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Abstract

Background: This double-blind randomised controlled trial investigated whether normal saline or a balanced crystalloid

has distinct effects on vasopressor use in patients undergoing major abdominal surgery.

Methods: Patients received either normal saline 0.9% or an acetate-buffered crystalloid for intraoperative volume

replacement in a goal-directed fashion. The primary outcome was need for vasopressors; the secondary outcomes were

the total dose of catecholamines, total perioperative fluid, and unplanned intensive care admissions.

Results: This study was terminated early for safety reasons. A total of 60 out of the planned 240 patients were ran-

domized. Thirty patients received normal saline and 30 patients received the balanced crystalloid, with a total volume of

3427 (2732e4130) ml and 3144 (1673e4926), respectively. The normal-saline group developed hyperchloraemic metabolic

acidosis. More patients needed vasopressors for circulatory support in the normal-saline group compared with the

buffered crystalloid group (97% vs 67%, respectively; P¼0.033). The median weight and anaesthesia duration-adjusted

dose of norepinephrine were 0.11 (0.00e0.45) ng kg�1 min�1 and 0.00 (0.00e0.00) kg�1 min�1 in the normal-saline and

balanced-crystalloid groups, respectively (P¼0.003). Cox regression revealed that the need for vasopressors was related to

a high volume of administered fluid, normal-saline resuscitation, and lower mean arterial blood pressure. There was no

difference between the groups in total perioperative fluid and unplanned intensive-care-unit admissions. Between-group

differences in the duration of anaesthesia did not influence the necessity for a vasopressor.
Editorial decision: August 31, 2017; Accepted: August 31, 2017

© 2017 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.

For Permissions, please email: permissions@elsevier.com

274

mailto:cpfortmueller@gmail.com
https://doi.org/10.1016/j.bja.2017.11.089
mailto:permissions@elsevier.com
https://doi.org/10.1016/j.bja.2017.11.088


Normal saline versus a balanced crystalloid - 275
Conclusions: Compared with patients receiving a balanced crystalloid, normal saline in patients undergoing major

abdominal surgery was associated with an increased need for vasopressor support. This should be interpreted in view of

the large volume of fluid resuscitation and the small sample size because of the preliminary termination of the study.

Clinical trial registration: EudraCT 2014-004867-19, NCT 02414555.

Keywords: fluid therapy; haemodynamics; surgical procedures; operative
Editor’s key points

� The association of goal-directed fluid therapy with

normal saline or a balanced crystalloid with perioper-

ative vasopressor requirements is unclear.

� The findings suggest that 0.9% saline resuscitation is

associated with a higher need for vasopressor therapy

than a balanced crystalloid.

� This association should be interpreted with caution

because of the relatively high volume of fluid resusci-

tation and the small sample size because of preliminary

termination based on the metabolic acidosis rates in

the saline group.

Infusion solutions are amongst the most frequently adminis-

tered medications in hospitalized patients.1 In recent years,

there have been many changes in the field of perioperative

fluid therapy, and more attention has been drawn to the un-

wanted side-effects of colloidal and crystalloid solutions.1 The

increasing doubt about the safety and efficiency of colloid

solutes in patients undergoing major surgery2e4 has led to the

increased use of crystalloid solutes.5e7

Normal saline 0.9% is currently amongst the most

commonly used crystalloids in clinical practice, and is the

most frequent choice for volume replacement.8e13 Despite its

name, the composition of normal saline is far from physio-

logical. Both sodium and chloride concentrations in normal

saline estimate 154 mmol litre�1, thereby exceeding normal

physiological levels in the extracellular fluid.12,14,15 Normal

saline is associated with the development of metabolic

acidosis, presumably as a consequence of hyperchloraemia

and a resulting decrease in the ionic gap.11,12,14,16 Moreover,

normal saline has been linked to changes in renal function in

healthy volunteers, and blood transfusions and mortality in

patients undergoing abdominal surgery.11,12,17 In contrast to

normal saline, balanced crystalloids contain metabolisable

anions, such as lactate or acetate, which maintain electrolyte

neutrality and are less associated to metabolic acidosis, albeit

they are metabolized to bicarbonate.1,18

A recent study on patients undergoing cadaveric kidney

transplantation compared the effect of normal saline and an

acetate-buffered balanced crystalloid on early graft function.19

Patients given a balanced crystalloid for fluid resuscitation

received significantly less catecholamines for cardio-

circulatory support compared with patients receiving normal

saline.19 This led to the hypothesis that, in patients undergo-

ingmajor surgery, the need for vasopressor supportmight also

be influenced by the type of fluid used for perioperative fluid

therapy.

We, therefore, conducted a double-blind randomised

controlled trial on patients undergoing major abdominal
surgery, with the aim of clarifying whether a balanced crys-

talloid for perioperative fluid management is associated with

less need for vasopressor support to maintain haemodynamic

stability compared with normal saline.

Secondly, we investigated whether the use of a balanced

crystalloid is associated with a lower incidence of metabolic

acidosis and electrolyte disorders than with normal saline.
Methods

Study design and patient population

The study was approved by our local institutional review

board (EK1877/2014), the Ethics Committee of the Medical

University of Vienna, Austria, and registered in a clinical trial

register (NCT02414555). Written informed consent was ob-

tained from every patient included in the study.

We conducted a prospective, double-blind randomised

controlled trial comparing the effects of normal saline and an

acetate-buffered balanced-crystalloid solution on intra-

operative haemodynamic stability in patients undergoing

major abdominal surgery. The study was conducted between

March 1, 2015 and February 29, 2016 at the Department of

Anaesthesiology of the Medical University of Vienna, Austria.

The study included adult, non-pregnant patients who were

scheduled for elective major abdominal surgery with an ex-

pected surgical duration of a minimum of 2 h. Major abdom-

inal surgery included all gynaecological, urological, and

general surgical operations requiring laparotomy. The exclu-

sion criteria were as follows: severe cardiac dysfunction (left

ventricular ejection fraction below 30% diagnosed by echo-

cardiography) or chronic renal insufficiency [glomerular-

filtration rate (GFR) below 30 ml min�1], severe liver disease

or chronic inflammatory disorders requiring long-term steroid

therapy, signs of sepsis before the scheduled operation, crit-

ical illness in patients transferred from the intensive care unit

(ICU) to the operating theatre, contraindications for oesoph-

agus Doppler monitoring, and additional intraoperative

epidural anaesthesia.

The study was terminated early for safety reasons after a

discussion of the interim results with local authorities. The

study was terminated after 60 of 240 planned patients.
Primary end point of the study

The primary end point of the study was catecholamine use to

maintain the target mean arterial pressure (MAP). The sec-

ondary end points were the difference in dose of catechol-

amines required to maintain cardiovascular stability between

groups, difference in volume required to maintain cardiovas-

cular stability, and unplanned ICU transfers.
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Randomisation

Computer-based randomisation was performed using blocks

of 10 patients and sealed envelopes. At the time of transfer to

the preoperative care unit of the Department of Anaesthesi-

ology, the patients were randomized to either receive normal

saline (theoretical osmolality 308 mOsmol kg�1, potential base

excess e24 mmol litre�1, Naþ 154 mmol litre�1, Cle

154 mmol litre�1) or a chloride-reduced acetate-buffered

balanced crystalloid (Elomel Isoton; Fresenius Kabi Austria

GmbH, Graz, Austria; theoretical osmolality 302 mOsmol kg�1,

potential base excess 0 mmol litre�1, Naþ 140 mmol litre�1, Cle

108 mmol litre�1, Kþ 5 mmol litre�1, Caþþ 2.5 mmol litre�1,

Mgþþ 1.5 mmol litre�1, and acetate 45 mmol litre�1). No i.v.

fluid was administered prior to this point. The blinded infu-

sion fluid was given to the anaesthesiologist before the in-

duction of anaesthesia.
Study conduct and anaesthesia

The patients included in the study received standard moni-

toring for major abdominal surgery (oxygen saturation, heart

rate, invasive arterial blood pressure, electrocardiography,

temperature, urine output, Narcotrend index, train-of-four

monitoring, and central venous pressure).

The anaesthetic management was standardized. Propofol

2e3 mg kg�1, rocuronium 0.6 mg kg�1, and fentanyl

2e3 mg kg�1 were used for induction. Anaesthesia was subse-

quently maintained with sevoflurane. The fractional inspira-

tory oxygen concentration was regulated according to clinical

requirements. The sevoflurane administration was adjusted

by the attending anaesthesiologists in accordance with the

Narcotrend index. Additional fentanyl was administered ac-

cording to the patient’s requirements. Further, a neuromus-

cular blocking agent was given as necessary tomaintain one to

two mechanical twitches in response to supramaximal stim-

ulation (train-of-four stimulation) of the ulnar nerve at the

wrist. Ventilation was mechanically controlled to maintain

end-tidal carbon-dioxide pressure near 35 mm Hg. The tidal

volume was set between 8 and 10 ml kg�1 lean body weight, in

order to keep the peak inspiratory pressure below 30 mm Hg,

and a positive end expiratory pressure of 5 mm Hg or higher

was administered according to the patient’s requirements.

The temperature was monitored, and normothermia (core

temperature >36�C) was maintained with forced-air warming.

During surgery, arterial blood gas samples were obtained at

least hourly.
Haemodynamic management

The patients received either isotonic saline or Elomel Isoton,

depending on randomization. The patients received an infu-

sion rate of 2 ml kg�1 ideal body weight per hour as the base-

line rate. When the viscera were exposed, the infusion rate for

patients during surgery was set at 5 ml kg�1 ideal body weight

per hour. The ideal bodyweight for fluidmaintenance rate was

calculated according to Robinson’s formula:

Men: ideal body weight (in kilograms)¼52 kgþ1.9 kg for
every 2.5 cm over 150 cm

Women: ideal body weight (in kilograms)¼49 kgþ1.7 kg for
every 2.5 cm over 150 cm
The designated target MAP was set according to preopera-

tive values measured a day before the surgery on the surgical

ward. The patients were divided into normotensive patients,

with a systolic blood pressure (SBP) between 120 and 139 mm

Hg or a diastolic blood pressure (DBP) between 80 and 89 mm

Hg, and hypertensive patients with an SBP >140 mm Hg or a

DBP higher than 90 mm Hg, as laid down by the World Health

Organization.20 Patients with an SBP lower than 120 were

defined as ‘hypotensive’. The intraoperative target MAP was

set as follows: hypotensive group 60 mm Hg, normotensive

group 70 mm Hg, and hypertensive group 80 mm Hg. If a pa-

tient fell below the designated target MAP, fluid therapy or

vasopressor therapy was started according to a predefined

algorithm for fluid resuscitation/vasopressor therapy, as

described as follows.

For goal-directed fluid administration, oesophageal

Doppler monitoring (CardioQ; Deltex Medical, Chichester, UK)

was based on an algorithm recently published by the Anes-

thesia Working Group of the Enhanced Recovery after Surgery

Society.21 The haemodynamic parameters were continuously

assessed during surgery.

Haemodynamic management was as follows: if the pa-

tient’s MAP fell below the designated target MAP, stroke vol-

ume (SV) responsiveness was assessed by a volume challenge

of 250 ml (fluid bolus). If there was a >10% increase in SV, but

MAP was still below the designated target MAP, further fluid

trials of 250ml eachwere performed, up to the point where the

patient no longer responded with a >10% increase in SV after

the fluid bolus, or the patient’s MAP was above the designated

target MAP. If the SV increased <10% with the fluid bolus and

the MAP was below the designated target MAP, a bolus of

phenylephrine 0.1e0.2 mg was given to achieve a blood pres-

sure above the designated target MAP. Phenylephrine was

dosed up to amaximumdose of 0.8 mg phenylephrine per hour.

If more than a total of 0.8 mg of phenylephrine in multiple

boluseswas necessarywithin 1 h, or the degree of hypotension

was likely to require more than 0.8 mg phenylephrine per hour,

continuous infusion of norepinephrinewas started at a dose of

0.01e0.02 mg kg�1 min�1 and titrated to the designated target

MAP by increments of 0.05e0.1 mg kg�1. The indication to

restart the fluid-bolus administration was a decrease in

measured SV of >10% below the SV value recorded directly

after the last fluid bolus. Norepinephrine was titrated down to

the target MAP or stopped if fluid resuscitation alone resulted

in a >10% increase in SV and the patients reached the desig-

nated target MAP.
Exit criteria

If the pH fell below 7.2, the bicarbonate fell below

14 mmol litre�1, or the base excess was below

e10 mmol litre�1, and the reaction to catecholamines was

insufficient (inability to hold target mean despite adequate

catecholamine dosage in the absence of surgical complica-

tions, such as bleeding), the study fluid was switched to the

acetate-buffered balanced crystalloid and the study was

terminated.
Sample size calculation

Sample size calculation was based upon our previous study in

patients undergoing renal transplantation using the primary

target criterion, norepinephrine necessity.19 Under the esti-

mation that 15% of the patients in the balanced group need
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norepinephrine vs 30% of the patients in the normal-saline

group, a sample size of 120 patients per group was deter-

mined (5% a level and 80% power).

The study was terminated early for safety reasons after

discussing the interim results with local authorities. There-

fore, this study included 60 patients and not 240 patients as

originally planned. After the early study termination, post hoc

power was calculated and gave 67% power for vasopressor use

and 90% power for catecholamines per kilogram body weight

per minute of anaesthesia.
Statistical analysis

Statistical analysis was performed using STATA version 13.1 SE

(StataCorp, College Station, TX, USA). Interval and ordinal

variables are presented as medians with inter-quartile ranges

(IQRs). Comparisons of interval and ordinal variables between

the saline group and the acetate-buffered balanced-crystalloid

group were performed using the ManneWhitney U test. Com-

parisons of categorical variables between the saline group and

the acetate-buffered balanced-crystalloid group were per-

formed using Fisher’s exact test. We applied the Bonferro-

nieHolm procedure to the outcome data in order to adjust for

multiple testing.22 In order to test whether the mean arterial

blood pressure and laboratory values differed between the
Assessed for el
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Fig 1. Consolidated Standards of Reporting Trials patient flow diagram
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group, we used a generalized estimating equation assuming

normal probability distribution and a first-order exponential

correlation matrix for repeated observations within one pa-

tient. In order to test for differences between the two study

groups in the incidence of vasopressor administration, we used

a log-rank test and a KaplaneMeier failure plot for visualiza-

tion. Logistic regression was used to exclude the effect of the

duration of anaesthesia on our main outcomedvasopressor

necessity. In order to test whether vasopressor use was pre-

ceded by hypotension, we used a Cox regression, including

robust standard errors, with vasopressor use as the dependent

variable, andmean arterial blood pressure and group allocation

as the time-dependent predictor variables. For all analyses, the

statistical significance was defined by a two-tailed P<0.05.
Figures were drawn using GraphPad Prism 6.07 (GraphPad

Software, La Jolla, California, USA).
Results

The study was terminated early for safety reasons after dis-

cussing the interim results with the study safety board and

local authorities.

During the study period, a total of 60 patients were ran-

domized and included in the study (see Fig. 1). Thirty patients
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Table 1 Patient data and baseline characteristics. GFR, glomerular-filtration rate

Saline Balanced solution

Count (%) Median Percentile
25

Percentile
75

Count (%) Median Percentile
25

Percentile
75

P ManneWhitney P Fisher

Sex Male 13 (43) 11 (37) 0.79
Female 17 (57) 19 (63)

Age 30 58 43 67 30 63 50 69 0.19
Height 30 171 165 175 30 170 163 175 0.8
Weight 30 71 59 85 30 72 60 80 0.78
Ideal body weight 30 63 59 70 30 63 58 71 0.98
ASA 1 11 (37) 10 (33) 0.69

2 16 (53) 16 (53)
3 3 (10) 4 (13)

Prior history of hypertension No 19 (63) 23 (77) 0.39
Yes 11 (37) 7 (23)

Preoperative creatinine (mg dl�1) 30 1.00 1.00 1.00 30 1.00 1.00 1.00 0.32
Urea (mg dl�1) 30 10.5 8.0 18.0 30 14.0 11.0 16.0 0.27
GFR (ml min�1/1.73 m2) 30 74 55 113 30 71 61 88 0.6
Type of surgery Bladder resection 0 (0) 2 (7) 0.63

Colorectal resection 5 (17) 3 (10)
Hemihepatectomy 1 (3) 0 (0)
Hysterectomy 0 (0) 1 (3)
Intestinal reconstruction 1 (3) 3 (10)
Nephrectomy 3 (10) 1 (3)
Pancreatectomy 1 (3) 1 (3)
Radical prostatectomy 2 (7) 3 (10)
Small bowel resection 1 (3) 3 (10)
Tumour debulking (colorectal) 3 (10) 2 (7)
Tumour debulking (endometrium) 2 (7) 0 (0)
Tumour debulking (ovaries) 7 (23) 7 (23)
Tumour debulking (cervical) 4 (13) 4 (13)

2
7
8

-
P
fo
rtm

u
e
ller

et
a
l.



D
a
ta

a
re

g
iv
e
n
a
s
m
e
d
ia
n
(fi
rs
t
to

th
ir
d
q
u
a
rt
il
e
),
u
n
le
ss

o
th

e
rw

is
e
in
d
ic
a
te
d
.
B
W

,
b
o
d
y
w
e
ig
h
t

S
a
li
n
e
,
n
¼
3
0

B
a
la
n
ce

d
so

lu
ti
o
n
,

n
¼
3
0

P
M
a
n
n
e
W

h
it
n
e
y

U
te
st

P
F
is
h
e
r’
s

e
x
a
ct

te
st

B
o
n
fe
rr
o
n
ie

H
o
lm

co
rr
e
ct
e
d
a
le
v
e
l

S
ig
n
ifi
ca

n
t
d
if
fe
re
n
ce

b
e
tw

e
e
n
g
ro

u
p
s

n
)

3
1
7
(2
7
5
e
3
6
9
)

2
3
4
(1
6
2
e
3
1
8
)

0
.0
0
4

0
.0
0
7
1

Y
e
s

3
4
2
7
(2
7
3
2
e
4
1
3
0
)

3
1
4
4
(1
6
7
3
e
4
9
2
6
)

0
.1
9

0
.0
1
6
7

N
o

e
si
a

1
1
.3

(9
.3
e
1
3
.6
)

1
2
.0

(9
.7
e
1
6
.0
)

0
.3
9

0
.0
5

N
o

4
0
0
(2
0
0
e
6
0
0
)

2
0
0
(5
0
e
5
0
0
)

0
.2
5

0
.0
2
5

N
o

5
(1
7
)

0
(0
)

0
.0
5
2

0
.0
1
2
5

N
o

o
rs
,
n
(%

)
2
9
(9
7
)

2
0
(6
7
)

0
.0
0
6

0
.0
0
8
3

Y
e
s

ri
n
e

8
.9
2
3
(5
.2
6
3
e
1
5
.2
0
0
)

2
.8
2
(0
.0
0
e
1
3
.2
5
)

0
.0
3
2

0
.0
1

N
o

h
ri
n
e

0
.1
1
(0
.0
0
e
0
.4
5
)

0
.0
0
(0
.0
0
e
0
.0
0
)

0
.0
0
3

0
.0
0
6
3

Y
e
s

Normal saline versus a balanced crystalloid - 279
were randomised to normal saline and 30 patients to an

acetate-buffered balanced crystalloid. The two groups were

comparable in terms of age, sex, ASA classification, prior

history of hypertension, preoperative renal function, and

type of surgery (Table 1). The mean duration of anaesthesia

was longer in the saline 0.9% group (317 min, IQR 275e369)

than in the balanced group [234 min (162e318; P¼0.004]. The

exit criteria were reached in five patients (17%) in the saline

0.9% and zero patients (0%) in the balanced-infusate group

(P¼0.052). The intraoperative characteristics are presented in

Table 2.

During surgery, patients in the saline 0.9% group received

amedian total of 3427 (IQR 2732e4130)ml of fluid vs 3144 (IQR

1673e4926) ml in the balanced-crystalloid group (P¼0.19).

Correction for duration of anaesthesia showed no difference

between the groups in the total amount of fluid received

(P¼0.39).

Significantly more patients needed vasopressors for cir-

culatory support during surgery in the group receiving

normal saline compared with the balanced-crystalloid group

(97% vs 67%; P¼0.033). The median dose of norepinephrine

adjusted for body weight and duration of anaesthesia was

0.11 (IQR 0.00e0.45) ng kg�1 min�1 in the normal-saline group

and 0.00 (IQR 0.00e0.00) ng kg�1 min�1 in the balanced group

(P¼0.003).

The logistic-regression analysis for the primary outcome

(i.e. vasopressor necessity) showed no association with

duration of anaesthesia [odds ratio (OR) 0.996; 95% confi-

dence interval 0.990e1.002; P¼0.24), but a significant associ-

ation with randomization to the saline group [OR 20.2

(2.2e188.9); P¼0.009].

The KaplaneMeier analysis showed that, with ongoing

surgery, patients in the normal-saline group needed vaso-

pressors more often than in the second group (Fig. 2;

P¼0.019). Cox analysis (Table 3) showed that the vasopressor

requirement over time was significantly affected by the

amount of fluid received, the randomization group, and the

MAP.

Themaximum chloride concentrations were higher in the

saline group [115 (108e122) vs 108 (105e108) mmol litre�1], as

were variations in chloride during surgery [7 (2e16) vs 2 (0e9)

mmol litre�1] (P<0.0001). In the regression analysis, there was

a trend towards hyperchloraemia in the normal-saline group

compared with the balanced-crystalloid group (P<0.0001).
Table 4 and Fig. 3 give an overview of the acide

base variables and electrolytes.

The base-excess minimum was lower in the normal-

saline group than with the balanced-crystalloid regimen

[e6.0 (e12 to þ4) vs 0.0 (e5 to þ3) mmol litre�1; P<0.0001].
Furthermore, the change from start of surgery to base-excess

minimum was higher in patients receiving normal saline.

Fluctuations in serum sodium and potassium were similar

between both groups (Table 4).
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Discussion

In this prospective, double-blind randomised controlled

study, we compared the effects of normal saline and an

acetate-buffered chloride-reduced crystalloid on the need for

vasopressors for cardio-circulatory support in patients un-

dergoing major abdominal surgery. After inclusion of a total

of 60 patients, the study had to be ended for safety reasons,

by the decision of the study safety board.



Fig 2. KaplaneMeier analysis of vasopressor requirements over

time (log-rank test: P¼0.0194).
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We found that normal saline for infusion in patients un-

dergoing major abdominal surgery was associated with a

significantly greater need for vasopressor support than with

an acetate-buffered chloride-reduced crystalloid. It was also

found that the absolute amount of vasoactive substances

administered was significantly higher in patients receiving

normal saline. Moreover, normal saline was associated with a

constant increase in serum chloride concentrations over time

and consequent hyperchloraemic acidosis, as expressed by a

reduction in base excess over time.

To our knowledge, this is the first prospective randomised

controlled study to investigate potential differences in hae-

modynamic stability between normal saline and a balanced-

crystalloid infusion solution. The current findings are sup-

ported by previous experimental and clinical data.

The influence of perioperative fluid choice on vasopressor

requirement was first described by Potura and colleagues.19

Their study aimed to compare normal saline to an acetate-

buffered crystalloid solute in terms of early graft dysfunction

in patients after cadaveric renal transplantation; they detected

a 50% decrease in catecholamine requirements in the

balanced-crystalloid group.19 An additional feature of our

study was profound hyperchloraemia with an associated

decrease in bicarbonate and base excess, and consecutive

profound metabolic acidosis in the normal-saline group. This

effect has also been described by other authors.11,12,14,16,23e27

Only recently, large-scale studies and a meta-analysis

showed that the use of chloride-rich infusion solutions may
Table 3 Cox-regression analysis of vasopressor
requirements

Predictor variable Hazard ratio with
95% confidence
intervals

P-value

Fluid administered
(ml min�1 of
anaesthesia time)

1.01 (1.00e1.02) 0.001

Group allocation
(1¼saline; 2¼balanced
solution)

0.44 (0.24e0.79) 0.006

Mean arterial blood
pressure (mm Hg)

0.97 (0.95e0.99) 0.027
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Fig 3. Electrolytes and acidebase changes over time.
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be associated with adverse outcomes.8,9,11 Given this evidence,

together with other recent studies on this subject,11,23,24 it

seems plausible that hyperchloraemia, induced by infusion of

normal saline, may be a direct trigger for unfavourable hae-

modynamic effects, as seen in our study.

Chloride homeostasis is mainly regulated by the kidneys,

and is closely linked to bicarbonate and acidebase regulatory

mechanisms.28,29 The effect of hyperchloraemic solutions on

the regulation of renal perfusion by plasma chloride in dogs

was first shown in the 1980s in two studies conducted by

Wilcox30 and Wilcox and Peart.31 After 30e45 min infusion of

hypertonic chloride solutions renal vasoconstriction was

detected, leading to a reduced GFR, whereas for sodium ace-

tate the opposite was true, except that there was no increase

in the renal filtration ratio.30 In their crossover study on 12

healthy volunteers, Chowdhury and colleagues17 showed that

a colloid embedded in a balanced-crystalloid solution led to

increased renal cortical tissue perfusion, whilst the same

concentration of colloid embedded in saline 0.9% did not

improve renal perfusion.30,31 They also showed that, in com-

parison with a balanced crystalloid, the administration of 2

litres of normal saline to healthy volunteers was linked to a

significant decline in renal-blood-flow velocity and renal

cortical tissue perfusion.17

Kellum and colleagues25 induced sepsis in adult rats, and

treated them with either normal saline or lactated Ringer’s
solution. Renal perfusion diminished significantly with

increasing hyperchloraemia and acidosis, and the MAP was

markedly lower in the group receiving normal saline.25 They

also found that the MAP decreased in a dose-dependent

manner in the saline 0.9% group, whilst hyperchloraemia

and acidosis simultaneously increased.25 Orbegozo and col-

leagues32 compared normal saline with lactated Ringer’s and

Plasma-Lyte in rats with experimental sepsis. With normal

saline, hyperchloraemic metabolic acidosis developed, fol-

lowed by a time-dependent decrease in cardiac index and left

ventricular stroke-work index, and lower MAP in comparison

with balanced solutes.32 This was also shown in our study:

with increasing infusion volume, the need for vasopressors

increased significantly, as did hyperchloraemic metabolic

acidosis.

Another possible explanation for our results is the occur-

rence of profound metabolic acidosis followed by rising chlo-

ride concentrations. The latter has been shown to be severely

detrimental for organ function,32e36 especially in critically ill

patients.8,23,24,37 Metabolic acidosis has been repeatedly linked

to vasodilatation34e36 and diminished cellular function in both

excitable and non-excitable tissue.33 Profound metabolic

acidosis after infusion of chloride-rich infusate in rats has

been shown to increase inducible nitric oxide synthase, and

thus, to lead to systemic vasodilatation and shock.33 It has also

been shown that metabolic acidosis has a profound impact on
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cardiac neurotransmitter function and reactivity.38,39

Furthermore, endogenous catecholamine synthesis is

decreased during acidosis.40

In our study, the duration of anaesthesia was significantly

longer in the normal-saline group. However, our primary

outcome was not associated with the duration of anaes-

thesiadas shown in the logistic-regression analysis. The

origin and significance of this finding remain elusive. How-

ever, it may be speculated that normal saline influences the

duration of surgery. When compared with balanced infusates

or colloids, it was found that the use of normal saline results in

microvascular endothelial dysfunction.41 Thus, normal saline

may cause increased tissue swelling and a more complex

surgical status. However, at the moment, this remains a

speculation; further confirmation of this effect and, if needed,

clarification of the underlying mechanisms are certainly

needed before drawing any further conclusions.

Despite the growing evidence against its use, normal saline

is still a widely used infusion solution in the perioperative

setting and in intensive care setting.8e13 Moreover, a Cochrane

Review from 2012 came to the conclusion that, although

balanced crystalloids are associated with less frequent

occurrence of hyperchloraemia and concurrent metabolic

acidosis, and were favoured by the authors of the review, the

use of conventional solutions (i.e. saline 0.9%) can be consid-

ered safe in the perioperative period.42 The exact mechanism

underlying the observed haemodynamic instability and

consequent need for vasopressor support in the present and

previous studies remains unclear. However, it is plausible that

hyperchloraemia alone (or in combination with metabolic

acidosis)das induced by infusion of chloride-rich sol-

utionsdis the direct trigger for unfavourable haemodynamic

effects. This hypothesis should be tested in future experi-

mental studies.43,44

Our study is limited by several factors: firstly, the study had

to be terminated early for safety reasons. Secondly, it was only

a single-centre study. Even though post hoc power analysis

showed 90% power for norepinephrine dose per body weight

(adjusted for the duration of anaesthesia), the post hoc power

for our primary outcome was only 67%. Thirdly, the goal-

directed therapy approach resulted in large volumes of fluid

resuscitation, with a mean volume exceeding 3 litres.

In summary, in patients undergoing major abdominal

surgery, the use of normal saline results in saline-induced

hyperchloraemia with associated metabolic acidosis, and is

associated with a dose-dependent increase in vasopressor

requirements. Additionally, the results show that, even in

patients with normal prior kidney function, the chloride load

resulting from infusion of normal saline overcomes normal

regulatory mechanisms in a time-/dose-dependent matter.
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