numbers, it seems that our patients’ risks

are located in between. But it is unclear which combination of high-risk factors defined the

mean numbers. Also the impact of any of these high-risk factors on clinical outcome is not

known. We conclude that, although we used similar inclusion criteria as others, we may not

have included patients at similar risk of morbidity and mortality. We further hypothesize that

we may have randomized only a selection of eligible patients. We analyzed such potential

selection bias in an additional descriptive study on the entire cohort of elegible patients. The

results are presented in Chapter 3.

An alternative explanation of our results may be that developments in anesthesiologic and

surgical practice and in intensive care management improved outcome in such a way that

further improvements by preoperative GOHT could hardly have any effect of major

importance (time bias). In Chapter 1 we also adressed this issue i.e., remarkably improved

results were presented in  Shoemakers’ landmark study9 (Chapter 1, table 10 and

‘Discussion’): in the protocol group of series 2 mortality was significantly lower (May 1983 –

May 1984, mortality 4%) compared to the protocol group of series 1 (January 1978 –  June

1980, mortality 20.7%)



&KDSWHU��

��

Our study has a size similar to related studies (as discussed in Chapter 1 and this chapter). In

conclusion, we did not observe benefits from preoperative GOHT at the ICU, while overall

mortality of the entire study population was in the range of the interventional groups of two

other key studies.9;10

Additional retrospective and prospective studies regarding (perioperative) GOHT were

published during and after the Groningen University tune-up study.19-29 These studies are

discussed in Chapter 5 in an overview of the literature on perioperative GOHT in high-risk

patients undergoing major, noncardiac surgery, covering the era 1998-2004.
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