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Background: To compare the effects of intraoperative infusions of balanced electrolyte solution (BES)-based hydroxyeth-
yl starch (HES) and saline-based albumin on metabolic acidosis and acid/base changes during major abdominal surgery
conducted using Stewart’s approach.

Methods: Forty patients, aged 20-65 years, undergoing major abdominal surgery, were randomly assigned to the HES
group (n = 20; received 500 ml of BES-based 6% HES 130/0.4) or the albumin group (n = 20; received 500 ml of normal
saline-based 5% albumin). Acid-base parameters were measured and calculated using results obtained from arterial
blood samples taken after anesthesia induction (T1), 2 hours after surgery commencement (T2), immediately after sur-
gery (T3), and 1 hour after arriving at a postanesthetic care unit (T4).

Results: Arterial pH in the HES group was significantly higher than that in the albumin group at T3 (7.40 £ 0.04 vs. 7.38
+ 0.04, P = 0.043), and pH values exhibited significant intergroup difference over time (P = 0.002). Arterial pH was sig-
nificantly lower at T3 and T4 in the HES group and at T2, T3, and T4 in the albumin group than at T1. Apparent strong
ion difference (SIDa) was significantly lower at T2, T3, and T4 than at T1 in both groups. Total plasma weak nonvolatile
acid (Aqor) was significantly lower in the HES group than in the albumin group at T2, T3 and T4 and exhibited a signifi-
cant intergroup difference over time (P < 0.001).

Conclusions: BES-based 6% HES infusion was associated with lower arterial pH values at the end of surgery than saline-
based 5% albumin infusion, but neither colloid caused clinically significant metabolic acidosis (defined as an arterial pH

< 7.35).
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Introduction

Major abdominal surgery often requires large volumes of
intravenous fluid infusion due to blood and third space losses.
Inadequate volume resuscitation might lead to lactic acidosis,
whereas water excess might aggravate metabolic acidosis and
induce a decline of apparent strong ion difference (SIDa) and
hyperchloremia [1].

Colloids like albumin and hydroxyethyl starch (HES) are
used for volume resuscitation due to their prolonged intravas-
cular volume sparing effects as compared with crystalloids [2].
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Colloids and acid/base alterations

According to previous clinical studies, different components in
colloids influence acid-base status after fluid resuscitation. He-
tastarch solution (6%) at 15 ml/kg reduces base excess, pH, and
strong ion difference (SID), while the same volume of 5% albu-
min preserves pH, base excess (BE), and SID [3]. A comparative
study conducted during major urologic procedures showed
that serum bicarbonate (HCO;") levels decreased significantly
more in patients infused with saline-based HES than in those
infused with balanced electrolyte solution (BES)-based 6% HES
130/0.4 [4]. Furthermore, in patients with acute normovolemic
hemodilution, 6% HES containing chloride (Cl") at 154 mmol/L
induced a three times greater decrease in SID than 5% albumin
containing CI at 150 mmol/L, despite similar pH changes [5].

Normal saline-based human albumin is considered the refer-
ence colloid solution, and theoretically, saline-based albumin
resuscitation can increase serum albumin concentration and
increase total plasma weak nonvolatile acid (A;) and concomi-
tantly reduce SIDa [6]. Furthermore, BES-based HES had been
reported to aggravate metabolic acidosis significantly less than
saline-based HES in patients undergoing cardiac surgery [7].

We hypothesized that intraoperative infusion of BES-based
HES might attenuate metabolic acidosis more so than saline-
based albumin during major abdominal surgery. Accordingly,
we investigated and compared acid/base changes caused by BES-
based 6% HES 130/0.4 infusion and saline-based 5% albumin
infusion during major abdominal surgeries conducted using
Stewart’s approach.

Materials and Methods

Approval was obtained from the ethics committee of our
institution (GCIRB2017-273) prior to study commencement,
and all study subjects provided informed consent. Forty patients
(aged 20 to 65) of American Society of Anesthesiologists (ASA)
physical status 1 or 2 scheduled for elective major abdominal
surgery were enrolled in this prospective study. The major
abdominal surgeries were open gastrectomy, colectomy, and
low anterior resection. Patients with active pulmonary disease,
uncontrolled cardiovascular disorder, renal insufficiency, coag-
ulopathy, anemia, pre-existing metabolic disorder, pre-existing
electrolyte abnormality, and those taking laxatives or diuretics
were excluded. Patients were randomly assigned to receive 500
ml of BES-based 6% HES 130/0.4 (HES group, n = 20) or 500 ml
of normal saline-based 5% albumin (Human serum albumin in-
jection 5%, Greencross, Korea) (albumin group, n = 20) during
surgery using an Excel 2007 (Microsoft Office, USA) generat-
ed randomized list without stratification. BES-based 6% HES
130/0.4 (Volulyte™, Fresenius Kabi, Germany) contains HES
60 g/L, sodium (Na") 137 mmol/L, potassium (K") 4 mmol/L,
magnesium (Mg”*) 1.5 mmol/L, Cl" 110 mmol/L, and acetate 34
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mmol/L, and normal saline-based 5% albumin (human serum
albumin injection 5%, Greencross, Yongin, Korea) contains al-
bumin 50 g/L, Na" 154 mmol/L and Cl" 154 mmol/L.

Patients were pre-medicated 30 min before anesthesia induc-
tion with intramuscular glycopyrrolate 0.2 mg and midazolam 2
mg. In the operating room, pulse oximetry, electrocardiogram,
and non-invasive blood pressure monitoring were applied. For
anesthetic induction, lidocaine 0.5 mg/kg, remifentanil 0.5-1
ug/kg, propofol 1.5-2 mg/kg and rocuronium 0.8 mg/kg were
administered, and for anesthetic maintenance, sevoflurane 1.5-2
vol%, and remifentanil 0.1-0.2 pg/kg/min were used to main-
tain a bispectral index (BIS) of 40-55. A 20 G radial arterial
catheter, a 14 Fr two-lumen internal jugular catheter, a urinary
catheter, and an esophageal temperature probe were inserted af-
ter anesthetic induction. Using a S/5 Avance anesthetic machine
(GE Healthcare, USA), mechanical ventilation was set at a tidal
volume of 8 ml/kg of ideal body weight (0.919 x [height in cm —
152.4] + 50 for males or 45.5 for females) at an inspiratory: expi-
ratory (I: E) ratio of 1 : 2 and a positive end-expiratory pressure
of 5 cmH,O. Respiratory rate was set at 8-12 breaths/min to
maintain end-tidal carbon dioxide tension at 35-40 mmHg. In
both the HES and albumin groups, Plasmalyte (Plasma solution
A, CJ Pharmaceutical, Korea), containing Na* 140 mmol/L, CI”
98 mmol/L, K* 5 mmol/L, Mg 3 mmol/L, acetate 27 mmol/
L, and gluconate 23 mmol/L, was administered at a rate of 7-8
ml/kg/h. After abdominal exploration, 500 ml of 6% HES or 5%
albumin were infused for 2 hours (250 ml/h). Packed red blood
cells were transfused when hematocrit fell below 25%. Arterial
blood was sampled at 10 min after anesthesia induction (T1; be-
fore the start of HES or albumin administration), 2 hours after
starting surgery (T2; after completing HES or albumin adminis-
tration), at the end of surgery (T3), and 1 hour after arriving in a
postanesthetic care unit (T4). Arterial blood gas analysis (GEM
Premier 3000, Instrumentation Laboratory, USA) included pH,
arterial partial pressures of oxygen (PaO,) and carbon dioxide
(PaCO,), BE, and HCO, . Concentrations of serum albumin
(determined by colorimetry using bromocresol complex), Na®,
K, Mg™, Ca”, CI” (determined using ion selective electrodes),
phosphate (P~; ultraviolet photometry of a phosphomolybdate
complex), hemoglobin, hematocrit, prothrombin time (PT), ac-
tivated partial thromboplastin time (aPTT), and platelet counts
were measured.

The negative charges displayed by inorganic phosphate (Pi’)
and serum albumin (Alb"), A;qp effective SID (SIDe), SIDa,
strong ion gap (SIG), and anion gap (AG) were calculated using
the following equations:

i. Alb" (mmol/L) = serum albumin concentration (g/L) x

(0.123 x pH — 0.631)
ii. Pi" (mmol/L) =P x (0.309 x pH — 0.469)
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iii. Agop (mmol/L) = Alb™ + Pi”

iv. SIDa (mmol/L) = Na" + K"+ Mg®* + Ca® — Cl” - lactate”

v. SIDe (mmol/L) = HCO; + Alb™ + Pi, SIG (mmol/L) =
SIDa — SIDe

Vi. AG pereq (mmol/L) =Na* + K" — CI" - HCO;~

Vii. AG greced (MMOI/L) = AG perveq + 0.25 X (42 [g/L] — ob-
served albumin concentration [g/L]).

Statistical analysis was performed using PASW Statistics for
Windows, ver. 18.0 (SPSS Inc., USA). Based on the results of
a previous study [8], which reported a mean AG,,,.«q (Stan-
dard deviation) of 17.0 (3.2) after administering normal saline
based 5% albumin, 19 patients were needed per group to detect
an intergroup AG, . difference of 20% with an a-error of

Table 1. Patient Characteristics and Intraoperative Data

Kwak et al.

0.05 and a B-error of 0.8. To account for possible drop out, 20
patients were enrolled per group. The Kolmogorov-Smirnov
test was used to assess the normalities of continuous variable
distributions. Normally distributed parametric data are pre-
sented as mean * SD, and skewed data as median [interquartile
ranges]. Parametric data were analyzed using student’s t test
and non-parametric data using the Mann-Whitney U test to
examine intergroup differences. Categorical data were analyzed
with the chi-square test or Fisher’s exact test. ANOVA and Kru-
skal-Wallis test were used to analyze intergroup difference over
time for parametric and non-parametric data, respectively. Sta-
tistical significance was accepted for P values < 0.05.

HES group (n = 20) Albumin group (n = 20) P value

Age (yr) 553+133 553+ 10.5 1.000
Gender (M/F) 11/9 14/6 0.327
Weight (kg) 64.9 +12.5 621+11.7 0.476
Height (cm) 162.2+9.3 164.0 £ 6.7 0.476
Past medical history (n)

Diabetes mellitus 2 4 0.376

Hypertension 5 3 0.429
Operation time (min) 274+ 118 266 + 119 0.832
Anesthesia time (min) 308 + 122 299 + 117 0.818
Intraoperative infused crystalloid (ml) 1800 [1225-2875] 1550 [1025-2150] 0.414
Estimated blood loss (ml) 500 [363-500] 400 [163-638] 0.134
Intraoperative urine output (ml/kg/h) 1.7+13 1.4+0.8 0.429

Results are presented as mean + SD, medians [interquartile ranges], or numbers of patients. HES: patients underwent intraoperative infusion of 500
ml of 6% hydroxyethyl starch during surgery, Albumin: patients underwent intraoperative infusion of 500 ml of 5% albumin during surgery.

Table 2. Changes in Hemodynamic Variables and Body Temperature during Major Abdominal Surgery

T1 T3 T4

MAP (mmHg)

HES 88.1 £15.6 85.7+12.9 82.8+12.6 90.5+12.6

Albumin 91.7+ 124 80.1+9.4 80.5 +20.4 90.7 + 12.7
HR (beats/min)

HES 72.5+17.0 719 + 14.7 72.0 + 14.7 81.5+ 14.5

Albumin 72.4+21.6 69.8 +13.2 72.6 +12.1 77.0+£11.3
CVP (mmHg)

HES 9.0+24 9.3+£3.0 10.0 £ 3.8 9.0+2.6

Albumin 84+3.0 93+£28 84+21
BT (°C)

HES 36.1 £ 0.6 355+0.7 355+0.7 36.0 £ 0.7

Albumin 359+0.5 35.1+0.8 35.0+ 1.0 359+0.8

Results are presented as mean + SD. HES: patients underwent intraoperative infusion of 500 ml of 6% hydroxyethyl starch during surgery. Albumin:
patients underwent intraoperative infusion of 500 ml of 5% albumin during surgery. T1: 10 min after induction of anesthesia (before the start of HES
or albumin administration), T2: 2 hours after starting surgery (after completing HES or albumin administration), T3: immediately after surgery, T4: 1
hour after arriving at a postanesthetic care unit. MAP: mean arterial pressure, HR: heart rate, CVP: central venous pressure, BT: body temperature.
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Results

No significant intergroup difference was observed between
patient characteristics or intraoperative data in the HES and
albumin groups (Table 1) or between group hemodynamic vari-
ables or body temperatures (Table 2). Furthermore, estimated
blood loss, pre- and postoperative hemoglobin/hematocrit,
platelet counts, and PT and aPTT values were similar in the two
groups. No patient required transfusion of blood components.

Measured variables from arterial blood gas and laboratory
analyses are summarized in Table 3. With the exception of se-
rum albumin, no intergroup difference was observed for any
variable at any time point. Serum albumin concentrations were
significantly higher in the albumin group than in the HES group
at T2, T3, and T4 (all P values < 0.001). In the HES group, K"
was lower at T4 (P = 0.015) and base deficits were lower at T4

Table 3. Arterial Blood Gas Analysis and Laboratory Blood Test Results

VOL.71,NO. 6, DECEMBER 2018

than at T1 (P = 0.019). In the albumin group, Ca’" was lower at
T3 and T4 (P = 0.001 and 0.032, respectively), HCO, was lower
at T4 (P = 0.048), and base deficits were lower at T2, T3 and T4
than at T1 (P = 0.024, < 0.001, < 0.001, respectively). In both
groups, albumin was significantly lower at T2, T3 and T4 than at
T1 (all P values < 0.001 in the HES group and P < 0.001, < 0.001
and 0.004, respectively, in the albumin group) and lactate was
lower at T4 than at T1 (P = 0.001 in the HES group and P = 0.011
in the albumin group).

Observed acid/base changes during the surgery are summa-
rized in Fig. 1. Changes in pH, PaCO,, SIDa, and A over time
were significant (all P values < 0.001), but no intergroup differ-
ence over time was observed for pH, PaCO,, SIDa, or Aq; (P =
0.090, 0.537, 0.756 and 0.091, respectively). Arterial pH was sig-
nificantly higher in the HES group than in the albumin group at
T3 (P = 0.043), and arterial pH decreased significantly at T3 and

T1 T2 T3 T4

Na' (mmol/L)

HES 139.6 + 2.1 1385+2.9 138.7 £2.3 138.1+2.5

Albumin 139.0 £2.5 139.6 2.2 139.4+ 1.7 139.0 £2.0
CI” (mmol/L)

HES 103.9 £ 2.6 106.7 + 4.9 105.6 + 3.4 104.5+3.7

Albumin 1032 +2.4 106.7 +3.2 106.2 + 2.0 104.9 +1.7
K" (mmol/L)

HES 40+03 3.8+0.3 3.8+04 3.6+05"

Albumin 41+04 3.8+0.5 3.9+0.4 3.9+0.4
Mg** (mmol/L)

HES 0.44 + 0.07 0.44 + 0.07 0.41 + 0.06 0.42 + 0.04

Albumin 0.48 + 0.09 0.46 + 0.07 0.43 + 0.09 0.44 + 0.06
Ca’ (mmol/L)

HES 1.03 +0.17 0.99 + 0.09 0.95 +0.10 1.01 +0.07

Albumin 1.08 + 0.08 1.02 + 0.09 0.96+0.10" 0.99+0.10"
P (mg/dl)

HES 3.36 + 0.58 2.96 +0.71 3.11+0.65 3.14+0.77

Albumin 3.55 + 0.55 3.23+0.71 3.48 +0.62 3.28 £0.55
Albumin (g/L)

HES 39.8 £+ 4.6 28.1+4.6" 26.8+3.64" 29.0+4.2"

Albumin 40.7 + 4.6 334 +35%" 32.7 £3.0%1 36.4 +3.7%1
HCO; (mmol/L)

HES 212+24 21.0+2.0 204 +2.1 19.8+2.4

Albumin 20.8 +2.1 202+1.7 19.7+1.3 192+20"
Base deficits (mmol/L)

HES ~1.61+2.48 -2.71+231 ~3.49 +2.66 —4.01+2517

Albumin —-2.01 £2.30 -3.67+1.78" —455+1.13" —-5.01 +1.68"
Lactate (mmol/L)

HES 0.63 + 0.32 0.87 +0.43 1.15 + 0.66 1.47 +1.08"

Albumin 0.65 + 0.29 0.81 +0.47 1.17 £ 1.12 1.55+1.26"

Results are presented as mean + SD. T1: 10 min after induction of anesthesia (before the start of HES or albumin administration), T2: 2 hours after
starting surgery (after completing HES or albumin administration), T3: immediately after surgery, T4: 1 hour after arriving at a postanesthetic care
unit. HES: intraoperative infusion of 6% hydroxyethylstarch 500 ml during operation. Albumin: intraoperative infusion of 5% albumin 50 ml during
operation. *P < 0.05, HES group vs. albumin group; 'P < 0.05 vs. T1 within the group.
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Fig. 1. Changes in acid-base status during major abdominal surgery in patients that received 6% hydroxyethyl starch (the HES group, o) or 5%
albumin (the albumin group, e). Error bars represent standard deviations. Numbers in the parenthesis are standard deviations. T1: 10 min after
induction of anesthesia (before the start of HES or albumin administration), T2: 2 hours after starting surgery (after completing HES or albumin
administration), T3: immediately after surgery, T4: 1 hour after arriving at a postanesthetic care unit. *P < 0.05, HES group vs. the albumin group; 'P
<0.05vs. T1.

Table 4. Changes in Unmeasured Anions during Major Abdominal Surgery

T1 T2 T3 T4

AG pervea (mmol/L)

HES 18.6 £3.0 147 +3.6" 16.5+2.1 174+ 3.1

Albumin 19.2+22 164+26" 17.4+2.4 18.8 +2.4
AG_1ecied (mmol/L)

HES 19.7 £3.4 179+ 3.4 204+24 209+3.0

Albumin 20.0 +2.7 18.7+2.0 19.4+25 20.0+2.7
Strong ion gap (mmol/L)

HES 2.3[0.6-5.6] 1.6 [1.1-4.6] 2.9 [1.4-6.4] 4.5[0.5-7.1]

Albumin 1.7 [0.1-3.2] 2.1[0.4-3.6] 2.1[0.7-3.6] 2.3 [0.6-4.4]

Results are presented as mean + SD or median [interquartile ranges]. HES: patients underwent intraoperative infusion of 500 ml of 6% hydroxyethyl
starch during surgery, Albumin: patients underwent intraoperative infusion of 500 ml of 5% albumin during surgery. T1: 10 min after induction of
anesthesia (before the start of HES or albumin administration), T2: 2 hours after starting surgery (after completing HES or albumin administration),
T3: immediately after surgery, T4: 1 hour after arriving at a postanesthetic care unit. AG j.v.q: Observed anion gap; AG & albumin-corrected anion
gap. 'P < 0.05 vs. T1 within the same group.
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T4 in the HES group (P = 0.002 and < 0.001, respectively) and
at T2, T3, and T4 in the albumin group versus T1 (P = 0.011, <
0.001 and < 0.001, respectively). PaCO, was significantly higher
at T3 than at T1 in the albumin group (P = 0.024), and SIDa was
significantly lower at T2, T3, and T4 than at T1 in both groups
(P < 0.001, 0.007 and 0.008, respectively, in the HES group and
all P values < 0.001 in the albumin group). A, was significantly
lower in the HES group than in the albumin group at T2, T3,
and T4 (P = 0.001, < 0.001 and < 0.001, respectively) and was
significantly lower at these times than at T1 in both groups (all P
< 0.001). SIDe was significantly lower in the HES group than in
the albumin group at T2, T3 and T4 (P = 0.018, 0.002 and 0.011,
respectively).

Changes in the concentrations of unmeasured anions are
AG and SIG exhibited
no significant intergroup difference over time (P = 0.725, 0.335,

summarized in Table 4. AG

observed> corrected>

and 0.297, respectively). AG,p.rveq Was significantly lower at T2
than at T1 in the HES and albumin groups (P = 0.001 and 0.002,
respectively), but AG,,,...q and SIG did not change significantly
in either group.

Discussion

In this study, though we observed statistically lower arterial
pH values at the end of surgery in the saline-based albumin
group than in the BES-based HES group, neither colloid caused
clinically significant metabolic acidosis (defined as an arterial
pH of < 7.35).

The Stewart physicochemical approach suggests that HCO,
and hydrogen ion concentrations are dependent on three inde-
pendent variables, that is, PaCO,, SID, and A, [9]. Changes
in PaCO, and/or SID lead to acute acid/base derangements,
and hypoalbuminemia is associated with increases in pH and
HCO;™ concentration [10]. Of the colloids available for fluid
resuscitation, starch and dextran have no intrinsic acidity,
whereas gelatin and albumin are weakly acidic, and thus, acid/
base derangements related to administered colloid type should
be considered. Albumin-containing colloid is less likely to dilute
serum albumin or reduce A;o; than HES. Thus, the administra-
tion of albumin presents higher risk of metabolic acidosis with
a relatively higher Ay as compared with the administration of
HES [11], which is consistent with our results. In the present
study, acid/base derangement and A, reduction were lower in
the HES group than in the albumin group.

BES contains buffers that produce bicarbonate in vivo, and
thus, reduces the risk of acidosis [12]. Earlier studies reported
BES produces a more favorable acid/base balance than normal
saline [13-15], and demonstrated higher Cl” loading achieved by
large volume infusions of normal saline might aggravate hyper-
chloremic metabolic acidosis more so than BES infusion [14,15].
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Normal saline has zero SID, which is lower than that of plasma,
and thus, induces metabolic acidosis by reducing SID and meta-
bolic alkalosis by diluting A,y [16]. In the present study, saline-
based 5% albumin caused metabolic acidosis, which concurs
with previous reports [16,17], and although the Ay, decrease
was significantly smaller in the albumin group than in the HES
group, pH decreased significantly in both groups after surgery,
which suggests that metabolic acidosis caused by a decrease in
SIDa overrides the effect of A dilutional alkalosis. In the pres-
ent study, despite significant intergroup pH and A differences,
no intergroup difference was observed for SIDa. We infused
~2000 ml of the same crystalloid (Plasmalyte) and only 500 ml
of colloids in both study groups. Differences in Cl loading and
buffer dilution by only 500 ml of colloid may have limited effects
in view of the distribution volume of colloids in adults.

A previous clinical study demonstrated that cardiopulmo-
nary bypass pump priming using 1500 ml of Plasmalyte did not
change SIDa or CI” [18]. However, in contrast to our expecta-
tions, SIDa significantly decreased at T2 versus T1 in both study
groups, possibly because we observed downward trends in Na’,
K', Mg”, and Ca®", but upward trends in CI” and lactate during
surgery. Kim et al. [13] also reported an increase in Cl” during
Plasmalyte infusion and showed a change in SIDa might result
from complex changes in the concentrations of strong ions in
plasma rather than changes in a specific ion.

In the present study, no significant group differences in AG,.
served> AG
more sensitive at detecting unmeasured anions than AG when

correcteds OF SIG were observed at any time point. SIG is
serum albumin and phosphate concentrations fluctuate, because
anionic albumin and phosphate concentrations are included in
its calculation [19]. In patients with hypoalbuminemia, albumin-
corrected AG, but not AG.....> has been reported to be a good
estimator of unmeasured anions [20,21]. Nevertheless, AG_.c.cq
also provides a better approximation of acid-base status than
SIG, because it does not count ions such as Mg™*, Ca™", lactate”,
and Pi” [22]. In view of the lack of data regarding the correlation
among AG p.ervetr AGeorrecier aNd SIG during surgeries, clinical
data from large cohort might help identify correlations between
AG and SIG.

The present study has some limitations that warrant consid-

intraoperative AG

observed> corrected?

eration. First, we did not consider the effects of bowel clearing
agents. Only patients with preoperative serum creatinine and
electrolyte levels in the normal range were included and those
that took diuretics or laxatives were excluded. Although preop-
erative bowel preparation per se causes electrolyte abnormalities,
we used polyethylene glycol, which is a nonabsorbable osmotic
agent known to be safe even in patients with renal insufficiency
that does not draw water osmotically into colon lumen like sodi-
um phosphate solution [23]. Second, we limited colloid volume
to 500 ml, which means infused colloid volume was < 1 ml/kg.
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Previous comparative clinical studies on the effects of different
colloids on acid/base changes used 1,000-4,000 ml of colloids
and observed remarkable differences [3,4,24]. We suggest fur-
ther studies be conducted to determine volumes that minimize
acid/base changes. Third, we adjusted respiratory rate according
to end-tidal carbon dioxide tension but observed a significant
change in PaCO, in the albumin group. Accordingly, strict
control of PaCO, rather than end-tidal carbon dioxide tension
may be necessary to enable the proper interpretation of arterial
blood gases or estimate the metabolic component of acid-base
imbalances. Lastly, although calculated using AG,,, s> the sam-
ple size of the present study was too small to elucidate acid-base
changes in patients receiving much larger volume of colloids.
Further larger-scale study might be needed to enable general-
izations of results with greater precision and power. In addition,
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saline-based 5% albumin infusion, but neither colloid caused
clinically significant metabolic acidosis.
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