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Background: This study evaluated impact of intraoperative goal-directed therapy (GDT) judged by
changes of stroke volume variation (SVV) and cardiac index (CI) using the Vigileo/FloTrac system on post-
operative (PO) morbidities and mortality rates in high risk patients scheduled for major abdominal surg-
eries in comparison to conventional fluid therapy (CT).
Methods: 86 patients were randomly allocated into one of two equal groups: CT group = 43 patients
received crystalloid solution and on demand bolus of 250 ml colloids with possible addition of vasopres-
sor or inotrope to target MAP at 60–90 mmHg, CVP at 8–12 mmHg and urine output at >0.5 ml/kg/hr and
GDT group = 43 patients received crystalloid fluid therapy (FT) and colloids (3 ml/kg) with possible addi-
tion of vasopressor or inotrope according to predefined protocol with a target CI 2.5 L/min/m2, SVV < 12%
with MAP > 65 mmHg. Physiological and Operative Severity Score for Enumeration of Mortality and
Morbidity (POSSUM) was used to predict morbidity and mortality rates. Study outcomes included ICU
and total hospital morbidity and mortality rates and length of stay (LOS).
Results: Intraoperative GDT reduced ICU morbidity rate (16.3%) than the POSSUM predicted rate (39.78%)
and significantly (p = 0.039) than CT group (37.2%), while in CT group ICU morbidity rate coincided with
POSSUM predicted rate (42.86%). ICU and total hospital LOS were significantly shorter with GDT group
than with CT group. However, mortality rates weren’t significantly lower with GDT group than CT group
(7% vs. 11.6%). The applied protocol for intraoperative GDT reduced significantly crystalloid infusion and
despite of significantly higher amount of received colloids, the total amount of FT was significantly less
than CT group.
Conclusion: The applied protocol for intraoperative GDT provided significant reduction of PO morbidities,
ICU and hospital LOS but couldn‘t significantly reduce mortality rates in high risk patients scheduled for
major abdominal surgeries.
� 2017 Publishing services by Elsevier B.V. on behalf of Egyptian Society of Anesthesiologists. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Perioperative hemodynamic optimization improves postopera-
tive (PO) outcome for patients undergoing high-risk surgery [1].
Conventional liberal, restricted and goal-directed fluid manage-
ment have different influences on PO complications and mortality
[2]. Targets of goal-directed hemodynamic management are to
optimize stroke volume (SV) by fluid therapy; maintain target
mean arterial pressure (MAP) by vasopressor therapy and cardiac
index by inotropic therapy [3].

Dynamic variation parameters including systolic pressure vari-
ation, pulse pressure variation and SV variation (SVV) measured
using the Pulse Index Continuous cardiac system can both track
changes in blood volume and to predict fluid responsiveness [4].
Pleth Variability Index derived from the finger pulse oximeter
waveform could predict fluid responsiveness during surgery in
ventilated patients [5].

Cardiac SV estimated by ultrasound Doppler and by arterial
blood pressure curve showed parallel variations beat-to-beat in
cardiac SV, whereas impedance cardiography did not appear to
track beat-to-beat changes [6]. The Vigileo/FloTrac system
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(Edwards Lifescience, Irvine, CA, USA), is a SVV, cardiac output (CO)
and cardiac index (CI) monitoring device, based on arterial pulse
contour; therefore, it offers the possibility of the almost beat-to-
beat measurements of CO, CI and SVV [7]. Multiple studies assured
the accuracy of Vigileo/FloTrac device in assessing SVV, CO and CI
in numerous settings [8,9].

The primary outcome of the current study was to assess the
impact of intraoperative goal-directed therapy (GDT) as judged
by changes of SVV and CI using the Vigileo-FloTrac system on the
frequency of PO complications encountered during ICU stay, ICU
and hospital length of stay (LOS) in high risk patients scheduled
for major abdominal surgeries. Secondary outcome included ICU
mortality, the frequency of ICU re-admission and total hospital
morbidity and mortality.

2. Methods

The current prospective comparative study was conducted at
Ain-Shams University hospitals, since June 2014 till May 2016.
The study protocol was approved by the Local Ethical Committee
and enrolled patients, fulfilling the inclusion criteria, signed writ-
ten fully informed consent prior to inclusion. Inclusion criteria
included high-risk patients scheduled for major abdominal surg-
eries with anticipated operative time of >120 min or blood loss of
>20% of blood volume.

High-risk was defined if patient was of ASA grade II or III [10]
and had at least one of the six independent predictors of complica-
tions included in Lee Revised Cardiac Risk Index: high-risk type of
surgery, history of ischemic heart disease, congestive heart failure,
cerebrovascular disease, or preoperative treatment with insulin,
and/or preoperative serum creatinine >2.0 mg/dl. Each risk factor
was assigned one point and major cardiac complications are rated
as Class I-IV for points 0, 1, 2, or �3 [11].

Patients were randomly allocated, using sealed envelopes pre-
pared by blinded assistant and chosen by patient him/herself, into
two equal groups (n = 43 patients each) according to modality of
intraoperative monitoring and hemodynamic therapy. All patients
were premedicated by intravenous (IV) injection of metoclo-
pramide 10 mg, ranitidine 50 mg and midazolam 0.01 mg/kg. All
patients received preoperative IV infusion of Lactated Ringer (LR)
solution at rate of 2 ml/kg/hr at 8.00 AM of the day of surgery till
admission to operating room.

Before induction of anesthesia, central venous catheter was
inserted via the right internal jugular vein for measurement of cen-
tral venous pressure (CVP) and fluid administration. Antero-
posterior chest X-ray was performed for assurance of proper cathe-
ter insertion. An arterial line (20G, BD arterial cannula, BD critical
care system Ltd., Singapore) was inserted into radial artery of non-
dominant forearm and baseline invasive arterial blood pressure
(ABP) measurement was determined and blood samples were
obtained for baseline laboratory estimations. Standard monitoring
for all patients included invasive monitoring for arterial blood
pressure, CVP, and urine output (UOP) and non-invasive monitor-
ing of heart rate (HR) using 5-lead ECG, SpO2 and ETco2.

General anesthesiawas induced for both groupswith IV injection
of fentanyl 1–fentanyl 1-2 lg/kg2 lg/kg, thiopental 3–thiopental 3-
5mg/kg5 mg/kg (as titratable dose), atracurium 0.5 mg/kg. Patients
were maintained on controlled mask ventilation with 100% oxygen
until adequately relaxed and then endotracheal tube was inserted
within 3–5 min. After intubation, mechanical ventilation was initi-
atedwith 100% oxygen using volume controlledmode, tidal volume
of 6–8 ml/kg and PEEP 3–5 cmH2Owith the respiratory rate was set
tomaintainnormocapniaand thepeakpressureof theventilatorwas
limited to 40 cmH2O. Incremental doses of fentanyl (0.5–1.0 lg/kg)
and atracurium (0.1 mg/kg) were given according to needs in addi-
tion to isoflurane 1–2% as an inhalational anesthetic.
2.1. Intraoperative (IO) monitoring and fluid therapy (FT)

2.1.1. Conventional fluid therapy (CT) group

� The endpoint for patients of CT group was to keep MAP ranging
between 60 and 90 mmHg with CVP in range of 8–12 mmHg
and UOP of >0.5 ml/kg/h.

� Maintenance IV infusion FT was provided in the form of crystal-
loid solution (LR solution) so as to maintain MAP in range of 60–
90 mmHg with CVP in range of 8–12 mmHg and UOP at rate of
>0.5 ml/kg/h. However, according to hemodynamic monitoring;
if MAP < 65 mmHg or UOP < 0.5 ml/kg/h and CVP < 8 mmHg,
more than 20 min, a bolus of 250 ml of 6% hydroxyethyl starch
in saline (6%HES 130/0.4; Voluven; Fresenius Kabi AG, BadHom-
burg, Germany) was given; but if CVP was 8–12 mmHg with the
same former drop of MAP and UOP; nor-epinephrine infusion at
rate of 50 ng/kg/min was started in addition to a similar bolus of
colloid FT. In case of CVP > 12 mmHg with MAP < 65 mmHg,
dobutamine infusion at initial rate of 5 lg/kg/min was started.

2.1.2. Goal-directed therapy (GDT) group

� Patients received enhanced hemodynamic monitoring with the
Vigileo/FloTrac device (Edwards Lifesciences, Irvine, CA, USA).
The arterial line was connected to the Vigileo monitor (software
version 1.14) via the FloTrac pressure transducer and all
intravascular pressure measurements are referenced to mid-
axillary line level. Both CI and SVV were continuously moni-
tored and recorded every 20-min.
– Maintenance FT was provided in the form of crystalloid solu-

tion (LR solution) so as to maintain CI at 2.5 L/min/m2 and
SVV of <12% with MAP of >65 mmHg. Colloid solution, 6%
hydroxyethyl starch in saline (6% HES 130/0.4; Voluven; Fre-
senius Kabi AG, Bad Homburg, Germany) was given as bolus
dose of 3 ml/kg when SVV was >12% for 15 min or when CI
was increased by >10% than the previous reading. If
SVV < 12% after fluid administration, CI < 2.5 L/min/m2 with
MAP < 65 mmHg; a dobutamine infusion initial dose of 5 lg/
kg/min was started to maintain CI between 2.5 and 5 L/min/
m2. If MAP had dropped below 65 mmHg with SVV < 12%
and cardiac index >2.5 L/min/m2, nor-epinephrine infusion
at rate of 50 ng/kg/min was administered in addition to a
colloid bolus of Voluven 3 ml/kg. Protocol algorithm of the
GDT study group is shown in Fig. 1.

2.1.3. Both groups

� Patients of both groups were continuously monitored for HR,
ABP with MAP, CVP and UOP were recorded hourly.

� Blood loss was initially substituted with fluids according to the
protocol applied for each group, but if hemoglobin concentra-
tion reached <9 g/dl, transfusion of packed red blood cells
(PRC) and fresh frozen plasma (FFP) was started.

� Amount of IO blood loss, fluids and blood products intake, need
of patients for inotropes and vasopressors were reported.

� Venous blood samples were obtained before induction of anes-
thesia and at time of ICU admission and collected in sodium flu-
oride containing tubes for estimation of blood lactate level [12].

2.2. ICU monitoring

� All patients were admitted to ICU and received maintenance FT
as crystalloid fluid at rate of 1–1.5 ml/kg/h.

� HR, MAP, CVP, UOP and blood lactate level were measured on
ICU admission and at 6, 12, 24, and 48-h postoperative (PO) in
both groups.



Inclusion of eligible patient  
Randomization to (GDT) group or (CT) group

Obtaining baseline physiological variables  
↓↓

Insertion of arterial catheter before anesthesia  
Baseline measurements and blood samples  

Induction of anesthesia  
Goal-directed therapy (GDT) group

↓
Measure and record (SVV and CI) 

↓
 SVV > 12% No

↓ Yes
 Bolus colloid (3ml/kg)   

SVV > 12% 
Or  

C.I. ↑  10% 

  SVV < 12% 
Or  
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 Assess C. Index, MAP 

C. Index < 2.5 
MAP < 65 

 C. Index > 2.5 
MAP > 65 

 C. Index < 2.5 
MAP > 65 

 C. Index > 2.5 
MAP < 65 

Dobutamine   Re-evaluate after 10 min  Norepinephrine  

Fig. 1. Protocol algorithm of the GDT group.
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� Patients were evaluated using the Physiological and Operative
Severity Score for the Enumeration of Mortality and Morbidity
(POSSUM) [13].

� Perioperative morbidities and mortality were assessed daily
throughout ICU stay by an assistant who was blinded about
patients’ grouping and intraoperative management. After dis-
charge from ICU, patients were assessed daily by a surgeon
blinded about patients’ grouping and intraoperative
management.

2.3. Statistical analysis

Sample size was calculated using the standard nomogram pro-
posed by Kraemer & Thiemann [14] and a sample size of >40
patients was determined to be sufficient to detect a difference at
the 5% significance level and give the trial 80% power [15]. Sample
size and power were re-calculated and assured using Power and
Sample Size Calculation Software program provided by Depart-
ment of Biostatistics, Vanderbilt University. Obtained data were
presented as mean with standard deviation, numbers and percent-
ages. Results were analyzed using One-way ANOVA with post hoc
Tukey HSD Test for parametric data and Chi-square test (X2 test)
for non-parametric analysis of numbers and ratios and t-test for
intergroup and intra-group comparisons. Statistical analysis was
conducted using the IBM SPSS (Version 23, 2015) statistical pack-
age. P value <0.05 was considered statistically significant.
3. Results

Flow chart for patients of this study is shown in (Fig 2).
This study included 86 patients with mean age of 57.5 ± 7.6;

range: 38–69 years. All patients were high-risk, scheduled for
major abdominal surgeries with non-significant (p > 0.05) differ-
ence between both groups (Table 1). All surgeries were conducted
uneventfully without intraoperative mortalities or morbidities
with non-significant difference between both groups as regards
time-lapse till conduction of surgery, operative time, amount of
blood loss and frequency of the need for RBC and FFP transfusion,
nor-epinephrine or dobutamine infusions (Table 2). Intraopera-
tively, patients of CT group received significantly higher amount
of crystalloid FT, while patients of GDT received significantly
higher amount of colloid FT. Intraoperative hemodynamic param-
eters showed non-significant (p > 0.05) difference between both
groups. Similarly, UOP as a guide for tissue perfusion showed
non-significant (p > 0.05) difference between both groups
(Table 3).

During 1st 24-h of ICU stay, patients of CT group received signif-
icantly (p = 0.001) larger amount of crystalloid FT, but non-
significantly (p > 0.05) smaller amount of colloid FT. Therefore,
CT patients received collectively a significantly (p = 0.001) higher
total amount of FT than patients of GDT group. The frequency of
patients required PRC transfusion, nor-epinephrine infusion or
dobutamine infusion showed non-significant (p > 0.05) difference
between both groups (Table 4).

Postoperative blood lactate levels were significantly higher in
comparison to preoperative levels in both groups reaching a max-
imum at time of admission to ICU and then declined progressively
till 24-h PO when the difference was non-significant versus preop-
erative levels. On the other side, estimated blood lactate levels
were significantly higher in patients of CT group compared to
patients of GDT group throughout the 1st 24-h PO (Table 5).

At admission to ICU, calculated morbidity and mortality accord-
ing to POSSUM score showed non-significant (p > 0.05) difference
between patients of both groups. Number of patients developed
PO events during ICU stay was significantly (p = 0.039) higher



Assessed for eligibility (n=181)
airetircInclusion not fulfilled (n=92) 

)3=n(tnesnocniatbooteruliaF
Randomized (n=86)

Allocated to (GDT) group (n = 43)  Allocated to (CT) group (n=43) 

3 patients died  5 patients died 

Fig. 2. Flow of participants through the study.

Table 1
Demographic data of patients of both groups.

Data Group CT (n = 43) GDT (n = 43) P value

Age (years) 57 ± 8.5 58 ± 6.6 0.550
Sex; M:F ratio 27:16 24:19 0.510

BMI data Weight (kg) 85.8 ± 7.8 87 ± 8.9 0.504
Height (cm) 170.2 ± 3.3 170.4 ± 3.1 0.811
BMI (kg/m2) 29.6 ± 2.7 30 ± 3.1 0.576

ASA grade ASA-II 19 (44.2%) 18 (41.9%) 0.828
ASA-III 24 (55.8%) 25 (58.1%)

Lee Revised Cardiac Risk Index Class I 13 (30.2%) 11 (25.6%) 0.938
Class II 18 (41.9%) 17 (39.5%)
Class III 7 (16.3%) 9 (20.9%)
Class IV 5 (11.6%) 6 (14%)

Associated co-morbidities Yes Diabetes Mellitus 14 (32.6%) 11 (25.6%)
Hypertension 7 (16.2%) 5 (11.6%)
Ischemic heart disease 3 (7%) 2 (4.7%)
Multiple 8 (18.6%) 16 (37.2%)
Total 32 (74.4%) 34 (79.1% 0.439

No 11 (25.6%) 9 (20.9%)

Assigned surgical procedure Hepatectomy 13 (30.2%) 17 (39.5%) 0.782
Whipple pancreatico-duodenectomy 5 (11.6%) 3 (7%)
Colectomy 16 (37.2%) 15 (34.9%)
Spleenectomy 3 (7%) 2 (4.7%)
Total abdominal hysterectomy with
bilateral salpingo-oopherectomy

4 (9.3%) 5 (11.6%)

Resection of retroperitoneal tumors 2 (4.7%) 1 (2.3%)

Data are presented as mean ± SD, ratio & numbers; percentages are in parenthesis; BMI: Body mass index; p > 0.05: indicates non-significant difference.

Table 2
Intraoperative data of patients of both groups.

Data Group CT (n = 43) GDT (n = 43) P value

Time lapse till conduction of surgery (min) 62 ± 11.8 65 ± 15.4 0.313
Operative time (min) 232.4 ± 30.6 227.6 ± 24.3 0.433
Blood loss (ml) 750 ± 304 690 ± 226 0.310

Transfused blood products PRC Frequency No 10 (23.3%) 19 (44.2%) 0.189
Received 33 (76.7%) 24 (55.8%)

Amount (unit) 1.07 ± 0.8 0.74 ± 0.78 0.066
FFP Frequency No 26 (60.5%) 22 (51.2%) 0.633

Received 17 (39.5%) 21 (48.8%)
Amount (unit) 0.58 ± 0.8 0.8 ± 0.9 0.231

FT Crystalloid 1988 ± 320 658.5 ± 104.6 0.001*

Colloid 331.4 ± 216.3 1442.7 ± 359 0.001*

Total 2320.2 ± 402.1 2102.1 ± 444.8 0.019*

Nor-epinephrine infusion Received 6 (14%) 2 (4.7%) 0.138
No 37 (86%) 41 (95.3%)

Dobutamine infusion Received 2 (4.7%) 3 (7%) 0.645
No 41 (95.3%) 40 (93%)

Data are presented as mean ± SD, numbers; percentages are in parenthesis; FT: Fluid therapy; p < 0.05: indicates significant difference; p > 0.05: indicates non-significant
difference.

* denotes significant difference.
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Table 3
Intraoperative hemodynamic and UOP data of patients of both groups.

Parameter Group Time-0 Time-30 Time-60 Time-90 Time-120 Time-150 Time-180 Time-210 Time-240 Time-270

MAP (mmHg) CT 94.4 ± 3 73.1 ± 5.4 75 ± 4.4 71.7 ± 5 73.6 ± 5.1 71.8 ± 5 73.2 ± 4.6 73 ± 4.6 76 ± 4.6 75.1 ± 4.4
GDT 94 ± 3.8 72.3 ± 5.4 75.8 ± 4.9 74 ± 4.5 73 ± 3.9 74.1 ± 4.3 74.6 ± 4 75.4 ± 4 75.8 ± 5.3 75.8 ± 3.4
P value 0.698 0.723 0.867 0.266 0.786 0.088 0.298 0.067 0.873 0.621

CVP (mmHg) CT 10.3 ± 1.7 10 ± 1.5 9.6 ± 1.9 8.6 ± 1.4 8.3 ± 1.3 8.9 ± 1.7 8.5 ± 1 8.6 ± 1 8.5 ± 1.2 10 ± 1.5
GDT 10.1 ± 1.8 9.9 ± 1.4 9.3 ± 1.6 8.7 ± 1.5 8.5 ± 1.4 8.6 ± 1 8.6 ± 0.9 8.7 ± 0.8 8.9 ± 1.6 10.1 ± 1.7
P value 0.247 0.294 0.089 0.437 0.163 0.093 0.323 0.432 0.078 0.607

HR (beats/min) CT 88.6 ± 6.7 78.9 ± 5.6 86.7 ± 4.1 84 ± 6.1 82 ± 4.9 81 ± 6.1 86 ± 2.9 82.5 ± 3.8 87 ± 3.7 79.8 ± 3.4
GDT 83 ± 4.6 81.8 ± 4.3 85.2 ± 3.6 89 ± 4.2 79.7 ± 5.8 85 ± 3.1 87.7 ± 4.8 79 ± 6.1 83.8 ± 5.2 77.4 ± 5.1
P value 0.487 0.368 0.751 0.487 0.327 0.181 0.637 0.425 0.654 0.365

UOP (ml/kg/h) CT 0.61 ± 0.02 0.54 ± 0.03 0.58 ± 0.02 053 ± 0.03 0.64 ± 0.05 0.67 ± 0.07 0.48 ± 0.02 0.54 ± 0.08 0.58 ± 0.07 0.52 ± 0.04
GDT 0.65 ± 0.04 0.55 ± 0.08 0.6 ± 0.03 0.54 ± 0.06 0.63 ± 0.1 0.64 ± 0.05 0.51 ± 0.03 0.58 ± 0.04 0.62 ± 0.04 0.55 ± 0.06
P value 0.614 0.543 0.295 0.874 0.781 0.307 0.298 0.209 0.308 0.374

Data are shown as mean ± SD value; MAP: Mean arterial pressure; CVP: Central venous pressure; HR: Heart rate; UOP; urine output; Time-0 : time of starting surgical
procedure; UOP at T0 indicated rate of UOP since 8 AM(post-voiding) till start of surgery, collected once patient was catheterized; p > 0.05: indicates non-significant
difference.

Table 4
ICU fluid therapy and medication received by patients of both group during the 1st 24-h ICU stay.

Data CT (n = 43) GDT (n = 43) P value

FT Crystalloid 3088.5 ± 275 2610 ± 265 0.001*

Colloid 288.5 ± 90 327.2 ± 104.5 0.301
Total 3175.7 ± 358 2755 ± 408 0.001*

PRC 1 (2.3%) 2 (4.6%) 0.557
Nor-epinephrine infusion 5 (11.6%) 2 (4.6%) 0.237
Dobutamine infusion 2 (4.6%) 3 (7%) 0.645

Data are presented as mean ± SD; CT: Conventional fluid therapy; GDT: Goal-directed fluid therapy; PRC: Packed Red Cells; p value indicates significance of difference
between CT and GDT groups.

Table 5
Mean blood lactate levels estimated throughout 1st 24-h ICU stay compared to
preoperative levels:

Time Group Blood lactate level (mmol/L) P value

Preoperative CT 0.675 ± 0.35 0.694
GDT 0.645 ± 0.33

At ICU admission CT 3.12 ± 0.75* 0.001
GDT 1.18 ± 0.38*

6-h after ICU admission CT 2.58 ± 0.77*,y 0.001
GDT 0.98 ± 0.45*

12-h after ICU admission CT 1.38 ± 0.26*,y,� 0.001
GDT 0.9 ± 0.39*,�

18-h after ICU admission CT 1.09 ± 0.45*,y,� 0.001
GDT 0.83 ± 0.26�

24-h after ICU admission CT 0.98 ± 0.38y,�,– 0.004
GDT 0.73 ± 0.38�,–

Data are presented as mean ± SD; CT: Conventional fluid therapy; GDT: Goal-
directed fluid therapy; P value <0.05: indicates significant difference between CT
and GDT groups.
* Significance versus preoperative levels.
y Significance versus at admission levels.
� Significance versus at 6-h levels.
– Significance versus at 12-h levels
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among patients of CT group compared to patients of GDT group.
The actual total morbidity rate reported in CT group was coincident
with POSSUM predicted morbidity rate, while was lower in case of
GDT group. During ward stay; 14 patients from both groups devel-
oped another morbidity and 4 patients (3 in CT and 1 in GDT
group) required ICU re-admission with non-significantly
(p > 0.05) higher frequency among patients of CT group. Mean
duration of ICU stay was significantly (p = 0.001) shorter, while
total hospital length of stay was non-significantly (p > 0.05) shorter
for patients of GDT group than those of CT group. Only three
patients; 2 in CT and one in GDT groups died during ICU stay
and another 5 patients; 3 in control and 2 in GDT group died during
ward stay with non-significant difference in favor of GDT group.
Total morbidity rate was significantly (p = 0.028) lower, while total
mortality rate was non-significantly (p > 0.05) lower among
patients of GDT group compared to those of CT group (Table 6).
4. Discussion

Theprimary target of the current studywas the ICUand total hos-
pital morbidity andmortality rates; intraoperative GDT usingmini-
mally invasive monitoring of cardiac index (CI) and stroke volume
variations (SVV), allowed significant reduction of ICUmorbidity rate
than conventional FT (CT) and than expected by POSSUM scoring.
However, the reported ICU morbidity rate after CT was coincident
with POSSUM predicted morbidity rate. These findings spotlight
on the possibility of reducing postoperative (PO) morbidities in
high-risk patients undergoing major surgeries through hemody-
namic optimization depending on direct cardiac function monitor-
ing more than reliance on conventional monitoring using central
venous pressure (CVP) and arterial blood pressure measurements.

The impact of intraoperative GDT on postoperative morbidity is
still a matter of discrepancy, where Lin et al. [16] and Lahtinen
et al. [17] reported non-significant difference in total complication
rates between goal-directed and conventional fluid therapy
patients’ groups. On the other hand, Manecke et al. [18] found
GDT decreased morbidity rate with subsequent gross costs saving
and Muñoz et al. [19] found implementation of GDT significantly
reduced PO nausea and vomiting after laparoscopic sleeve gastrec-
tomy in morbidly obese patients. Also, Bacchin et al. [20] reported
that patients received GDT had fewer pulmonary complications
and faster return of bowel function after major spine surgery.
Furthermore, Kratz et al. [21] reported significantly fewer severe



Table 6
Outcome of patients of both groups.

Data Group CT (n = 43) GDT (n = 43) P value

Predicted morbidity according to POSSUM score 42.86% 39.78% 0.706
PO events During ICU stay Need for MV Frequency 8 (18.5%) 2 (4.6%) 0.044

Duration (hr) 2.3 ± 0.4 1.5 ± 0.5 0.767
PO bleeding required Conservation 1 (2.3%) 2 (4.6%) 0.557

Re-opening 1 (2.3%) 1 (2.3%) 1
Total 2 (4.6%) 3 (7%) 0.645

Need for RRT Frequency 4 (9.3%) 2 (4.6%) 0.397
Serum Cr. (mg/dl) 6.3 ± 1.1 6.2 ± 1 0.9

Acute myocardial infarction 3 (7%) 0 0.078
Number of affected patients 9 (20.9%) 4 (9.3%) 0.039

During ward stay Intestinal leakage 0 1 (2.3%) 0.256
Abdominal sepsis 3 (7%) 1 (2.3%)
Delayed wound healing 7 (16.3%) 2 (4.6%)
Total 10 (23.3%) 4 (9.3%) 0.080
Number of affected patients 7 (16.3%) 3 (7%) 0.067

Total number of affected patients 16 (37.2%) 7 (16.3%) 0.028

ICU re-admission rate 3 (7%) 1 (2.3%) 0.308
Length of stay (Days) ICU 3.5 ± 1.4* 2.3 ± 0.9 0.001*

Total hospital 12.2 ± 3.5 9.7 ± 1.9 0.071

Predicted mortality according to POSSUM score 12.56% 11.34% 0.606
Mortality rate ICU 2 (4.6%) 1 (2.3%) 0.557

Total hospital 5 (11.6%) 3 (7%) 0.479

Data are presented as mean± SD, numbers; percentages are in parenthesis; POSSUM: The Physiological and Operative Severity Score for the enUmeration of Mortality and
morbidity FT: Fluid therapy; PRC: Packed Red Cells; PO: Postoperative; MV: Mechanical ventilation; RRT: Renal replacement therapy; Cr.: creatinine; p<0.05: indicates
significant difference.

* denotes significant difference.
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complications and renal failure after implementation of GDT for
patients underwent pancreatic resection.

Moreover, multiple recent meta-analyses of published prospec-
tive randomized controlled trials comparing GDT with standard
care found application of GDT based on dynamic parameters signif-
icantly reduced PO morbidity [22], was associated with significant
reduction in ICU and hospital length of stay [23] and significantly
lower frequency of abdominal complications, wound infection
and PO hypotension [24].

Venous not arterial blood lactate levels were estimated depend-
ing on that documented by Kruse et al. [25] who found that periph-
eral venous lactate levels are highly correlated with arterial blood
lactate levels, thus establishing that either method can be utilized.
PO blood lactate levels were significantly higher in patients of both
groups compared to their preoperative levels, but were signifi-
cantly lower in patients of GDT than those of CT group; these find-
ings spotlight on proper tissue perfusion and oxygenation with
maintenance of metabolism towards aerobic arm, facilitating lac-
tate consumption through Cori cycle for glucose synthesis and
metabolism. In line with these findings; Bacchin et al. [20], Benes
et al. [26] and Yu et al. [27] found lactate levels at the end of sur-
gery were lower with GDT compared to CT.

The current study also reported significantly shorter ICU and
total duration of hospital stay for patients received intraoperative
GDT compared to CT. Review of literature showed discrepant opin-
ion about the impact of GDT on ICU and hospital stay of patients
underwent major non-cardiac surgeries; wherein Lin et al. [16],
Lai et al. [28] Srinivasa et al. [29,30] reported no difference in hos-
pital LOS between patients undergoing major elective surgery
under CT or GDT, while Kratz et al. [21] and Som et al. [24] reported
that GDT non-significantly reduced ICU and hospital stay. On the
other hand, Manecke et al. [18], Benes et al. [22], Joosten et al.
[31] found GDT management reduced ICU and hospital stay.
Recently, Lahtinen et al. [17] and Muñoz et al. [19], Bacchin et al.
[20], Rollins & Lobo [23] and Yu et al. [27] reported a shorter ICU
stay for patients received GDT than patients received CT during
major surgeries.

However, the reported mortality rate was non-significantly
lower with GDT than CT (7% vs. 11.6%). In line with this finding,
Rollins & Lobo [23] and Som et al. [24] found the use of GDT in
major surgical patients does not decrease PO hospital 30-day mor-
tality rate versus CT, while Kratz et al. [21] reported non-significant
difference in mortality rate of patients underwent pancreatic sur-
gery before and after implementation of GDT.

The applied protocol for GDT significantly reduced amount of
intraoperative crystalloid infusion and despite of the significantly
higher amount of received colloid, the total amount of FT was sig-
nificantly less than with CT. On contrary, Lin et al. [16] and Srini-
vasa et al. [29,30] reported no significant difference in the overall
fluid volumes administered intraoperatively between patients
with and without GDT, but patients in GDT group received signif-
icantly higher volume of colloid fluids. However, in hand with
the current study, multiple recent studies reported similar signifi-
cant reduction of administered fluid with GDT [17,19–21].
5. Limitations of the study

This single-center design was a potential limitation of the trial,
with a possible bias by institutional standards of care. Also, the
enrollment of different surgical procedures might influence the
results, considering variable pathophysiology and nature of com-
plications between vascular and non-vascular abdominal surgery.
Our goal was to study the hemodynamic optimization on major
surgical population in our institution. Therefore, selection of more
homogenous surgical population or studying subgroups of a larger
sample could share in getting more significant results.

Our trial lacked power to show a significant reduction in mor-
tality. Even though, the reduction in morbidity in small surgical
population gave a remarkable value for this relatively simple inter-
vention; however, it will need further evaluation in a larger multi-
center study.
6. Conclusion

The applied program of intraoperative GDT for high-risk
patients undergoing major abdominal surgeries provided satisfac-
tory outcome with significant reduction of PO morbidities, need for
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blood products transfusion and ICU and hospital LOS. However, the
applied intraoperative GDT program could not significantly reduce
mortality rates.
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