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Effects of various arterial infusion solutions on red
blood cells in the newborn

Jodi K Jackson, Douglas P Derleth

Abstract

Aim—To examine in vitro the effects of
brief contact with various infusion solu-
tions on red blood cells from newborn
infants, as occurs in the “waste” syringe
during routine blood sampling from um-
bilical artery catheters. The mixture of
blood and solution in the “waste” syringe
is usually reinfused into the baby. Rein-
fused red blood cells may be damaged by
the infusion solution. It is hypothesised
that an isotonic amino acid solution would
cause no red blood cell agglutination and
no more haemolysis than many commonly
used solutions.

Methods—Blood was obtained from the
placentas of 15 normal term babies.
Haemolysis was estimated by measuring
plasma (free) haemoglobin after mock
blood sampling. Agglutination was
measured semiquantitatively by direct
observation.

Results—A 0.25% normal saline solution
caused 5.4% haemolysis, significantly
more than all the other fluids tested.
There was less haemolysis with 0.25%
normal saline when there was complete
mixing of blood and solution within the
“waste” syringe. Normal saline and iso-
tonic sodium acetate solutions caused
< 0.1% haemolysis, significantly less than
all the other fluids tested. The isotonic
amino acid solution caused 0.8% haemoly-
sis, which is similar to that caused by the
remaining solutions tested. Agglutination
was seen with isotonic dextrose and with
the two isotonic amino acid solutions con-
taining cysteine.

Conclusions—Isotonic amino acid solu-
tion (without added cysteine) caused no
agglutination and the same or less haemo-
lysis than many commonly used solutions
and may offer advantages in nutrition and
fluid balance.

(Arch Dis Child Fetal Neonatal Ed 2000;83:F130-F134)
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Umbilical artery catheters are often used to
obtain blood samples from sick newborn
infants. During the sampling process, a small
amount of blood is usually drawn into a
“waste” syringe to clear the umbilical artery
catheter of infusion fluid, after which the blood
sample itself is taken. The blood in the “waste”
syringe is mixed with some of the infusion
solution from the umbilical artery catheter for
a short time. Although this syringe is often
called the “waste” syringe, the mixture of blood

and solution in it is usually not wasted, but
reinfused into the baby. The reinfused blood
may contain red blood cells that have been
damaged by haemolysis or agglutination by
contact with the infusion solution.

Various arterial infusion solutions are used
with little scientific data to support their safety
or benefit.' > Despite the widespread use of
umbilical artery catheters for blood sampling,
no study has yet examined the damage to new-
born red blood cells resulting from the brief
mixing of newborn blood with commonly used
arterial infusion solutions.

Normal saline (NS) is the solution least
likely to injure red blood cells. However,
significant sodium intake in the first days of life
has been associated with hypernatraemia and
an increased incidence of bronchopulmonary
dysplasia.’ *

Isotonic dextrose (D5W) may be used
instead of saline, but dextrose in the solution
may contribute to hyperglycaemia and may
also affect blood sugar determinations in blood
samples drawn from the arterial line. In
addition, D5W causes macroscopic agglutina-
tion of adult red blood cells.” ° This agglutina-
tion is reversible with the addition of salt, but
there is irreversible damage to the red blood
cells, which leads to their premature haemoly-
sis in vivo after reinfusion.’® Premature haemo-
lysis (without agglutination) also occurs when
adult red blood cells come into contact with
solutions of dextrose and various salt concen-
trations and this is due to a direct effect of the
dextrose on the red blood cells.* ™

In view of these facts, hypotonic saline is
often selected as the arterial infusion solution
because it does not contain sugar and it
minimises sodium intake. However, adult red
blood cells haemolyse when mixed with hypo-
tonic saline solutions.'™ This haemolysis is
worsened by increased contact time with the
solution and with increasing ratio of solution to
blood."™

These problems could be avoided by infus-
ing an isotonic amino acid (IAA) solution
through the umbilical artery catheter. Indeed,
the early delivery of up to 2.5 g amino acids/kg/
day appears to be biochemically safe and has
been shown to improve protein balance,"**
minimising the loss of as much as 3% of total
body protein a day.” Also, babies receiving
amino acids tolerate more exogenous glucose,
and therefore energy intake can be increased in
the first days of life."*

We examined in vitro the haemolysis and
agglutination that occurs on contact between
blood and various arterial infusion solutions by
simulating the interaction that takes place in
the waste syringe on an umbilical artery
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Figure 1 Apparatus used for infusion of maintenance solution and sampling of blood
through an umbilical arterial catheter in sick newborn infants. A, Maintenance solution
artached to a pump, delivering at a constant rate; B, transducer; C, stopcock for zeroing
transducer; D, stopcock attached to flush solution; E, flush solution syringe; F, stopcock
attached to “waste” syringe; G, waste syringe; H, T-connector; I, draw port; J, umbilical
arterial catheter. Usually maintenance solution is pumped through this apparatus through
the umbilical artery catheter into the baby at a constant rate.

catheter. We hypothesised that an IAA solution
would cause no red blood cell agglutination
and no more haemolysis than many commonly
used infusion solutions.

Methods
This study was approved by the institutional
review board of the Mayo Clinic.

SAMPLE COLLECTION

Newborn blood was collected and immediately
heparinised (3 units/ml) from 15 placentas over
a seven day period. All placentas were from
term infants with no known illness or anoma-
lies. No samples were stored for more than one
hour.

MOCK BLOOD SAMPLING

Mock blood sampling was performed to simu-
late the brief mixing that takes place in the
waste syringe when blood is sampled and waste
blood reinfused into a newborn using the
umbilical artery catheter apparatus used in our
nursery (fig 1).”* The placental blood was
drawn through a similar apparatus to simulate
the drawing and reinfusing of “waste” blood
into a baby (fig 2). The tubing of this apparatus
was first filled with 0.9 ml of the designated
solution. The end of the catheter was then
placed into the heparinised placental blood.
The waste syringe was used to draw back the
solution within the tubing, followed by placen-
tal blood until the waste syringe contained 2.5
ml. The arterial catheter was then removed
from the receptacle of placental blood and the

Figure 2 Apparatus for “mock draw”. A, Receptacle of
heparinised placental blood; B, umbilical arterial catheter; C,
T-connector; D, stopcock; E, waste syringe; F flush syringe.
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solution/blood mixture in the waste syringe and
tubing was “reinfused” into a test tube (rather
than into a baby as with clinical blood
sampling). The tubing was then flushed with
0.5 ml of the same solution into the same test
tube. Air was then infused to ensure complete
emptying of the tubing.

The drawing up and reinfusing was per-
formed over 60 seconds in most draws, and
over three minutes in draws designated as
“drawn up slowly”. The mixing between the
solution and the blood was kept to a minimum
during most draws by keeping the solution lay-
ered above the blood within the waste syringe,
but there was intentional mixing during the
draws designated as “mixed completely.”

As it is known that time is a factor in the
interaction of solutions with blood,'"™" any
haemolysis or indirect effect of the solution on
the blood was quenched by an appropriate
amount of hypertonic saline to make the
resulting mixture isonatraemic immediately on
entering the collection test tube. This quench-
ing simulated the normalisation of solution
tonicity that occurs when waste blood is
reinfused into a newborn infant. In preliminary
work on this method, the quenching was shown
to stop any haemolysis.

The above procedure was performed with
each of the following solutions: NS; 0.25% NS;
TAA solution (described below); D5W; 0.5%
NS; IAA + cysteine (L-cysteine USP; American
Regent Laboratories, Shirley, New York, USA);
isotonic (154 mEq/l) sodium acetate; total
parenteral nutrition (TPN) + lipids; IAA +
cysteine + trace minerals (Pedtrace-4; Fujisawa
USA, Deerfield, Illinois, USA) and vitamins
(MVI Pediatric; Catalytica Pharmaceuticals,
Greenville, North Carolina, USA); 5% dex-
trose in 0.25% NS (D5 0.25% NS); 0.25% NS
drawn up slowly; 0.25% NS mixed completely;
0.25% NS drawn up slowly and mixed
completely. The order in which the solutions
were tested was randomised.

The IAA solution (312 mOsm/l) was made
by diluting 10% Trophamine (Braun Medical,
Irvine, California, USA) 1:1.8 with water.

HAEMOLYSIS MEASUREMENTS
Although various combinations of test solu-
tions were used with blood from each indi-
vidual placenta, NS was used with blood from
all 15 placentas as an internal standard,
controlling for the amount of baseline haemo-
lysis occurring as a function of time.

The plasma (free) haemoglobin concentra-
tion was measured for each test tube sample.”
Those measuring this value were blinded to the
test solution. A complete blood count was per-
formed on blood from each of the 15 placentas
to provide the whole blood haemoglobin
concentrations and packed cell volumes needed
to make the haemolysis calculations.” *

We calculated the amount of plasma free
haemoglobin that would be present if all of the
red blood cells in the 2.5 ml waste blood were
haemolysed, and compared this value with the
amount of plasma haemoglobin actually
measured. The “plasma” contributed by the
haemolysed red blood cells was small, and
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Table I  Macroscopic agglutination

Effects of arterial infusion solutions on newborn blood

IAA + Isotonic sodium IAA + cysteine + D5 0.25%
Sample NS D5W 0.5% NS IAA cysteine acetate TPN minerals and vitamins NS 0.25% NS
H - 24 - - 3+ - - 1+ - Complete haemolysis
1 - 24 - - 3+ - - +/= - Complete haemolysis
T - 1+ - - 2+ - - +/— - Complete haemolysis
K — +/— - - 3+ - - - - Complete haemolysis
L - +/- - - 3+ - - 2+ - Complete haemolysis

One drop of sample whole blood was mixed with 4 ml test solution, and the amount of macroscopic agglutination recorded; large clumps are classified as 4+,

smooth appearance is classified as —, with +/—, 1+, 2+, 3+ being intermediate.’ !!

NS, normal saline; D5W, isotonic dextrose; IAA, isotonic amino acids; TPN, total parenteral nutrition; D5 0.25% NS, 5% dextrose in 0.25% normal saline.

0.25% NS drawn up slowly (n =7)

0.25% NS (n=11)

0.25% NS drawn up slowly and
mixed completely (n =7)

0.25% NS mixed completely (n = 8)

D5W (n =8)

I
I
TPN + lipids (n=8) [ FH
™
H
™
T
H
1

==
=

IAA (n=7)

D5 0.25% NS (n = 8)

0.5% NS (n=8)

IAA + cysteine (n=38)

IAA + cysteine + min + vit (n = 8)
0.9% sodium acetate (n = 8)

NS (n =15) \ \ \ \ \ \ |

o
-

Mean percentage haemolysis

Figure 3 Comparison of mean haemolysis with each solution. NS, Normal saline; D5SW]
isotonic dextrose; TPN, total parenteral nutrition; IAA, isotonic amino acids; D5 0.25%
NS, 5% dextrose in 0.25% normal saline; min, minerals; vit, vitamins; 0.9 sodium acetate,
isotonic sodium acetate. The mean haemolysis and standard error for each solution, based
on the total number of samples used, are statistically compared by a two sample t test. All
values are means with bars representing standard error. Percentage haemolysis in this two
sample comparison is statistically higher for the 0.25% NS group (p < 0.001) than for all
the other groups, apart from 0.25% NS drawn up slowly (p = 0.227). Percentage
haemolysis s less for the NS group (p < 0.001) than for all for the other groups, apart from
the isotonic sodium acetate group (p = 0.466).

therefore not factored into the calculations.
The amount of haemolysis is reported as the
percentage of red blood cells in the waste
syringe that haemolysed.

AGGLUTINATION MEASUREMENTS

Agglutination was evaluated by adding one
drop of blood to 4 ml test solution. At this ratio
of solution to blood, one can easily appreciate
the amount of macroscopic agglutination
taking place.® This concentration also ap-
proximates the mixing that takes place near the
interface of the blood and test solution. The
same two blinded experimenters independ-
ently classified each sample on a semiquantita-
tive scale of 0 to 4+ agglutination.

2 3 4 5 6 7

STATISTICAL ANALYSIS
The amount of haemolysis caused by various
solutions was evaluated in comparison with
that caused by NS, 0.25% NS, and the IAA
solution. The amount of haemolysis caused by
0.25% NS with blood/solution contact for 60
seconds and minimised mixing was also
compared with slower sampling and/or com-
plete mixing with the same solution.

Test solutions were compared using the
paired z test, thereby using each placenta sam-
ple as its own control. As not all test solutions
were run on every sample, the paired analyses
were based on a variable number of paired
samples (generally four to eight). The pairwise
differences were also evaluated by unpaired
methods—for example, two sample 7 test and
Wilcoxon rank sum test. However, as the
unpaired analyses reached similar levels of sig-
nificance, only the data of the paired analyses
are reported. Haemolysis percentages are
reported as mean (SEM). All calculated p
values are two sided and not adjusted for mul-
tiple comparisons.

Results

D5W and the IAA solutions containing
cysteine caused obvious macroscopic aggluti-
nation (table 1). The other solutions caused no
agglutination.

Figure 3 shows the amount of haemolysis
with each of the test solutions.

Haemolysis was significantly lower with NS
than with all the other solutions tested (all
p < 0.001) except isotonic sodium acetate,
which was similar to NS (table 2).

Haemolysis was significantly higher with
0.25% NS than with all the other solutions
tested (all p < 0.004; table 3).

Haemolysis was not significantly different
with the IAA solution than with D5W, 0.5%
NS, D5 0.25% NS, IAA + cysteine, TPN +

Table 2 Haemolysis in test solutions compared with normal saline

Haemolysis (%)

Difference in %

No of haemolysis, comparison  Paired t test (2
Solution tested patients  Solution tested ~ Normal saline solution—normal saline  sided p value) *
0.25% NS 11 5.434 (0.372)  0.070 (0.016)  5.364 (0.363) <0.001
IAA 7 0.819 (0.124)  0.093 (0.022)  0.726 (0.130) 0.001
D5W 8 1.029 (0.059)  0.080 (0.020)  0.949 (0.055) <0.001
0.5% NS 8 0.796 (0.154)  0.089 (0.019)  0.707 (0.138) 0.001
TAA + cysteine 8 0.570 (0.068)  0.089 (0.019)  0.481 (0.052) <0.001
Isotonic sodium acetate 8 0.089 (0.021)  0.089 (0.019) 0 (0.004) 0.967
TPN + lipids 8 0.922 (0.137)  0.089 (0.019)  0.833 (0.138) <0.001
IAA + cysteine + minerals + vitamins 8 0.534 (0.078)  0.089 (0.019)  0.445 (0.064) <0.001
D5 0.25% NS 8 0.801 (0.077)  0.089 (0.019)  0.712 (0.060) <0.001

Values are expressed as mean (SEM).

*For the paired 7 test, the analysis was based on the paired differences and only patients who had both sets of measurements

contributed to the analysis.

NS, normal saline; D5W,, isotonic dextrose; IAA, isotonic amino acids; TPN, total parenteral nutrition; D5 0.25% NS, 5%

dextrose in 0.25% normal saline.
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Table 3 Haemolysis in test solutions compared with 0.25% normal saline

Haemolysis (%)

Difference in %
haemolysis, 0.25%

No of NS—comparison  Paired t test
Solution tested patients  0.25% NS Solution tested  solution (2 sided p value) *
NS 1 5.434 (0.372) 0.070 (0.016) 5.364 (0.363) <0.001

1
TIAA 4
D5W 8
0.5 % NS 4
IAA + cysteine 4
Isotonic sodium acetate 4
TPN + lipids 4
TAA + cysteine + minerals + vitamins 4
D5 0.25% NS 4
0.25% NS drawn up slowly 7
0.25% NS mixed completely 7
0.25% NS drawn up slowly and mixed completely 7

5.967 (0.476) 0.889 (0.142) 5.078 (0.605) 0.004
5.500 (0.503) 1.029 (0.059) 4.471 (0.462) <0.001
5.967 (0.476) 0.888 (0.322) 5.079 (0.292) <0.001
5.967 (0.476) 0.655 (0.125) 5.312 (0.375) 0.001
5.967 (0.476) 0.105 (0.039) 5.862 (0.439) 0.001
5.967 (0.476) 1.157 (0.208) 4.81 (0.549) 0.003
5.967 (0.476) 0.621 (0.130) 5.346 (0.377) 0.001
5.967 (0.476) 0.856 (0.158) 5.111 (0.321) 0.001
5.129 (0.506) 5.774 (0.331) —0.645 (0.480)  0.227
5.423 (0.441) 3.052 (0.232) 2.371 (0.247) <0.001
5.129 (0.506) 3.532 (0.431) 1.597 (0.266) 0.001

Values are expressed as mean (SEM).

*For the paired 7 test, the analysis was based on the paired differences and only patients who had both sets of measurements

contributed to the analysis.

NS, normal saline; D5W, isotonic dextrose; IAA, isotonic amino acids; TPN, total parenteral nutrition; D5 0.25% NS, 5%

dextrose in 0.25% normal saline.

lipids, or IAA + cysteine + minerals and
vitamins. With an effective sample size of
seven, these comparisons had a 61% chance of
detecting a difference of at least one standard
deviation between the paired group means.

The rate at which the 0.25% NS solution
was drawn up did not make a significant differ-
ence to the amount of haemolysis that occurred
(p = 0.227; fig 3). However, complete mixing
of this solution with the blood (rather than
keeping the two fluids separate in the waste
syringe) significantly decreased haemolysis
(p < 0.001; fig 3).

Discussion

A significant increase in haemolysis occurred
when 0.25% NS was used as the test solution
in comparison with all the other solutions
tested. The haemolysis was about seven times
that occurring with the IAA solutions and 67
times that occurring with NS. At the very least,
these results suggest that sodium should be
added to a hypotonic saline infusion solution
when more sodium is needed, rather than to
the venous fluids, to minimise haemolysis.

Based on the average blood haemoglobin
concentration (15 g/dl) found in these placen-
tal blood samples and 10 blood draws a day,
about 3.75 g haemoglobin a day would be
exposed to the solution in the umbilical artery
catheter. At the 5.4% haemolysis rate seen with
0.25% NS, this could result in a loss of 203 mg
haemoglobin a day in addition to the 135 mg a
day lost as the result of normal red blood cell
destruction (assuming a red blood cell lifespan
of 60 days in a 600 g baby). By a similar calcu-
lation, only an additional 3 mg haemoglobin
would be lost each day if NS or isotonic sodium
acetate were used, and 30 mg if an IAA
solution were used.

The breakdown of 1 mg haemoglobin gener-
ates 0.036 mg bilirubin. Therefore the 135 mg
haemoglobin lost daily as the result of normal
red blood cell destruction must generate 4.9
mg bilirubin a day. As this represents only 80%
of total bilirubin production, the total physi-
ological production of bilirubin would be 6.1
mg a day. The haemolysis caused by the 0.25%
NS would therefore generate an additional 7.3
mg bilirubin a day, more than doubling the

physiological bilirubin production. This in-
creased bilirubin could put a small premature
newborn at greater risk because of its toxic
effects or greater exposure to phototherapy. By
similar calculations, the IAA solution and most
of the other fluids would generate an additional
1.0 mg bilirubin a day, and NS and isotonic
sodium acetate would generate about 0.1 mg
bilirubin a day.

How this increase in bilirubin production
would affect serum bilirubin concentration is
difficult to estimate. The plasma disappearance
curves for unconjugated bilirubin have been
defined and analysed in adults in terms of three
exponentials.”® Extrapolation of this infor-
mation to the sick newborn is difficult and
imprecise. The effect of increased serum
bilirubin may be amplified by the weak binding
of bilirubin to serum albumin in the newborn,
resulting in a relative excess of free bilirubin in
the presence of a bilirubin conjugating mech-
anism that is probably saturated.”””

Additional unfavourable outcomes could
result from increased haemolysis. This increase
in haemolysis may lead to increased free iron
and therefore increase injury due to oxygen
free radicals.”® Additional plasma haemoglobin
may also bind nitric oxide, blocking its
vasodilatory effects.” **

Although we did see agglutination when we
used the D5W and IAA solutions containing
cysteine, the amount of in vitro haemolysis
caused by these solutions was not particularly
increased. Although such agglutination is
reversible, irreversible damage to the red blood
cells leads to a greatly shortened life span in
vivo.*® This premature red blood cell destruc-
tion is presumably the result of an in vivo proc-
ess that cannot be shown in vitro.

We assumed that keeping the solution and
blood layered separately in the waste syringe
would decrease haemolysis. We were surprised
to find that complete mixing of 0.25% NS with
blood actually decreased haemolysis. It may
therefore be better for all of the red blood cells to
be exposed to a less hypotonic mixture of 0.25%
NS and plasma than for a smaller number of red
blood cells to be exposed to pure 0.25% NS.

A venous catheter is typically used to provide
for most of the varying water, sugar, pressor,
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and other needs of the sick premature infant.
The addition of amino acids to the fluids in the
venous catheter may be logistically difficult.
However, the use of amino acids in the umbili-
cal artery catheter would be simple, would
contribute no sugar and virtually no sodium,
and would supply useful nutrition. The amino
acid infusion in the umbilical artery catheter
would not be affected by clinically necessary
variations in the delivery of the other fluids in
the venous lines. IAA solution, if given at 1
ml/h in the umbilical artery catheter, would
deliver 0.86 g amino acids a day. For the weight
range 0.5-1.5 kg, the amount received would
be 0.57-1.7 g/kg/day, a range that is probably
both safe and beneficial.'*"" '**!

This study looked at the interaction of the
blood and infusion solution in the waste
syringe using the sampling procedure practiced
in our nursery. Other methods of drawing up
waste blood and other ratios of blood/fluid vol-
umes would presumably show different
amounts of haemolysis. The study is also
limited to only some of the many possible infu-
sion solutions.

One problem with the use of the IAA
solution not investigated here is the effect of the
small bolus of amino acids that would occur
with each blood sampling event. This could be
lessened by using a 0.5% NS solution to flush
the tubing after the reinfusion of the contents
of the waste syringe. With ten blood draws a
day, this would only amount to an additional
0.4 mEq sodium a day.

CONCLUSION

This study simulated the drawing back and
reinfusion of waste blood through an umbilical
artery catheter in vitro. We showed significantly
more haemolysis with 0.25% NS than with all
the other test solutions. This is new information
to consider when choosing an infusion solution.

An IAA solution (without cysteine) caused
less haemolysis and no agglutination. Infusing
the IAA solution through the umbilical artery
catheter leaves the venous catheter available to
carry the dextrose, pressors, and other fluids
that fluctuate in rate over the first few days of
life depending on patient needs. In addition to
improving protein balance and increasing
glucose tolerance, the IAA solution has the
advantage over NS or isotonic sodium acetate
of contributing almost no sodium to the hyper-
natraemia recognised as a common complica-
tion in the first days of life.

This study suggests that an IAA solution is as
safe as or safer than many commonly used
arterial infusion solutions. Further in vivo
research is necessary to investigate the effects
of using an IAA solution on red blood cell
haemolysis and nutrition.
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