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Abstract

Background Early water intake has gained widespread attention considering enhanced recovery after surgery
(ERAS). In the present systematic evaluation and meta-analysis, we assessed the effects of early water intake

on the incidence of vomiting and aspiration in adult patients who received general anaesthesia on regaining con-
sciousness during the resuscitation period.

Objective To systematically analyse the results of randomised controlled trials on early postoperative water intake
in patients who underwent different types of surgery under general anaesthesia, both at home and abroad, to fur-
ther explore the safety and application of early water intake and provide an evidence-based foundation for clinical
application.

Design Systematic review and meta-analysis.

Methods To perform the systematic evaluation and meta-analysis, we searched the Web of Science, CINAHL,
Embase, PubMed, Cochrane Library, Sinomed, China National Knowledge Infrastructure (CNKI), Wanfang, and Vipshop
databases to identify randomised controlled trial studies on early water intake in adult patients who received general
anaesthesia.

Results Herein, we included 10 publications with a total sample size of 5131 patients. Based on statistical analysis,
there was no statistically significant difference in the incidence of vomiting (odds ratio [OR]=0.81; 95% confidence
interval [CI] [0.58-1.12]; p=0.20; I-squared [11=0%) and aspiration (OR=0.78; 95%CI [0.45-1.37]; p=0.40; 12=0%)
between the two groups of patients on regaining consciousness post-general anaesthesia.

Conclusion Based on the available evidence, early water intake after regaining consciousness post-anaesthesia did

not increase the incidence of adverse complications when compared with traditional postoperative water abstinence.
Early water intake could effectively improve patient thirst and facilitate the recovery of gastrointestinal function.

Keywords Early water intake, General anaesthesia, Resuscitation period, Enhanced recovery after surgery

Introduction

Enhanced recovery after surgery (ERAS) was first intro-
duced in 1997 by Kehlet [1], who mentioned that despite
advances in anaesthesia, surgery, and perioperative care,
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accelerated multidisciplinary and multimodal interven-
tions in rehabilitation surgery with a series of evidence-
based optimisation measures can reduce patient stress,
substantially reduce postoperative complication rates
and lengths of stay, improve postoperative quality of life,
and reduce overall healthcare costs [2]. With advances in
society and economic growth, patient demand for com-
fort care is becoming more urgent. A comfortable medi-
cal experience can reduce postoperative stress, enhance
patient cooperation, and facilitate postoperative recov-
ery, aligning with the ERAS concept.

Fluid management is an important component of
ERAS, and the implementation of early postopera-
tive water intake is a critical initiative to promote fluid
management and a favourable condition that facilitates
gastrointestinal function recovery and reduces adverse
stress reactions [3, 4]. According to traditional concepts,
patients are required to abstain from routine food and
fluid intake In the early postoperative stage, and con-
sidering patient safety during the postoperative period,
to avoid complications such as aspiration and vomiting
due to incomplete water intake on regaining conscious-
ness [5]. The incidence of thirst in post-surgery patients
reportedly exceeds 70%, and it the most urgent and
intense sensations experienced during the perioperative
period [6, 7]. Prolonged thirst can lead to an inability to
concentrate, negative emotions such as anxiety and irri-
tability [8], even increase the risk of delirium and vari-
ous complications [9], and seriously impact the patient’s
medical experience [10], which is in direct conflict with
the concept of comfort care.

Previously, water intake immediately after surgery was
considered undesirable and influenced by various factors,
and adequate fluid post-surgery was maintained intrave-
nously. However, greater or overloaded intravenous fluid
volumes administration on the day of surgery was found
to be independently associated with delayed recovery of
postoperative symptoms and increased risk of postopera-
tive complications, which are detrimental to early post-
operative recovery [11, 12]. With the emphasis on the
ERAS concept, there has been a gradual focus and change
in the implementation of early postoperative fluid intake.
According to a nationwide survey, healthcare profession-
als were assessed to determine their understanding and
perspectives on early oral fluid intake, and it concluded
that patients are suggested to begin oral intake soon after
their surgical procedures [13]. Therefore, patients should
be encouraged to drink water as early as possible after
regaining complete consciousness and to limit postop-
erative intravenous fluid therapy post-surgery [3].

Currently, early postoperative water intake is imple-
mented in adult patients who received general anaes-
thesia. However, the precise timing for this intervention
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remains inconsistent across studies, which could be
attributed to discrepancies in the type of surgery and
outcome indicators of the study population, differences
in the study results, and a lack of comprehensive evalu-
ation. Therefore, in the present study, we aimed to sys-
tematically analyse the results of randomised controlled
trials on early postoperative water intake in patients
who underwent different types of surgery under gen-
eral anaesthesia, both at home and abroad, to further
explore the safety and application of early water intake
and provide an evidence-based foundation for clinical
application.

Methods

The present study was registered in the International
Prospective Register of Systematic Reviews (PROSPERO)
under the registration ID CRD42023395782.

Search strategy
We searched the Web of Science, Cochrane Library,
PubMed, Embase, CINAHL, Sinomed, China National
Knowledge Infrastructure (CNKI), WanFang, and VIP
databases from initiation to 31 December 2022 to iden-
tify relevant reports; we then reviewed the references of
the included literature. The search strategy was as fol-
lows: (1) early oral hydration, early oral fluid, early oral
intake, early drinking water, and drinking water; (2)
anaesthesia, general or anaesthesia recovery period, and
post-anaesthesia; and (3) adult and adult patients.
Herein, two reviewers independently screened titles
and abstracts of identified articles according to inclu-
sion and exclusion criteria, subsequently reviewing the
full text to determine eligible studies, as shown in Fig. 1.
No language restrictions were imposed. In case of disa-
greements, the two reviewers conducted an initial dis-
cussion; if necessary, a third reviewer was consulted to
reach a consensus. Information from the included stud-
ies was extracted and saved in Microsoft Excel. This
study adheres to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses 2020 statement, an
updated guideline for reporting systematic reviews and
meta-analyses.

Inclusion and exclusion criteria
The inclusion criteria for eligible studies were as fol-
lows: (1) patients>18 years of age who underwent gen-
eral anaesthesia; (2) patients who had received early oral
hydration during recovery after general anaesthesia; (3)
randomised controlled trials; (4) non-gastrointestinal
surgery.

Exclusion criteria were as follows: (1) studies for
which the full text could not be retrieved, or data could
not be extracted completely; (2) case reports, reviews,
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Fig. 1 Search strategy flow diagram

dissertations, quasi-experimental studies, or multiple
publications; and (3) studies that did not report relevant
outcomes.

Data extraction and study quality

Two reviewers independently extracted data and con-
ducted quality evaluations to avoid bias. Discrepan-
cies in interpretation were resolved by consensus or the
involvement of a third reviewer. The following data were
extracted using Microsoft Excel: author, year, sample size,
type of surgery, intervention, and outcomes.

We assessed the risk of bias in randomised control trials
using the Cochrane risk-of-bias tool based on six items:
random sequence generation (selection bias); allocation
concealment (selection bias); blinding of participants
and personnel (performance bias); blinding of outcome
assessment (detection bias); incomplete outcome data
(attrition bias); selective reporting (reporting bias) and
other bias. Each item was then judged based on three
levels: “high risk’, “low risk’; and “unclear”. Moreover, the
quality of the results was assessed using the GRADEpro
software.

Outcomes
After consultation, we determined that the primary
outcomes were vomiting and aspiration rates. The

Reports excluded:

Inappropriate population/intervention (n=24)
Quasi-experimental study (n=3)

Full-text access not available(n=11)
Incomplete outcome indicators (n=3)

secondary outcomes included nausea rate, thirst score,
anal exhaust time, and first defaecation time.

Study analysis

Meta-analysis of included studies was performed using
Review Manager Version 5.3 software and Stata (ver-
sion 16.0), and sensitivity analysis was performed
according to the study quality to determine the sta-
bility of results. The mean difference (MD) and 95%
confidence interval (CI) were used as effect sizes for
continuous outcomes, and odds ratio (OR) and 95%
CI were used as effect sizes for binary variables. The
results of the meta-analysis are depicted as forest plots.
The I-squared(I?) values was used to determine the het-
erogeneity between studies. An I? value of <50% was
regarded as homogenous, and a fixed-effects model
was selected. An I value of>50% indicated relatively
moderate-to-high heterogeneity between studies, and
we used the random-effects model for analysis. The
causes of heterogeneity were further analysed, and
subgroup analysis was conducted on factors that may
lead to heterogeneity. Trial sequential analysis (TSA)
was performed using Viewer software (version 0.9.5.10.
beta) for the primary outcome to assess the risk of type
1 error caused by repeated testing.
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Results

In total, 1443 relevant studies were identified during
the initial examination. After eliminating duplicate
studies, 1234 studies were obtained. After screen-
ing the titles and abstracts, 51 studies were subjected
to full-text screening, with 10 studies finally included
[14-23], as shown in Fig. 1. The basic features of the
included studies are presented in Table 1. Two studies
were published in English [14, 15] and eight in Chinese
[16-23], and all were randomised controlled trials with
a total sample size of 5131 patients. Types of surgery
included laparoscopic surgery, thoracoscopic surgery,
and knee arthroscopy. Figures 2 and 3 present the bias
risk assessment. The Cochrane Bias Risk tool reported
a potentially ambiguous and high risk of bias, mainly in
implementing blinding, given the challenges in double
blinding for such procedural trials.

Primary outcomes

Vomiting

The four included studies [14, 15, 17, 22] showed no
heterogeneity (1= 0%, p=0.77); therefore, a fixed-
effects model was used for meta-analysis. According
to the results, there was no significant difference in
the incidence of postoperative vomiting between the
intervention group and the control group (OR=0.81;
95%CI [0.58-1.12]; p=0.20) (Fig. 4). The experimental
and control groups had a sufficient sample size, with
both including 664 patients; therefore, the possibility
that early drinking water would not increase the inci-
dence of vomiting in patients could be supported to a
certain extent. However, owing to the small number of
included studies assessing this outcome and the lim-
ited involvement of surgical types, further studies are
needed.

Aspiration

Four studies [20-23] mentioned aspiration indicators.
Only two studies [20, 21] were included, given that
the other two studies [22, 23] did not include aspira-
tion. I2=0% was used as the fixed-effects model for the
meta-analysis. There was no significant difference in
the postoperative aspiration rate between the interven-
tion and the control groups (OR=0.78; 95%CI [0.45-
1.37]; p=0.40), as shown in Fig. 5.

Secondary outcomes

Nausea

The five included studies [14, 15, 17, 20, 22] had low
inter-study heterogeneity (I*=27%, p =0.24); therefore,
the fixed-effects model was applied for the meta-anal-
ysis. Compared with the control group, the incidence
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of postoperative nausea (OR) in the intervention group
was 0.89 (95%CI [0.69- 1.15]; p=0.38), although the
difference was not statistically significant (Fig. 6).

Degree of thirst

Statistical heterogeneity among the seven included stud-
ies [14-18, 21, 23] was large (I2=99%; p<0.01), with
an MD of -9.44 (95%CI [-12.04- -6.83], p<0.01) for
thirst scores in the intervention group when compared
with those of the control group. Subgroup analysis was
performed according to the different numerical scor-
ing criteria. The results of the subgroup analysis with a
score from O to 10 showed that early drinking signifi-
cantly improved thirst (MD =-2.94; 95%CI [-5.43- -0.45];
p=0.02; I2=99%), while the results of the other subgroup
with a score from 0 to 100 also revealed that early drink-
ing significantly improved thirst (MD=-23.38; 95%CI
[-32.06- -14.71]; p<0.01; 12=94%), as shown in Fig. 7.
Sensitivity analyses were performed for each subgroup,
excluding the studies individually. No sources of het-
erogeneity were detected; this could be attributed to the
individualisation of numbers expressing the degree of
thirst for each patient according to their own compre-
hension, resulting in a wide variation in scores.

Anal exhaust time

Five studies [16, 19, 20, 22, 23] reported the effect of
early water intake on anal exhaust time in postoperative
patients. The heterogeneity between the studies was high
(I2=95%, p<0.01); therefore, a random-effects model was
used. Patients in the intervention group had a shorter
anal exhaust time than patients in the control group, with
a statistically significant difference (MD=-5.48; 95%CI
[-7.74- -3.22]; p<0.01), as shown in Fig. 8. Sensitivity
analysis was performed, with the effect estimates held
constant, indicating the robustness of the pooled results.

First defecation time

Three studies [16, 20, 23] included postoperative patient
defaecation time as an outcome indicator; there was high
heterogeneity between these studies (I*=59%; p=0.09);
therefore, a random-effects model was employed.
Patients in the intervention group had significantly
shorter postoperative defaecation times than those in the
control group (MD =-6.34, 95%CI [-8.90- -3.79], p<0.01),
as shown in Fig. 9. A sensitivity analysis was conducted,
where the effect estimates were kept constant, revealing
the reliability and stability of the combined outcomes.

Trial sequential analysis(TSA)

The TSA results of both primary outcomes indicated
that the curve was not crossed the traditional and TSA
thresholds, and the cumulative sample size was not
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Fig. 5 Primary outcome: aspiration. The forest plot of pooled data
on changes in the incidence of aspiration in the experimental

and control groups using a fixed-effects model. Cl, confidence

interval
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Fig. 6 Secondary outcome: nausea. Forest plot of pooled data
for nausea across studies with comparator group using a fixed-effects
model. Cl, confidence interval
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Discussion
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Fig. 3 Risk of bias summary



Dai et al. BMC Anesthesiology (2024) 24:135

Page 11 of 14

Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 numeric scale 0-10
Gu 2020 462 165 200 507 214 200 16.4% -0.45 [-0.82,-0.08] b
Lv 2015 1.39 1.2 100 751 148 100 164% -6.12 [-6.49,-5.79] -
Ly 2022 671 1.32 100 863 172 100 16.4% -1.92 [2.34,-1.50] -
Zhang 2021 206 064 59 532 151 59 16.4% -3.26 [3.68,-2.84] "
Subtotal (95% CI) 459 459  65.7% -2.94[-5.43, -0.45] L 2

Heterogeneity, Tau®= 6.41; Chif= 472,52, df= 3 (P = 0.00001%; F= 89%
Testfor overall effect: Z= 2.31 (P = 0.02)

1.1.2 numeric scale 0-100

Wy 20149 37.51 2844 BET B1.31 3321 86B 137%
Yin 2014 46.27 2003 488 61.08 2011 485 14.3%
Yun 2020 294 296 134 633 382 134 B.3%
Subtotal (95% CI) 1489 1497 34.3%

Heterogeneity: Tau®= 52.50; Chi®= 33.65, df=2 (P < 0.00001); F= 94%
Test for averall effect: Z=5.28 (P = 0.00001)

Total (95% CI) 1948 1956 100.0%
Heterogeneity: Tau®=10.72; Chi*= 805.89, df= 6 (P < 0.00001); F=99%
Testfor overall effect: Z=7.10 (F =< 0.00001}

Testfor subdroun differences: Chi®=19.71. df=1 (P = 0.000013. 7= 94.9%

-23.80 [-26.71, -20.88]
-14.82 [17.33,-12.31] -
-33.90 [42.08,-2572] ————

-23.38[-32.06, -14.71]

-9.44[-12.04, -6.83] <

20 -0 0 10 20
Favours [experimental] Favours [contral]

Fig. 7 Secondary outcome: degree of thirst. Forest plot of pooled data for the degree of thirst across studies with comparator group using

a random-effects model. Cl, confidence interval; SD, standard deviation
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using a random-effects model
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Fig. 9 Secondary outcome: first defecation time. Forest

plot of pooled data on first defecation time across studies

with comparator group using a random-effects model

improve thirst and shorten the time to defaecation and
bowel movement in accordance with ERAS.

According to conventional wisdom, early postoperative
water intake can lead to nausea and vomiting, and even
aspiration. Postoperative nausea and vomiting (PONYV)
is influenced by factors such as inhaled anaesthesia and
opioid analgesics, as well as the type of surgery [24], and
is not caused by fluid consumption. The main mechanism
of aspiration is the relaxation of the cardiac sphincter due
to general anaesthesia and suppression of the gag reflex,
resulting in the regurgitation of gastric contents, causing
aspiration [25]. Considering non-gastrointestinal surgery,
gastrointestinal activity in patients who received general
anaesthesia can return to baseline levels at an early stage,

and multiple small amounts of gradual fluid consumption
can allow physiological adaption of gradual gastrointes-
tinal function recovery post-general anaesthesia without
increasing the incidence of postoperative complications
[26]. The Guidelines for Perioperative Fasting and Water
Fasting in Adults and Children developed by the Euro-
pean Society of Anesthesia also recommends drink-
ing water as early as possible, according to the patient’s
subjective desire, to promote gastrointestinal motility
and reduce the incidence of nausea and vomiting [27].
Considering the literature included in the current meta-
analysis, four [14, 15, 17, 22] studies found no statisti-
cally significant differences in the incidence of nausea
and vomiting during post anaesthesia care unit (PACU)
stay and after return to the ward with early water intake
between the intervention and control groups. Two stud-
ies [20, 21] noted that early water intake did not increase
the risk of patient aspiration. It should be noted that the
present study involved limited types of surgery, and the
timing of early water intake and incidence of adverse
postoperative complications need to be further explored
for other types of surgery, particularly gastrointestinal
surgery.

Thirst is defined as the conscious desire to drink water,
which is a compensatory mechanism that allows an
organism to restore its water balance [28]. Preoperative
fasting and abstinence from food and fluid, anaesthetic
medications, tracheal intubation, and intraoperative
bleeding can exacerbate thirst [29, 30]. Thirst in perio-
perative patients is a sign and symptom of imbalance
and intense discomfort, causing discomfort in patients
during recovery from anaesthesia, leading to a series of
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organismal stress reactions such as negative emotions
and increased risk of wound bleeding, markedly prolong-
ing the patient’s postoperative recovery time and failing
to achieve comfortable care [30-32], thereby necessitat-
ing the attention and assistance of medical personnel.
Lee and others [33] have shown that moderate to severe
postoperative thirst was common in PACU, a finding that
is consistent with a cross-sectional observational study
conducted at the National Health Service Hospital in the
United Kingdom [34]. The most direct and effective way
to alleviate thirst after regaining consciousness from gen-
eral anaesthesia is to drink water early during the post-
operative period [35]. In one included study, patients
who administered water early had significantly lower
thirst scores and a correspondingly lower incidence of
thirst than patients who routinely abstained from water.
Accordingly, early water intake largely reduces postoper-
ative discomfort in patients and improves their satisfac-
tion with medical visits.

Postoperative anal exhaust time and time to defaeca-
tion are clinically important indicators of gastrointestinal
function recovery; therefore, these two indicators were
used as outcome indicators in the present study. Herein,
we found that early oral administration could promote
the recovery of gastrointestinal function in postoperative
patients, which is in line with the ERAS concept and con-
sistent with the results of related studies [36, 37]. Water
is considered the mildest mechanical stimulus and ade-
quate hydration is crucial for bodily functions [38]. Early
water consumption can stimulate the oral cavity and
gastrointestinal tract, promote the secretion of digestive
juices through the neurohumoral reflex, increase gastro-
intestinal tract peristalsis, and promote the recovery of
gastrointestinal function [39, 40].

Early assessment is the most important prerequisite
for implementing drinking water to ensure patient safety.
The guidelines for post-anaesthesia care proposed by
the American Society of Anesthesiologists state that the
safety criteria used to assess patients after anaesthesia
include the level of consciousness, airway patency, respir-
atory rate, and blood oxygen saturation to avoid poten-
tial complications [41]. The literature included in the
current study states the assessment measures that were
implemented to guarantee patient safety. In two studies
[14, 15], patients in the intervention group were assessed
as fully awake, with stable vital signs, muscle strength
grade 5, and good recovery of cough and gag reflexes
when water was administered. Two studies [17, 20]
employed the Steward or Aldrete rating scales to assess
whether patients were fully awake and eligible for early
water intake. Larger multicentre studies are needed to
develop a uniform assessment tool for early water intake
during the postoperative awakening period after general

Page 12 of 14

anaesthesia that would meet the characteristics of all
populations.

Our study had some limitations. The present study did
not include additional outcome indicators such as patient
comfort, willingness to drink, and abdominal distension.
In addition, there were inconsistencies in recording out-
come indicators in some studies, with some reports using
measures while others using counts; this made it impos-
sible to include the combined literature owing to difficul-
ties in data extraction. Therefore, the number of studies
included in the present analysis for certain analysed indi-
cators was insufficient to determine whether publication
bias had occurred. The literature not included in the cur-
rent analysis, owing to data extraction issues, could also
have impacted study results, leading to bias. The litera-
ture included in the current analysis was mainly focused
on adult patients, with no statistical analysis conducted
on special populations such as children and patients with
acute and critical illnesses. The type of surgery involved
was not comprehensive, and additional factors affecting
adverse patient outcomes were not explored. Different
hospitals in different countries have distinct strategies
for implementing early water intake, which could impact
the accuracy of the present meta-analysis. Therefore,
more randomised controlled studies assessing special
populations and different diseases are needed to compre-
hensively clarify the safety and feasibility of early water
intake.

Conclusion

The results of the present meta-analysis revealed that
early water intake during the postoperative awakening
period in patients who had received general anaesthe-
sia could relieve thirst without increasing the incidence
of adverse postoperative complications such as nau-
sea, vomiting, and aspiration, and this could be applied
in clinical practice. Owing to the heterogeneity in the
included literature, a high-quality, large-sample, multi-
centre, randomised controlled study is needed. More-
over, the implementation time and amount of early
water intake vary across hospitals, and more rigorously
designed randomised controlled trials are needed to clar-
ify the timing and amount of early water intake.
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