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Abstract Intraoperative goal directed fluid therapy (GDT)
guided by an arterial pressure-based cardiac output system
has been reported to improve gastrointestinal (GI) recovery
in high-risk patients. This study evaluates the impact of this
approach on GI recovery in low to moderate risk patients
undergoing major abdominal surgery. IRB approved ran-
domized controlled trial in low to moderate risk adults
scheduled for major surgery. Patients were randomized to
standard (n = 20) or GDT (n = 18) groups, whose fluids
were managed to maintain stroke volume variation (SVV)
<12 %. The primary outcome measure was GI recovery.
Additional measures included quality of recovery score.
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Continuous, non-normally distributed by Mann—Whitney
test; ordinal and nominal by Chi square analysis. GDT
patients had lower average intraoperative SVV. The GDT
group had faster return of GI function (p = 0.004) and
higher quality of recovery scores. In low to moderate risk
patients undergoing major abdominal surgery, intraoperative
GDT guided by SVV optimization was associated with
faster restoration of GI recovery and higher quality of
recovery scores. These results suggest that outcome benefits
related to the use of an intraoperative goal directed fluid
protocol guided by SVV are not limited to high-risk patients.
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Abbreviations

GDT Goal directed fluid therapy

Svv Stroke volume variation

P-POSSUM  Portsmouth physiologic and operative
severity score for the enumeration of
mortality and morbidity score

ASA American Society of Anesthesiologists

LOS Length of hospital stay

POD Postoperative day

1 Background

Patients who undergo major abdominal surgery require
judicious perioperative care, including optimization of fluid
management. There is evidence that either too little or too
much fluid administration during the perioperative period
can worsen organ function [1], suggesting that the use of
intraoperative goal directed fluid therapy (GDT) might
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improve patient outcome [2]. Individual response is vari-
able, so patients may not respond to fluid boluses as
expected [3, 4]. The variability is likely to be more pro-
nounced in high-risk patients but it may be less prominent
in low or moderate risk patients. Fixed volume strategies
may be insufficient for perioperative fluid therapy in some
patients [5]. Impaired tissue oxygenation events may not be
revealed by heart rate, urine output, central venous pressure
or blood pressure abnormalities [6]. Consequently, several
authors have suggested intraoperative fluid administration
may be better guided by flow related parameters [7, 8].

More recently, so called dynamic predictors of fluid
responsiveness such as pulse pressure variation (PPV),
stroke volume variation (SVV), or Pleth Variability Index
(PVI) have been used in intraoperative GDT hemodynamic
protocols [9]. These indices, which are influenced by
cardiopulmonary interactions in patients under general
anesthesia receiving mechanical ventilation, can accurately
predict whether a patient is likely to be responsive or
nonresponsive to volume expansion and indicates whether
the patient is on the steep portion or on the plateau of the
Franck Starling relationship [10-12]. Consequently, the
concept of cardiac output maximization could be achieved
using PPV or SVV minimization.

Intraoperative GDT is reported to improve outcome fol-
lowing surgery in high-risk patients (identified by risk index
by Lee et al. [13]), by decreasing both morbidity and length
of hospital stay [1, 2, 14, 15]. However, the vast majority of
patients (more than 75 %) who undergo major abdominal
surgery do not have multiple coexisting medical conditions
[16]. As patients with fewer coexisting medical conditions
may have more physiologic reserve than patients with more
coexisting medical conditions, it is possible that intraoper-
ative GDT would not contribute to improved outcomes
following major abdominal surgery. We sought to assess the
possible impact of intraoperative GDT on outcome follow-
ing major surgery in low to moderate risk patients, who were
defined as patients without preoperative diagnosis of any:
coexisting ischemic heart disease; congestive heart failure;
chronic lung disease; cerebrovascular disease; or renal or
hepatic dysfunction (creatinine >50 % or liver enzymes
>50 % of normal values).

The goal of this randomized study was to assess the
impact of an intraoperative SVV guided GDT on postop-
erative gastrointestinal (GI) recovery as well as other
postoperative recovery markers in low to moderate risk
patients undergoing high risk abdominal surgery.

2 Materials and methods

This was a Departmentally sponsored, prospective, sin-
gle blind randomized controlled trial approved by the
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Institutional Review Board for Human Studies at Loma
Linda University and registered in ClinicalTrials.gov
(NCT01082614). Patients scheduled for major abdominal,
non-vascular surgery were assessed for eligibility. Abdomi-
nal procedures were considered major if listed for resection
of urologic, gastrointestinal or gynecologic cancers with
tumor debulking, staging or reconstruction with a risk for
significant surgical blood loss. All surgeries were open
laparotomy procedures, none were done laparoscopically.
Exclusion criteria included age less than 18 years, coagu-
lopathy, history of cerebrovascular disease, significant
renal or hepatic dysfunction (creatinine >50 % or liver
enzymes >50 % of normal values), history of congestive
heart failure, ischemic heart disease, cardiac arrhythmias
producing irregular rhythms, significant lung disease, and
patient choice. Also, patients were excluded if they
developed intraoperative arrhythmias of more than 4 non-
sinus beats within a minute for a period of at least 5 min.
Patients were excluded if they developed a condition
requiring a second surgical procedure prior to return of GI
function, since the urgent nature of the second surgery
would interfere with interpretation of the impact of fluid
management during the first surgery. Patient characteris-
tics, current diagnosis, and a measure of physiologic and
surgical risk (Portsmouth physiologic and operative
severity score for the enumeration of mortality and mor-
bidity score: P-POSSUM [17-19]) were collected.

A computerized algorithm was used to randomly assign
patients to GDT or Control groups (www.randomization.
com). Surgical teams, intraoperative and postoperative
nursing staff and patients were blinded to group assign-
ment, but the anesthesiologist was aware of group desig-
nation. All patients had routine intraoperative monitoring
per American Society of Anesthesiologists Guidelines. All
patients were ventilated at 8 mL/kg of ideal body weight
and their respiratory rate was adjusted such that they had
minute ventilation of approximately 7-8 L/min with an I:E
ratio of 1:2. Radial arterial catheters were placed in all
patients because of the risk for significant surgical blood
loss, as is our practice for patients undergoing the surgical
procedures performed in these subjects. The arterial cath-
eters were connected to the cardiac output device trans-
ducer system and SVV data was collected throughout
surgery in all patients. All transducers were zeroed to
atmospheric pressure at the level of the right atrium. For
this study the FloTrac/Vigileo system was used (FloTrac/
Vigileo Version 3.02, Edwards Lifesciences, Irvine, CA,
USA). This is an autocalibrated device that analyzes the
arterial pressure waveform to calculate cardiac output,
stroke volume and SVV.

The fluid management protocol used is shown in Fig. 1.
Control patients had fluid management guided by routine
cardiovascular monitoring at the discretion of their Staff
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GDT Group

(ventilate 8mi/kg)

SVV > 12% * No » Monitor SVV and CO
l h
YES

!

250ml Albumin bolus

(may repeat to max of 20mi/kg) No
No SVV > 12%

=20 ml/kg : YES
albumin?

Crystalloid 3:1 replacement
(consider PRBCs, monitor ABGs)

YES >

Fig. 1 Fluid management protocol. Protocol for fluid management in
GDT and control groups

Anesthesiologist, who was blinded to SVV data. Control
group anesthesiology teams were allowed to have the SVV
information unblinded if needed for clinical decision-
making but patients were removed from analysis if this
occurred. In contrast, GDT patients were managed by an
SVV guided protocol to maintain SVV <12 %. This per-
centage of SVV has previously been validated as a
threshold above which fluid administration increases stroke
volume [20], with an area under the receiver operating
characteristics curve reported at 0.87 [11]. For the GDT
group, if SVV remained above 12 % for at least 2 min,
then a 250 mL bolus of 5 % albumin was given. SVV was
assessed every 20 s via the FloTrac/Vigileo proprietary
algorithm. However, our study protocol required that
all treatment interventions were done after SVV values
remained over 12 % for 2 min. Albumin was infused per
protocol to a total of 20 mL/kg, based on the package insert
recommendation of a dose of 1 g per kg (the 5 % albumin
used in this study has a concentration of 1 gm per 20 mL).
If additional fluid beyond the total allowed albumin dose
was required then crystalloid was administered at a ratio of
3:1 for replacement of estimated surgical blood loss.
Similar to other GDT studies, colloid, specifically albumin,
was used for this algorithm secondary to the known effects
of improved intravascular repletion and intravascular half
life and the theoretical benefit of prolonged stroke volume
optimization. In both groups, the administration of blood
products was at the discretion of the anesthesiology team as
clinically indicated. There was no standard protocol for
crystalloid maintenance infusion for either group. The
anesthesiologist and research team had no influence over
postoperative care management. Physicians in charge

of postoperative care were blinded to the allocation of
patients.

The primary outcome measure was GI recovery defined
as the time between the end of the surgery and the first
bowel movement (assessed by morning and evening RN
interview) and postoperative day (POD) soft diet was tol-
erated (defined by >50 % consumption of breakfast and
lunch or lunch and dinner). Secondary outcome measures
included postoperative hospital length of stay and quality
of recovery score. The quality of recover score was cal-
culated based on a previously validated questionnaire (QoR
Score-“Appendix”) [21] on postoperative day 2 and day 4.
Change in hemoglobin concentration was calculated based
on the difference between preoperative hemoglobin and
hemoglobin on postoperative day 1. Intraoperative volumes
of crystalloid and colloid administered were compared.
Postoperative fluid management was left up to the surgical
team and was not regulated or recorded. In addition, the
total amount of morphine equivalent analgesia was com-
pared through postoperative day 2 for all patients who did
not receive epidural analgesia. Two of the control patients
and three of the treatment patients did receive epidurals.
These patients postoperative pain control were controlled
by the anesthesiology pain service and their postoperative
narcotic requirements were not included in the analysis of
the study (Table 3). The surgical teams were blinded to the
patient’s randomization.

2.1 Statistical analysis

Sample size for the study was calculated based on prior
studies using GDT therapy guided by esophageal Doppler
[14]. Specifically, we used the data from prior studies
[22, 23] to estimate our sample size. In order to detect a
3-day mean length of stay difference [23] between the two
groups, with a standard deviation of 3 days in each group
[22], a two tailed alpha of 0.05 and power of 0.80, we
calculated that a minimum of 17 subjects were required in
each group. We assumed that a similar sample size would
be needed to detect a similar difference in time to return
of GI function. Also, since we expected similar results
between arterial pressure waveform analysis technology
used for this study and the esophageal Doppler technology
used for these referenced studies we felt that this estimation
was appropriate.

Statistical analysis was performed using computerized
software (SPSS for Windows version 12.0). For data that
was non-normally distributed a Mann—Whitney test was
used and normally distributed data were compared using
the Student 7T test. Ordinal and nominal data were com-
pared using Chi square analysis. A p value <0.05 was
considered significant.
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Fig. 2 CONSORT diagram

3 Results
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+ Received allocated intervention (n = 20)

+ Did not receive allocated intervention (give
reasons) (n = 3): 2 patients excluded for
intraoperative arrhythmia and 1 pateint
excluded for equipment malfunction
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Allocated to Control (n=23 )

+ Received allocated intervention (n =21 )

+ Did not receive allocated intervention (give
reasons) (n = 2 ): 1 patient excluded for
intraoperative arrhythmia and 1 patient

exluded for surgery not proceeding as
scheduled

Lost to follow-up (give reasons) (n = 2):
underwent 2™ look laparotomy during
hospitalization

Follow-Up

1 |

Lost to follow-up (give reasons) (n= 1 ):
underwent 2™ look laparotomy during
hospitalization

Analyzed (n = 18)

Analysis

l

Analyzed (n = 20)

Table 1 Demographic data: results are expressed as mean =+ stan-
dard deviation

3.1 Patient inclusion and demographics

A total of 46 patients were consented for the study. Of
these, eight patients were not included in analysis. Two
GDT patients developed an irregular cardiac arrhythmia
during surgery that interfered with SVV calculation and
thus prevented use of SVV to guide fluid therapy. In one
GDT patient, equipment malfunction during surgery pre-
vented use of SVV to guide fluid therapy. One Control
patient was excluded since the surgical procedure did not
meet the definition for inclusion in this study as the surgery
did not proceed as scheduled but was terminated following
diagnostic laparoscopy. Another Control patient was not
included as the anesthesiologist requested unblinding of
SVV data during surgery to guide clinical management.
Three patients (2 GDT, 1 Control) were excluded for
developing conditions that required second look surgery
prior to return of GI function during the same hospital stay.
Thus 38 patients were included in final data analysis
(18 GDT and 20 Control; CONSORT diagram, Fig. 2).

Table 1 summarizes demographic and surgical charac-

teristics of the patients. There were no statistically
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GDT Control p value

(N =18) (N = 20)
Age (years) 535+ 162 644+ 158 0.04
Gender (M/F) 5/13 6/14 0.88
Body mass index 299+£73 298+59 099
P-Possum (physiologic score) 160 +3.2 16.1 £32 092
P-Possum (operative score) 122 4+25 124+£18 0.80
P-Possum (pred. mortality 14+£12 14+£038 0.96

rate score)

No differences other than age were statistically significant. P-POS-
SUM scores predicted mortality showed no difference between the
groups. * represents all p value obtained from T test except for gender
(Chi square test)

significant intergroup differences in physiologic or opera-
tive P-POSSUM scores, body mass index, or gender. The
Control group was older than the GDT group. Surgical
procedures were for resection of various urologic, gastro-
intestinal or gynecologic cancers, with similar distribution
of surgical procedures in the groups, as summarized in
Table 2.
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g:rlf)(l;;e(;rff eG(]))f; l;rng(;:rgontrol Surgery type GDT Median Control Median
(N=18) LOS (N=20) LOS
groups (days) (days)
Gyn-oncology (including TAH/BSO = staging) 8 35 9 55
GI surgery (including small or large bowel resection) 5 7 8 10
Urologic oncology (including cystectomy with 3 14 0 N/A
ileal conduit)
Whipple procedure 2 9 3 13
Table 3 Perioperative GDT (N = 18) Control (N = 20) p value
characteristics: volumes are
ZXPFe:,Sed as mean + standard Colloid administered (mL) 544.4 + 4935 4225 + 590.8 0.50
cviation
viat Frequency of colloid 13 of 18 8 of 20 0.003
Crystalloid administered (mL/kg/h) 11.7 £ 6.0 147 £ 55 0.12
Packed red blood cells transfused (mL) 194.4 + 468.4 453.3 £+ 885.2 0.28
o Hemoglobin change from pre-operative 1.6 £ 1.5 14+19 0.73
gg:re were no statlstlcal' to post-operative day 1 (g/dL)
tHierences in Intraoperative Urine output (mL/kg/h) 245 + 2.16 2.86 + 1.91 0.54
fluid balance, change in
hemoglobin concentration, urine Surgery time (min) 245.1 £ 116.5 3194 £ 1484 0.10
output, surgery time, or opioid Opioids to POD #2 mg IV morphine 145.7 £ 70.2 188.4 4+ 149.2 0.32
administration
3.2 Intraoperative data . .
p = Intraoperative SVV Comparison
Perioperative characteristics are shown in Table 3. There 20 1
were no statistically significant intergroup differences in 1"\ A
colloid, crystalloid, or PRBC administration. Also, there | ¥ A
.. . . . . o 15T 1T+ A
were no statistically significant intergroup differences in i ' TNy ] I I YN
urine output, surgery time, or change in hemoglobin con- a N k! ; PN TN VAT
centration. However, the GDT group did receive albumin e i § A VNEN 24
boluses (13/18) more frequently than the control group L gkl Al S VY
(8/20) as would be expected from the fluid administration 5 3
. . . &= Contrel SVV Data
protocol (p = 0.003). Prokinetic agents were given after )
? Minutes == Treatment SVV Data|
surgery to 3 GDT and 5 Control patients (p = 0.40). Also, 0
0 50 100 150 200

there was no statistically significant difference in opioid use
through postoperative day 2 between groups (p = 0.32).
Secondary analysis showed no significant difference in
LOS between patients that received colloid (n = 21,LOS =
7.81 days) and those that did not (n = 17, LOS = 8.3;
p > 0.05) regardless of study group.

Retrospective analysis of SVV at 5-min intervals
showed successful application of the fluid administration
protocol in the GDT group during the surgical procedure.
Average SVV was similarly elevated at baseline (Control
18.6 £ 5.7 %, GDT 194 +3.0%; p = 0.30 Mann—
Whitney test). Figure 3 shows mean SVV values along
with standard error of the mean (SEM) error bars for the
first 200 min of intraoperative time. The average SVV
decreased following initiation of the fluid protocol in GDT
patients, and remained below 12 % from surgical incision
to closing. The average SVV in Control patients remained

Fig. 3 Average intraoperative stroke volume variation. SVV average
at 5-min intervals following surgical incision, shown as average with
standard error of the mean (SEM) error bars. Comparison shows
higher average SVV and more readings between 12 and 20 % in
control patients compared to intraoperative maintenance of SVV
<12 % in GDT patients

higher, with more readings between 12 and 20 % than
found in GDT patients. We observed more frequent early
optimization of SVV (less than 12 %) with 77 % of the
GDT group achieving this within the first 10 min of arterial
line monitoring compared to 19 % in the Control group,
p = 0.001 by Chi square. Interestingly, the control group
took approximately 60 min for the average SVV to go
below 12 %, while this occurred within the first 10 min in
the treatment group.
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Table 4 Data are presented as median differences in hospital outcome measures

Outcome characteristics GDT (N = 18) Control (N = 20) p value
Length of stay days 5.0 (3.75-8.25) 7.5 (5.25-10.75) 0.04
POD of return of GI function days 3.0 (24) 4.0 (3.25-6) 0.004
POD started on soft diet days 4.0 (2.75-4) 5.0 (4-7) 0.004
Quality of recovery score POD 2 (max = 18) 16.0 (14.75-17) 15.0 (14-15.75) 0.05
Quality of recovery score POD 4 (max = 18) 18.0 (17-18) 16.5 (15-18) 0.03

p values determined by two-tailed Mann—Whitney analysis and values are expressed as median (25-75 % interquartile range). Outcome variables

were all significantly better in the GDT group

3.3 Outcome data

Table 4 summarizes outcome characteristics between
groups. The GDT group had earlier return of GI function
(3 vs. 4 days, p = 0.004) and PO intake (4 vs. 5 days,
p = 0.004) compared to the Control group. There was a
trend for median duration of hospital stay to be shorter in
the GDT group (5 days) compared to the control group
(7.5 days, p = 0.04). In addition, the GDT group had
significantly higher quality of recovery score on postop-
erative day 2 (p = 0.05) and 4 (p = 0.03).

4 Discussion

This study shows that intraoperative GDT based on SVV
minimization may improve gastrointestinal function in low
to moderate risk patients undergoing major surgery. This
approach, in this specific group of patients, may have the
ability to significantly impact postoperative outcome and
length of stay in the hospital. Interestingly, we found that
despite a similar amount of fluid received in the control
group and in the GDT group, SVV was lower in the GDT
compared to the control group. Moreover, we observed an
earlier optimization of SVV in the GDT group than in the
control group, suggesting the importance of timing on the
impact of hemodynamic optimization.

The use of flow-related parameters to guide intraopera-
tive goal-directed fluid therapy has appeal as these param-
eters provide a numeric representation of the patient’s
volume status, which can be difficult to ascertain using
standard monitors, urine output or even CVP [3, 4, 6].
Intraoperative GDT guided by various monitors of flow-
related parameters has shown benefit in a number of clinical
settings. Importantly there may be a long-term survival
benefit for high-risk surgical patients who are managed with
intraoperative GDT [24].

Previously published studies have shown decreased
complications and hospital length of stay in high-risk
patients undergoing major abdominal surgery with SVV
guided GDT therapy [25, 26]. In addition, Cecconi et al.
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[27] recently showed a decrease in postoperative compli-
cations in non-high risk surgical patients undergoing
elective total hip arthroplasty under regional anesthesia.
Major abdominal surgery is often performed in patients
who are not high-risk from their comorbidities [16]. Our
patients’ P-POSSUM mortality risk falls in the expected
range of low to moderate risk with a mean predicted
mortality rate of 1.4 %. Our patients showed similar sta-
tistically significant improvements in return of GI function,
PO intake, and quality of recovery score as previously
reported for high-risk patients undergoing similar types of
surgery. In addition, our data showed a decreased length of
stay in the treatment group compared to the control, which
although limited by small sample size, supports the
potential benefit of SVV guided GDT therapy for low to
moderate risk patients undergoing high risk surgery.
However, we do not claim that the use of SVV is only
modality that may improve postoperative morbidity in
these low to moderate risk patients. Rather this study
suggests that the use of a dynamic parameter, such as SVV,
to provide structured GDT therapy may be beneficial for
patients of low to moderate risk undergoing major
abdominal surgery. However, in practices in which moni-
toring of patients undergoing major abdominal surgery
does not routinely include arterial catheterization, other
dynamic parameters such as pulse pressure ventilation
(PPV) or pleth variability index (PVI) may provide equally
useful information. Further research would be reasonable
to assess this potential.

Our findings appear to be related to the maintenance of
SVV below 12 % resulting from the SVV guided GDT
protocol. While initial SVV was similarly elevated
(>18 %) in all patients, Control patients had average SVV
above the SVV threshold used in the GDT group until
nearly the end of surgery. In contrast, GDT patients had
SVV decreased and largely maintained below the 12 %
threshold for the duration of surgery. This implies that
Control patients had a relative intravascular volume deficit
during a larger portion of their surgical procedure than
GDT patients. Also GI recovery and hospital length of stay
was not correlated to administration of colloid when
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analyzed separately from the GDT protocol. Therefore, it is
possible that GDT benefits are secondary to appropriate
timing of fluid administration, guided by SVV, which may
provide improved intraoperative tissue oxygen delivery in
patients undergoing major abdominal surgery, which could
then impact postoperative recovery. We suggest that the
difference in SVV is secondary to non-standardization of
fluid management in the control group. The SVV protocol
alerted the clinician when intravascular repletion could
improve oxygen delivery, potentially providing more
effective timing of fluid administration. This improved
standardization of fluid administration was not present in
the control group as seen by the longer duration of SVV
above 12 %. It is possible that fluid loading at the begin-
ning of the surgery may decrease SVV throughout the
procedure secondary to a rightward shift of the Frank-
Starling curve and a decrease in unstressed volume.
Finally, 8 of 20 control patients received colloid boluses
compared to 13 of the 18 in the GDT group. While there
was no intergroup difference in net amount of fluid
administration, the frequency of the colloid boluses was
different, but this study was not designed to assess the
relative impact of colloid or crystalloid volume replace-
ment. In summary, this observation seems to emphasize the
importance of timing in hemodynamic optimization and the
early implementation of GDT strategies.

Recently Challand et al. [28] published results suggesting
that SV maximization in aerobically fit patients undergoing
major colorectal elective surgery was associated with an
increased length of stay. While this appears to be in direct
opposition to the findings in the study we believe the dif-
ference lies in the method of GDT therapy. Specifically
Challand et al. used SV maximization in which boluses of
colloid were given if SV increased by 10 % while we used
SV optimization in which we only gave a bolus of colloid
when the patient manifested a SVV difference of 12 %. In
other words Challand’s algorithm was proactive with SV
maximization while we were reactive with SVV optimiza-
tion. In patients with normal cardiac function the ability to
increase SV above the point of a euvolemic state may exist.
This is supported by the fact that Challand showed a sig-
nificant increase in the amount of colloid administered to the
GDT group versus our study, which showed no difference in
net amounts of colloid or crystalloid. Thus we suggest that
by using SVV optimization in which we titrated for reduc-
tion in SVV to below 12 % we kept our patients at the
precipice of their Frank Starling curve continuously
throughout the surgery without increasing the SV past the
point in which the complications of hypervolemia may
manifest. Therefore, the choice to design our study as an
SVV minimization strategy versus cardiac output optimi-
zation, which has been supported in the literature [29] was
based on the fact that our patient population had normal

cardiac outputs and therefore we expected SVV to be a more
sensitive indicator for decreased end organ oxygenation
delivery.

Intraoperative fluid GDT guided by esophageal Doppler
technology is reported to improve GI recovery [14].
Esophageal Doppler has limitations related to probe posi-
tioning and the possible need for probe manipulation dur-
ing the surgical procedure. Similarly, postoperative GDT
guided by an arterial lithium indicator dilution cardiac
output system decreased length of stay and complication
rate in high-risk general surgery patients [30]. Similar
results have been reported in high-risk surgery patients
with intraoperative GDT therapy guided by an automated
arterial pulse pressure calculation [31] and arterial pressure
cardiac output systems [26]. The advantages of the device
used in this study are that it is less invasive than those used
for thermodilution, is not subject to changes induced by
probe movement and requires no calibration.

Limitations of this study include known limitations of the
arterial pressure cardiac output device, especially the inac-
curate determination of SVV in the presence of irregular
cardiac rhythms, which thus excludes a subset of patients.
Based on this point, it is possible that the monitoring of
sudden unexpected alterations in SVV along with the alarm
that this triggers on the device used in the study did cause the
providers in the treatment to be more vigilant in the detection
of arrhythmias. In addition, bolus vasoactive medication
administration has been reported to affect the accuracy of this
arterial pressure cardiac output method [32], and was not
prohibited by the study protocol. However, bolus vasoactive
medication administration was rarely used in any patient, and
no patient was placed on continuous intravenous infusion of
vasoactive agents during this study. In addition, the sample
size of this study is less than other randomized GDT studies
and was calculated based on esophageal Doppler studies that
used a different primary outcome. However, it is likely that
hospital discharge depends on return of GI function, and thus
a similar sample size would be needed to detect a similar
difference in time to return of GI function. Thus we feel that
our results for improved GI recovery are strong enough
(p = 0.004) to warrant further research in this area. Another
potential confounder is the age difference between Control
patients and GDT patients. However, the study was designed
to assess differences in baseline demographics using the
P-POSSUM operative morbidity score, which does include
age in its algorithm. P-POSSUM scores have good predictive
value for postoperative mortality [33], and was found to better
discriminate postoperative mortality than the Lee index [16]
as well as less subjectivity compared to ASA physical status
[18, 34-36]. In addition, further analysis of our data showed
that there was one patient in the treatment group that was
18 years of age (13 years younger then any other patient) and
if this patient was removed there is no difference in age
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between the groups. Also, this patient’s hospital stay and time
of GI recovery was longer then the median for the treatment
group. Therefore, if we removed this patient from the study it
would have improved our results and supports the concept
that the P-POSSUM scores correctly depicted that there were
no differences in predicated operative morbidity between the
two groups. Also, postoperative care was at the discretion of
the surgical teams, no attempt was made to standardize pain
control therapy. On average GDT patients had return of GI
function on postoperative day 3. Since no intergroup differ-
ences were found in morphine equivalent administration
through postoperative day 2, it is unlikely that the later return
of GI function in Control patients was related to opioid
administration. Also, fluid administration was managed by
the anesthesia care providers who were aware of patient’s
randomization. However, all providers were instructed to
administer crystalloid and blood products as they would
regularly. The difference for the treatment group is that they
were asked to follow the SVV guided protocol, in addition, to
their standard practice. This is likely why there was not a
difference between total colloid or crystalloid administered.
In essence, the goal of this study was to examine if the simply
addition of a SVV guided colloid administration protocol to
standard anesthetic management of these cases would impact
postoperative outcomes. Finally, we were only able to blind
the Staff Anesthesiologists caring for patients in the study to
SVV data but not the arterial pressure waveform. Visual
analysis of the arterial pressure waveform for pulse pressure
variability can be used by experienced anesthesiologists as an
indicator of fluid responsiveness. However, as SVV remained
above the 12 % threshold for much longer in Control patients
(Fig. 3), it appears that visual inspection of the arterial
waveform is not as accurate a guide to fluid responsiveness as
the autocalibrated system used in GDT patients.

5 Conclusion

Use of an intraoperative GDT fluid management strategy in
low to moderate risk patients undergoing major abdominal
surgery was associated with faster restoration of GI func-
tion, faster return of PO intake and higher quality of
recovery scores. These results suggest that outcome bene-
fits related to the use of an intraoperative goal directed fluid
protocol guided by an autocalibrated arterial pressure car-
diac output system may not be limited to high-risk patients.
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Appendix

See Table 5.

Table 5 Quality of recovery score survey

Most of the
time (=2)

Some of the
time (=1)

Not at
all (=0)

1. Had a feeling of general
well-being

2. Had support from others
(especially doctors and
nurses)

3. Been able to understand
instructions and advice. Not
being
confused

4. Been able to look after
personal toilet and hygiene
unaided

5. Been able to pass urine
(“waterworks™) and having
no trouble
with bowel function

6. Been able to breathe easily

7. Been free from headache,
backache or muscle pains

8. Been free from nausea,
dry-retching, or vomiting

9. Been free from
experiencing severe pain, or
constant
moderate pain
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