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ABSTRACT
Objective: To explore the predictive value of gastric antral cross-sectional area (CSA) in the occurrence of postoperative nausea
and vomiting (PONV) by analysing the association between gastric antral CSA measured by ultrasound and frequency of PONV after
laparoscopic cholecystectomy.
Study Design: Observational study.
Place and Duration of the Study: Department of Anaesthesiology, The First Hospital of Wannan Medical College, Yijishan
Hospital of Wannan Medical College, from October 2021 to February 2022.
Methodology: Gastric antral ultrasound (US) was performed in 266 patients undergoing laparoscopic cholecystectomy (LC) before
anaesthesia induction, after it, and after surgery. The data obtained were used to evaluate the relationship between gastric antral
CSA and PONV.
Results: The gastric antral CSA in Semi-recumbent decubitus (SRD) position >398.85 mm2 (AUC=0.623) highly indicated the occur-
rence of PONV. In addition, the subject performance characteristic curve of a binary logistics retrospective model for predicting
PONV (AUC=0.805) highly indicated the occurrence of PONV.
Conclusion: Gastric US assessment of gastric antral CSA might change the current assessment model of PONV risk. This study
showed that the gastric antral CSA in the SRD position after anaesthesia induction and a binary logistics retrospective model could
be used to predict the occurrence of PONV, which could be helpful to adjust intraoperative and postoperative interventions and
accelerate the recovery of patients.
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INTRODUCTION

Laparoscopic cholecystectomy (LC) has become the gold stan-
dard for the surgical treatment of cholelithiasis, cholecystitis,
and gallbladder polyps. Although the surgical methods were
improved and the surgical results were satisfactory, postopera-
tive nausea and vomiting (PONV) was a painful side effect, occur-
ring in 46-72%.1

The cross-sectional area (CSA) of gastric antrum could reflect
the whole GV, and there was a significant positive correlation
between CSA of gastric antrum and GV. Once the CSA was calcu-
lated, a linear model could be used to estimate GV.2 Gastric aspi-
ration was found to be not a reliable tool for monitoring residual
GV.3
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GV of healthy fasting patients was 0.4-0.6 ml/kg, and the increase
of  GV  was  positively  correlated  with  the  incidence  of  PONV.4

However,  there was no study on the threshold of  nausea and
vomiting caused by gastric antral CSA and GV. Therefore, based
on the gastric antral CSA measured by US, the gastric antral CSA
may be obtained to predict the occurrence of PONV. The purpose
of this study was to explore the predictive value of gastric antral
CSA  in  the  occurrence  of  PONV  by  analysing  the  association
between gastric antral CSA and PONV.

METHODOLOGY
This study was registered in the Chinese Clinical Trial Registry on
October 05 2021 (ChiCTR2100051815). From October 2021 to
February  2022,  a  total  of  266  patients  from  Wannan  Medical
College Yijishan Hospital between the ages of 18 and 65 years with
an American Society of Anesthesiologists (ASA) status of I-II who
underwent LC under general anaesthesia (GA), were included in
this clinical observational study. The exclusion criteria were preg-
nant  women,  body  mass  index  (BMI)  exceeding  28  Kg/m2,
receiving radiotherapy and chemotherapy; pyloric obstruction;
hypoproteinemia;  patients  with  gastric  and  other  history  of
abdominal surgery; and disturbance of gastric emptying.
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All US examinations were carried out by a single operator. The
US  operator  used  a  curvilinear  array  2  to  5  MHz  probe  to
examine  gastric  antrum  of  patients.  According  to  the  left
hepatic lobe, superior mesenteric artery, and abdominal aorta
as anatomical markers, the best ultrasonic images of the gastric
antrum were obtained. The patient was in scanned supine posi-
tion, then the head of the bed raised to 45° with the patient in
semi-recumbent  decubitus  (SRD)  and  then  the  patient  was
assisted to the right lateral decubitus (RLD) position. The CSA of
the gastric antrum was measured in the preparation room, the
operating table and the bed of the postanaesthesia care unit
(PACU).

The CSA of gastric antrum was calculated (CSA, in mm2, CSA = π ×
D1  ×  D2/4).5  A  mathematical  model  for  calculating  GV  was
proposed and verified in adults, as volume (ml) = 1199.99 +
483.09 × log (gastric antrum CSA, cm²)-5.84 × age (years)-9.94
× height (cm).5 Each gastric antral CSA was measured 3 times,
and the average value was recorded as the result of this measure-
ment. The cross-sectional images of the gastric antrum at rest
(gastric  peristaltic  interval)  were  obtained,  and the  head-tail
diameter  (D1)  and  anterior-posterior  diameter  (D2)  of  gastric
antrum in different positions were measured. At the same time,
the authors also used the free tracking method (FTM) formula to
measure gastric antral CSA (Figure 1).

Figure 1: Two methods to measure gastric antral CSA: A US displayed the
head-tail diameter (D1) and anterior-posterior diameter (D2) of gastric
antrum; B US displayed a method using FTM to measure gastric antral
CSA.

Figure 2: Multiple comparisons of CSA of gastric antrum at different time
points.

G-power 3.1.9.2 was used to calculate the sample size. This
study was a diagnostic study based on two-classification vari-
ables,  the  expected  sensitivity  was  0.8,  the  expected
specificity was 0.8, the sensitivity allowable error was 0.05, and
the specificity allowable error was 0.05, and the test level was
0.05, considering the lost interview rate of 10%. According to
the sensitivity and specificity, minimum sample size was 193.

The demographic variables were studied by descriptive anal-
ysis using computer software (SPSS, version 26.0; SPSS Inc.,
Chicago, IL). All data were described as mean ± standard devia-
tion (SD) or number of cases and percentage. Shapiro-Wilk test
was used to evaluate the normality of data distribution. Chi-
square test  was performed to compare the incidence data.
Gender, history of motion sickness, history of smoking, opioid
used, and gastric antral CSA in the SRD position, after anaesth-
esia induction were included to a binary logistic analysis. In
order to evaluate the ultrasonic measurement of gastric antral
CSA  in  predicting  the  occurrence  and  severity  of  PONV,
receiver  operating  characteristic  curve  (ROC  curve)  of  the
subjects were drawn. The optimal cut-off value was calculated
by using Youden index. The statistical significance was defined
as p <0.05 (two-sided).

RESULTS

The demographic data of the patients were shown in Table I.
This  study  showed  that  gender  (p<0.001),  age  (p=0.018),
history of motion sickness (p <0.001), and history of smoking
(p=0.018)  were  significantly  related  to  PONV,  while  solid
fasting time (p=0.448) and liquid fasting time (p=0.083) and
PONV were not statistically significant.

 

Table  I:  Demographic  and  clinical  characteristics  of  the  patients.

Variable PONV Total p-value*
 Present, n (%) Absent, n (%)   
Gender    <0.001
Male 22(11.3) 58(29.7) 80  
Female 74(37.9) 41(21.0) 115  
Age, years     
<50 49(25.1) 34(17.4) 83 0.018
≥50 47(24.1) 65(33.3) 112  
Solid fasting time
<10 11(5.6) 15(7.7) 26 0.448
≥10 85(43.6) 84(43.1) 169  
Liquid fasting time     
<6 3(1.5) 9(4.6) 12 0.083
≥6 93(47.7) 90(46.2) 183  
History of motion sickness
No 73(37.4) 98(50.3) 171 <0.001
Yes 23(11.8) 1(0.5) 24  
History of smoking     
Yes 8(4.1) 20(10.1) 29 0.018
No 88(45.1) 79(40.5) 166  
Note: *Chi-square test statistical result.
 

A total of 266 patients were enrolled in this study, of which 199
patients successfully measured the gastric antral CSA (74.81%
of the patients). For 67 patients, gastric antral CSA could not be
measured.  In  addition,  4  patients  were  excluded  because  of
abnormal values found in the box plot. This analysis was based on
the remaining 195 data sets. There was no reflux aspiration in the
cohort.
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The frequency of PONV in LC patients in this study was 47.69%.
The gastric antral CSA in the SRD position was 438±244 mm2

before the surgery, gastric antral CSA in RLD position before the
surgery was 439±164 mm2, gastric antral CSA in SRD position
after anaesthesia was 421±188 mm2, and gastric antral CSA in
RSD after surgery was 411±177 mm2. One-way ANOVA showed
that there was no significant difference in all stages (Figure 2).

The results displayed that gastric antral CSA in SRD position
after induction were significantly correlated with the incidence
and  severity  of  PONV  (p<0.05).  The  data  showed  that  the
gastric antral CSA in SRD position after induction could be used
to predict the occurrence of PONV, in which gastric antral CSA in
SRD after anaesthesia induction >398.85 mm2 (AUC=0.623)
highly indicated the occurrence of PONV (Figure 3), while the
data of other time and posture were excluded because of rela-
tively low accuracy.

Figure 3: The ROC curve of gastric antral CSA in the SRD position after
anaesthesia induction and ROC curve of subjects for predicting PONV by a
binary logistics retrospective model.

Figure 4: The risk Formula of PONV's forecasting Model.

Gender, history of motion sickness, history of smoking, opioid
dosage, and gastric antral CSA in the SRD position after anaesth-
esia induction were included to a binary logistic analysis. The
results showed that the history of motion sickness on PONV was
statistically  significant  (OR=49.758,  95%CI  6.068-408.34,  p
<0.001); the effect of smoking on PONV was statistically signifi-

cant (OR=0.256, 95%CI 0.066-0.996,  p=0.049);  the effect of
gender on PONV was statistically significant (OR=2.626, 95%CI
1.130-6.106, p=0.025); the effect of gastric antral CSA in the
SRD position after anaesthesia induction on PONV was statisti-
cally  significant  (OR=1.517,  95%CI  1.210-1.902,  p  <0.001);
Unexpectedly, the effect of opioid dosage on PONV was not statis-
tically significant.

A binary logistics retrospective model consisting of history of
motion sickness, history of smoking, gastric antral CSA in the
SRD  position  after  anaesthesia  induction  showed  that  the
subject  performance  characteristic  curve  for  predicting
PONV (AUC=0.805). This was better than using gastric antral
CSA in the SRD position after anaesthesia induction alone to
predict PONV (Figure 3).

The risk calculation tool based on Excel was developed so that
the  occurrence  probability  of  PONV  could  be  obtained  by
inputting an individual's prediction data (Figure 4).

DISCUSSION

The mechanism of PONV is not determined at present. Some
studies showed that the occurrence of PONV might be triggered
by stimulation signals from four main functional areas, namely
the  cerebral  cortex,  the  vestibular  labyrinthine  system,  the
chemoreceptor the trigger area, and the gastrointestinal vagal
nervous system, in the medulla oblongata vomiting centre. It
was  confirmed  that  the  receptors  and  neurotransmitters
related to nausea and vomiting were dopamine, H1 histamine,
M1 acetylcholine, opioids, 5-hydroxytryptamine (5-HT), natural
killer cells (NK1), and substance P.6 Tong et al. pointed out that
the risk factors for an adult PONV include female, history of
PONV or history of motion sickness, using volatile anaesthetics
and nitrous oxide, postoperative using of opioids, non-smokers,
the duration of anaesthesia, and the type of surgery (such as
cholecystectomy,  laparoscopic  surgery  and  gynaecological
surgery).7

Intraperitoneal  injection  of  CO2  during  LC  surgery  would
increase intraabdominal pressure, which would have a signifi-
cant effect on mechanical ventilation, and reduce diaphragm
deviation  and  pulmonary  compliance.  This  can  lead  to  an
increase in PAP and a decrease in end-expiratory tidal volume,
which  might  lead to  CO2  retention  and acidosis,8  this  might
increase the incidence of PONV in patients. Although previous
studies showed that ultrasonic measurement of gastric antral
CSA could reflect GV and had certain clinical value in predicting
nausea  and  vomiting,  and  that  the  incidence  of  vomiting
increased significantly with the increase of GV per unit body
weight, other studies showed that the increase of GV was a
marker of perioperative pulmonary aspiration and reflux and
the  risk  of  PONV.4  However,  no  study  evaluated  the  gastric
antral CSA threshold that might predict PONV. This study further
confirmed the association between gastric antral CSA in SRD
after anaesthesia induction.

In addition, in this study, the mathematical calculation of the
gastric antral CSA and the qualitative analysis of liquid contents
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were needed to flip patients to RLD, and because all patients in
this study were routine surgical patients, they needed to fast
before surgery, which was not feasible in emergency surgery
patients, so this forecast could not be used to predict the inci-
dence and severity of PONV in patients undergoing emergency
surgery. In addition, a risk calculation tool based on Excel was
developed in this study, so that the occurrence probability of
PONV could be obtained by inputting an individual's prediction
data.  This  could  help  the  authors  to  quickly  and  accurately
screen high-risk patients in PONV.

It was well known that signals from the intestinal tract activate
the vagus nerve through the intestinal sensory system.9 As an
established  biomarker  of  nausea  and  vomiting,  gastric
dysrhythmia could stimulate the vagus nerve after stimulating
local intestinal neurons. Therefore, after some surgeries that
might  induce PONV, such as laparoscopic  surgery,  common
side effects such as postoperative intestinal obstruction and
subsequent  interruption  of  gastrointestinal  motility  rhythm
might be the cause of PONV.10 This explained why gastric antral
CSA could be used to predict the occurrence of PONV.

This study showed that the incidence of PONV in females was
higher than that in males, which was consistent with the conclu-
sion of Jaesoon et al.11  Gender could affect the incidence of
PONV in patients, and females were a high risk factor for PONV.
In addition, the average gastric antral CSA of female before
anaesthesia was larger than that of male. This suggested that
when predicting PONV for ultrasonic measurement of gastric
antral  CSA,  different  boundary  values  of  gastric  antral  CSA
should be used to predict PONV, according to the difference
between men and women. Studies showed that women have
slower  gastric  emptying  rates,  especially  solids  and  liquids,
than men.12 The gender difference in gastrointestinal motility
might  be  caused  by  female  sex  hormones.  Compared  with
premenopausal  and  postmenopausal  women  who  did  not
receive  hormone  replacement  therapy,  premenopausal  and
postmenopausal women who received hormone replacement
therapy  had  slower  gastric  emptying.13  Some  experiments
showed that the women's postprandial symptoms last longer,
which  might  be  related  to  delayed  gastric  emptying,  while
patients with delayed gastric emptying were related to women,
postprandial satiety and nausea.14

This study showed that age (p=0.018) was significantly corre-
lated with the incidence and severity of PONV, and the incidence
and  severity  of  PONV  decreased  with  the  increase  of  age.
However, all the people included in this study are adults, and the
underlying mechanism might be due to the decrease of the auto-
nomic nerve reflex with the increase of age. But there was no
statistical  significance  between  preoperative  solid/liquid
fasting  time  and  PONV,  which  might  be  due  to  the  long
solid/liquid fasting time of patients.

A meta-analysis showed that there is a strong evidence that
anaesthesia containing opioids does not reduce postoperative
pain  but  leads  to  more  PONV  than  anaesthesia  without

opioids.15 Apfel et al. found that fentanyl, alfentanil, and sufen-
tanil had little effect on PONV compared with volatile anaes-
thetics in otorhinolaryngology and strabismus surgery,16 Smith
et al. when fentanyl was used for anaesthesia induction, the
absolute risk of PONV was reduced by 14%.17 It might be due to
the  fear  of  delayed  awakening,  respiratory  depression  and
other adverse reactions, that anaesthesiologists were reluctant
to use sufficient opioids during surgical surgery.18

This research had some limitations. First of all, it was just a
single-centre trial. Secondly, it was performed on adults under-
going LC surgery. The results and numerical models should not
be extrapolated to other subjects such as diabetes, morbidly
obese, and the patients with specific symptoms. Finally, the
inherent limitations of ultrasound also applied, including the
need for an appropriate soft tissue window to obtain an image.

CONCLUSION

Gastric US assessment of gastric antral CSA might change the
current assessment model of PONV risk. This study showed that
gastric antral CSA in the SRD position after anaesthesia induc-
tion and a binary logistics retrospective model could be used to
predict the occurrence of PONV, which could be helpful to adjust
intraoperative and postoperative interventions and accelerate
the recovery of patients.
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