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Outcomes associated with stroke volume variation versus 
central venous pressure guided fluid replacements during 
major abdominal surgery
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Introduction

The most ideal volume of fluid replacement during major 
abdominal surgery remains elusive. Restrictive fluid strategy 
contributes to better outcomes in major surgeries while goal-
directed therapy targeting volume have shown improved 
results also. Excessive fluid restriction with hypovolemia 

may cause organ dysfunction, increased postoperative 
morbidity, and death.[1,2] Central venous pressure (CVP) 
as a static preload variable has been challenged in its utility 
to predict fluid responsiveness[3] and a systematic review 
of 24 studies showed that the CVP is a poor predictor of 
blood volume and that changes in the CVP do not predict 
response to fluid administration.[4] Goal-directed fluid 
management with hemodynamic targets and oxygenation 
indices have been associated with improved outcomes and Address for correspondence: Dr. Lakshmi Kumar,  
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Original Article

Background and Aims: There is limited data on the impact of perioperative fluid therapy guided by dynamic preload variables 
like stroke volume variation (SVV) on outcomes after abdominal surgery. We studied the effect of SVV guided versus central 
venous pressure (CVP) guided perioperative fluid administration on outcomes after major abdominal surgery.
Material and Methods: Sixty patients undergoing major abdominal surgeries were randomized into two equal groups in 
this prospective single blind randomized study. In the standard care group, the CVP was maintained at 10-12 mmHg while in 
the intervention group a SVV of 10% was achieved by the administration of fluids. The primary end-points were the length 
of Intensive Care Unit (ICU) and hospital stay. The secondary end points were intraoperative lactate, intravenous fluid use, 
requirement for inotropes, postoperative ventilation and return of bowel function.
Results: The ICU stay was significantly shorter in the intervention group as compared to the control group (2.9 ± 1.15 vs. 
5.4 ± 2.71 days). The length of hospital stay was also shorter in the intervention group, (9.9 ± 2.68 vs. 11.96 ± 5.15 days) 
though not statistically significant. The use of intraoperative fluids was significantly lower in the intervention group than the 
control group (7721.5 ± 4138.9 vs. 9216.33 ± 2821.38 ml). Other secondary outcomes were comparable between the two groups.
Conclusion: Implementation of fluid replacement guided by a dynamic preload variable (SVV) versus conventional static 
variables (CVP) is associated with lesser postoperative ICU stay and reduced fluid requirements in major abdominal surgery.
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reduction in hospital stay in patients undergoing high-risk 
surgeries.[5-7]

Variations in stroke volumes have been used as predictors of 
fluid responsiveness in patients who are mechanically ventilated. 
Mechanical ventilation induces cyclic variations in cardiac 
preload, which is reflected in the cyclic changes in systolic arterial 
pressure, arterial pulse pressure and left ventricular stroke 
volume.[8] While cyclical changes associated with ventilation 
does not produce changes in cardiac output in inadequately 
filled patients it can cause significant changes with hypovolemia.
[8] Essentially, patients with wide variations in the stroke volume 
will be on the steep portion of the Frank Starling’s curve that 
plots the effects of preload on the stroke volume. 

The stroke volume variation (SVV) is the measure of the 
variations in stroke volume associated with ventilation, and the 
fluctuations are larger with hypovolemia. As an alternative to 
static variables like CVP, SVV can be used for guiding fluid 
therapy in patients receiving mechanical ventilation. This has 
been found to be a good predictor of fluid responsiveness.[9,10]

The FloTrac Vigileo™ is a minimally invasive cardiac 
output monitor that calculates the arterial pulsatility as the 
standard deviation of the arterial pressure wave. The device 
calculates the resistance and compliance of the vasculature by 
a proprietary algorithm from which values of stroke volume, 
cardiac output, systemic vascular resistance (SVR) and SVV 
are calculated.[11] In this study, we used the SVV measured 
from the FloTrac Vigileo™ as a guide for fluid replacement 
versus CVP targets during major abdominal surgery.

The primary outcomes were the length of Intensive Care 
Unit (ICU) and hospital stay postoperatively. The secondary 
outcomes were levels of intraoperative serum lactate, inotrope 
use during surgery, intraoperative fluids, postoperative 
ventilation and time to return of bowel function.

Material and Methods

This study was a prospective, single-blinded, randomized 
study. Based on the key article by Donati et al.[7] with a mean 
difference of 2.1 days for the hospital stay (11.3 ± 3.8 vs. 13.4 
± 6.1) with 95% confidence limit the minimum sample size was 
calculated as 45 in each group. However due to constraints in 
time only 60 patients were included in the study. After approval 
from the hospital ethics committee and informed consent, 60 
patients belonging to American Society of Anesthesiologists 
(ASA) physical status I and II, undergoing major abdominal 
surgery that included the Whipple’s procedure, low anterior 
resection, retroperitoneal tumor and gastrectomy were recruited 
for the study. Those with ASA physical status III and above, 

age <18 years, patients with a history of cardiac arrhythmias, 
body mass index of >40 kg/m2 and those undergoing combined 
abdominal and open thoracic surgery were excluded. Patients 
were allotted to either control group or intervention group by 
a closed envelope method.

In the theatre, a large bore intravenous (IV) cannula (18G) 
was placed, and the pulse-oximeter and electrocardiogram 
were attached. The radial artery was cannulated (20G) under 
local anesthesia. A thoracic epidural catheter was placed 
between T8 and T12 levels and checked for intravascular or 
intrathecal placement by administering a test dose (3 ml of 
lidocaine 2% with 1 in 200,000 adrenaline). All patients were 
induced with a standard IV anesthesia protocol that included 
midazolam 0.02-0.04 mg/kg body weight, glycopyrrolate 
0.2 mg, fentanyl 2 mcg/kg and propofol titrated to loss of 
verbal response. Intubation was accomplished 3 min after the 
administration of vecuronium 0.1 mg/kg. Tidal volumes of 
6-8 ml/kg were used and the respiratory rate of the ventilator 
was adjusted to maintain EtCO2 between 30 and 40 mm 
Hg. A positive end-expiratory pressure of 4 cm H2O was 
applied uniformly to all patients. Anesthesia was maintained 
with isoflurane 1-1.5%, air and oxygen (2:1) with intermittent 
muscle relaxants. Central venous cannulation was performed 
in the right internal jugular or right subclavian vein by the 
Seldinger technique. The depth of insertion of the catheter was 
12-15 cm. Continuous epidural analgesia was administered 
by an infusion of 0.25% bupivacaine with 2 mcg/ml fentanyl 
as an additive at a rate between 4 and 8 ml/h.

The IV fluid therapy was guided by the CVP in the control 
group (Group C) to maintain it between 10 and 12 mm of 
Hg. In the intervention group (Group I), the guide for fluid 
replacement was the SVV which was maintained <10%. 
The SVV was measured using a Flotrac Vigileo™ third 
generation device and fluid replacements were administered 
until the SVV was corrected to <10%. The arterial blood 
gas (ABG) analysis was done every 2 h during the surgery.

The type of fluids replaced in the perioperative period was at 
the discretion of the anesthesiologist. The crystalloids used 
included Ringer’s lactate and normal saline and all patients 
received 1.0 L of hydroxyethyl starch (130/0.4) prior to the 
administration of blood or products. Packed red blood cells 
were infused if blood loss exceeded allowable limits and ABG 
values showed a decrease in hematocrit to <27%. Vasopressor 
(noradrenaline) was added to maintain the mean arterial 
pressure (MAP) >65 mm Hg if the hypotension could not 
be corrected by volume replacement and the measured value 
of SVR was low. An inotrope (dopamine/dobutamine) was 
added if the blood pressure did not respond to fluid boluses 
and if the SVR was normal.
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Intraoperative parameters recorded included the total volume 
of IV fluids (colloids/crystalloids/blood), 2 hourly ABG 
analysis from which serum lactate was obtained. We also 
recorded the MAP, CVP, SVV (intervention group), and 
the requirement of vasoactive agents and the total duration of 
surgery in both groups of patients.

At the end of surgery, patients were extubated after 
administration of neostigmine 0.05 mg/kg and glycopyrrolate 
10 mcg/kg. If the patients were hemodynamically unstable 
or hypothermic, they were ventilated until reassessment the 
next morning. All patients were shifted to a surgical ICU 
managed by an intensivist who was blinded to the study 
allocation.

Postoperative parameters monitored were the need for 
postoperative ventilation, or the requirement of ventilatory 
assistance (BiPAP) after extubation. Time to return of 
bowel function was assessed by time to passage of flatus or 
functioning of stoma. The duration of ICU stay and time 
to discharge from the hospital were noted as primary end 
points.

The numerical data were analyzed using Mann–Whitney 
U nonparametric test. The categorical data were analyzed 
using Fisher’s exact test. Corresponding “P” values were also 
calculated. P <0.05 was considered statistically significant.

Results

Demographic parameters and duration of anesthesia were 
comparable in both groups [Table 1]. The primary outcome 
measure, the postoperative ICU stay, was significantly shorter 
in the intervention group as compared to the control group 
[Table 2]. The length of hospital stay was also shorter in the 
intervention versus the control group however this value was 
not significant statistically [Table 2].

The mean volume of IV fluids given in the intervention group 
to maintain the SVV <10% was significantly lesser than the 
volume of IV fluids administered in the control group [Table 3]. 
The mean intraoperative blood loss in the intervention and 
control groups were comparable [Table 4]. The lactate levels 
during surgery were similar between the two groups [Table 3].

All patients had urine output >0.5 ml/kg/h during surgery 
and postoperative creatinine levels were comparable [Table 4]. 
The numbers of patients needing inotropes, postoperative 
ventilation and the time to return of bowel function were not 
different between the two groups (P > 0.05, Table 3). Nine 
patients in the intervention and eight patients in the control 
group developed postoperative complications [Table 5].

Table 1: Comparison of demographic data

Variables Mean ± SD P
Control 
group

Intervention 
group

Male:female 19:11 18:12 1.0
Age (years) 56.36±11.74 55.3±9.91 0.239
ASA status (I:II) 13:17 19:11 0.792
BMI (kg/m2) 23.51±4.15 23.14±3.59 0.767
Duration of surgery (h) 7.81±2.64 7.77±2.68 0.953
SD = Standard deviation, BMI = Body mass index, ASA = American Society of 
Anaesthesiologists

Table 2: Comparison of ICU and hospital stay in days

Variables Mean ± SD P
Control group Intervention group

ICU stay 5.4±2.71 2.9±1.15 <0.001
Hospital stay 11.96±5.15 9.9±2.68 0.102
SD = Standard deviation, ICU = Intensive Care Unit

Table 3: Comparison of secondary outcome variables

Variables Control  
group

Intervention 
group

P

Return of bowel 
function (h)

76.74±39.45 85.65±38.98 0.535

Serum lactate 
(mmol/L)

1.52±0.78 1.26±0.58 0.162

Volume of IV 
fluids (ml)

9216.33±2821.38 7721.5±4138.9 0.042

Percentage extubated 
at end of surgery

76 80 1

Percentage requiring 
vasopressor agents

80 80 1

IV = Intravenous

Table 4: Comparison of intraoperative blood loss 
and postoperative renal function

Variables measured Groups Mean ± SD P
Blood loss Control 378.33±209.14 0.183

Intervention 440.00±182.61
Creatinine Control 0.83±0.18 0.464

Intervention 0.89±0.25
SD = Standard deviation

Discussion

We found that the fluid replacement according to the SVV 
protocol resulted in a significant reduction in the postoperative 
ICU stay. We hypothesized that the fluid administration 
targeted to the SVV optimized the cardiac output and tissue 
perfusion in this group of patients similar to several studies.[12-14] 
In the study by Lopes et al.[15] fluid administration based upon 
pulse pressure variation (PPV) resulted in a significantly 
shorter postoperative stay in the intervention group.

Studies comparing volume replacements by specific strategies 
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had aimed to keep the CVP between 8 and 15 mm Hg.[16,17] 
We aimed a CVP between 8 and 12 mmHg in our patients as 
epidural vasodilatation demanded adequate fluid replacement 
prior to the use of vasopressors. Inadequate fluid replacement 
may result in the use of inotropes that could result in tachycardia, 
increased myocardial oxygen demand and risk for arrhythmias.

Although the length of hospital stay appeared to be lesser 
in the intervention group, this was not different from the 
control statistically. This is contrary to the study by Lopes 
et al.,[15] where a difference in both ICU stay and hospital 
stay were observed. In their study, the control group did not 
have targets for CVP while the intervention group targeted 
PPV unlike our study where even the control had a targeted 
fluid administration based on the CVP. We believe that this 
fluid optimization may have improved tissue perfusion in the 
control group also.

In our study, the intervention group (SVV) received 
significantly less fluid than CVP group. This finding although 
contradictory to other studies targeting the PPV[15] or the 
systolic pressure variation[18] could be explained by the fact that 
we allowed a liberal fluid administration. We also think that 

in all patients, the epidural analgesia at a thoracic level could 
have caused vasodilatation and hypotension that increased 
fluid resuscitation.

We used serum lactate levels as a surrogate for adequacy of 
tissue perfusion in the intraoperative period. Although the 
mean serum lactate values were lower in the intervention group 
(1.26 vs. 1.52) this was not significant. The levels of lactate 
in both groups were well within the normal range despite the 
long duration of surgery and large volume shifts suggesting 
the overall beneficial effects of adequate volume replacements 
during major abdominal surgeries.

The blood loss in both the groups was comparable in our study 
and the use of colloids and blood products were not different 
between the two groups. Only 4 patients in the control and 
3 in the intervention group needed a transfusion (6 units 
vs. 5 units). There was no statistically significant difference 
between the two groups in the requirement of vasoactive agents.

Patients in both groups maintained urine output of 
>0.5 ml/kg/h and none developed postoperative acute kidney 
injury as reflected by a normal and comparable creatinine 
values in the postoperative period.

Brandstrup et al.[19] observed that patients managed with a 
restrictive intraoperative fluid regimen had fewer complications 
and a shorter postoperative stay in the ICU. This was also 
reported by Lobo et al.[20] who showed that a restrictive 
fluid strategy while targeting oxygenation indices in high-risk 
surgery reduced the complications after surgery. In our study, 
the patients in the SVV group received significantly less fluids 
and also had a significantly shorter postoperative ICU stay 
than the control, although the fluid replacements were above 
the volumes used in a restrictive strategy.

The difference between the two groups in the time to return 
of bowel function was not statistically significant in our study. 
Wakeling et al.[16] demonstrated that esophageal Doppler 
guided fluid management minimized the time to return of 
bowel function and postoperative hospital stay. In their study 
the intervention group received significantly more colloids 
than the control group.

The incidence of postoperative complications was not 
significantly different between the two groups in our study 
(26.7% vs. 30%, Table 5). One patient in the control group 
and 1 patient in the intervention needed re-laparotomy 
for sepsis and 1 patient in the control for postoperative 
anastomotic leak. There were no differences in the duration of 
postoperative ventilation or need for respiratory assist devices.

Table 5: Distribution of postoperative complications 
among groups

Complications Control group 
(n = 30)

Intervention 
group (n = 30)

Infection
Pneumonia 0 0
Abdominal 0 0
Urinary tract 0 1
Wound 3 2

Respiratory
Pulmonary embolism 0 0
Respiratory support >24 h 1 1

Cardiovascular
Arrhythmia 0 0
Hypotension 0 0
Myocardial infarction 0 0

Abdominal
Anastomotic leak 1 0
Paralytic ileus 2 2
Intraabdominal collection 1 2
Intraabdominal sepsis 2 2
Re-laparotomy 1 1

Renal
Urine output <500 ml/day 0 0
Acute renal failure 0 0
Postoperative death 0 0
Total number of 
complications

11 11

Total number of patients 
with complications (%)

8 (26.7) 9 (30)
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In this study, we used the FloTrac Vigileo™, a third generation 
device for assessment of SVV. The SVV derived from this 
was found to have a good correlation with the SVV obtained 
from PiCCO plus[21] which uses a femoral arterial line and has 
shown to be a reliable predictor of SVV in several studies.[22] 
The threshold value for SVV using the FloTrac was 9.6% in 
this study[21] and hence we aimed to keep the values of SVV 
<10% in the intervention group.

Our study had limitations in the numbers of patients and in 
the fact that we had excluded higher risk patients undergoing 
major surgeries. A larger multicenter trial including higher 
ASA grades could be considered in the background of these 
results.

Conclusion

Fluid replacements targeting to minimize SVV during major 
abdominal surgery resulted in a shorter postoperative ICU 
stay and lesser intraoperative fluid requirement as compared 
to CVP guided fluid replacement. Implementation of fluid 
replacement guided by a dynamic preload variable (SVV) 
appeared to have distinct advantages over conventional static 
variables (CVP) on postoperative ICU stay in abdominal 
surgery.
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