INFUSION FLUIDS: WHY SHOULD THEY BE
BALANCED SOLUTIONS?
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What is normal about a ‘normal’ solution? In this article, the author makes the case for a better
description of infusion fluids and their composition.

n 1970, a multiple electrolyte

solution with physiological con-

centrations of ions isotonic with

plasma was defined as balanced

and, therefore, ‘normal’ 0.9%
salt solution described as neither
‘normal’ nor physiological [1]. In 2000,
there was a call for a new crystalloid
infusion fluid, containing additional
sodium bicarbonate [2]. In 2003, Reid et
al. warned clinicians to be aware of the
shortcomings of (ab)normal saline and
Hartmann’s solution [3].

The 2006 definition of a ‘normal’ infu-
sion fluid could be [4]: a balanced solu-
tion having the physiological electrolyte
pattern of plasma in terms of Na, K, Ca,
Mg and Cl, and their relative contribu-
tion towards osmolality, and achieving a
normal acid-base balance with bicarbo-
nate (HCO;) or metabolisable anions.

A major benefit for the physician is that
infusion of such a balanced solution is
devoid of the risk of iatrogenic disrup-
tions in the electrolyte and acid-base
status including osmolality.

\olume versus fluid
replacement: the two aspects

of fluid therapy

For decades, inadequate knowledge of the
composition of intravenous (IV) fluids has
caused substantial problems in fluid thera-
py resulting from clinicians’ failure to dif-
ferentiate between volume and fluid
replacement. Volume replacement aims to
replace the intravascular fluid volume loss
with an essentially physiological solution,
i.e. both iso-oncotic and isotonic. Fluid
replacement, on the other hand, aims to
compensate for an extracellular fluid
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volume deficit by infusing with an isotonic
solution. Electrolyte replacement or
osmotherapy has to restore a normal total
body fluid volume (intra- plus extracellu-
lar). The composition and use of IV fluids
should only be dictated by the targeted fluid
space, without differentiating between
replacement and maintenance fluids [5].

What should go into a

balanced solution?

The electrolyte pattern of plasma should
mimic as closely as possible all cations and
anions including HCO; (or metabolisable
anions in lieu of HCOy).

Therefore, the -electrolytes (mmol/L)
should amount to Na 142 +4, K 4.5 + 0.5,
Ca 2.5 and Mg 1.25. Ideally, a balanced
solution has a Cl of 103 = 3 mmol/L, but
this is difficult to achieve in practice.

This is strictly in contrast with the Na and CI
in 154 mmol/L of ‘normal’ saline (0.9 g/dL),
where both are much too high. Ringer’s lac-
tate solution contains too little Na (130
mmol/L) and too much CI (112 mmol/L).

There are several arguments against infus-
ing a solution containing too much chlo-
ride. An increase by 12 in the plasma Cl
concentration (not the Na), bringing it to
115 mmol/L leads to an increase in renal
vascular resistance by as much as 35%, a
decrease in glomerular filtration rate by
20%, and a drop in blood pressure as a
result of a decrease in plasma renin activity
[4]. As shown in volunteers after infusion
of 2 L of normal saline, the suppression
of the renin-aldosterone system to 60%
for two days is caused by a ‘harmful’
hyperchloraemia of 108 mmol/L [6].
Under clinical conditions this hyperchlo-

raemia is meaningful or significant: infu-
sion of 4-6 L normal saline within two to
three hours increases the chloride concen-
tration to 115 or 116 mmol/L [7, 8].

Dilution acidosis

In contrast to fluids for dialysis and
haemofiltration, IV fluids worldwide do not
contain the physiological buffer base
HCO;. They produce dilution acidosis
because the HCO; content of the entire
extracellular space is diluted (reduced),
while the partial pressure of CO, (buffer
acid) remains constant.

Dilution acidosis was first described in
dogs in 1948 after infusion of 0.9% NaCl
[9], and again in 1966 after infusion of 5%
dextrose or 5% mannitol solution [10].
Obviously, this acidosis was solely because
of HCO; dilution, rather than chloride
delivery. This can also be predicted, i.e. an
acidosis without hyperchloraemia [11]. The
classical description ‘hyperchloraemic aci-
dosis’ [referred to in 5, 12] is correct only
for dilution commonly caused by normal
saline. Logically, a strong relationship
between hyperchloraemia and base deficit
can be shown [13]. Under clinical condi-
tions, dilution acidosis can also be demon-
strated: infusion of 4-6 L of normal saline
within two to three hours decreases the
HCO; concentration caused by dilution
(29-35%) of the extracellular fluid volume
from 24 down to 17-21 mmol/L [7, 8], cor-
responding to base excess values of minus
7-9 mmol/L.

In summary, dilution acidosis is an iatro-
genic disruption brought on by HCO; dilu-
tion in the extracellular space, which
may be associated with hyper- or hypo-
chloraemia [11].
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Metabolisable anions

Dilution acidosis can be prevented by the
use of adequate amounts of metabolisable
anions to replace HCO;. The following
anions of organic acids are used: acetate,
lactate, gluconate, malate and citrate.
Consuming H ions and oxygen in the
process, these anions are metabolised in the
intact liver (mainly lactate) or in muscle
(mainly acetate and malate) to produce
HCO;. For every mole of acetate, glu-
conate or lactate oxidised, one mole of
HCO; is produced, while for every mole of
malate or citrate oxidised, 2 or 3 moles of
HCO; are produced, respectively.

The alkalising effect of acetate was first
described in 1910 in the treatment of
cholera, and first used in haemodialysis in
1964. Lactate has been the most popular
metabolisable anion in a wide variety
of infusion fluids, in particular Ringer’s
lactate (Hartmann’s) solution.

A number of considerations argue against
the use of lactate, especially in patients with
pre-existing elevated plasma lactate levels
(lactic acidosis). Lactic acidosis is a mani-
festation of disproportionate tissue lactate
formation in relation to impaired hepatic
lactate metabolism. In such patients,
Ringer’s lactate solution will invariably
exacerbate pre--existing acidosis by pro-
ducing dilution acidosis, and preclude the
diagnostic use of lactate as an important
marker of hypoxia.

Plasma lactate has a similar high predictive
power to base excess for mortality in
patients with various forms of shock: sub-
sequent mortality is approximately 50% if
plasma lactate exceeds 5 to 8 mmol/L in the
first 24 to 48 hours of shock [4].

Apparently, many physicians are not aware
that the use of lactate-containing infusion
fluids such as Ringer’s lactate, and the diag-
nostic use of lactate as a marker of hypoxia
are mutually exclusive. It is medical non-
sense to infuse up to 50 L of Ringer’s lactate
within 24 hours [4] and at the same time
attempt to establish a correlation between
lactate and oxygen deficiency.

In Europe, the special problem of D-lactic
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acidosis is not observed because only phys-
iological L-lactate is used, whereas racemic
lactate (D and L) is used in the US [4].

The effects of malate are less well docu-
mented than those of acetate. Compared
with HCOs, lactate or acetate, the alkalis-
ing effect of gluconate is almost zero.
Citrate is another metabolisable anion
because it has a substantial alkalising effect
(trivalent) and is metabolised in practically
all organs, especially in the liver.

The osmolality (milliosmol/kg
H,O) and osmolarity
(milliosmol/L)

The osmotic activity of an infusion fluid is
described in terms of its osmolality or
osmolarity. A balanced infusion fluid is iso-
tonic if it has the same actual osmolality as
plasma (288 =+ 5
mosmol’kg H,0) or
the same theoretical
osmolarity of a
physiological (iso-
tonic) NaCl solution
of 308 mosmol/L.
What counts is the
osmolality that is
effective in vivo
rather than that
measured in vitro.
Dextrose 5% in
water is clearly iso-
tonic in vitro, but its in vivo effect is that of
pure water because glucose rapidly enters
the intracellular space to be metabolised.

The theoretical osmolarity of a solution is
obtained by the addition of all osmotically
active molecules relative to 1 L of solution.
These data can be used to calculate the
actual (real) osmolality of the solution
based on the osmotic coefficients (NaCl
0.926, i.e. only 93% of NaCl is osmotically
active) and the water content (plasma
94%), but now relative to 1 kg of the sol-
vent water. Actual osmolality can also be
determined from freezing-point depression.

By pure chance, the actual osmolality of
plasma (288 mosmol/kg H,0) is practical-
ly identical to the theoretical osmolarity
(291 mosmol/L) calculated from its analyt-
ical composition.
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Infusion of
larger volumes

of hypotonic
solutions should
be avoided.

Normal saline, however, has a theoreti-
cal osmolarity of 308 mosmol/L (154 Na
+154 Cl) and its osmolality is 286
mosmol/kg H,O (osmotic coefficient
93%, water content = 100%).

Hypotonic infusion fluids and
intracranial pressure

Infusion of a hypotonic solution may
drive water into the intracellular space of
all organs. Typical examples include
Ringer’s lactate or Ringer’s acetate (276
instead of 308 mosmol/L or 256 instead
of 288 mosmol/kg H,0). The skull is
rigid and contains three incompressible
fluid compartments, two of which,
intravascular fluid volume (blood) and
cerebro-spinal fluid, can be partially
shifted outside the skull. Any volume
change in the brain, e.g. from cerebral
oedema, intracerebral
haemorrhage or sub-
dural haematoma,
invariably results in
an identical volume
change in blood or
cerebro-spinal fluid.
Larger volumes of
Ringer’s lactate solu-
tion have long been
known to produce a
transient  rise  in
intracranial pressure,
less pronounced than that observed after
infusion of larger volumes of dextrose
5% in water. Therefore, infusion of
larger volumes of hypotonic solutions
should be avoided, especially in the pres-
ence of space-occupying intracranial
lesions or processes (e.g. intra-cerebral
haemorrhage, subdural haematoma).
Ringer’s lactate or Ringer’s acetate are
neither ‘isotonic’ [5] nor ‘balanced’ [13]
because they are hypotonic.

Effects of infusion fluids on a
patient’s acid-base balance

Since 1990, four clinical trials enrolling
about 8,000 patients with multiple
injuries have demonstrated that base
excess (BE, mmol/L) on admission, is
indeed the best prognostic indicator for
mortality [4 (Figure 4)]. As a conse-
quence, the product label, showing the
composition of any infusion solution,
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must alert the treating physician to the
potential effects of the infusion fluid on a
patient’s acid-base balance.

The following parameters are available:
titration acidity, BE and BEpot.

Titration acidity (mmol/L), while manda-
tory for inclusion in the product label, is
practically useless in this regard.

The BE, defined in analogy to blood, indi-
cates the amount of HCO; needed to bring
the pH of the (acid) solution to the normal
pH of 7.4. The BEpot (mmol/L) indicates
the amount of HCO;
that can potentially be
released in the body
after infusion and
metabolism of anions.
This value is obtained
by adding BE (with a
negative sign) in mmol/L
to the sum of metabolis-

able anions, taking
account of their valency.
The BEpot, recom-

mended for infusion solutions in 1993
[14], is actually accepted for labelling
crystalloid and colloid solutions by
pharmaceutical companies in Germany

[4].

Another attempt to define the acid-base
status of a patient, namely by the strong
ion difference with its normal value of
“around 40 mmol/L” [13] is limited.
Under clinical conditions, the normal BE
of 0 = 1 mmol/L may be calculated from
all measured values to 0 £ 2.2 mmol/L
while the strong ion difference is calculat-
ed according to all measured values to 42
+ 5.0 mmol/L [15]. Predicted mortality,
however, increases by about 8% when BE
is decreased by only 2 mmol/L, while a
decrease of strong ion difference by 5
mmol/L corresponds to an increase in mor-
tality of about 20%. Therefore, using pres-
ent standard technology, only BE is accept-
able as a prognostic value for mortality as
well as labelling of an infusion solution.

What does a BEpot of 0 mmol/L
mean for the patient?
Any infusion fluid that does not contain the
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Ringer’s lactate
or Ringer’s
acetate are

neither ‘isotonic’

nor ‘balanced’.

buffer base HCO; will invariably produce
dilution acidosis when administered to a
patient.

Example: a solution contains 24 mmol/L
of acetate which releases 24 mmol/L of
HCO;. The BE of this solution is thus -24
mmol/L after infusion alone. However,
because acetate is rapidly metabolised in
muscle and liver, the BEpot is 0 mmol/L.
Now, after infusion plus metabolism of the
anion, this solution has no effect on the
patient’s acid-base balance and, therefore,
can cause neither acidosis nor alkalosis.

Conclusion

An IV fluid opti-

mally balanced for

use as either a col-

loid isotonic, iso-

oncotic  solution

for intravascular

volume replace-

ment or a crystal-

loid isotonic solu-

tion for extracellu-

lar fluid replace-

ment confers the following benefits:

* The same balanced solution could be used
for both fluid and volume replacement

e Other than volume overload, infusion
of such a balanced solution would be
devoid of any iatrogenic electrolyte
imbalances; there is no risk of hyper-
chloraemia of the extracellular space
with its attendant renal vasoconstric-
tion, reduced diuresis, over-hydration
and weight gain

« After infusion and anion metabolism, a
solution with a BEpot of 0 mmol/L has
no effect on the patient’s acid-base bal-
ance: neither acidosis nor alkalosis

* Acetate has many advantages, especial-
ly over lactate, which should no longer
be used

* A strictly isotonic solution rules out the
risk of development of cerebral oedema.

Author

Professor Rolf Zander, MD, PhD

Institut fiir Physiologie und Pathophysiologie
Universitidt Mainz

6 Duesbergweg

D-55128 Mainz, Germany

Tel: +49 6131 39 25930

zander@uni-mainz.de
www.physiologie.uni-mainz.de
www.physioklin.de

References

1. Wakim KG. “Normal” 0.9 per cent salt solution
is neither “normal” nor physiological. JAMA
1970;214:1710.

2. Dorje P, Adhikary G, Tempe DK. Avoiding iatro-
genic hyperchloremic acidosis - call for a new
crystalloid fluid. Anesthesiology 2000; 92:625-
6.

3. Reid F, Lobo DN, Williams RN et al. (Ab)nor-
mal saline and physiological Hartmann’s solu-
tion: a randomized double-blind crossover study.
Clin Sci (Lond) 2003;104:17-24.

4. Zander R. Fluid management. Bibliomed,
Melsungen (Germany) 2006. www.physioklin.
de/ images/stories/pdf/literatur/Z/fluidmanage-
ment060728 pdf (accessed 6 November 2006).

5. Allison SP. Current issues in infusion therapy.
Eur J Hosp Pharm Pract 2005;11(2):46-7.

6. Drummer C, Gerzer R, Heer M et al. Effects of
an acute saline infusion in fluid and electrolyte
metabolism in humans. Am J Physiol 1992;
262:F744-F54.

7. Bruegger D, Jacob M, Scheingraber S et al.
Changes in acid-base balance following bolus
infusion of 20% albumin solution in humans.
Intensive Care Med 2005;31:1123-7.

8. Wilkes NJ, Woolf R, Mutch M et al. The effects
of balanced versus saline-based hetastarch and
crystalloid solutions on acid-base and electrolyte
status and gastric mucosal perfusion in elderly
surgical patients. Anesth Analg 2001;93:811-6.

9. Shires GT, Holman J. Dilution acidosis. Ann
Intern Med 1948;28:557-9.

10. Asano S, Kato E, Yamauchi M et al. The mecha-
nism of the acidosis caused by infusion of saline
solution. Lancet 1966;1:1245-6.

11. Lang W, Zander R. Prediction of dilutional aci-
dosis based on the revised classical dilution
concept for bicarbonate. J Appl Physiol 2005;
98:62-71.

12. Lobo DN. Perioperative parenteral fluids. Eur J
Hosp Pharm Pract 2005;11(2): 48-9.

13. Stephens R, Mythen M. Optimizing intraopera-
tive fluid therapy. Curr Opin Anaesthesiol
2003;16:385-92.

14. Zander R. Physiologie und Klinik des extrazel-
luldren Bikarbonat-Pools: Pladoyer fiir einen
bewulten Umgang mit HCO3. Infusionsther
Transfusionsmed 1993;20:217-35.

15. Zander R, Lang W. Base excess and strong
ion difference: clinical limitations related to
inaccuracy (letter). Anesthesiology 2004;
100:459-60.

www.ejhp.org



