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Background: Combined monitoring of blood flow with assessment of fluid status and cerebral tissue
oxygenation improve perioperative management and outcome of high-risk surgical patients. The
study tests if intraoperative multimodal monitoring reduces postoperative morbidity and duration of
hospitalisation in patients undergoing major abdominal surgery managed by same anaesthetic
protocols with epidural analgesia.
Methods: Prospective study was conducted in 2 parallel groups. High risk surgical patients
undergoing major abdominal surgery were randomised in control group (CG), where standard
monitoring was applied and protocol group (PG), where cerebral oxygenation and haemodynamic
monitoring were used with protocol for intraoperative interventions.
Results: There was no difference in median length of hospital stay, CG 9 days (IQR 8 days), PG 9 (5.5),
p= 0.851. There was no difference in postoperative renal of cardiac impairment. Procalcitonin was
significantly higher (highest postoperative value in first 3 days) in CG, 0.75 mcg/L (IQR 3.19mcg/L),
than in PG 0.3 mcg/L (0.88 mcg/L), p= 0.001. Patents in PG received larger intraoperative amount of
fluids; median intraoperative fluid balance +1300 ml (IQR 1063ml) than CG; +375 ml (IQR 438ml),
p<0.00.
Conclusions: There was no difference in postoperative morbidity or hospital stay. Median
postoperative value of procalcitonin was significantly higher in CG and was above laboratory
reference range. There were significant differences in intraoperative fluid management.
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Introduction
Continuous intraoperative measurement of blood flow and related variables was studied several
times to show the benefit for the patients. New monitors and treatment protocols with predefined
treatment limits (goal-directed optimization of hemodynamic parameters) suggested improvement
in long-term patient outcome and reduction in morbidity and mortality by over 50% in some studies
(1–4). They aim towards optimisation of microcirculation and improvement of oxygen delivery with
correcting specific haemodynamic parameters(5). Benefit of individualised, targeted oxygen delivery
algorithms incorporating both fluid resuscitation and vasoactive drugs applied to high-risk surgical
patients was shown (6). However, flow monitoring on its own when added to conventional
monitoring has much lesser effect on improving outcome and reducing mortality than anticipated
(7,8). In a Cochrane collaboration review, the investigators noted when using this strategy there was
no decrease in mortality and length of stay was decreased on average by only one day (7). The
Optimise trial did not reduce a composite outcome of complications or 30 day mortality (8). In
addition to hemodynamic variables, other important parameters such as regional cerebral
oxygenation (rSO2), measured by near infrared spectroscopy (NIRS) should be continuously
monitored to improve outcome. Especially in the elderly, reduction in regional cerebral oxygenation
may lead to poor outcome (9–11). Monitors which assess the degree of cortical suppression (e.g.
BIS, Aspect Medical Systems, Cambridge, USA) facilitates anaesthetic titration and has been shown to
reduce anaesthetic exposure (12,13).
In most studies, all new methods have been studied separately and there is a lack of studies to show
the effect of combined (multimodal) monitoring on mortality and occurrence of complications. All
gathered data indicate that the combined use of new methods (monitoring blood flow with
assessment of fluid status, depth of anaesthesia and tissue oxygenation) with adherence to
appropriate protocol might radically improve perioperative management and outcome of high-risk
surgical patients (14,15).
The important cofactor that may interfere with results of studies is different anaesthetic technique
used in patients included in the studies (presence or absence of epidural catheter, different
anaesthetics used) (16–18).
The present study tests the hypothesis that intraoperative multimodal monitoring with
hemodynamic optimization and maintenance of optimal cerebral oxygen oxygenation reduces the
rate of postoperative complications. Also, multimodal monitoring may reduce the duration of
hospitalisation in patients undergoing major abdominal surgery.
To minimise bias all patients in both groups have received the same intraoperative anaesthetic
technique with epidural postoperative analgesia and all patients underwent similar gastrointestinal
surgical procedures.

Methods
Prospective, randomised trial with 2 parallel groups was conducted at the University Medical Centre
(UMC)Ljubljana in years 2015 - 2018. High risk surgical patients from the Clinical department of
abdominal surgery were included in the study. Adult patients that underwent one of the following
major abdominal procedures were included: stomach surgery, pancreas surgery and large intestinal
resections. Exclusion criteria were underage, pregnant women, laparoscopic surgery, and palliative
procedures. High risk surgical patients were defined as ASA 2 or 3 with P-Possum predicted mortality
>4% (19)

Study was approved by the National medical ethics committee of Slovenia. It was registered by
ClinicalTrials.gov, Surgical Outcome and Multimodal Monitoring (SOMM) Identifier: NCT02293473.
The article contains previously unpublished data from the study.
All patients scheduled for abdominal surgery were visited by a member of our team a day prior to
surgery to seek an informed consent and to answer any questions. Before anaesthesia, patients were
randomised into two groups using the covariate adaptive randomisation. The covariates considered
were age, weight, and patients’ ASA status. The groups were protocol group (PG) and control group
(CG). The randomisation was carried out by member of our study team. There were 2
anaesthesiologists (who had not participated in randomisation) involved in the study. They
performed intraoperative protocol determined by randomisation. Personnel conducting
postoperative management and postoperative data collection were not aware of how intraoperative
management was conducted or the patients’ group. The gathered data and patients’ group were
linked after the gathering data process was finished. Brief description of perioperative management
of both groups is described here. Details can be found in Appendix.

Anaesthesia management
Prior to procedure, thoracic epidural catheter (Th 7-8 or Th 9-10 for rectal surgery) insertion in left
lateral position and test with 3 ml of 2% lidocaine was performed.
After monitoring and iv-line placement, dexmedetomidine infusion was started (0.5mcg/kg/hour).
Continuous infusion ended after skin suture at the end of the procedure.
Then, a standard induction to general anaesthesia (propofol, sufentanyl, rocuronium) was
performed. Anaesthesia was maintained by iv infusion of propofol. Depth of anaesthesia was
adjusted to maintain BIS 40-55. Analgesia was provided by 15ml levobupivacaine 0.25 % epidurally,
with supplementation of sufentanyl 15mcg. 1-2 hours after epidural bolus of local anaesthetic,
Patient controlled epidural analgesia was started with constant infusion rate and additional patientcontrolled boluses for postoperative analgesia (PCEA (0.125% levobupivacaine 200 ml, morphine 4
mg, clonidine 0.075 mg; infusion rate 5 ml/h, bolus 5 ml, lock out time 30 minutes). Relaxation was
provided with rocuronium and monitored with Train of four monitor. Reversal of neuromuscular
block was provided with sugammadex.
Haemoglobin level was kept above 80 g/L. A fall in haemoglobin was coped with blood transfusion.
Body temperature was held in the range between 36 and 37°C.
Postoperatively, patients were transferred to postoperative recovery and thereafter to Abdominal
Surgery HDUs. Postoperatively we gathered the following data: length of stay, length of stay in HDU,
Re-admission to HDU or ICU, quality of wound healing, reoperations, 30-day mortality. We have
observed complications (sepsis, pneumonia, acute respiratory infection, pleural effusion, myocardial
infarction, pulmonary embolism, stroke, infection).

Protocol group
Monitors that calculate SV and CO from a standard radial arterial line (LiDCO Rapid, LiDCO Cardiac
Sensor Systems, Cambridge, UK), unilateral cerebral oximetry NIRS monitor (INVOS, USA) monitor
were applied. Baseline values of nominal stroke index (SI), cardiac index (CI), BIS, mean arterial
pressure (MAP) and regional oxygen saturation (rSO2) were recorded.
Patients have received 2 ml/kg/h of balanced fluids + fluid loss replacement. The exact amount of
given fluids dependent on monitored haemodynamic variables.

CI, MAP and SI were maintained within 80% of baseline values. In case of a fall in regional cerebral
oxygenation (rSO2) in the absence of a fall in CI or blood loss we adjusted ventilation so that the
PaCO2 was kept in the high normal range (5-5,5kPa).

Control group
Anaesthesia in PG remained the same, there was no hemodynamic monitor. Measurement of
cerebral oxygenation was also absent. Patients received 2 ml/kg/h of balanced fluids and additional
fluid for fluid loss replacement.

Hospital discharge criteria
Many factors influence a duration of hospital stay but is nevertheless included as one of endpoints in
comparable studies (8). To reduce unintended variations, strict discharge criteria were put in place.
Haemodynamically stable patient without active infection, proper wound healing and has completed
first phase of rehabilitation to assisted mobility (or mobility comparable to preoperative) was
discharged. If due to administrative reasons formal discharge was not possible, we considered him
discharged if all the criteria were met.

Statistical analysis
Results were analysed using R: A Language and environment for statistical computing. Results of
intraoperative management, postoperative creatinine results, patients’ demographics and length of
stay are presented as median and interquartile range. Groups were compared using Mann- Whitney
U test, level of significance of 0.05 was considered statistically significant.
Intraoperative observations, postoperative complications and ASA classification are presented as
absolute number of patients with certain intervention/observation. Groups are compared using Chisquare test or Fisher exact test where appropriate. Level of significance of 0.05 is considered
statistically significant.
When comparing postoperative complications, there are several comparisons conducted on the
same sample. Level of significance was adjusted accordingly to Bonferroni correction, p value of
0.001 is considered statistically significant.
Power analysis was performed using simulation of results with Mann-Whitney U test. For a 2-day
difference in length of stay, with power 0.8 and significance level 0.05, 16 patients in each group are
needed. For showing 1-day difference in LOS, 40 patients in each group are needed. Calculations are
based on a small pilot study with 12 patients in each group. Anticipated Cohen’s -d value is 0.660 for
1-day difference in length of stay. We have slightly increased the number of recruited patients due to
expected loss during follow up.
Duration of hospital stay was compared as an intention to treat analysis that included patients that
were otherwise excluded (Figure 1). Only 2 patients in each group were lost after randomisation due
to intraoperative surgeon’s decision to provide palliative treatment to those patients. 95.4% of
randomised patients were followed postoperatively for complications other than hospital stay
duration.

Results
We randomised 88 patients, 44 in each group. Figure 1 shows CONSORT flow diagram of included
patients. For general characteristics (age, weight, ASA status, P-possum) and duration of HDU and
hospital stay 88 patients were analysed. Regarding intraoperative management and postoperative
complications 84 patients were analysed, 4 were excluded after randomisation, 2 patients in PG were
excluded because the intraoperative protocol was not strictly followed.
Average age of included patients was 65 (±12) years in CG and 66 (±8) years in PG (P=0.265, MannWhitney U test). Average weight was 64 ± 10 kg in CG and 66 ± 12 kg in PG (p=0.177, Mann-Whitney
U test).
18 patients of ASA 2 status were in CG and 16 in protocol (p=0,154, Chi-square test). 24 ASA3
patients were included in the CG and 26 in PG (p=0,117, Chi-square test).
Median physiological P-Possum in CG was 21 (IQR7) and 20 (IQR 8) in PG (p=0.322, Mann-Whitney U
test). Median operative P-Possum was 13 in CG (IQR 5) and 13 (IQR 7) in PG. (p=0.260, MannWhitney U test).
Time of perioperative fasting was 13 (±2) hours, similar in both groups.
Median duration of the surgery (from surgical incision to the last suture) is 123 minutes in PG
(interquartile range, IQR 35 min), and 120min (IQR 47min) in CG (Mann-Whitney U test, p = 0,157)
Table 1 shows intraoperative fluid management in both groups and Table 2 intraoperative
interventions regarding haemodynamic variables

In PG, we have observed NIRS monitor results. In 7 cases (out of 42), there was a fall for more than
20% of the preoperative value during the procedure. Absolute value was never below 45%.
None of the intraoperative interventions influenced hospital or high dependency unit (HDU) stay as
shown in Table 3.
One person (in CG) died during hospitalisation.
Several postoperative complications were observed, distribution among groups was equal as shown
in Table 4. The distribution of included patients according to risk of cardiac complications and
number of observed renal and cardiac impairment is seen in Table 5.
Postoperative values of C-reactive protein (CRP) and procalcitonin (PCT) are shown in Table 6.
Preoperative PCT level in all patients was within the normal laboratory reference range.

Discussion
Changes in intraoperative management
The use of extended intraoperative monitoring with assessment of fluid status and cerebral tissue
oxygenation resulted in differences in intraoperative management. The amount of fluid infused was
higher (median in PG was 1,7- times higher, representing high clinical significance) in PG and
vasoactive drugs were used more often. That suggests trending towards more dynamic
microcirculation. The most noticeable change in postoperative period (related to differences in
operative management) is significant difference in procalcitonin level, perhaps due to better tissue
prefusion in PG with patient directed fluid management. The rationale for this conclusion is further
discussed below.

Fluid optimisation strategy
The results of the amount of fluids given during the surgical procedure present unexpectedly high
fluid load in our PG. This group has received almost twice the amount of fluids given in the CG.
Intraoperative blood loss is comparable, and PG has large positive intraoperative fluid balance.
Thacker reports relation between higher fluid load and longer length of stay (20) . However, length of
stay was similar in both groups in our study.
Besides, questions are raised what the optimal goals of haemodynamic parameters (healthy
population derived normal values, preoperative values, maximal values) should be. Studies have
shown that optimizing cardiac output and oxygen delivery to higher (supra-normal) values intra- and
postoperatively did not affect postoperative complications rate, intensive care unit stay or hospital
length of stay (21–23). Probably the target should be maintaining patient's blood flow and oxygen
delivery at preinduction levels. The question has also been raised regarding the amount of fluids.
Liberal approach can lead to oedema of the intestines and other tissues which may be responsible
for poor tissue healing and other complications. In abdominal surgery protocol-based fluid restriction
reduced the incidence of perioperative complications such as cardiopulmonary events and
disturbances of bowel motility while improving wound and anastomotic healing and reducing
hospital stay in comparison to liberal fluid management (6,7). One of the trials has shown 52% lower
rate of major postoperative complications in restrictive group than in the conventional group (8).

Our study presents opposite results where optimised group received larger amount of fluids. Our
protocol (Appendix 1) has clearly defined steps when to add inotropes or fluid. One reason for fluid
load would be the vasodilatation due to epidural analgesia (all patients in our study have epidural
analgesia), although vasoconstrictor (phenylephrine) in boluses was predicted for counter the
effect.(24) In comparing studies 60 – 80% of patients included have epidural analgesia (18,25).
Despite large difference in volume of infused fluids, there is no difference in length of stay. Lopes
reports significant decrease in ICU and hospital stay in intervention group with an even larger
difference in the number of infused crystalloids and colloids. He reports a total volume of infused
fluids 7ml/kg/h in CG (roughly the same as in our study) and 21ml/kg/h in intervention group (12,5 in
our study). But still are the results of complications and length of stay different to the conclusions of
the above mentioned studies or than in our study (26). The choice of fluid also differs greatly. Harten
et all reports no difference in renal function between control and optimised groups (17). Optimised
group has received larger volume of fluids, especially, although not exclusively colloids (27). Other
studies of abdominal patients can offer opposite conclusions, with lower volume of fluid infused in
optimised group (28). In this study, the difference in hospital stay is not significant. Some studies do
not report difference in total volume of infused fluids, but there is still difference in outcome (29).
That can serve us as a reminder, that we should compare not only amount of fluids infused, but also
the timing of infusions. Rare studies report other factors that greatly affect patient’s fluid status at
the beginning, for example how long prior to procedure are fasted, are there fast track protocols
implemented and so on. When trying to explain why sometimes one fluid regime (for example
restrictive) improves the outcome for the most, but not for all, we must realise that instead of
restrictive or liberal there is only patient directed fluid regime. Every patient should receive as much
fluids as needed and at an appropriate timing (30). All the rest seems to be just generalisations that
work for certain (sometimes large) subpopulations.

Differences in the use of vasopressors
Significantly more patients in PG require vasopressor support with phenylephrine. Some papers
suggest that anaesthetic after induction also causes venodilatation and not only arteriolar
vasodilation (and consequently the fall in MAP due to a shift of volume out of the arterial tree into
the dilated venous compartment) (24,31–33). Phenylephrine infusion before induction minimizes this
effect, but this is hardly the comprehensive explanation of the difference. To keep hemodynamic
parameters as close to starting values as possible, the anaesthetist in PG has probably reacted sooner
than in CG. Nonetheless, phenylephrine intervention is predicted in the protocol of both groups
(Appendix 1) due to vasodilation after epidural bolus. In CG, if MAP were maintained to some extent
(due to reflex mechanisms) there was no information about hemodynamic changes that would
require intervention (fall in cardiac output and stroke index). Number of falls of MAP below 70mmHg
and 50mmHg is similar in both groups, but that does not mean that duration of hypotension is the
same. Together with higher volume of infused fluids this might suggest that in PG higher CI or more
dynamic circulation was targeted.

Monitoring depth of anaesthesia
BIS was used in both groups. This is according to hospital policy, since total intravenous infusion was
used in order to prevent intraoperative awareness (34). In the context of multimodal monitoring, we
omit an important variable that without doubt influences the outcome. Probably not only cognitive
decline, but mortality and morbidity in general are related to too deep anaesthesia, common
occurrence without monitoring, especially in elderly (35). There was a statistically significant
difference among groups but considering target values 40 – 55 it is hardy of clinical importance.

The role of cerebral oximetry
Our study does not confirm the benefit of using cerebral oximetry monitor during major abdominal
surgery, at least does not influences outcomes as are presented in this study. Can monitoring
oxygenation of the brain really be considered as a monitor of overall tissue oxygenation? In our
opinion, due to autoregulation of the brain blood flow, this assumption is wrong, until it is compared
to other monitors of tissue oxygenation (36). Incidence of renal impairment can be considered one
of the measures of adequate oxygenation. There is no difference in postoperative renal impairment
in our study. Another question is what are the possible actions in case of fall for more than 10%?
Apart from blood transfusion (if justified by laboratory values) the only answer would be to increase
hemodynamic parameters to supranormal values, that was already showed to be without benefit
(22). Only 3 occurrences of RBC transfusion are recorded in our study but decrease for more than
20% in NIRS value from starting point was recorded in 7 out of 42 patients, despite hemodynamic
values were optimised. However, the absolute value was never below 45%, that is considered critical
value (37).

Postoperative complications and length of stay
At first glance, we can conclude that combination of hemodynamic monitor and measurement of
cerebral oxygenation do not provide any benefit to patients in our study. Neither length of stay in
HDU, nor the hospital stay do not decrease in PG. There are some postoperative complications such
as the need for revision surgery, indication for antibiotic treatment third day after procedure or readmission to HDU that largely occur only in the CG. Only comparison of individual complication does
not show a statistically significant difference, but if we sum up all three, there is obvious and
statistically significant difference. Some other studies report more convincing, but similar results (29).
There is a significant difference in highest postoperative levels (in first 3 days) of procalcitonin. The
level of procalcitonin rises in a response to a pro-inflammatory stimulus, especially of bacterial origin.
Median value in CG is above the reference range. At the same time, levels of C reactive protein do
not differ among groups. Patients in the CG may be more prone to bacterial infections. Higher level
of infections in non-optimised group is also reported in literature (8).
Troponin leak was observed in 3 patients in PG. The raise is only marginally above the laboratory
threshold value for positive. Acute myocardial infarction was ruled out in those patients with a high
degree of confidence. Anyway, this can be related to higher fluid load in PG.

Strengths and limitations of the study
Patients involved in the study are very homogenous in terms of surgical procedures, perioperative
surgical management, and comorbidities. Type of anaesthesia was the same (TIVA with propofol and
epidural analgesia) in all observed patients. Comparing to other prospective studies, the number of
included patients is comparable (38).
Probably, multimodal monitoring would provide more benefit, if used throughout entire HDU stay
not only during surgical procedure.

Conclusions
In our study, combined use of hemodynamic and cerebral oxygenation monitoring does not
significantly decrease postoperative morbidity, length of stay in HDU or hospital stay. Median
postoperative value of procalcitonin was significantly higher in CG and was above laboratory
reference range. There is a difference in intraoperative amount of infused fluids, larger volume in
PG.
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Table 1: Intraoperative fluid management

Control group
Median (interquartile
range) ml
Intraoperative blood
300 (425)
loss
RBC transfusion
0 (0)
FFP transfusion
0 (0)
Platelet transfusion
0 (0)
Intraoperative fluid
+375 (438)
balance
Intraoperative urinary 205 (100)
output
1 – indicates statistically significant difference

Protocol group
Median (interquartile
range) ml

P value
(Mann – Whitney U
test)

500 (500)

0.182

0 (0)
0 (0)
0 (0)
+1300 (1063)

0.185
1
0.317
0.0001

300 (200)

0.078

Table 2: Intraoperative observations and interventions

Control group
(Number of patients out
of 42 with certain
observation/intervention)
Bolus of phenylephrine during
31
procedure
Vasoactive support with
1
norepinephrine
Mean arterial pressure less than 31
70mmHg anytime during
procedure
Mean arterial pressure less than 7
50mmHg anytime during
procedure
1 – statistically significant difference

Protocol group
(Number of patients out
of 42 with certain
observation/intervention)

P
value

38

0.0431,
2

2

0.5003

36

0.2262

8

0.3532

2- Pearson Chi-square
3 - Fisher’s Exact Test

Table 3: Length of stay comparison

Length of stay in
hospital
Length of stay in HDU

Control group Median
(Interquartile range)
days
9 (8)

Protocol group
Median (Interquartile
range) days
9 (5.5)

P value
(Mann – Whitney U
test)
0.851

4 (3)

3 (1.3)

0.122

Table 4: List of postoperative complications in first three days after the procedure in both groups

P value*

Postoperative
Control group
complication/intervention (Number of patients out
of 42 with certain
observation/intervention)

Protocol group
(Number of patients out
of 42 with certain
observation/intervention)

Re-admission to the HDU
Admission to ICU
Revision surgery
Patient has died before
discharge
Complications related to
operative procedure
(dehiscence,
inflammation) first day
after procedure

5
2
6
1

1
0
0
0

0.1361
0.2472
0.0261
0.5002

0

2

0.4942

Complications related to
3
2
12
operative procedure
(dehiscence,
inflammation) third day
after procedure
Transfusion of RBC
2
0
0.5132
required in first day after
procedure
Transfusion of RBC
1
2
0.5002
required second or third
day after procedure
*
due to multiple comparisons p value significance was adjusted accordingly to Bonferroni correction
(significant p value for variables in the table was < 0.001)
1 - Pearson Chi-square
2 - Fisher’s Exact Test

Table 5: Number of patients according to Lee's Revised Cardiac Risk Index in both groups. Comparison of postoperative rise
of troponin I above the laboratory reference range and rise in creatinine (≥0.3 mg/dL increase in creatinine level or 1.5 times
baseline (KIDGO stage 1) is added.

Lee's Revised Cardiac
Risk Index
II
III
IV
Acute kidney
impariment
Troponin leak
1 - Chi – square test

Control group
(number of patients)
26
12
4
3
0

Protocol group
(number of patients)
27
10
5
4

P value

0.8551
0,5002
0,2412

3

2 - Fisher exact test

Table 6: Comparison of postoperative (3 days after surgery) levels of CRP and PCT

Control group
(Interquartile
range)
Median C-reactive protein level (difference
between highest postoperative level in 3 days and
preoperative level)
Laboratory reference range (0-5 mcg/L)
Median procalcitonin level (highest postoperative
value in first 3 days)
Laboratory reference range (0-0.50 mcg/L)
1 – independent samples Mann-Whitney U test
2 – statistically significant difference

125 (118)

Protocol
group
(Interquartile
range)
115 (122)

P value

0.1061

0.75 (3.19)

0.3 (0.88)

0.0011,2
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