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Abstract 

Background and objective: Inferior vena cava (IVC) examination has been reported as a noninvasive method for 
evaluating the hemodynamic state. We conducted this crossover pilot study to investigate the effects of the adminis-
tration of water and high-carbohydrate-containing fluids on the hemodynamic status of volunteers through collaps-
ibility index of IVC (IVCCI) measurement.

Methods: Twenty volunteers were randomly assigned to a water or high-carbohydrate group according to com-
puter-generated random numbers in a 1:1 ratio. In the water group, volunteers received water (5 mL/kg), and in the 
high-carbohydrate group, patients received carbohydrate drinks (5 mL/kg). Respiratory variations in the IVC diameter, 
gastric volume, and blood pressure and heart rates in erect and supine positions were measured at admission (T1), 1 h 
(T2), 2 h (T3), 3 h (T4), and 4 h (T5).

Results: When considering participants with an IVCCI of more than 42%, there were no significant differences 
between the water and carbohydrate drink groups at each time point (all p > 0.05). At T2, more participants had an 
empty stomach in water group than in carbohydrate drink group (p < 0.001). At T3, 30% of the participants could not 
empty their stomachs in carbohydrate drink group. However, with regard to the number of volunteers with empty 
stomach at T3, there was no significant difference between water and carbohydrate drink group. Repeated measures 
data analysis demonstrated that IVCCI showed no significant differences over time (p = 0.063 for T1-T5). There were no 
differences between water and carbohydrate drinks (p = 0.867).

Conclusion: Our results suggested that neither water nor carbohydrate drinking affected the hemodynamic status 
through IVCCI measurement over time, up to 4 h after drinking. Furthermore, carbohydrate drinking might delay gas-
tric emptying at 1 h, but not 2 h after drinking, in comparison with water.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

†Shuhua Zhao, Qiong Ling contributed equally as first author. Shaonong 
Huang and Qianqian Zhu contributed equally to this work as corresponding 
author.

*Correspondence:  snh19632006@sina.com; zhu.qian.qian123@stu.xjtu.edu.
cn; zhuxx25@mail.sysu.edu.cn

1 Department of Anesthesiology, The Seventh Affiliated Hospital of Sun 
Yat-Sen University, Shenzhen City, Guangdong Province 518107, People’s 
Republic of China
2 Guangzhou Medical University, No.1 Xinzao Road, Panyu District, 
Guangzhou City 511436, People’s Republic of China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12871-022-01697-3&domain=pdf


Page 2 of 9Zhao et al. BMC Anesthesiology          (2022) 22:158 

Introduction
Prolonged fasting might result in unstable hemodynam-
ics, which could be attributed to low blood volume with 
conflicts [1–3]. Inferior vena cava (IVC) examination 
has been reported as a noninvasive method to evalu-
ate the hemodynamic state and predict the response to 
fluid therapy [4–6]. The use of collapsibility index of IVC 
(IVCCI) to assess hemodynamic state was more helpful 
in spontaneously breathing patients than those who were 
mechanically ventilated in previous study [7].

In comparison with pure water, a clear fluid containing 
a relatively high concentration of complex carbohydrates 
2 h before surgery could provide a more comfortable feel-
ing [8]. Protein balance and muscle strength could also be 
well maintained in patients who received carbohydrate-
containing fluids preoperatively [9, 10]. Previous study 
demonstrated that oral intake of fluid type influenced 
acute hydration and muscle performance recovery [11]. 
Weather different oral intake of fluid type showed differ-
ent blood volume keep ability remained unclear. To the 
best of our knowledge, no study has compared the hemo-
dynamic states between population fasting after different 
fluids (water and high-carbohydrate-containing fluids) 
through IVC-related examinations. We conducted the 
present pilot study to investigate the effects of the admin-
istration of water and high-carbohydrate-containing flu-
ids on the hemodynamic status of volunteers.

Materials and methods
This randomized pilot crossover study was performed 
in accordance with the Declaration of Helsinki. This 
study was approved by the Institutional Review Board 
of the Seventh Affiliated Hospital of Sun Yat-sen Univer-
sity (approval number: KY-2020-010-01) and registered 
with the Chinese Clinical Trial Registry at www.chictr.
org (registration date:26/05/2021, registration number: 
ChiCTR2100046656). This manuscript adhered to the 
applicable CONSORT 2010 checklist.

Volunteers were recruited from June 1st, 2021, and the 
procedure of data collected were performed from June 12 
to June 28, 2021. Twenty volunteers participated in this 
study. The inclusion criteria were: 1) age 18–60 years, 2) 
no history of chronic diseases including gastrointesti-
nal dysfunction, and 3) obtaining informed written con-
sent. Participants who met the following criteria were 
excluded: 1) BMI > 28  km/m2 or BMI < 18  km/m2, 2) 
pregnant women or who breastfed, and 3) taking medica-
tion that could affect esophageal or gastric function. All 

volunteers were offered financial compensation for their 
participation.

Subjects were randomly assigned to the water or high 
carbohydrate groups by SZ according to computer-
generated random numbers in a 1:1 ratio. The numbers 
were sealed in envelope until the participants received 
intervention.

Study participants fasted for 6–8 h of solid food, and 
were free to water 2 h before the study. In the water 
group, volunteers received water (5 mL/kg), and in the 
high-carbohydrate group, patients received carbohy-
drate drinks (5 mL/kg containing 12.5% carbohydrates). 
All the drinks were prepared in bottles with the same 
appearance and were distributed by the same trial assis-
tant who was not involved in the follow-up or assess-
ment. Blood pressure in the erect and supine positions, 
respiratory variations in the inferior vena cava (IVC) 
diameter, and gastric volume were measured at admis-
sion (T1), 1 h (T2), 2 h (T3), 3 h (T4), and 4 h (T5) after 
drinking. Thirst (0, no thirst; 10, unbearable thirst), 
and hunger (0, no hunger; 10, unbearable hunger) were 
assessed using a visual analog score based on that of a 
previous study at each time point [8]. The timeline of 
the procedure is shown in Supplementary document 1.

Inferior vena cava (IVC) diameters were recorded at 
the end of expiration (IVCmax) and inspiration (IVCmin) 
using a 1–5 MHz transducer (C5–1) and a Philips Medi-
cal system (Philips Medical system, Bothell, Washington, 
USA). The primary outcome was the collapsibility index 
of IVC (IVCCI) of the two groups. The IVCCI was cal-
culated as follows: IVCCI = (IVCmax-IVCmin)/IVC-
max*100%. In reference to a previous study, IVCCI > 42% 
was considered to be responsible for the fluid response in 
spontaneously breathing patients [12].

The cross-sectional areas (CSA) of the antrum, body, 
and fundus were determined using a curvilinear array 
1–5 MHz transducer (X5–1) and a Philips Medical sys-
tem (Philips Medical system, Bothell, Washington, USA), 
referring to a previous study [13]. The gastric volume was 
calculated according to the following model, referring to 
a previous study: Volume = 27.0 + 14.6 * Right − latCSA 
− 1.28 * age [14]. An empty stomach was defined as a res-
ident gastric volume of less than 0.8 ml/kg, which was the 
cutoff volume in cases of regurgitation [15].

Ultrasonic-related parameters were measured indepen-
dently. If the parameter difference were more than 20%, a 
third investigator would measure it again. The final data 
was the mean values of two measures. If there were three 
measures, the outlier was abandoned.

Keywords: IVC, IVCCI, Gastric volume
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Sample size
There was no study involved in IVC related index to com-
pare water and high-carbohydrate-containing fluids on 
the hemodynamic status. Therefore, in order to explore 
the use of IVC related index in patients in the future 
study, a pilot study was designed first. According to 
results of we observed, about 60% patients has a IVCCI 
more than 42%. Therefore, we assumed 60% participants 
has a IVCCI more than 42% 4 h after taking water, 30% 
4 h after taking carbohydrate drinks. Therefore, 20 par-
ticipants were required in each group for a power of 80% 
and a two-tailed p-value of 0.05 was considered as sta-
tistically significant in a crossover study. For it was pilot 
study, we also refer to previous pilot study [16, 17], and 
recruited 20 participants in present study.

Statistical analysis
Qualitative data were expressed as percentage/compo-
sition ratios, and Pearson’s chi-squared test or Fisher’s 
exact probabilities were used to compare differences. 
Quantitative data were expressed as the mean ± stand-
ard deviation (SD) or range, which would be indicated. 
The general linear model (GLM) was also used to assess 
the differences between water and carbohydrate drinks 
at each time point. Repeated measures data analysis was 
also used to compare the variation of IVCCI before and 
after drinking at different time points between the two 
groups. The response variable was the difference in the 
IVCCI variation with two factors: group (intervention) 
and time (before and after drinking). The interaction 
(group × time) was evaluated if the effects were different 
between water and carbohydrate drinks over time. Dif-
ferences with p < 0.05 (two-tailed) were considered sta-
tistically significant. Statistical analyses were performed 
using SPSS version 19.0 (IBM Corporation, Armonk, NY, 
USA).

Patient and public involvement
No patients or public members were involved in the 
development of the research question or recruitment 
or outcome measures nor the design of the study. There 
are no plans to disseminate the results of the research to 
study participants.

Results
Nine women and 11 men, with a mean ± SD age of 
24.55 ± 3.41 years (range 21–31 years) and a mean ± SD 
body mass index (BMI) of 21.08 ± 1.94 kg/m2 (range, 
18.33–25.54 kg/m2), participated in the present study 
(Table 1). No participant was lost to follow up. The pro-
cedure of inclusion is shown in flow diagram (Supple-
mentary document 2).

Table 1 The characteristics of included volunteers

BMI Body mass index

Patient Gender Age (y) Weight (kg) Height (m) BMI (kg/m2)

1 M 21 70 1.7 24.22

2 F 24 47 1.57 19.07

3 M 22 77 1.87 22.02

4 M 23 70 1.73 23.39

5 M 23 55.5 1.74 18.33

6 M 28 61.6 1.77 19.66

7 M 24 62 1.77 19.79

8 F 22 61 1.63 22.96

9 M 22 72.5 1.83 21.65

10 F 21 57 1.58 22.83

11 F 29 49 1.6 19.14

12 F 22 55.5 1.68 19.66

13 M 21 62 1.7 21.45

14 F 22 53 1.6 20.70

15 F 31 50 1.55 20.81

16 F 28 53 1.63 19.95

17 M 28 61 1.7 21.11

18 M 30 80 1.77 25.54

19 F 28 46 1.57 18.66

20 M 22 62 1.73 20.72

Table 2 The comparison between water and carbohydrate 
group

IVCCI Collapsibility index of Inferior vena cava

GV Gastric volume

Time point Water (20) Carbohydrate 
(20)

p

IVCCI> 42% T1 8 (40%) 6 (30%) 0.507

T2 6 (30%) 6 (30%) 1.000

T3 5 (25%) 5 (25%) 1.000

T4 6 (30%) 4 (20%) 0.465

T5 6 (30%) 4 (20%) 0.465

p linear (T1 to 
T5)

0.543 0.330

p linear (T2 to 
T5)

0.913 0.414

GV < 0.8 ml/kg T1 18 (90%) 16 (80%) 0.658

T2 16 (80%) 4 (20%) < 0.001

T3 18 (90%) 14 (70%) 0.236

T4 20 (100%) 19 (95%) 1.000

T5 20 (100%) 19 (95%) 1.000

p linear (T1 to 
T5)

0.038 0.001

p linear (T2 to 
T5)

0.008 < 0.001
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IVCCI
When considering participants with an IVCCI of more 
than 42%, there were no significant differences between 
the water and carbohydrate drink groups at each time 
point (all p > 0.05, Table  2). Considering the number of 
IVCCI of more than 42% change over time, there were 
no significant changes in water (p = 0.543 for T1-T5, 
p = 0.913 for T2-T5, Table  2) or in the carbohydrate 
group (p = 0.330 for T1-T5, p = 0.414 for T2-T5, Table 2).

In GLM univariate analyses, the IVCCI showed no 
significant differences at each time point between the 
water and carbohydrate drink groups either (all p > 0.05, 
Fig.  1). Repeated measures data analysis demonstrated 
that IVCCI showed no significant differences over time 
(p = 0.063 for T1-T5, Fig. 1, Table 3). There were no dif-
ferences between the water and carbohydrate drinks 
(p = 0.867, Table 3).

Gastric volume
The gastric volume was not significantly different 
between the volunteers in the water and carbohydrate 
drink groups at T1 (p = 0.237, Fig.  2). One hour after 
drinking (T2), more participants had an empty stomach 
(gastric volume less than 0.8 ml/kg) in the water group 
than in the carbohydrate drink group (p < 0.001, Table 2). 
Two hours after drinking, 30% of the participants could 
not empty their stomachs in the carbohydrate drink 
group (Table 2). However, with regard to the number of 
volunteers with empty stomach at T3, there was no sig-
nificant difference between water and carbohydrate drink 
group (p = 0.236, Table 2).

The repeated measures data analysis showed that 
the gastric volume was statistical different between the 
volunteers after the water and carbohydrate drinking 
(p = 0.005, Table 3).

Blood pressure, thirsty, and hunger score
There were no significant changes over time, or between 
the water and carbohydrate drinks when considering 
blood pressure (both p > 0.05 for T1-T5, Fig. 3, Table 3), 
heart rates (both p > 0.05 for T1-T5, Fig. 4, Table 3), and 
thirst and hunger scores (both p > 0.05 for T1-T5 and 
T2-T5, Fig.  5, Table  3). The results of GLM univariate 
analyses for each time point of were also provided in 
Table 3.

Discussion
The results of the present study demonstrated that 5 ml/
kg of water or carbohydrate drink did not affect the 
IVCCI for up to 4 h after drinking through IVCCI meas-
urement. Moreover, blood pressure in the erect and 
supine positions was not affected by water or the carbo-
hydrate drinks. Furthermore, the stomach could empty 
water faster than carbohydrates.

Preoperative fasting is aimed at avoiding pulmonary 
aspiration, but a long period of fasting was assumed to be 
related to hypovolemia and hypotension during anesthe-
sia induction period [18, 19]. In contrast, other research-
ers indicated that preoperative fasting does not induce 
significant hypovolemia by passive leg rising in patients 
with ASA status I–III, according to the transthoracic 
echocardiography (TTE) criteria [3]. Hypotension dur-
ing anesthesia induction was not related to preoperative 
fasting in healthy patients [20]. Even 12 hours of fasting 
before elective surgery did not result in hypovolemia 
[21]. The present study suggested that no IVCCI changes 
occurred over time after 5 ml/kg of clear fluids, includ-
ing water or carbohydrate drinking, for up to 4 h in the 
healthy volunteers. Considering those with an IVCCI 
greater than 42%, who might be fluids responders, there 
were no significant changes with time in either the water 
or carbohydrate group. Arterial pressure and heart rate 
were not significantly affected. The results indicated 

Fig. 1 The IVCCI of different time points. IVCCI: collapsibility index values of Inferior vena cava
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Table 3 Comparison the variation of parameters before and after drinking at different time points between the two groups

Time Water Carbohydrate

IVCCI T1 0.39 ± 0.17 0.37 ± 0.13

T2 0.34 ± 0.15 0.35 ± 0.12

T3 0.32 ± 0.12 0.35 ± 0.11

T4 0.36 ± 0.13 0.36 ± 0.12

T5 0.38 ± 0.14 0.33 ± 0.13

p time (T1 to T5) = 0.063 p between groups = 0.867

GV (ml) T1 18.93 ± 30.37 27.89 ± 28.37

T2 27.98 ± 34.63 110.65 ± 73.90

T3 23.11 ± 26.56 38.74 ± 41.11

T4 27.97 ± 19.87 20.29 ± 20.69

T5 24.27 ± 17.86 34.93 ± 33.49

p time (T1 to T5) = 0.285 p between groups = 0.005

Supine SBP (mmHg) T1 118.50 ± 12.21 112.60 ± 11.24

T2 111.90 ± 11.17 114.50 ± 10.02

T3 113.45 ± 11.69 114.30 ± 13.27

T4 115.25 ± 10.64 108.80 ± 8.74

T5 114.75 ± 9.95 113.95 ± 12.56

p time (T1 to T5) =0.955 p between groups = 0.551

Supine DBP (mmHg) T1 70.65 ± 9.30 71.85 ± 8.05

T2 68.65 ± 8.67 69.30 ± 7.59

T3 69.60 ± 8.46 70.70 ± 6.99

T4 73.10 ± 9.77 68.65 ± 7.07

T5 69.65 ± 8.99 70.10 ± 8.40

p time (T1 to T5) =0.809 p between groups = 0.926

Supine HR (bpm) T1 72.05 ± 13.69 70.75 ± 10.19

T2 66.40 ± 10.94 71.90 ± 8.93

T3 64.85 ± 9.72 70.20 ± 7.98

T4 66.15 ± 10.09 64.40 ± 7.24

T5 65.75 ± 9.65 66.75 ± 8.85

p time (T1 to T5) =0.309 p between groups = 0.513

Orthostatic SBP (mmHg) T1 118.45 ± 12.55 117.20 ± 10.57

T2 114.75 ± 11.62 117.80 ± 12.32

T3 116.00 ± 10.48 115.05 ± 12.60

T4 116.65 ± 10.00 112.30 ± 8.85

T5 117.25 ± 12.78 117.25 ± 14.28

p time (T1 to T5) =0.381 p between groups = 0.827

Orthostatic DBP (mmHg) T1 77.75 ± 9.11 78.10 ± 6.40

T2 76.45 ± 8.17 76.60 ± 7.47

T3 77.30 ± 7.58 76.70 ± 6.52

T4 77.65 ± 8.00 75.00 ± 6.91

T5 77.60 ± 6.40 75.10 ± 7.29

p time (T1 to T5) =0.408 p between groups = 0.602

Orthostatic HR (bpm) T1 78.20 ± 13.82 79.35 ± 13.85

T2 74.75 ± 12.83 79.30 ± 10.44

T3 72.70 ± 10.29 76.70 ± 11.29

T4 74.60 ± 9.60 71.65 ± 9.99

T5 72.70 ± 11.68 71.75 ± 10.06

p time (T1 to T5) =0.191 p between groups = 0.700
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IVCCI Collapsibility index of Inferior vena cava

GV Gastric volume

SBP Systolic blood pressure

DBP Diastolic blood pressure

HR Heart rate

Table 3 (continued)

Time Water Carbohydrate

Thirst Score T1 1.60 ± 0.60 1.45 ± 0.60

T2 1.35 ± 0.49 1.30 ± 0.47

T3 1.40 ± 0.50 1.50 ± 0.61

T4 1.45 ± 0.51 1.50 ± 0.51

T5 1.60 ± 0.50 1.70 ± 0.57

p time (T1 to T5) =0.489 p between groups = 0.938

Hunger Score T1 1.50 ± 0.51 1.55 ± 0.51

T2 1.75 ± 0.64 1.30 ± 0.47

T3 1.70 ± 0.57 1.40 ± 0.50

T4 1.80 ± 0.52 1.65 ± 0.59

T5 1.90 ± 0.55 2.00 ± 0.65

p time (T1 to T5) =0.087 p between groups = 0.221

Fig. 2 The gastric volume of different time points

Fig. 3 The blood pressure of different time points. SBP: systolic blood pressure; DBP: diastolic blood pressure
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that 4-h fasting after taking clear fluids might not affect 
the blood volume as assessed by IVCCI. It was hypoth-
esized in a previous study, hypotension during anesthesia 
induction might be attributed to the effect of anesthesia 
on vascular tone rather than an absolute blood volume 
deficit [20]. However, future studies are needed to con-
firmed the association between fasting and hypovolemia 
or hypotension during anesthesia.

Current guidelines have recommended the free to 
intake of clear fluids until 2 h before anesthesia [22, 23]. 
In comparison with water, preoperative oral carbohy-
drate was indicated to have a suppressive effect on insu-
lin resistance and balance whole-body protein, and has 
been recommended for up to 2–3 h before anesthesia 
[9, 24]. However, with regard to postoperative hospital 
stay and well-being, carbohydrate drinking before elec-
tive surgery was not superior to water [25–27]. Of note, 
no conclusion regarding the impact of preoperative car-
bohydrate drinks on gastric volume was reached [27]. 
Although a study suggested that carbohydrate drinks did 
not alter the amount of gastric contents in comparison 
with fasting [28, 29], the comparison of digestion kinetics 
between carbohydrate drinks and water, especially within 
2 h, has not been investigated. The results of the present 
study demonstrated that gastric volume was significantly 

higher 1 h after carbohydrate drinking than water. At 2 h 
after drinking, the resident gastric volume did not differ 
between the carbohydrate drinking and water groups. Of 
note, most patients could empty water, but not carbohy-
drate drinks within 1 h.

However, this study had several limitations. First, the 
GSA and IVCCI by ultrasonography do not directly 
measure the gastric volume and blood volume. How-
ever, as a non-invasive tool, ultrasonography is widely 
used. Ultrasonography has been used as a fast and 
effective non-invasive tool for assessing blood vol-
ume in critically ill patients [30, 31]. However, results 
from critically patients demonstrated whether the IVC 
related index were reliable in reflect blood volume in 
spontaneous populations remains inconclusive [32, 
33]. In spontaneously breathing individuals, an IVCCI 
of more than 40% or 42% in different studies could 
predict fluid responsiveness with conflict results. One 
study demonstrated that IVCCI more than 42% might 
predict an increase in cardiac output but not fluid 
responsiveness after fluid infusion in spontaneously 
breathing individuals with suspected hypovolemia [12]. 
In contrast, there were also studies suggested that an 
IVCCI of more than 40% were associated with fluid 
responsiveness, while an IVCCI of less than 40% or 

Fig. 4 The heart rate of different time points. HR: Heart rate

Fig. 5 The thirsty and hunger score of different time points
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42 did not rule out fluid needs [32, 34]. Therefore, the 
reliability of IVCCI use in predict fluid responses and 
the cut-off value of IVCCI to yield both high sensitivity 
and specificity were required to be confirmed in future 
studies. Furthermore, because of the potential ability in 
reflect blood volume and non-invasive peculiarity, the 
studies of IVCCI use in hemodynamic status measure-
ment should be encouraged in future. With regard to 
the GSA measured by ultrasonography, it was not the 
direct gastric volume. However, the GSA in the right 
lateral decubitus position could also reflect gastric vol-
ume correctly [13, 14, 35]. Second, it was only a pilot 
study involving a small number of young volunteers. 
The results could not be generalized to aged individuals 
and need to be confirmed in further studies. The results 
could not be extrapolated to the patients undergoing 
general anesthesia neither. Third, the clear fluids in the 
present study were 5 ml/kg, and a fasting time was 4 h 
after drinking. The IVCCI changes could not be extrap-
olated to larger volumes of drinking or longer fasting 
duration.

In summary, our results from this crossover study 
including 20 volunteers suggested that neither water nor 
carbohydrate drinking affected the hemodynamic sta-
tus through the IVCCI measurement over time for up 
to 4 h after drinking. Furthermore, carbohydrate drink-
ing might delay gastric emptying at 1 h, but not 2 h after 
drinking, in comparison with water. Most patients could 
empty water, but not carbohydrate drinking, within 1 h. 
It was indicated that in comparison with water, carbo-
hydrate drinking showed no superiority in maintain-
ing blood volume or gastric emptying for up to 4 h after 
drinking by the volunteers. However, the results need to 
be confirmed by generalized studies involving patients of 
different ages and ASA statuses in future studies.
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