
ศิวพร เติมพรเลิศ  และคณะ Sivaporn Termpornlert, et al.

ศรีนครินทร์เวชสาร 2563; 35(6)     Srinagarind Med J 2020; 35(6) 674

 
นิพนธ์ต้นฉบับ . Original Article

*Corresponding author :	 Tanit Virankabutra, Department of Anesthesiology, Faculty of Medicine, Ramathibodi 		
				    Hospital, Mahidol University. Email: virankabutra@yahoo.co.uk

ผลของการงดน�ำ้งดอาหารต่อค่า Stroke Volume Index เม่ือวดัโดย Whole 
Body Impedance Cardiography
ศิวพร เติมพรเลิศ1, อรลดา ฉั่วสุวรรณ์2, พรภัทรา อารีรักษ์1, ธนิต วีรังคบุตร1*

1ภาควิชาวิสัญญีวิทยา คณะแพทยาศาสตร์ โรงพยาบาลรามาธิบดี มหาวิทยาลัยมหิดล 
2ภาควิชาวิสัญญีวิทยา คณะแพทยาศาสตร์ สถาบันการแพทย์จักรีนฤบดินทร์ มหาวิทยาลัยมหิดล

The Effect of Overnight Fasting on Stroke Volume Index Measured 
by Whole Body Impedance Cardiography
Sivaporn Termpornlert1, Onrada Chuasuwan2, Pornpatra Areeruk1, Tanit Virankabutra1*

1Department of Anesthesiology, Faculty of Medicine, Ramathibodi Hospital, Mahidol University
2Department of Anesthesiology, Faculty of Medicine, Chakrinarubodindara Medical Institute, Mahidol University

Received:  28 May 2020

Accepted:  5 August 2020

หลักการและวัตถุประสงค์: ผู้ป่วยที่เข้ารับการระงับความรู้สึก
และผ่าตัดควรงดน�้ำงดอาหารในระยะเวลาที่เหมาะสมเพื่อ
ป้องกันการเกิดภาวะปอดอักเสบจากการส�ำลัก การงดน�้ำงด
อาหารก่อให้เกิดภาวะพร่องสารน�้ำในร่างกาย การให้สารน�้ำ
ทดแทนทางหลอดเลือดด�ำเพื่อแก้ไขภาวะพร่องสารน�้ำสามารถ
ป้องกันภาวะความดันโลหิตต�่ำระหว่างการระงับความรู้สึก แต่
การให้สารน�้ำมากเกินความจ�ำเป็นก่อให้เกินผลเสีย ปัจจุบันยัง
ไม่สามารถสรุปชัดเจนเกี่ยวกับผลของการงดน�้ำงดอาหารต่อ
สภาวะของสารน�้ำในร่างกายท่ีเปลี่ยนแปลงไป ท่ีผ่านมายังไม่มี
การศึกษาวัดสภาวะของสารน�้ำในหลอดเลือดหลังการงดน�้ำงด
อาหารโดยใช้ whole body bioimpedance cardiography 
ซึ่งเป็นอุปกรณ์ที่ไม่รุกราน ใช้ง่าย และค่าท่ีวัดได้ไม่ข้ึนกับผู้วัด 
ความน ่ า เชื่ อ ถื อของค ่ าที่ วั ด ได ้ จ าก  who le  body                                           
bioimpedance cardiography เทียบเท่า pulmonary artery 
thermodilution ซ่ึงเป็นวิธีมาตรฐาน ในการศึกษาน้ีใช้ whole 
body bioimpedance cardiography วัดค่าปริมาตรเลือดที่
ถูกสูบฉีดออกจากหัวใจในการบีบตัวหนึ่งครั้งต่อพื้นท่ีผิวกาย 
(stroke volume index, SVI) ก่อนและหลังงดน�้ำงดอาหารเป็น
เวลา 8 ถึง 10 ชั่วโมง
วิธีการศึกษา: ศึกษาในอาสาสมัครอายุ 18-65 ปี American 
society of anesthesiologists (ASA) physical status 1-2 
ใช้อุปกรณ์ whole body bioimpedance วัดค่า SVI และ 
hemodynamic parameters อื่นๆก่อนและหลังงดน�้ำงด
อาหาร โดยเปรียบเทียบความแตกกต่างค่า hemodynamic 
parameters ก่อนและหลังงดน�้ำงดอาหารหากมากกว่าร้อยละ 
10 ถือว่ามีนัยส�ำคัญทางคลินิก ค่า p-value < 0.05 ถือว่ามีนัย
ส�ำคัญทางสถิติ

Background and Objecitve: Preoperative fasting is 
recommended to prevent pulmonary aspiration. Fast-
ing induces hypovolemia. Intravenous fluid infusion is 
commonly given during anesthesia to minimize the 
risk of hypotension. However, intravenous fluid over-
load has been shown to deteriorate patient outcome. 
From previous literatures, the effect of preoperative 
fasting on intravascular volume is still inconclusive. 
There is no previous study that assesses intravascular 
volume status before and after fasting using the whole 
body impedance cardiography which is a non-invasive, 
practical and operator-independent. The reliability of 
whole body impedance cardiography is comparable 
to pulmonary artery thermodilution which is gold 
standard. In this study, we assessed stroke volume 
index (SVI) before and after fasting for 8 to 10 hours 
using whole body impedance cardiography.
Methods: This is prospective observational study. We 
included volunteers with American society of anes-
thesiologists (ASA) physical status classification I–II with 
age between 18-65 years old. SVI and other hemody-
namic parameters were measured before and after 
fasting using whole body impedance cardiography. 
The absolute change of hemodynamic parameters 
before and after fasting more than 10% indicated 
clinical significance. P value < 0.05 indicates statistical 
significance.
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ผลการศึกษา: อาสาสมัครเข้าร่วมวิจัยจนสิ้นสุดจ�ำนวน 62 ราย 
SVI ก่อนและหลังงดน�้ำงดอาหารมีค่า 40.0±8.7 มล.ต่อตร.ม. 
และ 37.7±8.2 มล.ต่อตร.ม. ตามล�ำดับ โดยมีค่าลดลงร้อยละ 
5.5 ค่าร้อยละของการเปลี่ยนแปลง SVI ในผู้เข้าร่วมวิจัยแต่ละ
รายมค่ีาอยูใ่นช่วงตัง้แต่ เพิม่ขึน้ร้อยละ3.1 ถงึ ลดลงร้อยละ17.0 
มีผู้เข้าร่วมวิจัยจ�ำนวน 12 ราย (ร้อยละ 19.4) มีค่า SVI ลดลง
มากกว่าร้อยละ 10 ค่า stroke volume (SV), cardiac output 
(CO) and cardiac index (CI) มีค่าลดลงร้อยละ 5.6, 6.6 และ 
6.4 ตามล�ำดับ ค่า hemodynamic parameters ทุกตัวยกเว้น
อัตราการเต้นของหัวใจมีค่าลดลงแบบมีนัยส�ำคัญทางสถิติ แต่
ลดลงน้อยกว่าร้อยละ 10
สรุป: การงดน�้ำงดอาหารไม่มีผลเปลี่ยนแปลงค่า SVI ทางคลินิก
เ ม่ือวัดโดย whole body impedance cardiogra-
phyในประชากรที่มีสุขภาพแข็งแรง ผู้เข้าร่วมวิจัยบางรายมีค่า 
SVI ลดลงอย่างมีนัยส�ำคัญหลังการงดน�้ำงดอาหาร และการให้
สารน�้ำทางหลอดเลือดด�ำในปริมาณที่เหมาะสมน่าจะช่วยเพิ่ม
อัตราการไหลของเลือดออกจากหัวใจ (cardiac output)

Keywords: ปริมาตรเลือดท่ีถูกสูบฉีดออกจากหัวใจในการบีบ
ตัวหนึ่งครั้งต่อพื้นที่ผิวกาย; การงดน�้ำงดอาหาร; ภาวะพร่องสาร
น�้ำ

Results: Sixty-two volunteers were enrolled and 
completed the study. SVI before and after overnight 
fasting were 40.0±8.7 mL/m2 and 37.7±8.2 mL/m2, 
respectively. SVI after fasting was decreased 5.5%. The 
percentage absolute change of SVI in individual                      
volunteer was in a range between 3.1% to -17.0%. 
Twelve subjects (19.4%) have decreased in SVI. Stroke 
volume (SV), cardiac output (CO) and cardiac index 
(C I )  were decreased 5.6%, 6.6% and 6.4%,                                          
respectively. All hemodynamic parameters except 
heart rate were statistically decreased after fasting  
(p< 0.05) but the absolute change less than 10%.
Conclusion: Overnight fasting does not clinically affect 
SVI measured by whole body impedance cardiography 
in healthy population. Some volunteers have                          
significantly decreased in SVI after fasting and                         
appropriate intravenous fluid therapy probably                    
improves CO.

Keywords: Whole body impedance cardiography; 
stroke volume index; fasting, hypovolemia

Introduction
	 Preoperative fasting before elective anesthesia is 
recommended for all patients to prevent pulmonary 
aspiration of gastric content.1,2 Fasting induces                           
hypovolemia, as a result of ongoing urine production 
and insensible perspiration. Intravenous fluid infusion 
is commonly given during anesthesia to minimize the 
risk of intraoperative hypotension.3-5 However,                              
intravenous fluid overload has been shown to                      
deteriorate patient outcome.6-8 From previous                         
literatures, the effect of preoperative fasting on                    
intravascular volume is still inconclusive. Bundgaard-                
Nielsen et al, estimated stroke volume (SV) by                   
esophageal doppler in anesthetized patients and 
found that 70% of patients presented with                                    
intravascular volume deficit which needed about 200 
mL to maximize SV.9  Jenstrup et al, used maximal 
venous oxygen saturation to demonstrated that                
preoperative volume deficit was 500 mL in surgical 
patients.10 By contrast, Muller et al, concluded that 
preoperative fasting did not alter transthoracic                    
echocardiography dynamic and static preload indices.11 
Kiefer et al, found no significant difference of blood 
volume before and after 12-hour fasting.12

	 There is no previous study that assesses                              
intravascular volume status before and after fasting 

using the whole body impedance cardiography 
(Non-invasive Cardiac System [NICaS]) which is a 
non-invasive, practical, reliable and operator-                               
independent. Pulmonary artery thermodilution is 
considered to be the gold standard for cardiac output 
monitor ing but invasive and causes ser ious                                  
compl i ca t ions . 13 E sophagea l  dopple r  and                                         
transthoracic echocardiography are less invasive but 
operator-dependent. Impedance cardiography                     
technique is based on the theory that changes in 
blood volume in the aorta during each cardiac cycle 
result in impedance change that can be used to                   
estimate stroke volume. The impedance changes can 
be derived by measuring voltage change to an applied 
electrical signal. From the studies of Gad, et al14 and 
Oscar, et al15, the correlation coefficient of cardiac 
output between electrical whole body impedance 
cardiography and pulmonary artery thermodilution 
was 0.89 and 0.91, respectively. The two methods 
were considered comparable.  In this study, we                      
assessed SVI before and after fasting for 8 to 10 hours 
using whole body impedance cardiography. The                   
objective of this study is observation the change of 
SVI after overnight fasting for approximately 8-10 hours 
using the whole body impedance cardiography.
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Methods
	 This is a single center, prospective observational 
study. After the approval by ethical committees                  
Mahidol University(MURA2015/600), inform consent 
was obtained from all volunteers. We performed the 
study in Ramathibodi hospital Mahidol university 
between October 2015 to June 2016. 

Inclusion and exclusion criteria
	 We included volunteers of American society of 
anesthesiologists (ASA) physical status classification 
I–II with age between 18-65 years old. We excluded 
volunteers with history of excessive fluid loss (diarrhea, 
vomiting, diuretic use), diagnosed diabetes mellitus 
and had limitations for whole body impedance                    
cardiography (uncooperation, arrhythmia, aortic                    
disease, peripheral arterial disease, peripheral edema, 
body mass index more than 45 kg/m2 and height less 
than 1.30 m. or more than 2.00 m.)

Protocol
	 Systolic blood pressure (SBP), diastolic blood 
pressure (DBP) and heart rate (HR) were monitored 
when volunteers were in supine pos i t ion.                                          
Hemodynamic parameters including SV, SVI, cardiac 
output(CO) and cardiac index(CI) were measured using 
the whole body impedance cardiography (Non-                            
invasive Cardiac System [NICaS]). Two impedance 
cardiography (ICG) electrodes were attached to                        
volunteers’ left wrist and right ankle. (Figure1.) At the 
beginning of the procedure, researcher entered the 
volunteers’ gender, age, weight and height to the 
laptop which was a part of the device. This data was 
used in conjunction with the impedance data obtained 
from the wrist and ankle electrodes to estimate stroke 
volume. The electrodes also provided heart rate and 
a single-channel electrocardiogram (ECG). The ECG 
waveform, the impedance waveform, and the                         
hemodynamic parameters were all displayed on the 
laptop.
	 The procedure was performed twice. The first 
measurement was performed in the evening between 
6.00 to 8.00 pm. Volunteers were allowed to eat foods 
and drink fluids until 10 pm. Volunteers were assigned 
to come back for the second measurement in the 
next morning between 6.00 to 8.00 am to meet the 
fasting duration approximately 8 to 10 hours.

Primary and secondary outcomes
	 The primary outcome was the absolute change 
of SVI before and after overnight fasting for 8-10 hours. 
Secondary outcomes were the absolute change of SV, 
CO and CI. The absolute change of all outcomes more 
than 10% indicated as clinical significance. Patients 
characteristics including gender, age, height, weight, 
body mass index (BMI), American society of                                   
anesthesiologists (ASA) physical status classification 
and duration of fasting time were also recorded. 

Statistical analysis
	 From our pilot study, SVI before fasting was 
39.95±10 mL/m2. Forty-nine subjects were needed to 
detect 10% change of SVI to achieve a power of 80% 
at a significance level of 5%. The  sample size was 
increased to a total of 62 subjects for 25% dropout 
compensation. Data was analyzed by using SPSS 18.0 
software. Continuous data was presented as mean±SD. 
Qualitative data was presented as frequency                            
(percentage). The changes of hemodynamic                                 
parameters were summarized with 95% confidence 
interval (CI). The difference of hemodynamic                             
parameters before and after overnight fasting was 
analyzed by Paired t-test. P value <0.05 indicated 
statistically significance.

Results
	 S ixty-two volunteers were enrolled and                                     
completed the study. Demographic data including 
gender, age, height, weight, BMI, ASA classification and 
duration of fasting time are presented in Table1. 
	 SVI before and after overnight fasting were 
40.0±8.7 mL/m2 and 37.7±8.2 mL/m2, respectively. SVI 
after fasting was decreased 5.5%. (Table2.) The                      
percentage absolute change of  SVI in individual                  
volunteer was in a range between 3.1% to -17.0%. 

Figure1 Volunteers were in supine position and two impedance 
cardiography (ICG) electrodes were attached to left wrist and 
right ankle. (I = electrical current, V = electrical voltage)
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Twelve subjects (19.4%) has decreased in SVI.                     
(Figure 2.) 
	 SV, CO and CI were decreased 5.6%, 6.6% and 
6.4%, respectively after fasting. Systolic blood pressure 
(SBP) and diastolic blood pressure (DBP) were                        
decreased 1.7% and 3.9%, respectively. Heart rate 
before and after fasting were comparable (Table 2).
	 All of hemodynamic parameters except heart rate 
were statistically decreased after overnight fasting                  

Figure 2  Percentage absolute change of Stroke volume index 
(SVI) of individual volunteer

Table 1  Demographics and duration of fasting time 
(n=62)

  Demographics number (%) or mean ± SD

Gender  

     - Male 37 (59.7%)

    - Female 25 (40.3%)

Age (yr) 34.7±11.1

Weight (kg) 57.5±6.0

Height (cm) 162.0±8.0

BMI (kg.m2) 20.9±3.0

ASA classification

       I 52 (83.9%)

       II 10 (16.1%)

Duration of fasting (hr) 8.9±0.8
 (BMI = Body mass index, ASA classification = The American 
Society of Anesthesiologists classification)

Table 2  Hemodynamic parameters before and after overnight fasting (n=62)

Hemodynamic 
Parameters

Before fasting After fasting
Absolute change 

(95%CI)
% Absolute change          

(95%CI)
P-value

HR (bpm) 68.0±9.6 68±10.1 -0.4 [(-2.0)-1.2)] -0.6 [(-2.9)-1.7] 0.92

SBP (mmHg) 112.3±10.7 110.4±9.8 -1.9 [(-3.2)-(-0.6)] -1.7[(-2.8)-(-0.5)]     0.005*

DBP (mmHg) 67.3±7.2 64.7±7.0 -2.6 [(-3.9)-(-1.3)] -3.9[(-5.8)-(-1.9)] <0.001*

SV (mL) 64.2±16.3 60.6±15.1 -3.6 [(-4.4)-(-2.8)] -5.6[(-6.9)-(-4.3)] <0.001*

SVI (mL/m2) 40.0±8.7 37.7±8.2 -2.2 [(-2.7)-(-1.7)] -5.5[(-6.9)-(-4.2)] <0.001*

CO (L/min) 4.3±1.0 4.1±0.9 -0.3 [(-0.4)-(-0.2)] -6.6[(-9.5)-(-3.6)] <0.001*

CI (L/min/m2) 2.7±0.6 2.5±0.5 -0.2 [(-0.3)-(-0.1)] -6.4[(-9.1)-(-3.7)]   <0.001*
Data are represented as mean±SD 
[HR = heart rate, SBP = systolic blood pressure, DBP = diastolic blood pressure, SV = stroke volume, SVI = stroke volume index, 
CO= cardiac output, CI= cardiac index, Absolute change = after fasting – before fasting, % Absolute change = [(after fasting –before 
fasting)/ before fasting] x 100, 95%CI = 95% confidence interval (lower bound-upper bound), * = p<0.05]

Figure 3  Percentage absolute change of hemodynamic                      
parameters before and after overnight fasting

(p < 0.05) but the percentage absolute change < 10% 
(Figure 3).

Discussion
	 This study found that overnight fasting for 8 to 
10 hours has decreased SVI 5.5% which was not                      
clinical significance. The result is similar to previous 
studies. Muller et al, concluded that preoperative 
fasting did not alter dynamic and static preload                      
indices measured by transthoracic echocardiography.11 

Kiefer et al, found no significant difference of blood 
volume before and after 12-hour fasting.12 By contrast, 
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some studies has found different outcomes.                      
Bundgaard-Nielsen et al, estimated SV by esophageal 
doppler and found that 70% of patients presented 
with intravascular volume deficit which needed about 
200 mL to maximize SV.9  Jenstrup et al, used maximal 
venous oxygen saturation to demonstrated that                    
preoperative volume deficit was 500 mL in fasting 
patients.10 There is a limitation from these two study, 
esophageal doppler and maximal venous oxygen 
saturation were measured after induction of general 
anesthesia. Anesthetic agents and positive pressure 
ventilation potentially impact hemodynamic status 
on blood volume, vascular tone and cardiac function. 
In order to avoid this potential bias, the present study 
was performed in volunteers without the effect of 
general anesthesia. 
	 Consider SVI before and after overnight fasting, 
twelve volunteers (19.4%) have decreased in SVI more 
than 10% after overnight fasting. This could be                       
assumed that an appropriate intravenous fluid loading 
could improves cardiac output in some healthy                   
subjects. However, we did not perform subgroup 
analysis due to limited data and baseline cardiac 
contractile function was not assessed before the 
study.
	 Limitations of this study, the first we studied only 
in healthy population with ASA physical status                       
classification I–II. We included subjects who met the 
inclusion cr iter ia by interview and physical                                      
examination. So we might miss some information that 
affect SVI such as baseline cardiac contractility.                      
Fast ing  in  h i gh - r i sk  pat ients  might  a f fect                                                  
hemodynamic status in different outcome. The                      
second, we did not record intake and output of fluid. 
The physiologic fluid loss during fasting can be                       
evaluated to be 0.5 mL kg-1 h-1 because of insensible 
perspiration and 0.5 mL kg-1 h-1 because of urine               
output.16 In our study, we excluded subject who 
possibly has excessive fluid loss such as diarrhea, 
nausea, vomiting, diuretic use and diagnosed diabetes 
mellitus. So we assumed that insensible loss and urine 
output were comparable in study population. The 
third, we measured hemodynamic parameters when 
volunteers were in supine position as a static status. 
We did not measure while passive leg raising as                     
dynamic status. The forth, the whole body impedance 
ca rd iog raphy  i s  no t  a  go ld  s tanda rd  fo r                                                   
hemodynamic monitoring. Pulmonary artery                              
thermodilution is gold standard method but it is                        
invasive, causes serious complications and the                       

accuracy is highly dependent on operator technique. 
As a result, thermodilution are not always reliable. 
Besides recent studies found good correlation of                   
cardiac output measured by whole body impedance 
cardiography and pulmonary artery thermodilution.14,15 
This is the first study that determines SVI after overnight 
fasting in volunteers using whole body impedance 
cardiography which is non-invasive, safe, practical, 
reliable and the result is operator independent. The 
further research with minimized limitations should be 
study. 

Conclusion
	 Overnight fasting does not clinically affect SVI 
measured by whole body impedance cardiography in 
healthy populat ion. Some volunteers have                                     
significantly decreased in SVI after overnight fasting 
and appropriate intravenous fluid therapy probably 
improves CO. 
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