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Abstract Despite the implementation of liberal preoper-
ative fasting routines, it is unclear whether preoperative
oral rehydration solution intake volume affects blood
pressure during general anesthesia. We enrolled 60 patients
(American Society of Anesthesiologists status I/II) under-
going tympanoplasty. Patients drank 200-1,000 ml oral
rehydration solution until 2-3 h before anesthesia induc-
tion. Anesthesia was induced by propofol and maintained
with sevoflurane and remifentanil. Coinciding with anes-
thesia induction, 15 ml/kg Ringer’s acetate solution was
administered intravenously over 60 min followed by 1 ml/
kg Ringer’s acetate solution over the next 30 min. Mean
arterial blood pressure (MAP) and whole-body bioelectri-
cal resistance for extracellular fluid (R.) during anesthesia
were compared between retrospectively classified intake
groups of oral rehydration solution. There were no differ-
ences in mean MAP during the 30-90 min period relative
to baseline [0.67 (0.60-0.74), 0.65 (0.61-0.76), 0.64
(0.60-0.70), P = 0.96] and relative R. at 90 min [0.945
(0.018), 0.944 (0.021), 0.943 (0.021), P = 0.95] between
the small (n = 14), intermediate (n = 29), and large
(n = 17) intake groups. The intake volume of preoperative
oral rehydration solution does not affect the magnitude of
hypotension during general anesthesia in low-risk patients
undergoing minor surgery.

Keywords Dehydration - Fasting - Oral rehydration

Electronic supplementary material The online version of this
article (doi:10.1007/s00540-013-1670-0) contains supplementary
material, which is available to authorized users.

S. Iwayama - T. Tatara (<) - T. Osugi - M. Hirose
Department of Anesthesiology, Hyogo College of Medicine,
1-1 Mukogawa-cho, Nishinomiya, Hyogo 663-8501, Japan
e-mail: ttatara@hyo-med.ac.jp

@ Springer

Overnight fasting before surgery is unpleasant for patients
[1]. According to preoperative fasting guidelines that have
been updated during the past decade, a fasting routine up to
2 h before anesthesia is recommended [2]. This routine has
become popular in many countries [3-5].

One potential issue with preoperative oral rehydration is
the fact that preoperative fasting guidelines set forth the
amount of preoperative oral fluid intake without taking into
account the patient’s body weight [6]. Thus, patients with a
higher body weight may suffer from preoperative dehy-
dration given the low fluid intake per kilogram body weight.

It remains unclear whether low preoperative oral rehy-
dration solution intake results in dehydration, thereby
affecting blood pressure and fluid redistribution during
general anesthesia. The aim of this study was to test the
hypothesis that intake of small amounts of preoperative
oral rehydration solution enhances the magnitude of
hypotension during general anesthesia compared to the
intake of large amounts of the solution. The primary out-
come measure was mean arterial blood pressure (MAP)
relative to baseline during anesthesia, and the secondary
outcome measure was fluid redistribution as assessed by
changes in whole-body bioelectrical resistance, which
reflects fluid accumulation in the extracellular space during
anesthesia [7-9].

The study was approved by the Ethics Review Board of
Hyogo College of Medicine, and each patient provided
written informed consent following an explanation of the
study. We studied 60 consecutive American Society of
Anesthesiologists physical status I or II patients aged
20-65 years who were scheduled for tympanoplasty under
general anesthesia. Exclusion criteria included a history of
cardiac, pulmonary, or renal disease, hypertension, diuretic
medications, and conditions that may impair gastrointesti-
nal motility and gastroesophageal reflex.


http://dx.doi.org/10.1007/s00540-013-1670-0

J Anesth (2014) 28:132-135

133

Patients scheduled for induction of anesthesia between
9:00 AM and 9:30 AM were instructed to drink 200 ml oral
rehydration solution (OS-1; Otsuka Pharmaceutical Fac-
tory, Tokushima, Japan) at 7:00 AM (Online Resource 1).
Patients scheduled for induction of anesthesia between
10:00 AM and 2:00 PM were instructed to drink 500 ml
oral rehydration solution until 3 h before induction of
anesthesia. Patients scheduled for induction of anesthesia
later than 2:00 PM were instructed to drink 1,000 ml oral
rehydration solution until 3 h before induction of anes-
thesia. The actual intake volume of oral rehydration solu-
tion was recorded for each patient.

After arriving at the operating room, noninvasive blood
pressure was measured at 2.5-min intervals. In the same
manner as described in our previous study [10], patients
were given 2 ng/kg intravenous fentanyl followed by
2 mg/kg intravenous propofol over 6 min. After comple-
tion of the propofol infusion, a laryngeal mask was inserted
and anesthesia was maintained with sevoflurane
(1.0-1.5 %) and oxygen (50 %) in air, together with a
continuous infusion of remifentanil at a rate of
0.10-0.15 pg/kg/min. Coinciding with the start of propofol
administration, we infused 15 ml/kg Ringer’s acetate
solution intravenously over 60 min followed by 1 ml/kg
Ringer’s acetate solution over the next 30 min. Hypoten-
sion, defined as a systolic arterial blood pressure

<75 mmHg, was treated with 4 mg intravenous ephedrine.
A sample of collected urine was taken at the end of anes-
thesia induction for measurement of urine osmolality (pre-
Uosm, in mOsm/kg). We also measured the osmolality
(mOsm/kg) and volume (ml/kg) of urine produced during
the study period.

We measured whole-body resistance and reactance
every 5 min during the study period using a multifrequency
bioimpedance analyzer (4200 Hydra; Xitron Technologies,
San Diego, CA, USA) [10]. Whole-body resistance for
extracellular fluid (R., in ohms) at each measurement time
point and relative values of R, to that at baseline were
obtained for each patient. Based on the electrical properties
of body tissues, relative change of the extracellular fluid
volume is equal to relative R;m [7, 11].

Data regarding the amount of oral fluid intake before the
induction of anesthesia (ml) were analyzed using a linear
regression model, with time to induction (i.e., hours from
9:00 AM to the time anesthesia induction was initiated) as
an independent variable. All patients were then retrospec-
tively classified according to the amount of preoperative
fluid intake (ml), with groupings based on small (i.e.,
<lower limit of the 95 % confidence band of the best-fit
line; small intake group), intermediate (i.e., within lower
and upper limits of the 95 % confidence band of the best-fit
line; intermediate intake group), or large (i.e., >upper limit

Table 1 Patient characteristics by preoperative oral rehydration solution intake volume

Variable Small intake (n = 14) Intermediate intake (n = 29) Large intake (n = 17) P value
Gender (male/female) 6/8 10/19 11/6 0.14
Age (years) 44 (29-60) 52 (37-60) 46 (38-60) 0.44
Weight (kg) 59 (11) 57 (11) 59 (9) 0.78
Body mass index (kg/mz) 22.1 2.7) 219 2.4) 21.4 (1.8) 0.67
ASA status (I/IT) 17 16/13 10/7 0.89
Time to induction® (h) 5.6 (4.9-7.2) 3.1 (0.0-4.3)¢ 5.7 (2.5-7.8) 0.013
Oral rehydration® (ml/kg) 7.6 (6.0-9.8) 6.3 (3.8-11.1) 13.8 (9.3-17.4)% <0.001
200/500/1,000 ml 2/9/0 13/10/2 0/7/9 <0.001
Baseline heart rate (bpm) 68 (60-78) 62 (53-70) 63 (55-72) 0.36
Baseline MAP (mmHg) 84 (11) 85 (11) 83 (12) 0.77
Pre-Uysm (mOsm/kg) 737 (252) 642 (175) 620 (177) 0.22
Post-Uysm (mOsm/kg) 221 (154-332) 202 (164-272) 243 (199-372) 0.40
Urine volume® (ml/kg) 2.4 (1.2-4.5) 3.0 (1.8-4.2) 2.1 (0.7-3.6) 0.57
Ephedrine use (times) 1.0 (0.0-3.0) 1.0 (0.0-2.5) 1.0 (0.0-2.0) 0.73

Data are presented as mean (SD), median (interquartile range), or number

ASA American Society of Anesthesiologists, MAP mean arterial blood pressure, pre-U,, urine osmolality after induction of anesthesia,

post-U,g, urine osmolality during the study period

% Hours from 9:00 AM to the start of anesthesia induction

b
¢ Urine volume produced during the study period (i.e., 90 min)

9 Compared to small intake group

Compared to intermediate intake group

Amount of oral rehydration solution intake from 7:00 AM to the start of anesthesia induction
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of the 95 % confidence band of the best-fit line; large
intake group) amounts of fluid intake.

Data are expressed as mean (SD) or median (inter-
quartile range). The continuous variables including amount
of oral fluid intake (ml/kg), mean MAP during the 30- to
90-min period relative to baseline, and R, values at 90 min
relative to baseline were compared between the groups.
One-way analysis of variance with the Student-Newman—
Keuls post hoc test or the rank-sum test with Dunn’s post
hoc test was used to determine the significance of contin-
uous variables. The y* test was performed for analysis of
categorical variables. P < 0.05 was considered significant.

The amount of oral fluid intake before anesthesia was
positively correlated with time to anesthesia induction
(r2 = 0.69, P < 0.0001; Online Resource 2). Fourteen
patients were classified in the small intake group, 29 were
classified in the intermediate intake group, and 17 were
classified in the large intake group. No significant differ-
ences were found between the groups with respect to
patient characteristics including pre-U,g, and urine volume
produced during the study period (Table 1). Preoperative
intake volume of oral rehydration solution (ml/kg) for the
large intake group was twofold higher than that for the
small and intermediate groups (both P < 0.05).

Mean MAP during the 30- to 90-min period relative to
baseline was comparable between the small, intermediate,
and large intake groups [0.67 (0.60-0.74), 0.65
(0.61-0.76), 0.64 (0.60-0.70), P = 0.96; Fig. 1a]. Values
of relative R, at 90 min were similar for the small, inter-
mediate, and large intake groups [0.945 (0.018), 0.944
(0.021), 0.943 (0.021), P = 0.95; Fig. 1b].

The major finding of the present study was that MAP
and R, relative to baseline during general anesthesia were
similar for retrospectively classified intake groups of oral
rehydration solution. Despite the large intake volume of
oral rehydration solution (ml/kg) for the large intake group
compared to other intake groups (Table 1), pre-Ugysm, Was
comparable across groups. Given that pre-Ugg, for the
three groups was consistent with urine osmolality reference
values for healthy individuals with normal hydration
(476-880 mOsm/kg) [12], hydration status was normal in
all groups with no significant difference between groups.

Increased fluid transfer from the intravascular space to
the interstitial space during crystalloid volume loading may
decrease plasma volume expansion and thus attenuate
recovery from hypotension. However, this was not the case
when we tested groups provided with different amounts of
oral solution per kilogram body weight. Indeed, we found
no significant differences between the small and large
intake groups for relative MAP (Fig. 1a) and relative R,
(Fig. 1b), which mainly reflects fluid volume changes in
the interstitial space during general anesthesia [7-9, 13].
We believe these findings to be reasonable, provided the
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Fig. 1 Time course of mean arterial blood pressure (MAP) (a) and
whole-body bioelectrical resistance for extracellular fluid (R.) (b) rel-
ative to baseline during general anesthesia for small (n = 14),
intermediate (n = 29), and large (n = 17) intake groups of preoper-
ative oral rehydration solution. Data are presented as mean (SD)

assumption that for the small and large intake groups,
preoperative oral rehydration proportionally hydrates the
intravascular space and the interstitium before general
anesthesia, leading to a normal hydration state. Moreover,
the considerably large volume of crystalloid infusion over
60 min (i.e., 15 ml/kg) may have masked the effect of
different volumes of oral rehydration solution intake on
MAP during general anesthesia.

In contrast to preoperative intravenous hydration, it is
cumbersome, not to mention difficult in daily clinical
practice, to tightly control the rate of preoperative oral
rehydration solution intake. Despite this, the mean MAP
during the 30-90 min period relative to baseline and rela-
tive R. at 90 min were comparable to those in a previous
study we conducted with 60 patients who underwent
overnight fasting and intravenous hydration (0.67 and 0.94,
respectively) [10]. Moreover, given that minor surgeries
are often scheduled in series, it is not uncommon for
anesthesia induction to be delayed by as much as 3 h for
the last scheduled patient undergoing surgery on a partic-
ular day. One concern we had was whether the resulting
longer fasting time would accelerate hypotension during
general anesthesia. However, our findings suggest
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otherwise with low-risk patients undergoing minor surgery,
consistent with a previous study showing no significant
relationship between fasting time and decrease of MAP
during propofol induction [14]. Thus, oral rehydration that
does not account for body weight and unexpected longer
fasting times is acceptable with respect to the magnitude of
hypotension during general anesthesia.

One limitation of our study is that we did not perform a
randomly controlled study for the amount of oral fluid
intake (e.g., altering intake volume for preoperative oral
rehydration) for ethical reasons, as the practice of liberal
preoperative fasting has recently become widespread for
minor surgery.

In conclusion, preoperative oral rehydration solution
intake volume does not affect the magnitude of hypoten-
sion and crystalloid redistribution during general anesthe-
sia in low-risk patients undergoing minor surgery.
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