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Background: The stroke volume variation (SVV), based on lung-heart interaction during mechanical ventilation, is a 
useful dynamic parameter for fluid responsiveness. However, it is affected by many factors. The aim of this study was to 
evaluate the effects of SVV on Trendelenburg (T) and reverse Trendelenburg (RT) position and to further elaborate on 
the patterns of the SVV with position.
Methods: Forty-two patients undergoing elective surgery were enrolled in this study. Fifteen minutes after standardized 
induction of anesthesia with propofol, fentanyl, and rocuronium with volume controlled ventilation (tidal volume of  
8 ml/kg of ideal body weight, inspiration : expiration ratio of 1 : 2, and respiratory rate of 10-13 breaths/min), the pa-
tients underwent posture changes as follows: supine, T position at slopes of operating table of -5o, -10o, and -15o, and 
RT position at slopes of operating table of 5o, 10o, and 15o. At each point, SVV, cardiac output (CO), peak airway pressure 
(PAP), mean blood pressure, and heart rate (HR) were recorded.
Results: The SVV was significant decreased with decreased slopes of operating table in T position, and increased with 
increased slopes of operating table in RT position (P = 0.000). Schematically, it was increased by 1% when the slope of 
operating table was increased by 5o. But, the CO and PAP were significant increased with decreased slopes of operating 
table in T position, and decreased with increased slopes of operating table in RT position (P = 0.045, 0.027).
Conclusions: SVV is subjected to the posture, and we should take these findings into account on reading SVV for fluid 
therapy. (Korean J Anesthesiol 2014; 67: 378-383)
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Introduction

It is impossible to overestimate the importance of proper flu-
id management in anesthesiology, because it is helpful not only 
for lowering the postoperative morbidity but also for improving 
outcomes [1]. However, there are still no reliable methods for 
evaluating the volume status. The central venous pressure (CVP) 
and the pulmonary capillary wedge pressure (PCWP) reveal 
limitations in predicting the fluid responsiveness [2]. 

The recently, introduced methods for measuring the uncali-
brated pulse contour-derived fluid responsiveness, provided the 
possibility of obtaining the dynamic data about fluid responsive-
ness. This is followed by many reports showing that its reliability 
is higher compared with other static parameters [3,4]. The stroke 
volume variation (SVV) is one of the dynamic parameters of 
preload. But, its applicability is somewhat limited. That is, it may 
be solely used for patients with mechanical ventilation, because 
it is based on regular changes in the intra-thoracic pressure (ITP) 
through mechanical ventilation. Therefore, such regular changes 
in the ITP depending on the arterial waveform deserve special 
attention. This leads to the speculation that the SVV can also be 
subjected to factors that may affect the ITP [5]. 

In clinical settings, the patients' postures may commonly be 
altered to optimize the surgical conditions. It may affect the ITP 
by shifting abdominal contents; this is notably seen in the Tren-
delenburg (T) or reverse Trendelenburg (RT) position [6-8]. Bu,t 
there are no established reports about the effects of these posi-
tions on the SVV.

Given the above background, we conducted this study to ex-
amine the effects of SVV depending on the posture, thus further 
elaborating on whether the patterns of changes in the SVV are 
associated with the slope of operating table.

Materials and Methods

The study protocol was approved by the Institutional Review 
Board of our medical institution. All of the patients submitted 
written informed consent. In the current study, we enrolled 50 
adult patients with the American Society of Anesthesiologists 
(ASA) physical status I or II, who were scheduled for elective sur-
gery. We excluded the patients with arrhythmia, valvular heart 
disease, coronary artery disease, ejection fraction of < 50%, pul-
monary disease, or body mass index < 18.5 kg/m2 or > 30 kg/m2.

When the patient arrived at operating room, they underwent 
routine monitoring of electrocardiogram, non-invasive blood 
pressure measurement, pulse oximetry, and Bispectral Index 
sensor measurement (BISⓇ, Covidien, Mansfield, MA, USA). 
The anesthesia performed according to the standardized protocol. 
The patient was induced with intravenous propofol 2 mg/kg, fen-
tanyl 1 ug/kg, and rocuronium 0.6 mg/kg. After tracheal intuba-

tion, the patients underwent volume-controlled ventilation with 
Avance (Datex-Ohmeda, WI, USA) at a tidal volume of 8 ml/
kg of ideal body weight, an inspiration: expiration ratio of 1 : 2, 
a respiratory rate of 10-13 breaths/min without positive end-
expiratory pressure, and the end-tidal carbon dioxide tension 
(ETCO2) maintained at 30-35 mmHg. The patient’s ideal body 
weight was calculated using the following formula: men = 50 + 
0.91 (height [cm] - 152.4), women = 45.5 + 0.91 (height [cm] 
- 152.4). The anesthesia was maintained with 1.5-2 vol% of 
sevoflurane with BIS scores of 40-60. This was followed by the 
insertion of a 20 gauge catheter in the radial artery and the con-
nection to the FlotracTM/VigileoTM system with software version 
4.0 (Edwards Lifescience, Irvine, USA). The stopcock was at-
tached to the patients' mid-axillary line in the left 5th intercostal 
space, for which zeroing was done. This system shows stroke 
volume (SV) and cardiac output (CO) continuously from the 
pulse contour analysis every 20 seconds. The SVV represents the 
change in beat-to beat SV, and it is calculated according to the 
following formula: (SVV = [SVmax - SVmin] / [(SVmax + SV-
min) / 2]), where SVmax and SVmin represent the maximal and 
minimal SV, respectively. When the patient was hemodynami-
cally stable for at least 15 minutes after induction, we recorded 
patients' hemodynamic variables in supine position (T0). Then, 
the patient’s posture was changed to the T position at slopes of 
an operating table of -5o (T-5), -10o (T-10), and -15o (T-15), 
we performed recording after 5 minutes of each posture. After 
the operating table was turned back to 0o (T0’) and its slope was 
changed to the head-up tilt at 5o (T5), 10o (T10), and 15o (T15), we 
recorded the variables in the same manner. Lastly, the patient 
was returned to the supine position (T0’’). At each point, we 
recorded SVV, cardiac output (CO) from FlotracTM/VigileoTM 
system (Edwards Lifescience, Irvine, USA) and peak airway 
pressure (PAP) from spirometry of the Avance (Datex-Ohmeda, 
WI, USA). The mean blood pressure (MBP) and heart rate (HR) 
were also recorded.

During the recording, the patient’s maintenance fluid was 
crystalloid by the 4 : 2 : 1 rules, and the ventilator mode and 
anesthetic depth also remained constant without any stimulus. 
When the patient had an increase of PAP to 30 cmH2O, required 
vasopressors during the posture change, or presented with ar-
rhythmia, we discontinued the recording and withdrew the cor-
responding patient from the current study.

The changes in SVV were fitted in a linear mixed model, for 
which the intraclass correlation coefficient was estimated. To 
do this, we used the R version 3.0.3 (R: A language and envi-
ronment for statistical computing, R Foundation for Statistical 
Computing, Vienna, Austria) and nlme library (Jose Pinheiro, 
Douglas Bates, SaikatDebRoy, DeepayanSarkar and the R De-
velopment Core Team [2013], nlme: Linear and Nonlinear 
Mixed Effects Models R package version 3.1-113). All data were 
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expressed as mean ± SD or the number of patients. The P < 0.05 
was considered as statistically significant.

Results

In the current study, we enrolled a total of 50 patients. Among 
these patients, 8 patients were excluded from the analysis (3 
patients required vasopressors, 1 patient developed arrhythmia, 
and 4 patients had 20% difference in measurements after being 
placed in supine position three times). Therefore, we performed 
statistical analysis with the remaining 42 patients.

Baseline and demographic characteristics of the patients are 
shown in Table 1. There were 31 patients with the ASA class II, 
22 patients with hypertension, 10 patients with diabetes mellitus, 
and 4 patients with stroke. For the types of surgery, there were 
24, 10, 4, 2, and 2 patients who underwent abdominal surgery, 
neurosurgery, orthopedic surgery, urologic surgery, and otorhi-
nolaryngologic surgery, respectively. 

The hemodynamic data of the patients are shown in Table 2.
The SVV was significant decreased in proportion to the  

T positions at slopes of operating table of -5o, -10o, and -15o, 
in contrast, it was increased in the RT positions at slopes of op-
erating table of 5o, 10o, and 15o (P = 0.000). The SVV increased 
by 0.2% with the increased slope of operating table, and intra-

class correlation coefficient was 0.71 (Fig. 1). 
The CO and PAP were significantly increased with the T 

position and decreased with the RT position (P = 0.045, 0.027). 
But, changes of MBP and HR did not have statistical significance 
(P = 0.175, 0.790).

Discussion

Our results showed that the SVV was increased with increased 
slopes of operating table in the RT position. However, it was de-
creased with decreased slopes in the T position. The error in this 
model was evenly distributed around zero, and it corresponded to 
a linear mixed model. Schematically, the SVV was increased by 1% 
when there was an increase in the slope of operating table by 5o.

Table 1.  Demographic Characteristics

Number of patients
Age (yr)
Sex (M/F)
ASA classification (I/II)
Weight (kg)
Height (cm)
Tidal volume (ml)
Respiration rate (/min)

  42
    60.9 ± 13.1

  28/14
  11/31

    65.6 ± 13.3
  163.3 ± 10.2
  487.7 ± 61.9

11.50 ± 0.9

Data are presented as means ± SD or the number.

Table 2. Hemodynamic Data on Postural Changes in Trendelenburg Positions and Reverse Trendelenburg Positions

Trendelenburg positions Reverse Trendelenburg positions

T0 T-5 T-10 T-15 T0 T5 T10 T15

SVV (%)
CO (L/min)
PAP (cmH2O)
MBP (mmHg)
HR (/min)

 9.1 ± 3.9
 4.8 ± 1.4

18.0 ± 3.0
 83.0 ± 15.2
 67.2 ± 13.4

 8.7 ± 4.2
 4.8 ± 1.5

18.2 ± 3.0
 77.9 ± 11.9
 64.0 ± 11.8

 8.1 ± 3.5
 4.9 ± 1.5

18.5 ± 3.0
 78.1 ± 13.0
 64.7 ± 10.9

 7.1 ± 3.1
 5.1 ± 1.7

19.1 ± 3.4
 77.8 ± 12.3
 64.1 ± 10.5

 9.1 ± 3.9
 4.8 ± 1.4

18.0 ± 3.0
 83.0 ± 15.2
 67.2 ± 13.4

10.9 ± 5.4
 4.6 ± 1.7

17.9 ± 3.0
 76.7 ± 12.3
 65.2 ± 12.1

12.0 ± 5.7
4.5 ± 1.8

17.8 ± 3.0
 76.5 ± 14.3
 65.2 ± 11.9

13.0 ± 5.9
4.4 ± 1.8

17.6 ± 2.6
 77.0 ± 17.0
 65.9 ± 12.8

Data are presented as means ± SD. SVV was decreased at slope of operating table of -5o, -10o and -15o, it was increased at slope of operating table 
of 5o, 10o and 15o (P = 0.000). CO and PAP were increased at slope of operating table of -5o, -10o and -15o, they were decreased at slope of operating 
table of 5o, 10o and 15o (P = 0.045, 0.027). SVV: stroke volume variation, CO: cardiac output, PAP: peak airway pressure, MBP: mean blood pressure 
and HR: heart rate. T0:  at 0o slope of an operating table in supine position, T-5:  at -5° slope of an operating table in Trendelenburg positions. T-10:  
at -10° slope of an operating table in head-down tilt, and T-15:  at -15° slope of an operating table  in Trendelenburg positions. T5:  at 5° slope of 
an operating table of −5° in Trendelenburg positions, T10:  at 10° slope of an operating table in Trendelenburg positions, and T15:  at 15° slope of an 
operating table  in head-up tilt.

Fig. 1. Stroke Volume Variation according to Posture. Data are presented 
as means ± SD. SVV increased with increasing slope of operating table, 
and these were statistically significant (P = 0.000). SVV: stroke volume 
variation. T-15: at -15o slope of an operating table in head-down tilt, 
T-10: at -10o slope of an operating table in head-down tilt, T-5: at 
-5o slope of an operating table in head-down tilt, T0: at 0o slope of an 
operating table in supine position, T5: at 5o slope of an operating table 
of -5o in head-up tilt, T10: at 10o slope of an operating table in head-up 
tilt, and T15: at 15o slope of an operating table in head-up tilt.
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Perioperative adequate fluid management optimized CO, 
enhanced perfusion and oxygen delivery to vital organs and 
traumatized tissue, and it also promoted the wound healing. 
This eventually led to the decreased rate of admission to inten-
sive care unit, shorter hospital stay, and decreased postoperative 
morbidity [1,9,10]. Thus, this is essential for evaluating the pa-
tient’s volume status in the field of anesthesiology. 

However, it is difficult to evaluate the intravascular volume. 
Most clinicians still depend on clinical parameters such as blood 
pressure, heart rate, urine output, and estimated blood loss. In 
addition, traditional methods for evaluating the intravascu-
lar volume such as CVP and PCWP showed lower sensitivity 
and specificity, and they are not useful in predicting the fluid 
responsiveness [2,11]. Furthermore, invasive monitoring with 
pulmonary artery catheterization has been replaced by less inva-
sive methods due to poor outcomes [12,13]. The volumetric pa-
rameters such as corrected flow time of esophageal doppler and 
ejection fraction or end-diastolic volume of echocardiography 
were found to be useful [14,15]; but they are disadvantageous 
because continuous monitoring is unavailable. 

The SVV is one of the functional dynamic parameters that 
may be useful for the fluid management, which is based on 
heart-lung interaction. That is, in positive pressure ventilation, 
ITP is increased during inspiration that squeezes blood from the 
pulmonary capillary and vein into the left heart and augments 
left ventricle (LV) preload which in turn increases SV. But the 
pulmonary venous system is soon emptied and the right ven-
tricle (RV) preload is decreased, due to the decreased venous 
return and the increased RV afterload. This results in delayed 
reduction of SV. These effects were intensified in volume deple-
tion, so the variability of SV is correlated with fluid responsive-
ness. That is, the high variation in SV reflects hypovolemia, and 
SVV greater than 13% provides responsiveness to fluid therapy 
[16]. 

Unfortunately, SVV is subjected to the respiratory factors. 
It shows poor reliability in patients with poor lung compliance, 
excessively low tidal volume, or excessively high respiratory rate 
[16,17].

To date, several studies have been conducted in clinical set-
tings that altered respiratory factors. According to animal stud-
ies, the SVV was higher in the increased intra-abdominal pres-
sure, because the venous return was decreased from the caval 
vein compression [18]. Moreover, the SVV has a poor predictive 
value for the fluid responsiveness [19,20]. In patient placed in 
prone position, the SVV is increased due to the increased intra-
abdominal pressure and the decreased respiratory compliance 
[21]. In patient undergoing laparoscopic surgery, it also has a 
poor predictive value for the fluid responsiveness because the 
ITP is affected by the iatrogenic pneumoperitoneum [22,23]. 
According to another study, however, the SVV has a good pre-

dictive value for the fluid responsiveness in patients undergoing 
laparoscopic surgery in the T position [6]. These recent reports 
have conflicting results of the SVV and we have encountered 
more frequent intraoperative changes in the patient posture 
which might affect the ITP. This is notable in patients placed in 
the T or RT position.

When placed in the T position, patients are characterized 
by the stiffness of the abdominal part of the chest wall and the 
cephalad shift of the diaphragm. This is aggravated due to ad-
ditional surgical retractions. Therefore, it is expected that there 
might be a decrease in the RV ejection due to the increased ITP 
and RV afterload. On other hand, such patients are character-
ized by the increased venous return, thus possibly presenting 
with the increased RV output. 

Our results showed that the SVV was decreased in the pa-
tients placed in the T position. We maintained the volume status 
consistently throughout the study, but we found that there were 
changes in the SVV. Presumably, this might be due to differ-
ences in the venous return from posture changes, although there 
was secondary increase in the PAP. It is probable that the PAP 
might have an effect on SVV to a smaller extent as compared to 
the increased venous return. This is because the airway driving 
pressure of < 20 cmH2O was not significant to transmit to the 
intracardiac cavity [24]. In the current study, the mean PAP was 
under 20 cmH2O.

Our results are consistent with other studies showing increases 
in the RV filling pressure, the RV ejection fraction, and the LV 
preload, which lead to increased CO on transesophageal echo-
cardiography of patients placed in the T position [7]. 

It has also been reported that the SVV was increased in pa-
tients placed in the RT position. Presumably, this might be due 
to venous pooling towards the lower extremities [25]. In such 
patients, there are decreases in the LV end diastolic area and car-
diac index on transesophageal echocardiography [26].

There are several limitations of the current study as discussed 
below. 

First, we failed to enroll a homogenous population of the 
patients. Their median age was 65 years and 66% of them were 
men. In addition, 31 patients belonged to the ASA class II, and 
52% of them were taking anti-hypertensive medications. Also, 
23% of our cases had diabetes mellitus patients, although we en-
rolled the patients whose blood pressure and glucose level were 
strictly controlled within the normal limit for at least 3 months. 
We failed to rule out some of the factors regarding the age, sex, 
and undiagnosed vascular complications. However, in general, 
most clinicians monitor SVV in patients with critical illness or 
major operations, so we had no choice but to conduct this study 
with them. Also, SVV has been reported with good predictive 
value for the fluid responsiveness even in patients with coro-
nary occlusive disease [27]. Even in patients undergoing carotid 
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endarterectomy who had peripheral vascular disease, SVV was 
a useful predictor for the fluid responsiveness [4]. Therefore, we 
assume that there was no significant effect in the enrolled pa-
tients with ASA classes II. 

The results of MBP and HR could be understood in the same 
context. Because the enrolled patients were aged and about half 
of them were taking anti-hypertensive drugs, physiologic chang-
es in the blood pressure and HR might have been blunted after 
postural changes.

Secondly, it remains questionable whether the vasodilatory 
effects of anesthetic agents in lowering the preload could be 
maintained consistently throughout the study. To resolve this, 
we conducted the current study based on the same protocol of 
anesthesia, and then maintained the BIS score at equivalent with 
the adjustment of sevoflurane. We also excluded the patients 
whose hemodynamic data were not maintained within 20% 
range, after undergoing measurement three times in a supine 
position (T0, T0’, T0’’).

Thirdly, there are many surgical positions such as decubitus, 

prone, sitting position, and so on. Our study was only focused 
on the patients with T or RT position, so further studies are 
needed to evaluate the effects on other positions and with pneu-
moperitoneum, as well. 

Lastly, the sample size was small, and we did not evaluate 
the changes in SVV depending on the patients' postures after 
dividing the patients into two groups of the responder and non-
responders, after fluid loading. Therefore, we did not assay pre-
dictive value of SVV. 

In conclusion, our results indicate that the SVV is subjected 
to the posture in the same patient with the same volume status. 
This leads to the speculation that clinicians should interpret it 
after confirming the patient posture before initiating the fluid 
management or inotropic therapy. Further studies are warranted 
to evaluate the reliability and predictive values of SVV for pre-
dicting the fluid responsiveness with postural change, in larger 
sample size of healthy patients or specific patient groups with 
heart or pulmonary diseases.
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