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Does adding milk to tea delay gastric emptying?
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Editor’s key points

† Current preoperative fasting
guidelines assume that
gastric emptying is delayed
after ingestion of fluids
containing milk.

† This study in healthy adults
compared gastric emptying
after drinking tea with or
without milk.

† There was no difference in
gastric emptying times
determined by paracetamol
absorption or ultrasound.

† This suggests that adding up
to 50 ml milk to a hot drink
does not delay gastric
emptying.

† Further studies are required
in patients undergoing
surgery.

Background. Many preoperative fasting guidelines suggest that hot tea or coffee with milk
added should be considered similar to solid food, allowing an interval of 6 h before
commencing anaesthesia. There is little evidence to support these instructions, with
recent guidelines undecided on the issue. This study aimed to establish whether there
was a clinically significant delay in gastric emptying associated with adding a modest
amount of milk to tea.

Methods. This randomized controlled crossover study was conducted in 10 healthy
volunteers. The paracetamol absorption technique and real-time ultrasound measurement
of the cross-sectional area of the gastric antrum were used to assess gastric emptying after
ingestion of 300 ml of black tea or 300 ml of tea with milk (250 ml black tea plus 50 ml of
full fat milk).

Results. The mean difference in the time to reach the peak paracetamol concentration (tmax)
was 28 min [95% confidence interval (CI) 223.1 to 7] in favour of tea with milk. Ultrasound
assessment indicated that the geometric mean of the half-time to gastric emptying (T1/2)
after tea without milk was 22.7 (95% CI 12.7–40.9) min and after tea with milk 23.6 (95%
CI 13.5–41.0) min (ratio 1.04) (95% CI 0.47–2.29).

Conclusions. This studydemonstratedno difference in gastric emptying times when a modest
amount of milk was added to tea. These findings suggest that it may be acceptable to allow
patients to add a small quantity of milk to their tea or coffee and follow the same fasting
restrictions applied to clear fluids.
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The aim of preoperative fasting is to ensure a relatively empty
stomach, thereby minimizing the risk of aspiration of gastric
contents during induction and emergence from general anaes-
thesia.1 Pulmonary aspiration of gastric contents is now rare, a
consequence not onlyofpreoperative fastingbut alsoofmodern
anaesthetic techniques. Preoperative fasting regimens have
therefore become increasingly liberal, such that the ingestion
of clear fluids is now encouraged until 2 h before elective
surgery.2 3 Enhanced recovery programmes similarly encourage
strategies such as preoperative nutrition and hydration.4

The currently acceptable preoperative clear fluids include
water, black tea/coffee, and pulpless fruit juices. The traditional
2 h fast, to allow clear fluids to empty from the stomach, is rela-
tively conservative as 250–300 ml of water should leave the
stomach in ,30–60 min.5 In the UK, 165 million cups of tea
are drunk each day, 98% of which are drunk with milk,6 suggest-
ing that tea with milk is generally preferable than black tea.

However, no studies have defined a safe volume of milk that
can be added to hot drinks consumed before an operation.
Hence, when the European guidelines on preoperative fasting
were published in 2011, no clear advice could be given on this
issue.2 We postulated that the addition of a volume of milk,
similar to that typically added to hot clear drinks such as tea
or coffee, would not hinder gastric emptying. If confirmed,
current preoperative fasting guidelines could then be extended
to allow patients to consume tea/coffee with milk before an oper-
ation. In this study, gastric emptying was measured by the para-
cetamol absorption technique and by serial real-time ultrasound
(RUS) measurements of the gastric antral cross-sectional area.

Methods
This trial is registered with ClinicalTrials.gov (ref: NCT01809938),
received ethical approval from the South East London Research
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Ethics Committee 2, and was conducted between November
2011 and January 2012. After completion of written informed
consent, 10 healthy volunteers were entered into this rando-
mized controlled crossover trial. Exclusion criteria included:
medical conditions with a predisposition to delayed gastric
emptying (e.g. diabetes or gastric disease), ingestion of para-
cetamol within the previous 24h, ingestion ofsolids or non-clear
liquids in the previous 6 h, and ingestion of clear liquids in the
previous 2 h.

Each participant took part in both arms of the trial, drinking
black tea and tea with milk, the order of which was determined
by a computerized random number generator and concealed
from the investigators by opaque brown paper envelopes. In
each arm of the study, the procedure was as follows. The
subject sat in a semi-reclined position at a 458 angle, a 16 g
i.v. cannula was sited in an upper limb, and baseline blood
samples were obtained. The initial cross-sectional area of the
gastric antrum was then measured by ultrasound (MicroMaxx
C60e/5-2 MHz Probe, Sonosite, Inc., Bothel, Washington, DC,
USA). The investigating anaesthetist then left the room, the
subject opened their randomization envelope and drank, as
directed, either 300 ml of black tea or 300 ml of tea with milk
(250 ml black tea plus 50 ml of full fat milk) over 3 min, followed
by 1.5 g of dispersible paracetamol dissolved in 30 ml of water.

Venous blood samples were obtained every 10 min for the
first hour, then every 30 min until 150 min had elapsed. Each
sample was obtained after aspirating and discarding a 5–10
ml waste blank. Paracetamol concentrations in each sample
were measured using an enzymatic assay on the ADVIA 2400
analyser (Siemens Healthcare Diagnostic, Frimley, Surrey,
UK), which had a sensitivity of 1 mg litre21 and a daily coeffi-
cient variation of ,5%. The peak paracetamol concentration
(Cmax) and time to peak concentration (tmax) were thus deter-
mined. Values were plotted against time to calculate the
area under the curve (AUC) at 60, 90, 120, and 150 min; and
to infinity by the cubic spline method.

The cross-sectional surface area (CSA) of the gastric antrum
was measured by ultrasound in RUS at baseline, every 10 min for
60min and thenat 30min intervals for150 min.These measure-
ments were performed bytwoofthe investigatorswhohad been
trained by a radiologist specializing in abdominal ultrasound.
TheCSAwascalculated asdescribedpreviously,7 bydetermining
the maximal anteroposterior (D1) and longitudinal diameter
(D2) in the sagittal plane. For every time point, three measure-
ments were taken of D1 and D2 and the average values used
in the following formula to calculate the antral CSA.

Antral CSA = p× D1 × D2
4

A consistently reproducible position for scanning the gastric
antrum was achieved using the abdominal aorta and left lobe
of the liver as anatomical landmarks, as detailed in earlier
studies.8 9 Antral CSA was plotted against time and gastric
emptying expressed as half-time to gastric emptying (T1/2).
This was defined as the time from baseline to the time the
gastric antrum returns to half the maximal value (CSA1/2 max),7

with CSA 1/2 max calculated as below:

CSA1/2 max = CSAmax −
CSAmax − CSAbaseline

2

[ ]

Statistics

The primary outcome was tmax. Previous studies have shown the
mean or median tmax values for paracetamol to vary from 25 to
60 min after ingestion of clear fluids, with standard deviation up
to 38 min.10 11 In this study, we considered that a delay of gastric
emptying of under 60 min would not be clinically important; and
that we would be able to declare that the two regimes were
equivalent if the (two sided) 95% confidence interval (CI) for
the mean difference (MD) in tmax, between black tea and tea
with milk includedonly times ,60min. Usingthese assumptions
and taking (pessimistically) a correlation between repeated
measurements of 0.0, power analysis12 determined nine partici-
pants would be required (with 90% power) to show equivalence.
Power will be greater if there is a positive correlation.

A 95% CI for the MD in tmax that lay entirely within 60 min of
no effect would confirm the hypothesis that tea with milk was
clinically equivalent to black tea.

For each subject, the AUC of the paracetamol concentration
was estimated as the weighted average of all measurements
up to 150 min, following standard procedures.13 Since this
timepointwassomewhat arbitrary, sensitivityanalysis also con-
sideredAUCvalues calculated forallmeasurementsupto60, 90,
and 120 min, and linear extrapolation of the curve to final elim-
ination, to confirm that changing the basis of the test did not
change the result. The AUC of the drug concentration is a stand-
ard summary score used in many circumstances. A single value
is calculated for each subject under each condition across all
time points, as described by Matthews and colleagues.14 Treat-
ment effects for all continuous outcomes were estimated using
linear regression, correcting for the orderof presentation; stand-
ard errors were adjusted for repeated observations using robust
standard errors.15 Analysis was conducted using Stata (Stata-
Corp, College Station, TX, USA), version 11.2.

The secondary outcome was the RUS-determined T1/2. For
this, no clinically important difference was pre-specified.

Results
Ten participants (five males, five females) consented to, en-
rolled, and completed the study; their characteristics are
given in Table 1. It was possible to measure the CSA of the
gastric antrum in both arms of the study in nine of the subjects.

Table 1 Participants’ characteristics

Median (inter-quartile range)

Gender (male/female) 5/5 (not applicable)

Age (yr) 36 (30–36)

Height (cm) 170 (170–174)

Weight (kg) 74 (73–81)

Body mass index (kg m22) 25 (24–29)
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