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Introduction

Studies aiming at a reduction of postoperative morbidity and mortality by perioperative goal-
oriented hemodynamic treatment (GOHT, tune-up) remained controversial till 1998. In
Chapter 1 we discussed all relevant literature till 1996 on GOHT in high-risk patients,
irrespective of targets of GOHT to be attained and maintained. Emphasis was laid on GOHT
as a preventive strategy and it was believed to be eff icacious in reducing postoperative
morbidity and mortality in high-risk patients. In Chapter 2 we described the results of the
Groningen University Tune-up Study (GUTS, 1996-1998). The study was preliminarily
terminated and consequently the power of this study was too low to allow firm conclusions
regarding the complication rate (primary end point). Improving clinical outcome by GOHT
was tested in prospective studies by others.1-5 Some found remarkable reductions in
mortality2,4, but others could not reproduce these results in similar populations.6-8 In the
GUTS mortality (secondary end point) in the control and protocol groups was in the range of
the protocol groups of earlier studies.2,4,9 GOHT in the GUTS neither reduced ICU LOS
(length of stay) nor hospital LOS. Therefore we decided to look at issues that possibly could
explain why our findings differed from those of other studies.
We discussed the limitations of our study in Chapter 2 and hypothesized that patient selection
could have biased outcome. Although a large number of patients were eligible for the GUTS,
the principal investigators may have targeted on a specific category of patients, avoiding
inclusion of patients that were more compromised by comorbidity (for example pulmonary
disease). On the other side, control patients of the GUTS may have benefitted from the
preoperative screening and optimized medical treatment, which meant management in
perioperative medicine except for GOHT. The investigators were not directly involved in
postoperative care. However, when the investigators identified postoperative complications
earlier than the responsible doctors, they communicated their findings and made suggestions
for treatment. Such interventions may have favored overall outcome in both groups of the
GUTS. We hypothesized that analysis of the entire group of eligible high-risk patients might
reveal selection bias and/or differences in perioperative treatment, in favor of secondary end
points in the GUTS-group. We decided to review the cohort of eligible patients that could
have been included in the GUTS, but were not enrolled in the study. This cohort covers the
period July 1996 to September 1998. We aimed for an evaluation of differences in patient
characteristics and perioperative anesthesiologic and surgical data and investigated the
relationship between these data and mortality, ICU LOS and hospital LOS.

Methods

− Context of the study.
The principal investigators collected data of potentially eligible patients for the GUTS during
the entire study period assessing the logistics of the study. Summarized data of potentially
eligible, but nonrandomized patients were available (Chapter 2; table 2). The main reasons
why these patients were not included in the GUTS were reviewed. We were aware that this set
of data did not comprise all eligible patients for the GUTS. The main reason for this is the
method the principal investigators used for the selection of eligible patients (table 1). First
potentially eligible patients were tested by using the main inclusion criteria. The indication for
surgery, the surgical plan and the medical history of an individual patient were evaluated
subsequently. During enrollment of the GUTS, relative and absolute exclusion criteria were
employed (table 2). These exclusion criteria were important guides to decide which patients
should be asked for informed consent. Primarily patients were selected for whom preparation
of the surgical procedure already contained a plan for postoperative ICU-admission. If such
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patients were not available on the surgical schedule, patients could be selected who were
eligible according to the inclusion criteria, but without planned postoperative ICU-admission.
In that case, the principal investigators focussed on criteria such as an extensive and expected
long-lasting surgical procedure and/or patients > 65 years of age.
The primary search for the retrospective cohort study had a wide scope to find any potentially
eligible patient by using the three main inclusion criteria (table 1). Subsequently these patients
were screened for the existence of any of the absolute exclusion criteria. This procedure came
close to the methods the principal investigators used to select patients for the GUTS from the
entire surgical population.

Table 1. Criteria used for the primary search of potentially eligible patients for the GUTS.

inclusion criteria for GUTS
- age > 18 years
- high-risk patient (see Chapter 2, table 1)
- (expected) duration of surgery > 90 minutes

‘unwritten’ relative exclusion criteria for GUTS
- fulfilling inclusion criteria, but preoperatively planned to return to the ward via the recovery room
- non-(thoraco)abdominal extensive surgery (for carcinoma)
- cardiac pacemaker in situ
- continuous intravenous heparin preoperatively
- psychiatric disorders: claustrophobia, minor symptoms of dementia praecox

‘unwritten’ absolute exclusion criteria for GUTS
- anesthesiologic management

- planned regional anesthesia / neuraxis blockade without general anesthesia
- surgical criteria:

- laparoscopic surgical procedures
- emergency surgery (surgery between 06:00 p.m. and 08:00 a.m.; ASA-E number)
- head and neck surgery (neurosurgery, maxillofacial- and ENT-surgery)
- orthopedic surgery
- any surgery for pheochromocytoma or carcinoid
- extensive surgery for gynecologic oncology without a planned postoperative ICU-admission
- endovascular repair of aortic aneurysm

- medical criteria, specifically concerning the risk of cardiovascular complications by tune-up
- severe aortic stenosis (peak pressure gradient over valve > 80 mmHg)
- NYHA class III and IV angina pectoris, despite optimal medical treatment
- severe metabolic dysbalance – Na < 130 mmol/L, glucose > 12 mmol/L
- severe obstructive pulmonary disease (FEV1 < 55 % and FEV1 < 1000 mL)
- severe restrictive pulmonary disease (continuous oxygen therapy at home or NHYA-class IV)
- symptoms of liver failure
- preoperative therapeutic treatment with intravenous heparin
- dementia

additional exclusion criteria for the retrospective cohort study
− actual duration of surgery < 90 minutes
− participation in the GUTS

ENT, ear-nose-throat
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Mortality, ICU LOS, number and LOS of ICU readmissions, hospital LOS and discharge
location were defined as clinical end points. Perioperative variables on physical status and
laboratory tests were collected comparable to the clinical data collected in the GUTS, as these
data were used for multivariate regression analysis (Chapter 2).

− A data base of eligible patients for the GUTS.
We aimed at completing a data base comprising all patients fulfill ing the high-risk criteria and
eligible for the GUTS. Since the GUTS focussed on (semi)elective surgical patients, the
ultimate source of information on patients undergoing elective surgery was the daily schedule
for the operating room (OR-list). This OR-list is published the day before surgery and is
available around 03:00 p.m. It contains information regarding patient, type and expected
duration of the planned surgical procedure and the need for postoperative ICU-facil ities.
These OR-lists were available from January 1997 till September 1998. They were scrutinized
for patients positive for the 3 main inclusion criteria and therefore potentially eligible for the
GUTS (table 1). Since the GUTS focussed primarily on major (thoracic)abdominal surgery,
specific patients, planned for postoperative ICU admission after other extensive surgical
procedures, were excluded (table 1). Any patient undergoing a laparotomy because of an
endocrine tumor, like pheochromocytoma or carcinoid, had to be excluded. The use of
vasoactive substances (dopamine or dobutamine, as part of tune-up procedure) in such a
patient could have resulted in serious cardiovascular and hemodynamic complications.
Laparotomy for inflammatory bowel disease per se was not denoted as high-risk surgery.
OR-lists were not available for the period of the first 6 months of the GUTS; therefore an
alternative search was performed. First we composed a data set of operation-codes (OPERA-
codes, table 2) related to types of high-risk and/or major (abdominal, thoracic-abdominal or
vascular) surgery. The archives were screened by using these operation-codes to find any
potentially eligible patient for the GUTS.
Perioperative data of identified patients with regard to indications and actually performed
surgery were collected using electronic data bases (ZIS, Poliplus). Eligibil ity for participation
in the GUTS was tested using inclusion and absolute exclusion criteria (table 1). It is assumed
that by using this design all eligible patients were found for the GUTS between July 1996 and
December 1996.
Since tune-up did not significantly influence ICU LOS, hospital LOS and mortality, it was
decided to combine both groups of the GUTS into one group. The GUTS primarily focussed
on patients who had been scheduled preoperatively for postoperative ICU-admission.
Therefore, patients who had been denoted as high-risk by the main inclusion criteria, but who
were sent back to the ward via the recovery room postoperatively, were excluded from the
analysis. GUTS patients (group A) were compared with the non-GUTS patients (group B).
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Table 2. ‘OPERA’-codes. Every single code is restricted to a specific type of surgical
intervention, mostly comprising major surgical procedures lasting > 90 minutes.

subspecialty surgical procedures codes in ‘OPERA’

general surgery explorative laparotomy 335512B, 335514, 335584

hepatobiliairy and
pancreatic

surgery

pancreat(icu)oduodenectomy, partial
pancreatic resection, cryosurgery of

the liver, roux-y-anastomosis,
hepatico-jejunostomy, biliairy

reconstruction; abscess drainage of
the liver

035210, 035220, 035320, 335211,
335212, 335223, 335414, 335415,
335416, 335417, 335321, 335430,

335431, 335482

abdominal
surgery of the

gastrointestinal
tract

surgery of the oesophagus, stomach,
duodenum, jejunum, ileum, colon,

sigmoid and/or rectum

034436, 034440, 034531, 334322,
334337, 334342, 334343, 334345,
334431, 334432, 334433, 334433,

334435, 334436, 334436B, 334437,
334438, 334439, 334440, 334441,
334442, 334443, 334444, 334630,
334631, 334632, 334638, 334702,

334731, 334732, 334751, 334752R,
334752L, 334753, 334755, 334756,
334800, 334801, 334802, 334804,
334810, 334811, 334814, 334821,

334822R, 334822L, 334823, 334824,
334894, 335020, 335022, 335023,
335024, 335025, 335026, 337109

surgical oncology retroperitoneal lymph node dissection 333742R, 333742L

urologic surgery laparotomy for tumor nephrectomy,
cystectomy with and without enteral

urinary conduit (Bricker, Indiana
pouch)

036043, 036252, 036253, 036255,
336041, 336043A, 336043B, 336430E,

336130, 336254

vascular surgery vascular surgery for aneurysmatic and
obstructive vascular disease
(iliofemoral or aortic surgery)

333500, 333510R, 333510L, 333511R,
333511L, 333520T, 333520S, 333531,

333533, 333535, 333536, 333537,
333541, 333550, 333550R, 333550L,

333550C, 333551, 333552R, 333552L,
333553, 333553R, 333553L, 333555,

333556, 333556R, 333556L, 333557R,
333557L, 333558, 333559R, 333559L,

333561R, 333561L, 333572R, 333572L,
333672L, 333673, 333687R, 333687L,

333679R, 333679L, 333679B, 333679A,
333680R, 333680L, 333685R, 333685L,
333687R, 333687L, 333688R, 333688L,
333689R, 333689L, 333690R, 333690L,

333693R, 333693L
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− Collection of perioperative data on eligible patients, who had not been randomized for the
GUTS but had been planned electively for posteropative ICU admission.

Perioperative data of non-GUTS patients were obtained from the archives of the department
of Anesthesiology and from electronically available hospital data (ZIS, Poliplus). All files
were scrutinized for perioperative data according to a script as depicted in table 3. The
existence of an electively planned postoperative ICU admission was verified by screening the
OR-lists and the preoperative information in the anesthesia files.

Table 3. Collected perioperative data of non-GUTS patients.

preoperative
− patient characteristics: age, length, weight, systolic and diastolic blood pressure, heart

rate, sinus rhythm or nonsinus rhythm
− preoperative medication and intoxications (cardiovascular medication, oral antidiabetics,

insuline, smoking)
− laboratory data: Hb and creatinine
− preoperative functional pulmonary test: FEV1 en FEV1/FVC
− ASA class
− NYHA class
− Cardiac Risk Index according to Goldman10

− Revised Cardiac Risk Index according to Lee11

intraoperative
− thoracic epidural catheter before induction of anesthesia
− estimated blood loss
− infusion/transfusion (red blood cell concentrate, fresh frozen plasma, thrombocytes,

colloids, cristalloids)
− duration of surgery

postoperative
− postoperative Hb
− ICU-admission / admission to the ward via the recovery room
− ICU LOS
− secondary ICU admissions
− hospital LOS
− 28-day mortality, in-hospital mortality
− mortality location (ICU, ward)
− hospital discharge location: home, other hospital, nursing home
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Statistical analysis

The distribution of various perioperative variables in the GUTS- and non-GUTS patients were
compared. For univariate analysis the Chi-square-test, oneway-ANOVA and Mann-Whitney-
U were used when applicable. For evaluation of the joint effect of the perioperative variables
the logistic regression analysis was used, with the group membership considered as the
outcome. Methods of survival analysis (Kaplan-Meier curves, log rank test, Cox regression
analysis) were used to study the distribution of the hospital LOS and first postoperative ICU
LOS. In these analyses the patients who died during the first postoperative stay in the ICU and
those who died in the hospital were censored for the end points ICU LOS and hospital LOS,
respectively.
A p-value of 0.05 or less was considered to be statistically significant.

Results

More than 10,000 patients were screened for the retrospective cohort study. Four hundred and
eleven patients fulfil led criteria of high-risk and were deemed eligible for participation in the
GUTS when the 3 main inclusion criteria were used and no medical contra-indications existed
for GOHT (table 4). Two hundred and eighty-four eligible high-risk patients were not
randomized for the GUTS (figure 1). Basic patient characteristics and clinical outcome
variables of the entire group are depicted in table 5. Patients are grouped according to the
postoperative location (figure 1).

Table 4. Overview of 411 GUTS eligible patients found by using the design of the
retrospective cohort study.

pilot study
7/1996 – 6/1997

secondary period
7/1997-8/1998

cumulative
1996-1998

identified as eligible for GUTS in the
retrospective cohort study using OR-lists and
criteria of table 2

- patients/month
- postoperative planned recovery

admission & ward
- postoperative planned ICU admission

186

15.5
56 (30.1)

130 (69.9)

225

17.5
70 (31.1)

155 (68.9)

411



&KDSWHU��

��

post-operative location -------------------------------------------------------------------------------------------------------------------------------------

Figure 1. Diagram of postoperative location, ICU or recovery. Groups A (GUTS) and B (non-
GUTS) were compared for differences in mortality, ICU-LOS and hospital LOS. Additional
information on subgroups can be found in the gray boxes; readm-ICU: late ICU-admission

(i.e. after primary postoperative admission to the ward) or re-admission to ICU after a former
direct postoperative ICU- admission (the percentage between parenthesis is given as a

fraction of the subgroup).

One hundred and seventy-four non-GUTS patients were admitted to the ICU postoperatively.
Thirteen of them were originally planned for postoperative admission to the ward via the
recovery room, but had an unexpected ICU-admission. Three patients of this subgroup died in
the hospital. One hundred and ten patients were planned for postoperative admission to the
recovery room and were successfully admitted to the ward. Hospital mortality in this
subgroup was 2.7%.
The proportion of patients admitted to the ICU postoperatively was significantly smaller in
the non-GUTS group than in the GUTS-group (table 5). Hundred and eleven GUTS patients
(group A) and 161 non-GUTS patients (Group B) were scheduled for postoperative ICU-
admission (figure 1).

GUTS
n = 127

non-GUTS
n = 284

scheduled for postoperative
ICU-admission before start

of surgery
n = 111

scheduled for postoperative
ICU-admission before start

of surgery
n = 161

recovery room
n = 16

recovery room
n = 110

unexpected
postoperative ICU-

dmission
n = 13

high-risk surgical patients eligible for the GUTS
undergoing elective surgery > 90 minutes

high-risk for medical and/or surgical reasons.

n = 411

readm. ICU
n = 0 (0%)

readm. ICU
n = 9 (8.1%)

readm. ICU
n = 13 (11.7%)

readm. ICU
n = 14 (8.7%)

readm. ICU
n = 1 (7.7%)

A B
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Table 5. Patient characteristics and perioperative data of 127 GUTS and 284 non-GUTS
high-risk surgical patients.

postoperative location

GUTS, n=127 non-GUTS, n=284

ICU recovery
room

ICU recovery
room

patient characteristics
- number of patients
- male (%)
- age in years, mean (SD)

duration of surgery
- minutes (SD)

scheduled preoperatively for postoperative
ICU admission

postoperative hospital LOS, days
- mean (SD)
- median

discharge location & mortality:
- home
- nursing home
- other hospital
postoperative mortality, number of patients
- 28-day mortality (%)
- in-hospital mortality (%)

111
72 (64.9)

65.6 (10.7)

343 (144)

111

25 (22)
19

100 (90.1)
5 (4.5)
3 (2.7)

2 (1.8)
3 (2.7)

16
12 (75.0)

59.4 (14.2)

187 (62)

15 (13)
11

15 (93.7)
0 (0)

1 (6.3)

0 (0)
0 (0)

174
112 (64.4)
63.2 (12.6)

352 (146)

161

21 (16)
16

149 (85.6)
4 (2.3)
7 (4.0)

11 (5.7)
14 (8.0)

110
72 (65.5)

62.5 (14.6)

188 (72)

16 (12)
12

104 (94.5)
1 (0.9)
2 (1.8)

2 (1.8)
3 (2.7)

Nearly all anesthesiologic files of the non-GUTS patients, admitted to the ICU
postoperatively, could be retrieved (n=157, 97.5%). Patient characteristics are depicted in
table 6.
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Table 6. Preoperatively collected data of all patients planned for postoperative ICU
admission; GUTS-randomized vs. non-GUTS patients.

GUTS non-GUTS p

number of patients, n

male / female (%)
age
- years (SD)
- > 70 years, n (%)

physical examination
- weight, kg (SD)
- length, cm (SD)
- Quetelett index, kg/m2 (SD)
- body surface area, m2 (SD)
- HR, beats/minute (SD)
- SBP, mmHg (SD)
- DBP, mmHg (SD)

medical history
- DM, n (%)

pulmonary function test
- performed, n (%)

intoxications and medication
- smoking, n (%)

cardiovascular medication, n (%)
- none
- 1
- 2
- ≥ 3

cardiovascular testing for CAD
- reversible ischemia, n (%)
- missing

systemic corticosteroids, n (%)

pulmonary inhaled medication, n (%)
- steroids
- salbutamol
- ipratropium
- salbutamol, ipratropium and steroids

laboratory tests
Hb, mmol/l (SD)
creatinine, µmol/l  (SD)
- median

111

72 (64.9) / 39 (35.1)

65.6 (10.7)
44 (39.6)

75.5 (11.1)
172 (8)

25.3 (3.5)
1.88 (0.16)

75 (15)
145 (21)
82 (12)

11 (9.9)

26 (23.4)

72 (64.9)

60 (54.1)
23 (20.7)
14 (12.6)
14 (12.6)

8 (7.2)
-

5 (4.5)

4 (3.6)
3 (2.7)
5 (4.5)
6 (5.4)

8.2 (0.9)
86 (23)

84

161

106 (65.8) / 55 (34.2)

62.4 (12.7)
47 (29.2)

73.6 (12.4)
173 (10)

24.7 (3.5)
1.89 (0.20)

75 (14)
142 (25)
81 (12)

15 (9.3)

11 (6.8)

54 (40.3)

88 (56.1)
36 (22.9)
18 (11.5)
15 (9.6)

7 (4.5)
4

9 (5.7)

18 (10.7)
21 (12.4)
20 (12.7)
28 (17.4)

8.0 (1.2)
99 (68)

87

0.897

0.031
0.073

0.354
0.277
0.137
0.704
0,907
0.298
0.612

1.000

< 0.001

<0.001

0.843

0.421

0.784

0.024
0.002
0.031
0.003

0.359
0.052
0.079
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Non-GUTS patients were significantly younger, smoked less and used more pulmonary
inhaled medication. Non-GUTS patients had higher ASA- and NYHA-class-scores, but were
comparable regarding the number of high-risk criteria as defined by Shoemaker (table 7).
Stratifying patients for cardiovascular risk, the Goldman risk classification showed a higher
risk for the GUTS-population (table 7).

Table 7. Risk stratification of high-risk surgical patients, GUTS vs. non-GUTS patients.

GUTS Non-GUTS p

Number of patients (n)

ASA-class, n (%)
- I
- II
- III
- IV
- Missing

NYHA physical tolerance, n (%)
- I
- II
- III
- IV
- Missing

Goldman CRI class, n (%)
- I (0-5)
- II (6-12)
- III (13-25)
- IV (>26)

Number of Lee risk criteria, n (%)
- 1
- 2
- 3
- 4
missing

Shoemaker high-risk criteria, n (%)
- 1
- 2
- 3
- ≥ 4
- missing

111

2 (1.8)
71 (64.0)
38 (34.2)

-
-

64 (57.7)
40 (36.0)
7 (6.3)

-
-

46 (41.4)
48 (43.2)
16 (14.4)
1 (0.9)

71 (64.0)
30 (27.0)
9 (8.1)
1 (0.9)

-

73 (65.8)
24 (21.6)
11 (9.9)
3 (2.7)

-

161

24 (15.5)
50 (32.3)
68 (43.9)
13 (8.4)

4

50 (31.8)
79 (50.3)
25 (15.9)
3 (1.9)

4

95 (59.0)
57 (35.4)
9 (5.6)

-

105 (66.9)
37 (23.6)
11 (7.0)
4 (2.5)

4

87 (55.4)
44 (28.0)
 24 (15.3)

2 (1.3)
4

<0.001

<0.001

0.007

0.695

0.224

However, using the more recent Lee Risk classification, no differences were found. When
patients were compared for category of surgical procedure, i.e. vascular surgery, hepatobiliary
surgery for carcinoma and nonhepatobili ary surgery, patients are distributed equally (table 8).
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Table 8. Type of surgical procedures performed in high-risk surgical patients, GUTS vs. non-
GUTS patients.

GUTS non-GUTS

number of patients

aorta surgery
   - aneurysma
   - aorta-iliacal occlusive disease
   - renal artery reconstruction
   - superior mesenterial artery reconstruction

limb salvage of the lower extremity
   - ilio-femoral obstructive disease

upper intestinal tract surgery
   esophageal, gastric and duodenal surgery for

carcinoma, hepatobiliary surgery excluded
      - gastric cardiac resection
      - esophageal resection
      - gastrectomy
      - small bowel surgery

hepatobiliary surgery
       - pancreatoduodenectomy, (modified) Whipple
       - hemihepatectomy / biliary tract surgery

lower intestinal tract surgery
colonic and rectal surgery for carcinoma

       - colonic surgery
       - low anterior resection
       - abdomino-perianal resection

pelvine exenteration for carcinoma

resection of the bladder for carcinoma

resection of solid retroperitoneal tumors or tumors of the
torso
      - solid tumors of torso
      - retroperitoneal lymph node dissection, laparotomy

nephrectomy for carcinoma via laparotomy

other

111

33 (29.7)
24 (21.6)
8 (7.2)
1 (0.9)

-

1 (0.9)
1 (0.9)

16 (14.4)
11 (9.9)
1 (0.9)
2 (1.8)
1 (0.9)

42 (37.8)
16 (14.4)
26 (23.4)

8 (7.2)
5 (4.5)
3 (2.7)

-

2 (1.8)

9 (8.1)

-
-
-

1 (0.9)

-

161

49 (30.4)
24 (14.9)
24 (14.9)

-
1 (0.6)

3 (1.9)
3 (1.9)

11 (6.8)
3 (1.9)
4 (2.5)
4 (2.5)

-

52 (32.2)
8 (5.0)

44 (27.3)

25 (15.5)
6 (3.7)
4 (2.5)

15 (9.3)

3 (1.9)

12 (8.2)

5 (3.1)
4 (2.5)
1 (0.6)

-

1 (0.6)

summarized:

- vascular surgery
- hepatobiliary surgery for carcinoma, laparotomy
- non-hepatobiliary surgery for carcinoma, laparotomy
- other

34 (30.6)
42 (37.8)
35 (31.5)

-

52 (32.3)
52 (32.3)
52 (32.3)
5 (3.1)
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Intra- and postoperative data are depicted in table 9. The proportion of epidural anesthesia
was somewhat smaller in the non-GUTS patients; intraoperative fluid management was
similar in both groups. In the GUTS-group the mean postoperative Hb was 0.4 mmol/L lower.
Mortality was higher in the non-GUTS patients (table 9); the difference in mortality was 4%
(95%-CI: -1 to 9%, p = 0.167). Uncensored for mortality, ICU LOS was significantly shorter
in non-GUTS patients (table 9). Considering hospital LOS the difference did not reach
statistical significance. Clinical data of nonsurviving patients are summarized in tables 10A
and 10B.

Table 9. Intraoperative and postoperative data of high-risk surgical patients, GUTS vs. non-
GUTS patients. Data presented in this table are uncensored for mortality.

GUTS non-GUTS p

number of patients (n)

anesthesia & intraoperative data:
- combined general and epidural anesthesia (%)
- duration of surgery, minutes (SD)
blood loss
- mean, mL (SD)
- median, mL
transfusion:
- crystalloid, mL (SD)
- colloids, mL (SD)
- n with packed cell-transfusion (%)
- packed cell transfusion, units/patient (SD)

post-operative data: ICU & hospital LOS
- Hb, mmol/l (SD)

ICU LOS, first postoperative ICU-admission
- mean, days (SD)
- median, days (IQR25-75%)
hospital LOS
- mean, days (SD)
- median, days (IQR25-75%)

secondary postoperative ICU-admission, n (%)
overall ICU LOS
- mean, days (SD)
- median, days (IQR25-75%)

discharge from hospital location, N:
- home (%)
- nursing home (%)
- other hospital (%)

postoperative mortality:
- 28 day mortality, n (%)
- in-hospital mortality, n (%)

111

98 (88.3)
343 (144)

2725 (2930)
1800

6813 (3718)
3730 (2364)

71 (64.0)
4.2 (3.8)

6.5 (0.9)

3.0 (4.4)
2 (1-3)

25.4 (22.1)
19 (13-29)

13 (11.7)

4.0 (5.7)
2 (1-3)

100 (90.1)
5 (4.5)
3 (2.7)

2 (1.8)
3 (2.7)

161

125 (78.6)
356 (139)

2531 (2360)
2000

6849 (3352)
3593 (2243)
105 (65.2)
3.9 (2.9)

6.1 (1.1)

2.9 (4.7)
1 (1-2)

20.7 (14.7)
16 (12-23.5)

14 (8.7)

3.5 (5.4)
1 (1-4)

140 (87.0)
4 (2.5)
6 (3.7)

8 (5.0)
11 (6.8)

0.027
0.445

0.552
0.712

0.936
0.633
0.897
0.588

0.004

0.854
0.017

0.038
0.051

0.418

0.456
0.020

0.352

0.207
0.167
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Table 10. Clinical data of nonsurviving patients of the GUTS (n=3) and non-GUTS (n=11).

patient characteristics & risk
scoring

GUTS-
randomized

M
/F

age

num
ber of C

V
M

A
S

A
 class

N
Y

H
A

  class

Lee C
R

P
O

S
S

U
M

 score

pre-op m
edical

history rem
arks

prim
ary surgical

intervention

additional inform
ation

on surgery &
anesthesia

num
ber of IC

U
readm

issions

num
ber of surgical

re-interventions,
indication &

 day of
first re-intervention

P
O

D
M

m
ortality location

cause of m
ortality

Pt 1

Pt 2

Pt 3

F

M

M

64

67

75

1

0

0

II

II

II

I

I

I

3

1

1

15

21

22

DM+insulin, AP
class I

-

AF

pancreaticoduoden-ectomy,
splenectomy

thoracic-abdominal cardia-
resection, splenectomy
thoracoabdominal gastric
resection

S 660, BL 7.0 ;
unexpected PuH,
LC & PoH
S 250, BL 0.5

S 340, BL 3.0

0

1

1

1, bleeding, 2

3, ileus, 11

1, leakage of
anastomosis, 3

9

15

18

ICU

ICU

ward

MOF

MOF

sepsis

non-
randomized

Pt 1
Pt 2

Pt 3

Pt 4
Pt 5

Pt 6

Pt 7
Pt 8
Pt 9

Pt 10
Pt 11

M
M

M

F
M

F

F
M
M
M
M

75
48

63

70
75

70

77
65
72
62
73

1
.

1

3
3

0

2
2
1
0
0

II
.

III

IV
III

II

II
III
II
III
II

I
.

IV

III
II

I

II
II
II
II
II

1
.

1

3
2

1

1
2
1
2
1

-
pancreatitis,
alcohol abuses

hypertension

AP, MI, CHF, AF
2xMI, CABG,
TricPid Insuf
DM

Hypertension
MI,AP,AF,COPD
-
2xMI
hypertension

oesophageal resection
hepaticojejunostomy

hemihepatectomy, right
colectomy
aortabifemoral bypass
hemihepatectomy

pancreaticoduodenectomy,
splenectomy
abdomino-perianal resection
aortabifemoral bypass
aortabifemoral bypass
hemihepatectomy
extended hemihepatectomy

S 360, BL 0.6
S 505, BL ?;
unexpected LC &
PoH
S 660, BL 3.2

S 240, BL: 2.2
S 450, BL: 9.0

S 720, BL: 2.5

S 185, BL: 2.0
S 330, BL: 1.3
S 250, BL: 2.0
S 585, BL: 2.0
S 535, BL: 1.7

0
1

0

0
0

0

0
0
1
0
0

0
0

1, ileus, 36

0
0

0

1, bleeding, 2
0
0
0
0

5
5

57

9
6

8

19
2
49
6
30

ward
ICU

ward

ICU
ICU

ICU

ICU
ward
ICU
ICU
ICU

CA
sepsis, CA

sepsis, MOF

sepsis, MOF
liver failure, MOF

sepsis, MOF

bleeding, MOF
MI, CA
sepsis
liver failure
liver failure

AF, atrial fibrillation; AP, angina pectoris; BL, blood loss in liters; CA, circulatory arrest; CABG, coronary bypass grafting; CHF, chronic heart failure; COPD,
chronic obstructive pulmonary disease; CVM, number of cardiovascular medication (beta-blocker, ACE-inhibitor, diuretics, alpha-blockers, digoxine); DM,
diabetes mellitus; LC, liver cirrhosis; MI, myocardial infarction; MOF, multi organ failure; PODM: postoperative day of mortality; POSSUM, Physiological and
Operative Severity Score for the enUmeration of Mortality and morbidity; PoH, portal hypertension;.PuH, pulmonary hypertension; S, duration of surgery in
minutes.
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Multivariate logistic regression analysis of preoperative risk stratifying variables as listed in
table 3 showed that GUTS patients and non-GUTS patients were significantly different as
found by univariate analysis, except for age and use of epidural anesthesia. Similar results
were found when the intraoperative variable blood loss was in- or excluded.
Univariate analysis suggests that non-GUTS patients had a shorter ICU LOS. However, using
Cox regression analysis and correcting for differences between both groups, no difference was
found for  postoperative ICU LOS (excluding LOS caused by ICU-readmissions).
Multivariate regression analysis, uncensored for mortality, was performed on hospital LOS.
Conform Chapter 2, analysis showed that non-GUTS patients had a significantly shorter
hospital LOS, irrespective of correction for the intraoperative variable blood loss (p=0.049
with and p=0.041 without correction for blood loss).
When censoring for mortality no differences were found between groups for ICU LOS and
hospital LOS (figures 2 and 3).
Analysis aiming at elucidating factors that determine mortality rate was not performed
because the GUTS mortality rate was very low.

ICU-LOS
first ICU-admission
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Figure 2. KM curve of ICU LOS of high-risk surgical patients preoperatively planned for
postoperative ICU-admission, GUTS vs. non-GUTS patients. ICU LOS caused by ICU-
readmissions is excluded. Analysis is censored for ICU-mortality during first ICU-admission.
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Hospital LOS
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Figure 3. KM-curve of hospital LOS of high-risk surgical patients preoperatively planned for
postoperative ICU-admission, GUTS vs. non-GUTS patients (NRP). Analysis is censored for

hospital mortality.

Discussion

When table 2 of Chapter 2 is compared to table 4 of this Chapter, this retrospective study
shows that the principal investigators did not find all high-risk patients potentially eligible for
the GUTS. This is a result of the wide scope of the retrospective cohort study and the design
of the GUTS, searching primarily for high-risk patients already planned for postoperative
ICU-admission the day before surgery. When a potentially eligible patient fulfil led the main
inclusion criteria, but also appeared to have one of the relative exclusion criteria, this patient
was less likely to be randomized.
As a result of this process only 16 (12.6%) of the GUTS-patients bypassed the ICU
postoperatively and returned to the ward via the recovery room (Chapter 2).
The 411 patients found in this retrospective cohort study do not necessarily comprise the 294
patients found in the administration of the principal investigators (Chapter 2, table 2). Details
of individual patients regarding the reason of refusal for participating in the GUTS were not
available. When searching for potential selection bias it seems logical to have restricted the
study to the 126 non-GUTS patients available in the data base of the principal investigators
(Chapter 2, table 2). However, we were not able to reconstruct exactly whom of the 126
eligible patients identified between July 1996 and September 1998 matched to the inviduals of
the 284 patients (figure 1) found in the retrospective study. We therefore decided to use the
284 non-GUTS patients for comparison with the patients of the GUTS, of whom 161 patients
were electively scheduled for postoperative ICU-admission. This may hamper our search for
elucidating effects of a priori selection bias by the principal investigators. At the same time
we aimed at reconstruction of a complete overview of the actual clinical practice. From this
point of view we increased the chance to find posteriori bias by differences in treatment.
Considering preoperative data the non-GUTS patients seem more at risk for postoperative
morbidity and mortality than GUTS patients. The prevalence of pulmonary disease is
probably higher in the non-GUTS patients as may be concluded from the significantly higher
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number of patients using inhaled pulmonary medication. This finding confirms our
impression that inclusion of patients compromised by (chronic obstructive) pulmonary disease
was less likely. With respect to the Goldman CRI scoring, ASA-class and NYHA-physical
tolerance, non-GUTS patients also seem more at risk.
The results of using different scoring systems for preoperative assessment of cardiac risk are
remarkable.10,11 This is probably attributable to the difference in age. The newer Lee-
classification does not weight age, whereas in the original Goldman Risk Index age > 70 years
adds 5 points to the risk score (Chapter 1, table 2).10,11 We consider the Lee-classification
more correct to stratify for cardiac risk since this classification was developed and validated
in a period close to the period in which patients were enrolled in the GUTS.
The higher mean value of preoperative creatinine may be explained by the fact that none of
the patients of the GUTS had renal insufficiency, while some of the non-GUTS patients were
dependent on hemodialysis. Renal insufficiency has been described as an independent risk
factor for postoperative complications11,12, but not for mortality.13

Comparing both groups in a multiple regression analysis the difference in the use of epidural
analgesia  was not significant. The benefits of thoracic epidural analgesia have become a
matter of debate.14-17 The GUTS patients may have been at lower risk for postoperative
complications because more GUTS patients had thoracic epidural analgesia. The potentially
beneficial effects of postoperative epidural analgesia can only be presumed since the duration
and efficacy of this treatment in postoperative care was neither monitored in the GUTS
patients, nor in the non-GUTS patients.
Smoking is described as an independent risk factor for postoperative pulmonary
complications.18 With respect to this issue, non-GUTS patients are at lower risk than GUTS-
patients.
In summary, univariate analysis revealed that non-GUTS patients differed significantly
regarding preoperative characteristics. This result remained relatively consistent during
multivariate logistic regression analysis. Overall, regarding the presented preoperative
variables and sample size and considering certain variables, the non-GUTS patients tended to
be more at risk for postoperative morbidity and mortality, whereas for other variables patients
of the GUTS were more at risk. It should, however, be noted that these results must not be
overemphasized, as the Bonferroni correction was not applied. The investigators may have
selected patients on specific characteristics (i.e. absence of pulmonary inhaled medication,
etc.). When both groups are to be compared on clinical outcome, these differences may be
counfounding and therefore should be corrected for when groups are compared for ICU LOS,
hospital LOS and mortality.
Two perspectives after regression analysis are described. Not censoring for mortality focuses
on actual effects of participation in the GUTS. ICU LOS was similar for both groups. But
non-GUTS patients stayed significantly shorter in the hospital. The conclusion seems to be
justified that participation in the GUTS is unfavorable. This perspective can be chosen when
cost-benefits are to be evaluated (Chapter 4). However, from the perspective of patient
treatment and outcome, results ought to be censored for mortality. In that case no differences
were found, neither on ICU LOS nor on hospital LOS.
Mortality rate tends to be higher in the non-GUTS patients. Although no statistical difference
could be found, we consider this finding as potentially and clinically relevant. The overview
of nonsurviving patients makes it clear that a mix of surgical and nonsurgical mechanisms
resulted in a complex postoperative course, primarily characterized by the development of
multi organ failure, that could not be reversed by surgical reinterventions and ICU-treatment.
Participation in the GUTS may have resulted in accelerated medical, life saving diagnostics or
interventions. In the context of this thesis, the question arises whether preoperatively started
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GOHT at the ICU would have improved survival in non-GUTS patients. Such considerations,
however, remain a matter of speculation.
Mortality rates in our hospital regarding elective, major (thoracic)abdominal surgery are low
when compared to values reported in tune-up like studies of Shoemaker et al. and Boyd et
al.2,4 As already discussed in Chapter 2, this difference may be a result of excluding
emergency surgery. However, Boyd et al. in their study described a subset of electively
operated patients, presenting mortality rates of 23.7% in the control group and 7% in the
protocol group.4 In our hospital, without any specific protocol on perioperative GOHT of
high-risk patients, a similar result was obtained as in Boyd’s protocol group. In Chapter 1 we
discussed the value of comparing mortality rates found in our study and in previous studies.
Also in prospective studies of preoperatively started GOHT in major vascular surgery7,19-21 it
was shown that this treatment did not improve outcome and mortality rates were ≤ 8% in the
controls. An alternative explanation may be that during preoperative evaluation patients were
selected on their operability. The criteria applied for such a selection may then have serious
impact on the results. But often such criteria are not specified. The effects of such a selection
on surgical outcome in elective surgery are not addressed in any of the perioperative GOHT
studies or restricted to evaluation of the risk on cardiac complications. Another explanation is
a lesser quality of perioperative care in the older studies, i.e. relative undertreatment of the
controls compared to current practice.2,4 However, in Boyd’s study also patients of the control
group, undergoing elective surgery, were preoperatively admitted to the ICU to have their
preload optimized. Undertreatment of these patients does not seem logical from the
perspective of GOHT.
Of special interest are patients who were planned for postoperative admission to the recovery,
but for whom intraoperative events made postoperative ICU-admission necessary (figure 1;
n=13, 3 died in the hospital). The number of these patients in this retrospective study is small
(8.1% of all ICU-patients). We did not differentiate for surgical or patient-related reasons of
the postoperative ICU-admissions of these patients. Apparently they were not judged
preoperatively as having a serious risk of intraoperative morbidity. When patient-related
factors are the main cause of the necessity for postoperative ICU-admission, a suff iciently
sensitive and specific test would be desirable to identify these patients as high-risk.
Shoemaker et al. defined criteria for identification of high-risk surgical patients (Chapter 1,
table 9). We used these criteria to find such patients in our hospital, undergoing elective,
major, noncardiac surgery. We found more than 400 high-risk patients over a period of 25
months. One third of these patients were included in the GUTS. Apparently the principal
investigators primarily included patients who were admitted to the ICU postoperatively. The
hypothesis that secondary end points may have been biased by the investigators as a result of
patient selection or protocol treatment had to be rejected. On the contrary, when data were
uncensored for mortality, non-GUTS patients stayed significantly shorter in the hospital.
Censoring for mortality showed that non-GUTS patients had a similar clinical pathway as the
GUTS patients regarding ICU LOS and hospital LOS. Although mortality was higher in the
non-GUTS patients (4%, 95% CI: -1 to 9%) compared to patients of the GUTS, overall
mortality of GUTS-eligible patients did not reach the high mortality rates found in control
groups of GOHT-studies till 1996 (22-35%)2,4 and a more recent study (17%).9
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