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Predict Fluid Responsiveness by Stroke Volume Variation in Patients Undergoing
Protective One-Lung Ventilation in Pressure-Controlled Ventilation Mode
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Objective: The aim of this study is to use stroke volume variation (SVV) as an indicator to predict fluid responsiveness in patients
undergoing protective one-lung ventilation (OLV) in pressure-controlled ventilation mode. Design and Setting: A prospective
clinical study in an operating room in a medical center. Patients: Fourteen patients receiving video-assisted thoracic surgery
while undergoing OLV in pressure-controlled ventilation mode. Methods: After starting OLV in pressure-controlled ventilation
mode, all patients were administered 6 ml/kg 6% hydroxyethyl starch for 20 min. Vigileo-FloTrac system was used to record
hemodynamic variables before and after volume loading. The ability of SVV to predict fluid responsiveness was tested by
calculating the area under the receiver operating characteristic (ROC) curve for an increase in stroke volume index of >10%
after volume loading, and the optimal threshold value of SVV was calculated. Results: The area under the ROC curve for SVV
to discriminate between responders and nonresponders was 0.89 (95% confidence interval, 0.700—1; P = 0.03). The optimal
threshold value of SVV was 8.5% (sensitivity 88.89%; specificity 75%). Conclusions: SVV may be suitable for predicting fluid

responsiveness in patients undergoing protective OLV in pressure-controlled ventilation mode.
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INTRODUCTION

Goal-directed fluid therapy (GDT) plays an important role
in enhanced recovery after surgery program.'* Perioperative
fluid management is especially crucial for thoracic surgeries
because liberal fluid administration may be associated with
major cardiopulmonary complication or mortality.*® The
Vigileo-FloTrac system is one of the minimal invasive
monitors that can be used as a GDT technique to estimate
cardiac index (CI), stroke volume index (SVI), and predict
fluid responsiveness in various clinical settings by stroke
volume variation (SVV).”!! The previous study revealed
that SVV-guided fluid management could be prescribed in
thoracic surgeries requiring lateral position and one-lung
ventilation (OLV) and does not result in pulmonary fluid
overload.”” However, it is controversial whether SVV
measured by the Vigileo-FloTrac system can predict fluid
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responsiveness in patients undergoing pulmonary lobectomy
with OLV after thoracotomy.'*-'” Besides, the SVV values and
the threshold values to determine fluid responsiveness may
change during OLV.'® On the other hand, protective ventilation
strategies such as pressure-controlled ventilation (PCV)
with low tidal volumes (TV)'®% are also employed to reduce
mechanical stress to lung tissue during OLV.?! There are
studies comparing the influence of conventional TV (8 ml/kg)
and protective TV (6 ml/kg) to predict fluid responsiveness
in OLV.'522 However, few studies investigate the influence of
PCV with protective TV in predicting fluid responsiveness
based on SVV. The aim of this study is to estimate the value of
fluid responsiveness by SVV in patients undergoing protective
OLV in PCV mode.
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METHODS

This prospective study was approved by the Ethics
Committee (TSGHIRB No: 2-102-05-042) of Tri-Service
General Hospital, Taipei, Taiwan on May 29, 2013, and was
conducted in accordance with the approved guidelines. We
obtained informed consent from each patient enrolled in this
study, between July 2013 and October 2013. Fourteen patients
were included in the study. The inclusion criteria were patients
aged 20-80 years scheduled for video-assisted thoracic
surgery (VATS) with lobectomy or wedge resection requiring
general anesthesia with OLV. The exclusion criteria were the
American Society of Anaesthesiologists physical status >II,
the risk of coexisting severe cardiac/renal/hepatic disease,
arrhythmia, and morbid obesity (BMI >35). Discontinued
OLV due to desaturation or hemodynamic instability during
intervention was also excluded from the study. All patients’
demographics and operation site were documented. After
patients enter the operating room, routine monitoring, such
as noninvasive blood pressure, electrocardiography, and pulse
oximetry, were started. Anesthesia was induced with fentanyl,
propofol, and rocuronium or cisatracurium/succinylcholine in
all patients. The patients were then intubated with COVIDIEN
Mallinckrodt™ endobronchial Tube (37 Fr. for male and
35 Fr. for female) by orotracheal intubation 1 min later and
fixed appropriately after correct positioning was confirmed
by fiberoptic bronchoscopy. After intubation, percutaneous
radial artery cannulation was performed and then connected
with the Vigileo-FloTrac system (Edwards Lifescience LLC,
Irvine, CA, USA) to measure mean arterial pressure (MAP),
heart rate, CI, SVI, and SVV. Maintenance were achieved
by anesthetic sevoflurane and analgesic fentanyl. The PCV
mode was adopted for mechanical ventilation. After starting
OLV, the pressure was set at 20 to 25 cmH,O to keep TV
achieved 6 ml/kg during OLV. The fractional inspired oxygen
concentration (FiO,) was 80%, the respiratory ratio was 1:2,
and the end-tidal CO, partial pressure was kept between
35 mmHg and 45 mmHg by adjusting the respiratory rate.
Twenty-five minutes after the initiation of OLV, a 5-min (T1)
period of stable hemodynamic parameters (HR, MAP, CI,
SVI, and SVV) were measured,'*!51"232# followed by fluid
administration of 6 ml/kg colloid solution (Voluven® [6%
hydroxyethyl starch 130/0.4]) over 20 min. After fluid
loading, a 5-min period (T2) of hemodynamic variables were
measured again [Figure 1].2 All measurements were acquired
during stable periods. The monitor of Vigileo-FloTrac system
was turned away from the attending anesthesiologist while
an independent research staff recorded the hemodynamic
variables on the Vigileo-FloTrac system. Patients showing an
increase in SVI of 10% or more after fluid loading were defined
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Figure 1: The time course of sample points

as responders, whereas patients whose SVI increased by <10%
were classified as nonresponders. Based on the findings of
previous studies, the 10% cutoff value of SVI was considered
clinically significant.>?¢ The ability of SVV to predict fluid
responsiveness was tested by calculating the area under the
receiver operating characteristic (ROC) curve, and the optimal
threshold value of SVV was calculated. Student’s t-tests were
used to evaluate differences in continuous variables, including
patient demographic characteristics and hemodynamic
parameters. Duing OLV in responders and non-responders,
Mann-Whitney U tests were used to evaluate differences in the
change of MAP, CI, SVI, and SVV after fluid loading. A value
of P < 0.05 was considered statistically significant. Data
were analyzed using SPSS software (version 16, SPSS Inc.,
Chicago, IL, USA) and SigmaPlot for Windows Version 10.0
software.

RESULTS

Fourteen patients were enrolled and one patient’s
intervention was interrupted because the duration of OLV
was <30 min. Total thirteen patients (male: 6; female: 7) were
included in this study. The patients’ characteristics and surgical
site are shown in Table 1. The hemodynamics parameters
before and after fluid loading are shown in Table 2. The
MAP, CI, SVI, and SVV in responders significantly increased
after fluid loading [Table 2]. The change of MAP, CI, SVI,
and SVV after fluid loading during OLV in responders was
significantly different from nonresponders [Table 3]. The
SVV before fluid loading in responders were significantly
higher than in nonresponders [Figure 2]. The area under the
ROC curve for SVV to discriminate between responders and
nonresponders was 0.89 (95% confidence interval, 0.700—1;
P=0.03) [Figure 3]. The optimal threshold value to distinguish
responders from nonresponders was 8.5% (sensitivity 88.89%;
specificity 75%).

DISCUSSION

Major thoracic surgeries that usually require OLV and
significant hemodynamic change may encounter vessel injury
with bleeding during surgical manipulation and therefore need
immediate recognition. The study demonstrated that SVV might
also be applied toward predicting fluid responsiveness using
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Figure 2: Stroke volume variation before fluid loading in responders and
nonresponders

Table 1: Demographic characteristics

Variables

Age (year) 58.4+13.5
Gender (male/female) 6/7
BMI 22.4+2.9
Operation side (left/right) 8/5

Values are expressed as mean (SD) except for gender and operation side.
SD=Standard deviation; BMI=Body mass index

Table 2: Comparison of hemodynamic parameters before
and after fluid loading during one-lung ventilation

Responders (n=9) Nonresponders (n=4)
Before After P Before After P
MAP (mmHg) 71.4£7.5 89.9+8.8 0.001 85.84+8.8 86.0+8.9 0.638

HR (rate/min) 68.1+14.6 66.9+14.3 0.645 78.8+11.1 80.5+5.6 0.599

CI (L/min/m?)  2.440.5  3.1+0.4 0.002 3.1£0.6  2.9+0.8 0.337
SVI (mL/m?)  35.9+6.0 46.0£8.2 0.007 39.0+11.1 36.8+11.3 0.444
SVV (%) 11.9£2.7 58+1.2 <0.001 83x1.3 4.8+24 0.012

Values are expressed as mean (SD). MAP=Mean arterial pressure;
HR=Heart rate; CI=Cardiac index; SVI=Stroke volume index; SVV=Stroke
volume variation

Table 3: Comparison of hemodynamic difference between
T1 and T2 during one-lung ventilation in responders and
nonresponders to fluid loading

Hemodynamic difference (T2-T1)  Responders  Nonresponders P

AHR —1.22+7.66 1.75+£5.97 0.28
AMAP 17.11£13.37 0.25+0.96 0.03
ACI 0.63+0.43 —0.05+0.10 0.01
ASVI 10.11+8.49 —2.2545.12 0.01
ASVV —6.11£2.09 —3.50+1.29 0.04

A: The difference of hemodynamic parameters (T2-T1); MAP=Mean
arterial pressure; HR=Heart rate; CI=Cardiac index; SVI=Stroke volume
index; SVV=Stroke volume variation
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Figure 3: The area under curve of the receiver operating characteristic of
stroke volume variation before fluid loading to predict fluid responsiveness
in protective one-lung ventilation

protective ventilation in PCV mode during OLV. The cause
of SVV is intrathoracic pressure-induced variations in right
atrial pressure changing intrathoracic blood volume over the
ventilatory cycle, so using SVV to predict fluid responsiveness
in OLV is feasible.”*?™* SVV may also be modified by chest
wall compliance, contractility, and tidal volume due to altered
inspiration-associated decreases in the right ventricular stroke
volume.*® Previous studies suggested when using SVV as a
predictor of fluid responsiveness in patients with OLV, tidal
volume should be set in at least 8 ml/kg.""?” However, one
study by Lee et al’! reported that fluid responsiveness could
also be predicted by pulse pressure variation, which is another
widely used functional dynamic parameter, during protective
OLV (TV 6 ml/kg). Fu et al.* reported that SVV could predict
fluid responsiveness in protective OLV, but the accuracy its
prediction was relatively weak compared with the role in
conventional ventilation strategy (TV 8 ml/kg). In the present
study, the ROC analysis showed that the optimal thresholds for
SVV discriminate responders from nonresponders was 8.5%
with a sensitivity of 88.89% and a specificity of 75%.

The conventional SVV threshold values in the prediction of
fluid responsiveness are ranged from 10% to 13%.%> However,
the SVVvalueandthresholdtodiscriminate fluidresponsiveness
in low tidal volume setting may be decreased.’>** Therefore,
the threshold value of SVV should be interpreted carefully
during OLV. One study by Lema et al.'® demonstrated that
SVV values decreased during protective OLV and suggested
not to use the same threshold values to determine fluid
responsiveness. The optimal threshold in our study is 8.5%,
which is lower than the standard threshold cutoff value in SVV
and consistent with other studies.'*?

The volume of fluid administration and duration of infusion
time may affect fluid responsiveness during fluid loading.*
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Two studies used a fixed dose of fluid administration.'>*
However, the amount may be inadequate or overload based
on the individual body weight. In addition, some studies use
a 30-min infusion period during fluid loading."*-">*?* Jeong
et al.* used a 30-min infusion period and reported that SVV
was not useful for predicting fluid responsiveness either in
VATS or open thoracotomy surgery. However, a systematic
review and meta-analysis showed that the proportion of
responders decreased with a long infusion time (>30 min).** In
our study, we chose 6 ml/kg in a 20-min period in accordance
with the suggestion of the previous study.*® The cutoff value
considered clinically significant for SVI increase after fluid
loading in our study was 10%.** However, some studies
used 15%'*2-25%?% increase of SVI or the increase of CI'**!
as fluid responsiveness and showed different results. Although
the definition of fluid responsiveness is not clear, especially
during cardiac and thoracic surgery,* the lower cutoff value in
our study might increase the sensitivity and therefore should
be viewed cautiously.

There are some limitations to our study. First, the sample
size is relatively small; nevertheless, it revealed statistical
significance. Second, the hemodynamic parameters were
measured during surgical manipulation which may increase
the variability and bias; however, it helps evaluate the
usefulness in real clinical practice. Third, the present study
did not measure chest wall compliance which may also altered
SVV.237 Fourth, this study didn’t investigate the effect of the
side of lateral decubitus position on SVV. However, previous
studies reported that the left or right decubitus or recumbent
position may not affect SVV.2*3® Further investigations were
needed.

CONCLUSIONS

This study demonstrated that SVV may be suitable
for predicting fluid responsiveness in patients undergoing
protective OLV in pressure-controlled ventilation mode.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES
1. Miller TE, Roche AM, Mythen M. In reply: Fluid
management issues in Enhanced Recovery after Surgery

and Canadian Anesthesiologists’ Society standards. Can
J Anaesth 2015;62:931.

138

10.

11.

12.

Merchant RN, Davies JM. Fluid management issues
in Enhanced Recovery After Surgery and Canadian
Anesthesiologists’ Society standards. Can J Anaesth
2015;62:930.

Taniguchi H. Enhanced recovery after surgery program.
Masui 2011;60:778-89.

Bloomstone J, Dull R. Goal-directed fluid therapy in the
era of enhanced recovery after surgery: The jury is still
out. Comment on Br J Anaesth 2018; 120: 734-44. BrJ
Anaesth 2018;121:673-4.

Taniguchi H, Sasaki T, Fujita H, Kobayashi H,
Kawasaki R, Ogata T, et al. Effects of goal-directed
fluid therapy on enhanced postoperative recovery: An
interventional comparative observational study with a
historical control group on oesophagectomy combined
with ERAS program. Clin Nutr ESPEN 2018;23:184-93.
Alam N, Park BJ, Wilton A, Seshan VE, Bains MS,
Downey R, et al. Incidence and risk factors for lung
injury after lung cancer resection. Ann Thorac Surg
2007;84:1085-91.

Marret E, Miled F, Bazelly B, El Metaoua S,
de Montblanc J, Quesnel C, et al. Risk and protective
factors for major complications after pneumonectomy
for lung cancer. Interact Cardiovasc Thorac Surg
2010;10:936-9.

Ripollés-Melchor J, Espinosa A, Martinez-Hurtado E,
Abad-GurumetaA,Casans-FrancésR, Fernandez-PérezC,
et al. Perioperative goal-directed hemodynamic therapy
in noncardiac surgery: A systematic review and
meta-analysis. J Clin Anesth 2016;28:105-15.

Suehiro K, Tanaka K, Matsuura T, Funao T, Yamada T,
Mori T, et al. The vigileo-floTrac™ system: Arterial
waveform analysis for measuring cardiac output and
predicting fluid responsiveness: A clinical review.
J Cardiothorac Vasc Anesth 2014;28:1361-74.

Mayer J, Boldt J, Poland R, Peterson A, Manecke GR Jr.
Continuous arterial pressure waveform-based cardiac
output using the FloTrac/Vigileo: A review
and meta-analysis. J Cardiothorac Vasc Anesth
2009;23:401-6.

Tsai YF, Liu FC, Yu HP. FloTrac/Vigileo system
monitoring in acute-care surgery: Current and future
trends. Expert Rev Med Devices 2013;10:717-28.

Haas S, Eichhorn V, Hasbach T, Trepte C, Kutup A,
Goetz AE, et al. Goal-directed fluid therapy using
stroke volume variation does not result in pulmonary
fluid overload in thoracic surgery requiring one-lung
ventilation. Crit Care Res Pract 2012;2012:687018.

. FuQ, Zhao F, Mi W, Zhang H. Stroke volume variation

fail to predict fluid responsiveness in patients undergoing
pulmonary lobectomy with one-lung ventilation using
thoracotomy. Biosci Trends 2014;8:59-63.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Trepte CJ, Haas SA, Nitzschke R, Salzwedel C, GoetzAE,
Reuter DA, et al. Prediction of volume-responsiveness
during one-lung ventilation: A comparison of static,
volumetric, and dynamic parameters of cardiac preload.
J Cardiothorac Vasc Anesth 2013;27:1094-100.

Suehiro K, Okutani R. Influence of tidal volume for
stroke volume variation to predict fluid responsiveness
in patients undergoing one-lung ventilation. J Anesth
2011;25:777-80.

Lema Tome M, De la Gala FA, Pifieiro P, Olmedilla L,
Garutti 1. Behaviour of stroke volume variation in
hemodynamic stable patients during thoracic surgery
with one-lung ventilation periods. Rev Bras Anestesiol
2018;68:225-30.

Suehiro K, Tanaka K, Yamada T, Matsuura T, Mori T,
Funao T, et al. The ability of the vigileo-floTrac system
to measure cardiac output and track cardiac output
changes during one-lung ventilation. J Clin Monit
Comput 2015;29:333-9.

Michelet P, D’Journo XB, Roch A, Doddoli C,
Marin V, Papazian L, et al. Protective ventilation
influences systemic inflammation after esophagectomy:
A randomized controlled study. Anesthesiology
2006;105:911-9.

Kozian A, Schilling T. Protective ventilatory approaches
to one-lung ventilation: More than reduction of tidal
volume. Curr Anesthesiol Rep 2014;4:150-9.
Fernandez-Pérez ER, Keegan MT, Brown DR,
Hubmayr RD, Gajic O. Intraoperative tidal volume as a
risk factor for respiratory failure after pneumonectomy.
Anesthesiology 2006;105:14-8.

Karcz M, Vitkus A, Papadakos PJ, Schwaiberger D,
Lachmann B. State-of-the-art mechanical ventilation.
J Cardiothorac Vasc Anesth 2012;26:486-506.

Fu Q, Duan M, Zhao F, Mi W. Evaluation of stroke
volume variation and pulse pressure variation as
predictors of fluid responsiveness in patients undergoing
protective one-lung ventilation. Drug Discov Ther
2015;9:296-302.

Suehiro K, Okutani R. Stroke volume variation as a
predictor of fluid responsiveness in patients undergoing
one-lung ventilation. J Cardiothorac Vasc Anesth
2010;24:772-5.

Jeong DM, Ahn HJ, Park HW, Yang M, Kim JA, Park J,
etal. Stroke volume variation and pulse pressure variation
are not useful for predicting fluid responsiveness in
thoracic surgery. Anesth Analg 2017;125:1158-65.
Derichard A, Robin E, Tavernier B, Costecalde M,
Fleyfel M, Onimus J, et al. Automated pulse pressure
and stroke volume variations from radial artery:
Evaluation during major abdominal surgery. Br J
Anaesth 2009;103:678-84.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Wei-Hung Chan, ez al.

Bartha E, Arfwedson C, Imnell A, Kalman S.
Towards individualized perioperative, goal-directed
haemodynamic algorithms for patients of advanced
age: Observations during a randomized controlled
trial (NCTO01141894). Br J Anaesth 2016;116:486-92.
Pinsky MR. Heart lung interactions during mechanical
ventilation. Curr Opin Crit Care 2012;18:256-60.
Zhang J, Chen CQ, Lei XZ, Feng ZY, Zhu SM.
Goal-directed fluid optimization based on stroke volume
variation and cardiac index during one-lung ventilation in
patients undergoing thoracoscopy lobectomy operations:
A pilot study. Clinics (Sao Paulo) 2013;68:1065-70.

Xu H, Shu SH, Wang D, Chai XQ, Xie YH, Zhou WD,
et al. Goal-directed fluid restriction using stroke
volume variation and cardiac index during one-lung
ventilation: A randomized controlled trial. J Thorac Dis
2017;9:2992-3004.

Mesquida J, Kim HK, Pinsky MR. Effect of tidal volume,
intrathoracic pressure, and cardiac contractility on variations
in pulse pressure, stroke volume, and intrathoracic blood
volume. Intensive Care Med 2011;37:1672-9.

Lee JH, Jeon Y, Bahk JH, Gil NS, Hong DM, Kim JH,
et al. Pulse pressure variation as a predictor of fluid
responsiveness during one-lung ventilation for lung
surgery using thoracotomy: Randomised controlled
study. Eur J Anaesthesiol 2011;28:39-44.

Hofer CK, Cannesson M. Monitoringfluidresponsiveness.
Acta Anaesthesiol Taiwan 2011;49:59-65.

Kim HK, Pinsky MR. Effect of tidal volume, sampling
duration, and cardiac contractility on pulse pressure
and stroke volume variation during positive-pressure
ventilation. Crit Care Med 2008;36:2858-62.

Piccioni F, Bernasconi F, Tramontano GTA, Langer M.
A systematic review of pulse pressure variation and
stroke volume variation to predict fluid responsiveness
during cardiac and thoracic surgery. J Clin Monit
Comput 2017;31:677-84.

Toscani L, Aya HD, Antonakaki D, Bastoni D,
Watson X, Arulkumaran N, et al. What is the impact
of the fluid challenge technique on diagnosis of fluid
responsiveness? A systematic review and meta-analysis.
Crit Care 2017;21:207.

Cecconi M, Parsons AK, Rhodes A. What is a fluid
challenge? Curr Opin Crit Care 2011;17:290-5.

Vallée F, Richard JC, Mari A, Gallas T, Arsac E,
Verlaan PS, et al. Pulse pressure variations adjusted by
alveolar driving pressure to assess fluid responsiveness.
Intensive Care Med 2009;35:1004-10.

Daihua Y, Wei C, Xude S, Linong Y, Changjun G, Hui Z,
et al. The effect of body position changes on stroke
volume variation in 66 mechanically ventilated patients
with sepsis. J Crit Care 2012;27:416.e7-12.

139



