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Abstract
Background
Most studies on pre-operative optimization are in heterogenous 
high risk surgical patient groups and results suggest that 
interventions aimed to improve the hemodynamic condition 
may exert beneficial effects . Open transhiatal esophagectomy 
is associated with considerable postoperative morbidity 
and mortality. Pre-operative optimization of the circulation  
may result in a reduction of in-hospital-LOS, risk for 
anastomotic leakage and prevent  infection/sepsis. The effects of  
pre-operative optimization in this group of patients are 
unknown.

Methods
Following implementation of pre-operative optimization, 
68 patients were compared  to 32 patients operated prior to 
implementation. Optimization started one day before the 
esophagectomy in the ICU. A ScvO2 <70% was treated with 
fluids and inotropics according to protocol. 

Results
Sepsis occurred in 4% of optimized and 25% of control patients 
(p=0.004), anastomic leakage occurred in 12% of optimized 
patients and 25% of control patients (p=0.14). Optimized 
patients were less likely to be re-admitted to the ICU (p=0.07) 
and had a shorter median in-hospital–LOS of 10 [9-15]  vs 16 
[13-35] days (p<0.001). A targeted ScvO2>70% was achieved in 
77% of the optimized patients,  in the optimized group delta 
ScvO2 increased with 4 [0-7]%. Patients not reaching the target 
ScvO2  were more likely to have a cardiovascular medical history 
(73% vs 37% p<0.02 ). 

Conclusion
In this observational evaluation study targeted on preoperative 

ScvO2-guided optimisation of patients treated with an open 
transhiatal oesophagectomy, we observed an association 
with a shorter in-hospital length of stay and less infectious 
complications. These results suggest that preoperative 
optimisation could be beneficial in this specific group of high-
risk surgical patients.

Introduction
Worldwide an estimated 400,000 patients per year are diagnosed 
with oesophageal cancer with a five-year mortality rate of up to 
80%.[1,2] In the Netherlands 2000 patients per year are diagnosed 
with oesophageal cancer and this number is increasing. While 
adjuvant chemoradiation therapy has improved the overall 
prognosis, patients are assumed to be more vulnerable to 
perioperative complications, although this was not confirmed 
in the CROSS trial.[3] Open transhiatal oesophagectomy for 
invasive or high-grade dysplasia has been associated with 
substantial postoperative morbidity such as pulmonary 
oedema, pneumonia, anastomotic leakage and mortality. For 
example, anastomotic leakage occurs in up to one-fourth of the 
patients and is associated with prolonged hospital length of stay 
and mortality.[4] 

It is increasingly recognised that the perioperative care 
of patients undergoing major surgery affects outcome.[5,6] 
Predominantly, preoperative optimisation of haemodynamics 
is thought to improve postoperative outcome, but the exact 
mechanism of action remains unclear. Putative beneficial 
effects may include improved wound healing and less infectious 
complications related to an improvement in haemodynamics 
and better tissue perfusion. Conversely, aiming for a higher 
cardiac output might result in a more pronounced tendency for 
bleeding and cardiopulmonary complications. 
The ambiguous results of preoperative optimisation in 
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unselected high-risk surgical patients[7-9] is possibly related to 
the heterogeneity of the patients included,[10-15] while effects in 
specific patient groups have not been reported. The majority 
of patients undergoing major abdominal surgery present 
with functional intravascular volume deficit.[16] Apart from 
preoperative fasting, anaesthesia, and mechanical ventilation, 
inadequate intake in patients and the effect of neoadjuvant 
chemoradiation therapy imply that this patient group might 
be most likely to suffer from hypovolaemia. For this reason 
we selected patients with oesophageal cancer for preoperative 
optimisation.
In view of the limited knowledge of how optimisation influences 
outcome[17] and the assumption that preoperative optimisation 
may exert both beneficial and deleterious effects on 
postoperative complications and outcomes in high-risk surgical 
procedures, we studied the association between optimisation 
and a comprehensive set of complications. We hypothesised 
that a higher central venous oxygen saturation (ScvO2) and 
cardiac output as a result of preoperative optimisation would 
result in less morbidity, specifically related to improved wound 
healing and infection. On the other hand, intraoperative blood 
loss might be negatively influenced in the optimised group with 
a higher cardiac output. Therefore, intraoperative blood loss 
and the need for blood products were also monitored. 
We prospectively evaluated these items with the implementation 
of ScvO2-derived preoperative optimisation in patients 
undergoing transhiatal oesophagectomy. Beforehand we 
decided to compare data from optimised patients with data from 
patients undergoing surgery without preoperative optimisation 
from the preceding two years prior to this change in policy. In 
addition, within the group of optimised patients, we determined 
the differences in outcome between patients who did achieve 
their ScvO2 target and patients who did not. The primary 
outcome of this observational evaluation study was length of 
stay in hospital as an overall outcome measure of changes in 
morbidity. Infectious complications, amount of perioperative 
blood loss, use of blood products, duration of mechanical 
ventilation, postoperative start of enteric feeding, incidence 
of re-intubations, intensive care unit (ICU) re-admission, 
ICU length of stay (ICU-LOS), and in-hospital mortality were 
secondary endpoints.

Methods
Patients and study design
All successive patients with T1-3N1-2M0 distal (below the 
Z line) oesophageal cancer and cardiacarcinoma with 
extension into the oesophagus are treated with neoadjuvant 
chemoradiation according to the CROSS trial[3] followed by 
transhiatal oesophagectomy with gastric tube reconstruction 
and cervical anastomosis. In our hospital this is the preferred 
surgical procedure for oesophageal cancer. Patients with more 
proximally located oesophageal tumours and patients who had 

an intrathoracic anastomosis for limited cardia carcinomas,were 
not included in this study. In this group of patients no 
laparoscopic procedures were performed during the study 
period. Acute resection was an exclusion criterion. All patients 
received a jejunostomy for enteric feeding, starting within 24 
hours after surgery. Preoperative chemoradiation was part of 
the treatment according to the CROSS trial and implemented 
as standard procedure for all patients in 2009. All patients were 
operated by the same surgeon (JJB) in the Radboud University 
Medical Center Nijmegen. 
In this before/after observational evaluation study, the outcome 
of patients treated according to the pre-optimisation protocol 
was compared with a control group undergoing surgery in 
the two years prior to implementation. This two-year prior 
period was chosen because most changes in ICU treatment, 
such as low tidal volume ventilation and selective digestive 
decontamination in previous years, had become established 
as common practice. The operating surgeon had performed 
over 100 procedures before the chosen control period. Half-
way through 2011 a clinical pathway for patients treated for 
oesophageal cancer including preoperative optimisation and 
aspects of the ‘Enhanced recovery program in colorectal 
surgery’ together with standardised intraoperative care and a 
clinical pathway for the surgical ward after discharge from the 
ICU, was implemented.
The study was carried out in accordance with the Dutch 
Guidelines for the review of research ethics committees 
and informed consent. Since this was a retrospective cohort 
study and no additional information was gathered that was 
burdensome to the patients, the medical ethics committee of 
the Arnhem-Nijmegen region waived the need for informed 
consent. Data analysis was performed anonymously after de-
identification of the patient records.

Optimised cohort
Patients were admitted to the ICU one day prior to surgery. In 
the ICU, patients received an arterial line (radial artery) and a 
central venous catheter was introduced in the right subclavian 
or right jugular vein. As a surrogate of cardiac output, we 
determined the ScvO2 intermittently. This was similar to 
several other perioperative optimisation studies.[18,19] Fluid 
challenges and inotropic agents were administered according 
to the intervention flow chart (figure 1). In case of a history 
of or actual atrial fibrillation, or when sinus tachycardia was 
observed, milrinone was administered instead of dobutamine 
(figure 1). In order to facilitate perfusion and oxygenation in 
the gastric tube anastomoses, the vasodilator ketanserin up to 2 
mg/hour was administered until ICU discharge, when the mean 
arterial blood pressure was above 65 mmHg.[20]. To further 
investigate the effects of optimisation within the intervention 
group, we compared patients who achieved the predefined goals 
with those that did not. 
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Control cohort of non-optimised patients 
In this control cohort, all patients were preoperatively admitted 
to the surgical ward (with oral access to fluids and food, but no 
intravenous fluids) and postoperatively transferred to the ICU 
for postoperative treatment and monitoring. 

Preoperative and postoperative protocol
Indications for preoperative nutrition or antibiotics did 
not change during the study period. Selective digestive 
decontamination and low tidal volume ventilation are part of 
the standard procedures in the ICU and did not differ between 
the patient groups. Although the enhanced recovery program 
in colorectal surgery has been a standardised procedure in 
the departments of surgery and anaesthesiology since 2004, 
resulting in a restrictive volume policy during abdominal 
colorectal surgery, this program was not implemented for 
oesophagectomy patients during the study period.[21] Blood 
transfusion triggers did not change during this period. 
Furthermore, intraoperative and postoperative pain treatment 
with ropivacaine and sufentanyl via an epidural catheter was 
administered according to the same protocol in both groups. 
A patient-centred analgesic pump was added if the patient was 
able to use this. ICU-discharge criteria did not change during 
the entire study period. The intraoperative and postoperative 
protocol was not ScvO2 guided and the same intraoperative 
protocol for anaesthetists and postoperative ICU protocol were 
used in both groups. Pulse, mean arterial pressure >65 mmHg 
and diuresis > 0.5 ml/kg/hour were the main goals for treatment. 

Endpoints of the study
The primary outcome of this study was length of stay in 
hospital as an overall outcome measure of changes in morbidity. 
Infectious complications, amount of intraoperative blood loss, 
use of blood products, duration of mechanical ventilation, 
postoperative start of enteric feeding, incidence of re-
intubations, ICU re-admission, ICU length of stay (ICU-LOS), 
and in-hospital mortality were secondary endpoints.

Statistics
Because of the relatively small sample size, normal distribution 
of data could not be assumed and all continuous variables are 
reported as median and interquartile range [IQR] and tested 
with Mann-Whitney U test. Differences in dichotomous 
variables were analysed with the Chi-square test. Analysis 
of covariance (ANCOVA) was used with log-transformed 
continuous outcome variables and dichotomous outcome 
variables were used for logistic regression analysis. 
Because of the explorative nature of this study and to increase 
the sensitivity to detect differences between groups, adjusting 
for multiple testing was performed. 
All statistical analyses were performed using SPSS version 20.01 
for windows (IBM, SPSS statistics, Chicago, IL, USA). A p-value 
<0.05 was considered to indicate statistical significance.

Results 
Preoperative phase
The optimised group consisted of 68 consecutive patients 
and the non-optimised group of 32 consecutive patients. In 
the intervention group 87% of the patients were treated for 
adenocarcinoma compared with 77% in the control group 
(p=0.3). There was no significant difference in the TNM 
Classification of Malignant Tumours between the two groups 
(table 1, p=0.7). Patients in the optimised group tended to be 
older, were more likely to be on anticoagulant therapy and more 
additional nutrition was started in the preoperative outpatient 
period. In the control group patients consulted the dietician 
preoperatively in the outpatient clinic when weight loss was 
more than 5% or oral enteral feeding was not possible. During 
these years the policy changed into a standardised referral to the 
dietician by the surgeon. Additional nutrition was prescribed 
as carbohydrate and protein enriched oral drinks, four patients 
received parenteral nutrition for one week. Preoperative 
immuno-nutrition was not part of the nutritional support. For 
unknown reasons, patients in the intervention group appeared 
less likely to have used antibiotics preoperatively. More patients 
suffered from chronic pulmonary diseases in the optimised 
group. Other baseline characteristics were comparable between 
groups (table 1). 
ScvO2 was ≥70% in 32 (47%) patients at baseline. Haemodynamic 
optimisation resulted in a significant increase in ScvO2 of a 
median of 4.0 [0-7.0]% from 70 [66-73] to 73 [71-77]%. Target 

Intervention group

500 ml HES 
130/0.4

500 ml HES 
130/0.4

No Action

No Action

ScvO2 < 70%

ScvO2 < 70%

ScvO2 ≥ 70%

ScvO2 ≥ 70%

ScvO2 < 70%

History of or 
actual atrial 

fibrilation

Milrinone 0.125
mcg/kg/min

Dobutamine 5
mcg/kg/min

No atrial 
fibrilation No Action

ScvO2 ≥ 70%

ScvO2 < 70% ScvO2 < 70%ScvO2 ≥ 70%ScvO2 ≥ 70%

No Action
At the descretion
of the attending

physician

At the descretion
of the attending

physician
No Action

Figure 1. Hemodynamic treatment algorithm intervention group
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ScvO2>70% was achieved in 49 (77%) of the patients. Maximum 
heart  rate in the optimised group was lower during the ICU 
stay: 93 [79-105] vs 98 [95-113]; p=0.02 . Minimum systolic 
blood pressure during ICU stay was higher in the intervention 
group 107 [93-119] vs 92 [81-111] mmHg; p=0.02. In the group 
of preoperatively optimised patients a median of 1415 [IQR 
904-1993] ml fluids was administered preoperatively and 9% of 
the patients received inotropic agents. The control group was 
not monitored preoperatively, did not receive inotropic drugs 
or intravenous fluids, but had free oral access to fluids and food 
(table 1).

Intraoperative phase
The duration of operation was not significantly different 
between groups (table 2). Patients in the optimised group 
received less fluids during the operation (median 2750 [2150-
3500] vs 4000 [2900-5250] ml; p<0.001) and were more likely 
treated with vasopressors compared with the control group 
(88% vs 41%; p<0.0001). The use of fluids was at the discretion 
of the attending anaesthesiologist who did not have information 
on the preoperative fluid balance. Although more patients in 
the optimised group used anticoagulants (p=0.02), blood loss 
was less (median 600 [450-900] vs 910 [600-2000] ml; p=0.002), 
and the volume of blood products administrated was lower 
compared with the control group (median 275 [275-519 vs 600 
[300-1200] ml; p=0.001). The number of patients who needed 
blood products was also lower in the optimisation group 
compared with the control group (6% vs 34%; p<0.001, table 2). 
Extubation of the patients was at the discretion of the attending 

anaesthesiologist at the end of the procedure. If the patient was 
not extubated after surgery, the attending intensivist decided 
when the patient could be extubated according to the existing 
extubation protocol.

Postoperative phase
Although the optimised patients were admitted to the ICU one 
day prior to surgery (according to protocol), their total ICU-
LOS was similar to the control group (table 2). Patients in the 
optimisation group needed less fluids postoperatively, and had a 
significantly less positive total fluid balance (median 1810 [545-
3190] vs 3010 [1632-4362] ml; p=0.03) at ICU discharge. The 
incidence of sepsis was significantly lower (4% vs 25%; p=0.004). 

Table 1. Demographic and preoperative characteristics
Control group
(N=32)

Intervention group
(N=68)

Differences
(P-value)

Age in years 60 [53-64] 63 [57-69] 0.08
Male (N, %) 26 (81%) 58 (85%) 0.77
BMI kg/m2 25 [22-27] 26 [24-28] 0.14
APACHE-II score * 14 [10-16] 10 [8-12] * 0.002
Baseline ScvO2 (%) n.a. 70 [66-73] n.a.
Pre-operative chronic  
co-morbidity (N,%)
   
     Diabetes Mellitus 
     Pulmonary disease 
     Cardiac vascular disease 

6 (19%)
1 (3%)
9 (28%)

11(16%)
15 (22%)
29 (43%)

0.78
0.02
0.19

PREOPERATIVE Medication
Preoperative i.v.fluid in ml Free oral access, 

no i.v. fluids
1415
[904-1993]

n.a.

Preoperative inotropics 0(0%) 6(8.8%) 0.17
Betablocker (N,%) 7 (22%) 18 (27%) 0.80
Oral anticoagulant  
therapy (N,%)

2 (6%) 19 (28%) 0.02

Additional nutrition (N,%) 2 (6%) 23 (34%) 0.003
Antibiotics (N,%) 4 (13%) 0 (0%) 0.02
Neo-adjunctive 
Chemoradiation (N,%)

17 (53%) 48 (71%) 0.62

Data are expressed as median and interquartile range [IQR] unless other 
reported.
*  APACHE-II score was measured postoperatively on ICU in control group, 

and was preoperatively measured in intervention group due to the 
optimization preoperatively on the ICU.

Table 2. Peri operative characteristics and postoperative results 
Control group
(N=32)

Pre-optimized group 
(N=68)

Differences
(P-value)*

Operation duration in 
minutes

169 [144-183] 184 [159-208] 0.04

Blood loss during 
operation in ml

910 [600-2000] 600 [450-900] 0.002

Administration of blood 
products
-  Number of patients 

(N,%)
-  Blood product 

administered in ml

11 (34%)

600 [300-1200]

4 (6%)

275 [275-519]

0.03

0.001

Hemoglobine (mmol/L) 
level at time of transfusion 

5.1 [4.7-5.8] 4.8 [4.5-5.3] 0.21  

Vasopressors  
intra-operative (N,%)

13(41%) 60 (88%) <0.0001

Inotropics intra-operative 
(N,%)

5 (16%) 10 (19%) 0.58

Total of administered 
fluid in ml

4000 [2900-5250] 2750 [2150-3500] <0.0001

POSTOPERATIVE RESULTS
Complications (N,%):
• Pulmonary
• Empyema
• Cardiovascular
•  Superficial wound 

infection
• Anastomic leakage
• Stenosis anastomose
• Re-laparotomie
• Mediastinitis
• Pleura edema
• Sepsis

• 15 (47%)
• 2 (6%)
• 5 (16%)
• 7 (22%)

• 8 (25%)
• 8 (25%)
• 6 (19%)
• 3 (9%)
• 12 (38%)
• 5 (16%)

• 32 (47%)
• 5 (7%)
• 18 (27%)
• 6 (9%)

• 8 (12%)
• 20 (29%)
• 5 (7%)
• 1 (2%)
• 29 (43%)
• 3 (4%)

• 1.0
• 1.0
• 0.31
• 0.11
 
• 0.14
• 0.81
• 0.17
• 0.09
• 1.0
• 0.004

Re-intubation (N,%) 5 (16%) 6 (9%) 0.32
Epidural Dysfunction 
(N, %)

7 (22%) 14 (21%) 1.0

Additional analgetics 
(N,%)

9 (28%) 31 (46%) 0.04

Total fluid balance (ml) at 
discharge ICU in ml

3010 [1632-4362] 1810 [545-3190] 0.03

Duration of mechanical 
ventilation in hours

8.0 [3.5-23.7] 5.2 [3.7-7.5] 0.04

Start of postoperative 
enteric nutrition(hrs)

7.0 [1.4-29] 3.4 [1.0-21] 0.13

Re-admission ICU (N,%) 8 (25%) 6 (9%) 0.06
LOS ICU in days 2 [1-7] 2 [2-3] 0.72
LOS in-hospital in days 16 [13-35] 10 [9-15] <0.0001
Mortality in hospital (N,%) 3 (9%) 0 (0%) 0.01

Data are expressed as median and interquartile range [IQR] unless 
other reported.
*  Log-transformed continues outcome variables were tested using 

ANCOVA and dichotomous outcome variable were tested using 
logistic regression analysis, both adjusted for lung problems and  
use of anti-coagulant therapy.  
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No difference was found between the two groups according to 
anastomotic leakage, but in the optimised group all patients 
with a leakage (12%) had type I leakage, localised in the cervical 
area. Two patients within the control group had type II leakage, 
one patient had dissemination of infected effusion in the pleural 
cavity and one patient had an abdominal sepsis because of 
leakage of the jejunostomy due to enteral feeding impaction. 
Optimised patients were extubated sooner (median 5.2 [3.7-7.5] 
vs 8.0 [3.5-23.7] hours; p=0.04), were less likely to be re-admitted 
to the ICU (10% vs 25%; p=0.07), and their hospital length of 
stay was shorter 10 [9-15] vs 16 [13-35] days (p<0.0001). Three 
patients (9%) in the control group died (two with sepsis and one 
with cardiac complications), while none of the patients died in 
the optimised group (p=0.03). No other differences were found 
between both groups.

Relation between achieved ScvO2 and outcome
Due to protocol violation, no preoperative ScvO2 was measured 
in four patients during the pre-optimisation phase. In total, 49 
(77%) patients achieved the target ScvO2. Patients with a history 
of cardiovascular disease were more likely not to achieve an 
ScvO2 >70% compared with optimised patients with no history 
of cardiovascular disease (p<0.01) (table 3). Preoperative fluid 
administration was similar in patients who achieved the ScvO2 
target (median 1440 [907-1998] ml), compared with patients 
who did not reach the target ScvO2 (median 1287 [790-2165] 
ml). In total six (9%) optimised patients were treated with 
inotropic agents, of which four patients did show an increase in 
ScvO2 (from 64 % to 69 %), but did not reach the target ScvO2. 
No differences in outcomes were found between the patients 
who achieved the ScvO2 target or a rise of delta ScvO2 of more 
than 4% and those who did not (table 3).

Discussion
In this before/after study we evaluated the association 
between preoperative haemodynamic optimisation and the 
occurrence of predefined complications and outcome in 
transhiatal oesophagectomy patients related to their duration 
of hospitalisation as the primary endpoint measure. The in-
hospital length of stay was significantly less in preoperatively 
optimised patients. We observed that haemodynamic 
optimisation was associated with a significant reduction in the 
occurrence of sepsis. Mechanical ventilation time was reduced 
and while optimised patients were admitted to the ICU one day 
earlier, total ICU-LOS was not different between the two groups. 
No deleterious effects related to a higher cardiac output were 
observed in the optimised patients. In contrast, haemodynamic 
optimisation was associated with less intraoperative blood loss 
and a reduction in the use of blood products, even though more 
patients used anticoagulant medication. Finally, we observed a 
reduction in the ICU readmission rate and mortality rate. 
We postulated, in accordance with a meta-analysis,[22] that 
a positive effect of haemodynamic optimisation could best 
be achieved when organ failure, tissue perfusion defects, or 
infectious complications had not yet occurred, especially in 
patients with a considerable mortality risk. Optimisation of 
the ScvO2 in the preoperative and postoperative period to a 
level above 70% was demonstrated to reduce the number of 
complications and length of hospital stay in a heterogeneous 
group of high-risk surgical patients.[18,23,24] While patients with 
oesophageal cancer are more likely to be volume depleted, the 
effects of preoperative optimisation with an ScvO2 target above 
70% has not been investigated in this specific group of patients. 
As fluid administration is a cornerstone in preoperative 
optimisation, it remains important to realise that fluid therapy 

Table 3. Differences in characteristics and outcome related to achieve an increase in ScvO2

ScvO2 ≤70%
(N=15)

ScvO2 >70%
(N=49)

Differences 
(P-value)

ΔScvO2
≤ 4 %
(N=32)

ΔScvO2
>4%
(N=31)

Differences
(P-value)

Age in years, median [IQR] 67 [58-71] 61 [56-69] 0.21 60 [52-69] 65 [59-69] 0.13
Gender male (N, %) 13 (87) 41 (84) 0.78 25 (78) 29 (94) 0.08
APACHE-II score, median [IQR] 11 [7-11] 10 [8-13] 0.58 10 [6.8-11.2] 10 [8-13] 0.37
Diabetes Mellitus (N,%) 5 (33) 6 (12) 0.06 3 (9) 8 (26) 0.09
Pulmonary disease (N,%) 4 (27) 9 (18) 0.49 5 (16) 8 (26) 0.32
Cardiac vascular disease (N,%) 11 (73) 18 (37) 0.01 12 (38) 17 (55) 0.17
Beta-Blockade (N,%) 9 (60) 9 (18) 0.02 9 (28) 9 (29) 0.93
Oral anticoagulant therapy (N,%) 9 (60) 10 (20) 0.03 7 (22) 12 (38) 0.15
Total fluid given ml. pre-operative,  
median  [IQR] 

1287
[790-2165]

1440
[907-1998]

0.73 1396
[996-1787]

1561
[787-2090]

0.51

Fluid balance (ml) preoperative ,  
median [IQR]

620
[222-945]

420
[-400-775]

0.28 471
[222-795]

680
[-125-1105]

0.52

OUTCOME *
Anastomotic leakage (N,%) 1 (7) 7 (14) 0.44 3 (9) 5 (16) 0.42
Wound infection (N,%) 1 (7) 4 (8) 0.85 4 (13) 1 (3) 0.17
Sepsis (N,%) 0 (0) 3 (6) 0.33 2 (6) 1 (3) 0.57
Fluid balance in ml at discharge ICU,  
median [IQR]

970
[216-3745]

1943
[1128-3333]

0.36 1830
[545-3745]

1410
[530-3070]

0.54

Re-admission  (N,%) 2 (13) 5 (10) 0.73 5 (16) 2 (7) 0.25
LOS-ICU (N,%) 2 [2-4] 2 [2-2] 0.87 2 [2-2] 2 [2-3] 0.52
LOS-in hospital (N,%) 10 [8-17] 10 [9-14] 0.65 10 [9-15] 10 [9-15] 0.66
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may be considered a two-edged sword, as a too liberal fluid 
policy may exert deleterious effects.[25,26] The enhanced recovery 
after surgery (ERAS) program aims to avoid perioperative 
volume overload. Restrictive fluid therapy is thought to result 
in less intestinal oedema and enhanced recovery. Importantly, 
our study confirms previous reports[19,27,28] that preoperative 
optimisation, including fluids and inotropic agents, results in a 
lower need for fluids during and following surgery. We do not 
have an explanation for the use of more vasopressors following 
the intervention. The anaesthetists had no knowledge of the 
amount of fluids that had been given to the patients in the ICU, 
excluding the possibility that they were more likely to administer 
a vasopressor because of that knowledge.
Although some differences in outcome between the optimised 
and control group were clinically significant and suggest that 
preoperative haemodynamic optimisation through better 
tissue perfusion results in less infectious complications, this 
association is less straightforward than it might appear. For 
example, within the optimised group of patients we found no 
differences in outcome between patients who achieved the target 
of ScvO2 >70%, compared with those who did not. Moreover, no 
differences were detected between the patients with an increase 
in ScvO2 of more than 4%, compared with less than 4%. This 
suggests that an ScvO2 above 70% or an increase in ScvO2 by 
itself may not be beneficial per se. In other words, these results 
could indicate that preoperative optimisation is beneficial for 
patients undergoing oesophagectomy, but may not be directly 
related to reaching an ScvO2 >70%. A similar phenomenon was 
also observed in a study using a lactate clearance driven protocol 
in sepsis patients. The interventions aimed to improve lactate 
clearance in sepsis patients resulted in a better outcome, while 
the decrease in lactate concentration was similar compared with 
the control group.[29] Taken together, these results suggest that 
interventions aimed to improve the haemodynamic condition 
may exert beneficial effects. The chosen marker (either ScvO2 
in our study or lactate in the sepsis study) however, may not 
adequately reflect the improvement of the patient’s condition. For 
example, we did not look at microcirculation or inflammatory 
response in the intervention group, which could both have a role 
in the improvement of the patients in the optimised group. 
Several other limitations of our study need to be addressed. First 
and most relevant, the study design introduces many opportunities 
for bias, as this is a non-matched pre-post design cohort study even 
though data in the intervention group were collected prospectively. 
Although no other differences in treatment protocol occurred 
during the study period, we cannot exclude that medical or 
organisational interventions, unknown to us, affected our results. 
During the same period, changes in treatment in the different 
patient groups were observed which were not part of any protocol 
or implementation strategy that could have affected the results of 
this study. Because the treatment of our patient group runs through 
many departments, half-way through 2011 a clinical pathway 

for patients treated for oesophageal cancer was implemented. 
This clinical pathway combines preoperative optimisation in the 
outpatient clinic, the ICU and aspects of the ‘fast track’ surgery 
protocols based on the enhanced recovery program in colorectal 
surgery together with standardised intraoperative care and a 
clinical pathway for the surgical ward after discharge from the ICU.
Also, patients were not randomised and several differences in 
baseline characteristics were present between the two groups. The 
influence of additional nutrition (more patients in intervention 
group) and antibiotics (more patients in control group) are difficult 
to determine. Adherence and non-adherence to the existing 
protocols could have been different due to education or individual 
pre-occupation. More patients in the intervention group used 
anticoagulant therapy, but blood loss and need for blood products 
was still less in this group. Also, other differences, apart from the 
preoperative optimisation, were present such as use of vasopressor 
therapy during the operation, which may have influenced the 
endpoints of the study. The enhanced recovery program for 
colorectal surgery with emphasis on prevention of fluid overload 
and use of vasopressors during surgery was implemented before 
our optimisation study in oesophageal cancer patients started. 
This may have influenced the intraoperative treatment choices of 
the anaesthesiologist and could have resulted in the use of early 
or more vasopressors. The central line in situ could have lowered 
the incentive for the anaesthesiology team to measure ScvO2 and 
treat low intraoperative values even when mean arterial pressure 
was sufficient with vasopressors. Nevertheless, this is the first 
study examining the effect of optimisation within a specific group 
of high-risk surgical patients and the results related to infectious 
and bleeding complications are in line with the observed effects 
of outcome measures in this specific group. Differences in ICU 
treatment, ,intraoperative use of surgical and anesthesiologic 
protocols and protocol adherence in different centres, would 
introduce confounding factors and bias as well. Due to the small 
number of eligible patients per centre, a randomised controlled 
trial is unlikely to be conducted for this specific group of patients. 
In this observational evaluation study targeted on preoperative 
ScvO2-guided optimisation of patients treated with an open 
transhiatal oesophagectomy, we observed an association with a 
shorter in-hospital length of stay and less infectious complications, 
shorter mechanical ventilation time, and lower mortality. Blood 
loss and use of blood products was less, not more, in patients who 
received preoperative haemodynamic optimisation. These results 
suggest that preoperative optimisation could be beneficial in this 
specific group of high-risk surgical patients. Nevertheless, a clear 
relationship between achievement of target ScvO2 and clinical 
outcome could not be established. Because of this, it is difficult to 
make clear-cut recommendations for current daily practice.
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