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Abstract Perioperative  hemodynamic  optimisation
improves postoperative outcome for patients undergoing
high-risk surgery (HRS). In this prospective randomized
multicentre study we studied the effects of an individualized,
goal-directed fluid management based on continuous stroke
volume variation (SVV) and stroke volume (SV) monitoring
on postoperative outcomes. 64 patients undergoing HRS
were randomized either to a control group (CON, n = 32) or
a goal-directed group (GDT, n = 32). In GDT, SVV and SV
were continuously monitored (FloTrac/Vigileo) and patients
were brought to and maintained on the plateau of the Frank-
Starling curve (SVV <10 % and SV increase <10 % in
response to fluid loading). Organ dysfunction was assessed
using the SOFA score and resource utilization using the TISS
score. Patients were followed up to 28 days for postoperative
complications. Main outcome measures were the number of
complications (infectious, cardiac, respiratory, renal,
hematologic and abdominal post-operative complications),
maximum SOFA score and cumulative TISS score during
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ICU stay, duration of mechanical ventilation, length of ICU
stay, and time until fit for discharge. 12 patients had to be
excluded from final analysis (6 in each group). During sur-
gery, GDT received more colloids than CON (1,589 vs.
927 ml, P < 0.05) and SVV decreased in GDT (from 9.0 to
8.0 %, P < 0.05) but not in CON. The number of postop-
erative wound infections was lower in GDT (0 vs. 7,
P < 0.01). Although not statistically significant, the pro-
portion of patients with at least one complication (46 vs.
62 %), the number of postoperative complications per
patient (0.65 vs. 1.40), the maximum sofa score (5.9 vs. 7.2),
and the cumulative TISS score (69 vs. 83) tended to be lower.
This multicentre study shows that fluid management based
on a SVV and SV optimisation protocol is feasible and
decreases postoperative wound infections. Our findings also
suggest that a goal-directed strategy might decrease post-
operative organ dysfunction.

Keywords Monitoring - Intraoperative: stroke volume
variation - Individualized fluid therapy - Goal directed
therapy - High-risk surgical patients - Postoperative
complications

C. Wiesenack
Department of Anaesthesiology, Intensive Care and Pain
Therapy, Marienhospital, Gelsenkirchen, Germany

H. Gerlach

Department of Anaesthesia, Intensive Care and Pain Therapy,
Vivantes Klinikum Neukdlln, Berlin, Germany

e-mail: herwig.gerlach@vivantes.de

G. Marx

Department of Intensive Care Medicine, University Hospital
RWTH Aachen, Aachen, Germany

e-mail: gmarx @ukaachen.de

@ Springer


http://dx.doi.org/10.1007/s10877-013-9462-5
http://dx.doi.org/10.1007/s10877-013-9462-5
http://dx.doi.org/10.1007/s10877-013-9462-5

226

J Clin Monit Comput (2013) 27:225-233

1 Background

Hypovolaemia with subsequent tissue hypoperfusion might
occur during and after high-risk surgery (HRS). Hypovol-
aemia can remain undetected and may lead to postoperative
complications including organ dysfunction, prolonged
hospital stay and increased mortality [1-3]. HRS accounts
for about 10 % of surgical procedures but for a prolonged
hospital stay and more than 80 % of deaths, [4, 5] indi-
cating a need for improving survival for patients under-
going HRS. The outcome of patients undergoing HRS
improves by an intraoperative fluid management using
goal-directed stroke volume (SV) optimisation [6-9]. Two
meta-analyses demonstrated that intraoperative haemody-
namic optimisation is effective in reducing both postoper-
ative complications and mortality [10], particularly
postoperative infections [11]. In addition, postoperative
organ dysfunctions including gastrointestinal complica-
tions [9, 12] and renal impairment [13] can be reduced by a
goal-directed approach. Since studies aiming at maximiz-
ing physiological variables (e.g. cardiac output, oxygen
delivery, mixed venous oxygen saturation) had inconsistent
results [14—17], a more individualised or patient-oriented
approach has been advocated [9].

Hypovolaemia is the major reason for haemodynamic
instability in the perioperative setting [18]. On the other
hand, there is evidence that volume application may be
dangerous [19]. But volume administration is required and
is achieved by using so-called dynamic variables, i.e.
stroke volume variation (SVV), pulse pressure variation or
systolic pressure variation [20]. Fluid optimisation guided
by SVV is associated with haemodynamic stability and
decreased lactate levels as well as reduced postoperative
organ complications [21].

The aim of this prospective randomised multicentre
study was to create a database enabling a sample size
calculation for a larger study and to evaluate whether a
goal directed fluid optimisation algorithm based on tar-
geting SV and SVV improves the outcome of high-risk
patients undergoing HRS. We hypothesise that an indi-
vidualised fluid optimisation protocol decreases the inci-
dence of postoperative complications.

2 Methods

Ethical approval for this prospective randomized multi-
centre study was provided by the Ethical Committee of
University Hospitals, Rostock, Germany (A 51-2008)

HRS patients were identified according to predefined
criteria [4, 22, 23]. All patients provided written informed
consent prior to inclusion.
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The purpose of this preliminary study was to create a
database enabling a robust sample size calculation for a
larger follow-up study and to evaluate feasibility of the study
protocol. Feasibility was assessed by the number of eligible
patients per center, the inclusion rate of these patients per
center, the ability of the Vigileo-FloTrac device to detect
hypovolemia (i.e. SVV >10 %) and thus enable to guide
fluid therapy, the lack of complications related to the device
and/or the treatment algorithm, and the compliance of the
participating anaesthetists to the study protocol.

The primary objective is to evaluate the proportion of
patients developing post-operative complications in each
study arm. The secondary objective will be to evaluate
information regarding the complications and their conse-
quences by the following endpoints:

— maximum sequential organ failure assessment (SOFA)
score during stay in intensive care unit (ICU)

— cumulative therapeutic intervention scoring system
(TISS-28) score during ICU stay (cost analysis)

— duration of mechanical ventilation

— time until fit for discharge from ICU according to the
following criteria:

e Spontaneous breathing with oxygen <3 1 min~"' and
S$;0, > 92 %

e Haemodynamic stability (systolic blood pressure
>100 mmHg) without vasoactive or inotropic
support

e Normothermia (central temperature between 36 and
38.5 °C)

— ICU Length Of Stay (LOS) (in hours)
— Mortality rate at day 28

Patients aged 18 and older scheduled for HRS and
postoperative intensive care were eligible for participation
in the study. Inclusion criteria were ASA III or IV score, an
arterial and central venous line planned for pressure mon-
itoring during surgery, a preoperative decision that post-
operative care will be undertaken in the ICU because of co-
morbidities and/or the surgical procedure, and a thoracic
epidural anaesthesia. Exclusion criteria were: age below
18 years, cardiac arrhythmia, body mass index >40,
scheduled procedure for surgery with an open thorax,
neurosurgery, hepatic or emergency surgery.

Patients were randomised either to a control group
(CON) or to a goal-directed group (GDT). Randomization
was performed by closed envelopes in each centre con-
taining the treatment arm.

2.1 Data acquisition

Patients of both groups were connected to the FloTrac System
and recorded from skin incision until end of skin closure by a
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Fig. 1 Intraoperative fluid
optimisation protocol applied in
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Multi Data Logger (MDL). The haemodynamic values col-
lected were heart rate (HR), mean arterial pressure (MAP),
arterial oxygen saturation by pulse oximetry (S,0,), central
venous pressure (CVP), stroke volume variation (SVV), and
stroke volume (SV). The data from the FloTrac System (SVV
and SV) in the control group were recorded, but made inac-
cessible for the investigator by using an intransparent cover
sheet for the monitor. Patients from this group received
treatment according to a standardized approach. In the GDT
group, the haemodynamic data given by the FloTrac System
were available for the investigator and used every 10 min
during surgery to apply the fluid optimisation protocol
(Fig. 1). This protocol was based on the Frank—Starling
mechanism of the heart and assumed that subjects benefit
from volume application with an increase in SV until they
reach the top (flat part) of the curve. If indicated, 200 ml of
6 % hydroxyethylstarch (HES 130/0.4, Voluven®, Fresenius
Kabi, Graz, Austria) were infused over 10 min.

Data were collected in case report forms and fed into a
relational Oracle database on a central server, networked to
data entry and data analytical workstations.

Subjects were followed regarding infectious, cardiac,
respiratory, renal, hematologic and abdominal post-opera-
tive complications for 28 days or until hospital discharge.
To avoid any bias, doctors performing this evaluation were
blinded concerning the patient’s treatment group. Ventila-
tion was in a volume controlled mode with a tidal volume
of >7 ml kg™"' [24].

2.2 Statistical analysis

Data from this preliminary study were used for a sample
size calculation for a follow-up multicentre trial. In addi-
tion, we performed an outcome analysis. Data were tested
for normality (Kolmogorov—Smirnov test) and are pre-
sented as mean (SD) unless otherwise stated. For data
representation, the frequency and percentage of patients
developing post-operative complications are reported for
each randomization group. Comparison of groups was by
using Fisher’s Exact Test.

The secondary outcome variables (total number of
complications developed post surgery, maximum SOFA
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score and cumulative TISS score during ICU stay, duration
of mechanical ventilation, length of ICU stay, and time
until fit for discharge) are reported for each randomization
group. The comparison was performed either by using ¢ test
or, if the data deviated from normal distribution, by the
Wilcoxon—-Mann—Whitney test.

For variables other than the primary and secondary
endpoints, descriptive statistics were provided. For con-
tinuous data, mean and standard deviation are presented,
for dichotomous and categorical data, frequency and per-
centage are provided. Comparisons were performed either
by using ¢ test or, if the data deviated from normal distri-
bution, by the Wilcoxon—-Mann—Whitney test. Binary and
qualitative data were compared using Fisher’s Exact test.

3 Results

Sixty-four HRS patients were included between September
2008 and August 2009 (Fig. 2). 12 patients (6 in each
group) were excluded because of protocol violation
(n = 8), not meeting inclusion criteria (n = 2), or
arrhythmia during or shortly after surgery (n = 2), result-
ing in 52 patients (26 in each group) included in the final
analysis (Fig. 2). Protocol violation included mechanical
ventilation with tidal low volumes (<7 ml kg_l, n = 6)
and recording of SV and SVV values in the CRF in the
CON group (n = 2).

The two groups of patients were comparable for ASA
score and co-morbidity before surgery (Table 1). However,
patients from the GDT group were younger (68(9) vs. 73(9)
years) and had a slightly higher haemoglobin level
(12.8(2.2) vs. 11.2(1.7) g dl™!) than those of the CON
group. Type and duration of surgery (275(98) vs. 280(107)
min) and blood loss (1,118(1,057) vs. 984(647) ml) were
comparable in both groups of patients (Fig. 3).

During surgery, both groups of patients received a
similar amount of fluids (GDT 4,477 (2,107) ml vs. CON
4,528 (2,387) ml, P = 0.86) (Fig. 3). The GDT group
received however more colloids than the control group
(1,589(1,283) vs. 927(845) ml, P < 0.05), while the control
group tended to receive more red blood cells (685(832) vs.
319(495) ml, P = 0.063) (Fig. 3). This resulted in similar
haemoglobin levels at the end of surgery (10.0(1.2) versus
9.8(1.5) g dI™" in the CON and GDT group, respectively).
More colloids were given early during surgery in the GDT
group (Fig. 4), whereas fluid administration was equally
distributed over the whole intraoperative period in the
control group (data not shown).

At baseline, heart rate, mean arterial pressure, CVP, SV
and SVV were comparable between groups (Table 2). SVV
decreased in the GDT group (from 9.1 (2.5) to 8.0 (4.3) %,
P = 0.048) but not in the control group (8.9 (2.9) vs. 8.8
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Table 1 Patient characteristics and co-morbidities before surgery
and surgery related variables

CONTROL GDT 26

(n = 26) (n = 26)
Gender (F/M) 10(38)/16(62) 7(27)/19(73)
Age (year) 73 (9) 68 (9)*
Height (cm) 169 (9) 170 (8)
Weight (kg) 79 (18) 85 (17)
ASA 1II (n) 26 (100) 24 (92)
ASA 1V (n) 0 (0) 2 (8)
Creatinine (pumol 1hH 111 (47) 100 (35)
Haemoglobin (g darh 11.2 (1.7) 12.8 (2.2)**
Platelets (n pl~") 377 (163) 291 (76)
Renal failure with dialysis 0 (0) 14)
Renal failure without dialysis 10 (38) 4 (15)
Cirrhosis 0 (0) 3 (12)
COPD 4 (15) 8 (31
Hypertension (controlled) 19 (73) 20 (77)
Peripheral vascular disease 4 (15) 5(19)
Coronary artery disease 9 (35) 7 (27)
Other cardiopathy 9 (35) 7 (27)
Cerebrovascular disease 9 (35) 4 (15)
Diabetes mellitus 9 (35) 10 (38)
Other comorbidities 14 (54) 16 (62)
Duration of surgery (min) 280 (107) 275 (98)
Blood loss (ml) 1,118 (1,057) 984 (647)
Major abdominal surgery (n) 12 (46) 11 42)
Radical cystectomy (n) 14 (54) 15 (58)

Values are mean (SD) or number (proportion)

GDT goal-directed therapy, COPD chronic obstructive pulmonary
disease; * P < 0.05, ¢ test, ** P < 0.01, ¢ test

(2.7) %). The time that SVV was <10 % (area under the
curve) tended to be greater in the GDT group (69 £ 10 vs.
61 = 159 %, P = 0.41). Cardiac output increased in both
groups to a similar extent (Table 2). Vasoactive support did
not differ between groups (norepinephrine dosage
0.05(0.05) vs. 0.04(0.06) pg kg~' min~' in groups CON
and GDT, respectively).

The number of post-operative wound infections was
significantly lower in the GDT group (0 vs. 7, P = 0.01).
Although not statistically significant, the proportion of
patients with at least one complication (46 vs. 62 %), the
number of post-operative complications per patient
(0.65(0.85) vs. 1.40(1.9)), the maximum ICU SOFA score
(5.9(3.9) vs. 7.2(4)), and the cumulative ICU TISS score
(69(47) vs. 83(66)) were also lower in the GDT group
(Fig. 5). In this study, the postoperative duration of
mechanical ventilation (2.4(3.6) vs. 4.8(10.4) h), the time
until fit-for-discharge (19(19) vs. 28(21) h) and the actual
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Fig. 2 CONSORT
(Consolidated Standards of
Reporting Trials) trial flow
diagram

GIFT Consort Figure

|

Analysed (n=26)

ICU length of stay (30(29) vs. 42(52) h) tended to be
shorter in the GDT group, although no significant differ-
ences occurred. While all patients of the GDT group sur-
vived, 2 patients (7.7 %) died in the control group
(P = 0.49). There were no complications related to the
FloTrac/Vigileo device or the treatment algorithm.

4 Discussion

This multicentre study shows that the chosen treatment
algorithm is feasible and that about 250 patients should be
included in a follow-up study to get a significant difference
in the main study endpoint, i.e. the proportion of subjects
developing post-operative complications in each study arm.
Furthermore, it demonstrates that fluid management based
on SVV and SV optimisation decreases post-operative
wound infections. Although the two groups of patients
were not perfectly matched, our findings suggest that a
goal-directed strategy might decrease post-operative organ
dysfunction and thus resources utilization.

HRS patients account for a majority of perioperative
morbidity and mortality [4, 25]. The reasons for periopera-
tive morbidity and mortality and potential strategies for
prevention and intervention have been summarised [26].
Numerous single-centre trials showed that a goal-directed
approach of haemodynamic optimisation reduces both
postoperative complications and mortality in HRS patients,
regardless of the monitoring method or target variable cho-
sen [10, 27]. Furthermore, in a 15-year follow-up patients for
whom haemodynamics had been optimised survived on
average 3 years longer than those who did not receive such
goal directed therapy [28]. This long-term survival benefit
was also observed in those patients of the protocol group who
developed complications after surgery [28].

However, impressive results obtained in single-centre
trials, where dedicated teams follow a strict, well-estab-
lished treatment protocol, may not be reproduced in a

7000
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E M Cristalloid
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E LiColloid
é 3000 HRBC

FFP
2000 )
E Total

1000

Control GDT

Fig. 3 Intraoperative fluid management. Values are mean (SD). GDT
goal-directed therapy, RBC red blood cells, FFP fresh frozen plasma,
*P < 0.05, t test

multicentre setting [29]. Just monitoring cardiac output
without using a treatment algorithm is ineffective in
facilitating haemodynamic stabilization or affecting out-
come [30]. There is only one other multicentre-study
showing reduced morbidity by intraoperative optimisation
therapy [31]. In that study, the oxygen extraction ratio was
used as a goal and was aimed to decrease below 27 %. The
authors reported a reduction in organ failure (—40 %) and
in length of hospital stay (—16 %).

Fluid administration is a mainstay of GDT optimising
cardiac preload [25]. However, since excessive fluid
administration is associated with excess mortality [32-34],
an individualised assessment of fluid responsiveness is
advocated [9].

With regard to the assessment of fluid responsiveness,
dynamic changes in arterial waveform-derived variables
such as pulse pressure variation, systolic pressure variation
and SVV have been suggested [20]. Among these, SVV
appears to be the most relevant variable with regard to fluid
responsiveness. We chose an algorithm addressing SVV
and SV in order to assess the individual patient’s Frank-
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Fig. 4 Distribution of colloid bolus in GDT group. Values are
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Starling curve allowing us to titrate fluid therapy according
to individual patient’s needs.

Heart rate and blood pressure were not much affected by
the optimised fluid regimen, despite major differences in
outcome in favour of GDT. This might be explained by the
fact that the total amount of fluids given was similar in both
groups. Nevertheless, the timing of fluid administration
may be important, since patients in the GDT group
received their colloid boluses early during surgery, sug-
gesting an earlier optimisation of tissue perfusion [35, 36].
Furthermore, given the low SVV already at the start of
surgery which was below the intervention threshold of
10 % and the small differences observed at the end of
surgery, even the control group seems to be almost

Table 2 Haemodynamics at start and end of surgery

optimised by the standard therapy applied in the partici-
pating centres. Thus, one might expect even more reduc-
tions in complications in a setting where standard therapy
is less extensive. The amount of volume given resulted in
similar decreases in haemoglobin levels in both groups.

Independent of preoperative patient risk, a 30-day
complication in patients after major surgery reduced
median patient survival by 69 % [37] and increased their
hospital length of stay [38]. Complications following sur-
gery can be related to a patient’s age, preoperative
comorbidities, and the type of surgery [39, 40]. Regarding
the primary endpoint (percentage of patients with at least
one complication), the benefit was 46 % relative reduction
instead of 32 % in our study. Of particular interest is the
reduction in postoperative wound infections in our GDT
group (0 vs. 7 in the control group). These findings are
supported by a meta-analysis including 26 randomised
controlled trials and more than 4,000 patients [11]. Intra-
operative haemodynamic optimisation leads to improved
tissue perfusion and oxygenation and thus prevents infec-
tious complications. The greater amount of transfused
blood in control group patients might have contributed to
differences in complications, since blood transfusions are
immunosuppressive and might increase postoperative
infections [41].

We found tendency of 17 % reduction of the cumulative
TISS-28 score in our GDT group compared to control
patients (Fig. 5). Since one TISS-28 point equals 10.6 min
of an ICU nurse’s working time [42] or 25 pound sterling,
[43] almost 2.5 h (148 min) or 350£ ICU costs per patient
were saved if patients received the goal-directed fluid
optimisation protocol intraoperatively. In addition, patients
from the GDT group tended to be earlier fit for discharge
from the ICU and were discharged by trend earlier (—33
and —28 % compared to control). Furthermore, the cost
reduction outweighs the additional costs of intraoperative

Start of surgery

End of surgery

CONTROL (n = 26) GDT (n = 26) CONTROL (n = 26) GDT (n = 26)
Heart rate (bpm) 65 (14) 59 (13) 68 (14) 66 (10)

MAP (mmHg) 78 (13) 76 (12) 75 (11) 76 (9)

CVP (mmHg) 12 (5) 11 4) 10 (3) 12 (5)

Tidal volume (ml kgfl)* 8.5 (0.9) 8.9 (1.3) 8.8 (1.1) 9.4 (1.4)

SVV (%) 8.9 (2.9) 9.1 (2.5) 8.8 (2.7) 8.0 (4.3)

SV (ml) 75 (19) 76 (13) 75 (17) 78 (15)

CO (I min™") 4.6 (0.7) 4.5 (0.8) 5.0 (0.9 4.9 0.7)F

Values are mean (SD) or number (proportion). * Ideal body weight; GDT goal-directed therapy, bpm beats per minute, MAP mean arterial
pressure, CVP central venous pressure, SVV stroke volume variation, SV stroke volume, CO cardiac output, TP <0.05, paired ¢ test against

respective baseline
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Outcome variables

o Number
complications/patient

M %patients with
complication(s)

« Maximum SOFA score

% Reduction

# Cumulative TISS score

Fig. 5 Outcome variables concerning primary and secondary study
endpoints. SOFA sequential organ failure assessment, 7ISS therapeu-
tic intervention scoring system

SV monitoring and additional colloids in accordance with
cost analyses showing that perioperative optimisation not
only improves patient outcome but also provides cost
saving [44, 45].

We observed 2 deaths in our 52 HRS patients within
28 days (3.8 %), both occurring in the control group.
Medicare data from the US showed that risk-adjusted
mortality in HRS patients ranges from 3.7 % (cystectomy)
to 8.9 % (oesophagectomy) [46]. A multicentre observa-
tional study of HRS patients from 21 Brazilian hospitals
reported ICU and hospital mortality rates of 15 and 20.6 %,
respectively, with multiple organ failure being the main
cause of death [47]. In this study, the SOFA score proved
to be a good predictor of hospital mortality with an area
under the ROC curve of 0.805 [47]. We found an 18 %
reduction of the maximum SOFA score (although not
significant) in HRS patients receiving the individualised
fluid optimisation protocol. Based on our findings we can
calculate that a sample size of at least 232 HRS patients
will be necessary to achieve significant results for the
primary endpoint in a confirmatory study.

Some limitations of the presented multicentre study
have to be considered: First, the overall compliance to the
study protocol was only 75 %. The main reasons for not
following the protocol were applicability (i.e. the short
time interval of 10 min between successive interventions)
and scepticism of the attending anaesthetist about the
necessity or benefit of either the requested minimal tidal
volume (6 patients had to be excluded afterwards for this
reason) or further fluid administration (although the pro-
tocol suggested to give fluid). One might speculate that the
results of our study might have been even better if doctors
had followed the protocol more strictly. Second, the study
was not double-blinded, i.e. the physicians were aware in
which group the patients were randomised, which may be a
reason for modified handling and awareness. However, one
of the goals was to evaluate the efficiency of goal-directed

versus non-directed fluid management on the detected
parameters; hence, no alternative approach seemed to be
feasible. Third, many patients had to be excluded during
the screening due to pre-existing arrhythmia, which, how-
ever, is present in a considerable partition of HRS patients.
Efforts are currently made to implement new software for
the used monitoring device which is able to handle even
data from patients with arrhythmias in optional follow-up
studies. Fourth, postoperative fluid management in the ICU
was not standardized, so that we cannot exclude that a poor
postoperative fluid management derogated the positive
effect of an intraoperative fluid optimization. Finally, the
sample size is too low to make any definite conclusions on
the efficiency of the goal-directed approach.

5 Conclusions

In summary, our multicentre study shows that an individu-
alised fluid management based on a SVV and SV optimisa-
tion protocol is feasible and decreases post-operative wound
infections. Our findings also suggest that such a goal-direc-
ted strategy seems to decrease other post-operative compli-
cations such as organ dysfunction. The intraoperative use of
minimal invasive monitoring of SV and SVV and a fluid
optimisation protocol might be cost-effective.
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