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Hyperkalaemia during
rapid blood transfusion
and hypovolaemic
cardiac arrest in children

A morbidity and mortality review documented a high occurrence
of hyperkalaemia in cardiac arrests associated with rapid blood
transfusion, which resulted in further study. In order to simulate
events during rapid blood transfusion and cardiac arrest, the
central circulation was modeled as a linear one compartment,
and used to simulate a child who suffered a hypovolaemic
cardiac arrest and was resuscitated with rapid blood transfusion
(RBT). The simulation suggested that the combination of RBT
and a low cardiac output state could be associated with hyper-
kalaemia, if the potassium concentration in the plasma fraction
of the transfused blood was =10 mmol-L™". In an associated
clinical study the plasma potassium concentration during
cardiac arrest was documented from a retrospective review of
138 cardiac arrests in a paediatric population. Patients were
divided into two groups. The RBT-group received a rapid blood
transfusion during resuscitation. The non-RBT group did not
receive blood during resuscitation. During cardiac arrest the
plasma [K] in the non-RBT group was 5.63 = 2.39 mmol - L
compared with 8.23 = 1.99 mmol-L~' in the RBT-group (P <
0.05). The hyperkalaemia during cardiac arrest in the RBT-
group could be explained as a consequence of RBT to a
hypovolaemic child with a low cardiac output.

Dans une revue de la morbidité, nous avons détecté une préva-
lence élevée d' hyperkaliémie lors des arréts cardiaques associés
a des transfusions sanguines rapides (TSR). Nous avons alors
utilisé un modéle unicompartimental de la circulation centrale
pour simuler un cas d' enfant en choc hypovolémique réanimé a
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I'aide de TSR. Nous en avons conclu que sila [K* Iptasma du sang
transfusé était =10 mmol - L™, I' utilisation de TSR combinée a
un faible débit cardiaque pouvait entrainer de " hyperkaliémie.
Nous avons alors colligé rétrospectivement la kaliémie mesurée
lors de 138 cas d'arrét cardiaque chez des enfants, pour
s'apercevoir quelle s’ élevait 48,23 = 1,99 mmol - 1! chez ceux
qui avaient recu des TSR durant la réanimation alors qu’elle
n'était que de 5,63 * 2,39 chez les autres (P < 0,05). Les TSR
employées chez ces enfants hypovolémiques au faible débit
cardiaque ont pu contribuer a I hyperkaliémie observée lors de
I’arrét cardiaque.

A morbidity and mortality review of cardiac arrests at our
institution showed that a number of intraoperative cardiac
arrests was associated with hyperkalaemia. Cardiac arrest
was defined as severe hypotension which required the
institution of CPR. This was unexpected because hyper-
kalaemia during cardiac arrest is unusual. The common
denominator, in the cardiac arrests associated with hyper-
kalaemia, seemed to be the rapid administration of blood
to correct hypovolaemia. Samples drawn during the
cardiac arrests had been aspirated from indwelling radial
arterial lines. Therefore, the potassium concentrations
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closely approximated the concentrations in the central
and, in particular, the coronary circulation. To simulate
events during RBT and hypovolaemic cardiac arrest,
which might lead to hyperkalaemia, we developed a one
compartment model of the central circulation and used it
to simulate hypovolaemic cardiac arrest in a child.

In a parallel retrospective review, we hypothesized that
cardiac arrests in which rapid blood transfusion was
utilized would demonstrate an elevated plasma potassium
concentration (plasma [K]), defined as >6 mmol-L~',
and that cardiac arrests in which rapid blood transfusion
was not utilized, would not be associated with hyperkal-
aemia. It was recognized that such a review would have
limitations. Although cardiac arrest would be common to
all patients, the patient population would not be homo-
geneous. Variables, which are known to influence the
plasma [K] such as acid base status, the degree of cellular
insult, the administration of resuscitation drugs and the
site of blood sampling, would be uncontrolled. These
reservations notwithstanding, the retrospective review
was undertaken.

This paper reports both the model simulation and the
results of the retrospective review.

Methods

Model simulation

A one compartment model was developed with the
following characteristics. The central circulation was
considered as a single homogeneous compartment of
volume V, receiving two sources of flow, the patient’s
cardiac output and the blood transfusion which combined
to give the total venous return, Q.. Both sources
contained potassium at concentrations, Kp, and Ky,
respectively, which combined to give a uniform inflow
potassium concentration Ky, (Figure 1), where the
subscripts Pt, Tr and Tot refer to the patient, the
transfusion and the inflow respectively; Q refers to the rate
of plasma flow and K, to the plasma (K].

The amount of potassium in the plasma fraction of the
inflow (FreeKy,) was equal to the amount of free
potassium contained in the venous return from the patient
(FreeKp,) and the transfusion (FreeK,) such that:

FreeKto = FreeKp, + FreeKr, (Eq. 1)
= Ktot X Qrot
And
QP! ) ( QTr
Kra = (KPt X = + | K X< (Eq. 2)
' QTot QTol

(See Appendix for the derivation of Equation 2.)
The rate of rise of K(t), in the central circulation, was
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FIGURE I One compartment model of the central circulation, where

V, is the volume of the central circulation; Ororr QO and Qpy are

the plasma flow of the inflow, transfusion (TR) and venous return
(VR) respectively; Ky, Ky, and Kp, are the plasma [K] of the inflow,
transfusion, and patient. K, the initial plasma [K] of the central
compartment, was assumed to be 4 mmol-L™'.

described by the following exponential equation’:
K(t) = Kro (1 = &™) + (K, e7*O) (Eq. 3)

where k, the rate constant was equal to Qro/V, and the
initial potassium concentration, K, was assumed to equal
to 4 mmol-L™!.

The model was used to simulate an anaesthetized,
hypovolaemic hypotensive child (10-15 kg), with a
cardiac output of 50 ml-min~' and who was transfused
rapidly at a rate of 100-200 ml-min~'. A patient
haematocrit (Hctp,) of 0.3 and a transfusion haematocrit
(Hety,) of 0.5 were assumed so that: Qp, = 35 ml- kg™ !
min~', Qr, = 5-10 ml-kg™'-min~' (See Appendix).
Therefore the ratio Qr/Qroe = 0.14-0.22. The rate
constant, k, was 4.8—-5.4 min~' (See Discussion). A K,
of 20-30 mmol - L~' was assumed and from Equation 2,
K1, ranged from 6.3-9.8 mmol - L™,

Patient review
With Institutional Approval, patients who had suffered
cardiac arrest were identified from two sources: (1) the
1988 computer records of the Quality Assurance Review
Committee and (2) the morbidity and mortality records of
the Department of Anaesthesia. The intraoperative arrest
records for 1985 to 1988 were reviewed. Cardiac arrests
occurring in the neonatal ICU or during procedures
requiring cardiopulmonary bypass were excluded.
Inclusion criteria were: (1) a cardiac arrest requiring
CPR and (2) a plasma potassium concentration from
blood drawn with chest compressions in progress. The
pH, PCO,, PO, and the ionized [Ca] at the time of the
arrest and the control plasma [K] were also recorded. In
addition the amount and the age of the blood transfused
and resuscitation drugs administered were noted. Patients
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TABLE1 Plasma [K], acid base, and demographic data in the non-transfused group.
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Control Arrest
Age (K} K] PO,
Patient (yr) Diagnosis {mmol-L~") (mmol-L~1) pH (mmHg)
1 16.0 Trauma 4.5 4.8 7.12 25.0
2 2.5 Cardiac 4.4 5.4 6.99 11.0
3* 0.8 Neurologic 3.2 6.3 7.23 120.0
4+ 16.0 Trauma 5.2 5.2 7.77 513.0
5* 9 Cardiac 2.5 12.8 7.42 285.0
6 1.5 Cardiac NA 4.8 6.83 29.0
7 5.0 Near-drowning 39 4.5 7.36 68.0
8 1.5 Cardiac 4.3 4.9 7.5 91.0
9 Term Diaphragmatic hernia 3.8 2.5 7.0 54.0
10 1.5 Trauma 3.9 2.5 NA NA
11 11.0 Cardiac 4.6 3.1 7.3 64.0
12 9.0 Neurologic 3.4 4.8 7.4 NA
13 Term Diaphragmatic hernia 35 5.9 NA NA
8.1 7.8 NA NA
14 2 wk Cardiac 3.9 3.9 7.3 68.0
15 10.0 Cardiac 5.4 7.4 NA NA
16 0.8 Renal failure 6.3 8.6 7.26 18.0
17 1.0 Sepsis 5.1 5.1 NA NA
18 0.5 Renal failure 6.5 6.7 NA NA
Mean 4.58 5.63 7.27
*SD 1.36 2.39 0.25
*Intraoperative cardiac arrests.
Intra-group differences between the control and the
24 arrest plasma [K] were assessed with a paired t test. Inter-
211 group differences between the two groups were assessed
with an unpaired t test.2 A P-value of 0.05 was accepted
'8 for statistical significance.
15
[K]Tot Results
(mmol-tY) 1, |
of Model simulation
A Kp of 4.0 mmol - L™ " was assumed. Figure 2 illustrates
6r the effect of the ratio Q,/Qror, 0N Ko for values of K,
5t ranging from 10 to 30 mmol-L™"'. As long as the ratio,
00 o2 oa oe o6 Q1/Qrot, remained less than 0.1, the Ky, was less than

QTr/QTot

FIGURE 2 The effect of the ratio Qro/Qror, 0n K1y for values of K,
ranging from 10 mmol-L™" (O---0) to 30 mmol-L™! (@---@).

(A Kp 0f 4.0 mmol- L ™' was assumed.) As long as the ratio, Qr,/Qror,.
remained less than 0.1, K, was less than 6 mmol-L ™' regardless

of the value of K,. Transfused blood containing a potassium poor
plasma fraction (K, = 10 mmol- L") resulted in a K1, > 8 mmol-L™!
when the ratio Qr,/Qr, was > 0.7. In contrast, transfused blood
whose plasma fraction was rich in frec potassium (K, > 20 mmol-L™')
resulted in a Ko, > 8 mmol-L™! when the ratio Qr/Qq,, was < 0.3.

were divided into two groups, a non-RBT group who were
not being transfused and a RBT group for whom resuscita-
tion included a rapid blood transfusion.

6 mmol - L™ regardless of the value of K. Transfusion
blood containing a potassium poor plasma fraction (K, =
10 mmol - L™!) resulted in a K1, > 8 mmol-L~! when
the ratio Q1,/Qro was > 0.7. In contrast, transfusion with
blood whose plasma fraction was rich in free potassium
(Kt > 20 mmol-L™") resulted in a Ky, in excess of
8 mmol - L ™! when the ratio Qr,/Q o, was still less than 0.3.

The rate of rise of the plasma [K] (K(t)), during RBT at
a rate of 5-10 ml-kg™'-min~' during hypovolaemic
cardiac arrest, is shown in Figure 3. Most of the increase
in K(t) occurred within the first 20 seconds.

Patient review
Twenty-five of the 138 charts which were reviewed met
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FIGURE 3 Model simulation involving a RBT during severe
hypovolaemic hypotension in a child. Values for K(t), shown in the
hatched area, represent conditions which range from (1) a of Ky, =
20 mmol-L™" and Qy, = 5 mi-kg-min™" to (2) a Ky, = 30 mmol-
L™ and Qr, = 10 ml- kg-min™'. Most of the increase in plasma [K]
occurred within 20 sec.

the inclusion criteria. The timing of the blood sample
during cardiac arrest varied with the circumstances of the
individual arrests but in all cases the plasma [K] reported
was the first plasma [K] available with CPR in progress.
The time at which the control plasma [K] was drawn also
varied with the clinical situation. In the non-RBT group it
was drawn on the day of the arrest, and in the RBT group it
was drawn within the hour preceding the cardiac arrest as
part of the routine hourly blood work.

In the non-RBT group (Table I), three arrests (patients
#3, 4, 5) occurred intraoperatively. The remainder occurred
on the ward or in the ICU. The plasma [K] during cardiac
arrest in the non-RBT group ranged from 2.5-12.8 mmol -
L™, In this non-RBT group, there were five values of
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plasma [K] during cardiac arrest in excess of 6.0 mmol -
L™". In three of these (#13, 16, 18) the control plasma
[K] was > 6.0 mmol-L™" due to acute renal failure.
Patient #15 was in profound cardiogenic shock for the
hour preceding the arrest. Patient #5, with an arrest
plasma [K] of 12.8 mmol - L~! had received an inadver-
tent, uncontrolled infusion of KCl and was excluded from
statistical analysis. The mean control plasma [K] for the
non-RBT group was 5.63 = 2.39 mmol - L™, which was
not statistically different from its control value of 4.58 =
1.36 mmol -L~".

In the RBT group, all cardiac arrests occurred intra-
operatively, during acute haemorrhage and RBT (Table 1I).
All were ASA physical status I patients, and none had
been premedicated. All patients had a control plasma
[K] < 5.0 mmol-L™". In the RBT group, the plasma
{K] during cardiac arrest ranged from 6.4—12.3 mmol - L.7!
(8.35 = 1.90 mmol - L") and was statistically higher than
the control value of 4.59 = 1.01 mmol-L™!, (P < 0.01).
Three patients in the RBT group (#1, #3 and #4)
received epinephrine during resuscitation. The mean
control plasma [K] was not statistically different between
the non-RBT and RBT groups. Differences between the
arrest plasma [K] in the non-RBT and RBT groups were
statistically significant (P < 0.05).

The pH during cardiac arrest in the RBT group ranged
from 7.08 to 7.97 which compared with pH values
ranging from 6.83 to 7.42 in the non-RBT group.
Differences in pH were not tested for statistical signifi-
cance. The plasma bicarbonate levels given in Table II
ranged from 12 to 67 mmol-L™"'. Only patient #1 in
Table 1l received bicarbonate during resuscitation. The
ionized calcium ([Ca* *]) concentration during cardiac
arrest was only available in the RBT-group. It ranged from
0.2 to 1.7 mmol-L~!. Intravenous calcium was being
administered during the rapid blood transfusion and resus-

TABLEII Plasma (K]}, acid-base, and demographic data in the RBT group.

Control Arrest
Age Weight (K%) kt) PO, {Cat ™} [HCO;™] Age of
Patient {yr) (kg) (mmol-L~") {mmol-L~") pH (mmHg) (mmol L") (mmol-L~') blood
1* 0.5 7.0 42 9.6 7.97 457 1.7 67 13d
2 1.5 7.0 5.0 7.3 7.30 NA 0.8 NA 13d
3 1 8.0 3.1 7.5 7.27 591 0.7 24 13d
4% 2 11.0 43 12.3 7.20 439 0.8 12 21d
5 2 12.0 5.0 9.0 7.36 38 1.0 32 >17d
3.6 6.4 7.35 135 0.4 26 >14d
6 17 33.0 5.3 7.3 7.20 371 0.2 19 >18d
7 13 70.0 34 6.4 7.08 90 0.8 20 7d
Mean 4.59 8.23 7.34
*SD 1.07 1.99 0.27

*Ventricular arrythmia.
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citation. The arterial PO, ranged from 38 to 591 mmHg
in the RBT group and from 11 to 513 mmHg in the
non-RBT group. Differences in oxygenation during car-
diac arrest were not submitted to statistical analysis.

It was not possible to determine the absolute rate of
blood transfusion during the period of cardiac arrest from
the chart review. However, it was evident that units of
rWB were administered quickly. Patients 1 through 6
were transfused with units of reconstituted whole blood
(rWB) made by suspending a unit of Red Blood Cell
concentrate (RBCconc) in a unit of plasma. The age of the
RBCconc being transfused was = 13 days. Patient #7
received units of RBCconc which were < 7 days old. For
this patient the units of RBCconc were diluted in 250 m] of
normal saline. Three patients had an arrhythmia: #1 and
#3 had ventricular fibrillation and #4 had asystole.

No patient in the RBT-group required specific pharma-
cological treatment for hyperkalaemia observed during
cardiac arrest. The elevated plasma [K] during cardiac
arrest was followed serially in the RBT group. In all cases
it was < 5.5 mmol - L™ within one hour of the cardiac
arrest. Serial measurements were not consistently recorded
in the cardiac arrests in the non-RBT group.

Discussion

The plasma potassium concentrations during cardiac
arrest was higher than the control levels in both groups,
although only in the non-RBT group was the difference
statistically significant. Six of eighteen cardiac arrests in
the non-RBT group were associated with a plasma [K] in
excess of 6.0 mmol-L™'. An identifiable aetiology was
present in all but one patient. In contrast, all the cardiac
arrests in the RBT group had a plasma [K] in excess of
6.0 mmol L~'. The additional increment in plasma [K]
during cardiac arrest in the RBT group, compared with the
non-RBT group, was both statistically and clinically
significant.

Several factors may have contributed to the develop-
ment of hyperkalaemia during cardiac arrest. Both meta-
bolic and respiratory acidosis may cause a modest
elevation in plasma [K].>* However, as a group the
non-RBT group was more acidotic than the RBT group. It
is unlikely that a difference in acid base status can explain
the higher arrest plasma [K}] observed in the RBT group.
Epinephrine is known to have a biphasic effect on plasma
[K].> However, epinephrine administration during the
cardiac arrests was not uniform and only three patients in
the RBT group received epinephrine during resuscitation.
Therefore it is difficult to speculate about the relationship
between epinephrine administration and the plasma [K]
during cardiac arrest in the RBT group. The role of
hypovolaemia and low cardiac output in the genesis of
hyperkalaemia must also be considered. A severe ischaemic

insult may be associated with loss of intracellular potas-
sium, which may redistribute within the systemic circula-
tion and increase the plasma [K]. Whether this is more
likely to occur during cardiopulmonary resuscitation for
cardiac arrest arising from hypovolaemia compared with
other aetiologies, is not known. However, pH values in
the RBT group were comparable with those in the
non-RBT group. In addition the PO, values were similar
in both groups. The data, presented in Tables I and 11,
does not support the concept that the degree of cellular
insult was greater in the RBT group, compared with the
non-RBT group, during cardiac arrest.

Alternatively, the model simulation predicted that
hyperkalaemia may arise during cardiac arrest as a
consequence of rapid infusion of potassium-rich transfus-
ate during a low-flow cardiac output state. Three factors
must be taken into account.

The first is the potassium load in the transfusion.’~’
Although the transfused erythrocytes will regain the
intracellular potassium which was lost during blood
storage, this requires several days.® Acutely the free
potassium contained in the plasma fraction of a unit of
blood must be dealt with as a potassium load. Table II
shows that patients 1 through 6 received units of RBCconc
= 13 days of age. (These children received units of
RBCconc as rWB.) The plasma [K] in 20 units of rWB
containing units of 14-day-old RBCconc was measured
and found to range from 10-30 mmol-L™'. Some of the
patients received units of RBCconc > 14 days of age.
These patients may have been exposed to an even greater
potassium concentration, since stored erythrocytes con-
tinue to loose intracellular potassium with increasing
storage time.>~’

The second factor concerns the rate of blood transfu-
sion. Although it is recommended that whole blood be
transfused at rates less than 0.3 ml-kg™'-min™",% in
clinical practice the rate is determined by the rate of
surgical blood loss which may well exceed 0.3 ml-kg™'-
min~!.

Consideration of the ratio Qr,,Qrc; during RBT and
cardiac arrest is also important. The cardiac output (CO)
in awake children is about 120 ml-kg™"'-min~'.'® Car-
diac output decreases by about ten per cent during anaes-
thesia. Acute blood loss of 30 per cent of blood volume,
in dogs, has been shown to reduce cardiac output by 50
percent.'! In a child with a haematocrit of 0.3, this would
result in a cardiac output of 50 ml - kg™'-min~" and a Qp,
of 35 ml-kg™'-min~! (See Apendix). In fact, if chest
compressions are required during hypovolaemic cardiac
arrest, then a Qp of 35 ml-kg™' min~' may be an
overestimate of cardiac output. During cardiac arrest, a
Qq: of 5-10 ml-kg™'-min~' could represent more than
20 per cent of the total venous return. Large-bore
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intravenous access allows transfusion rates greater than
100 ml-min~"'.'? Although it was not possible to deter-
mine the absolute rate of blood transfusion during the
period of cardiac arrest from the chart review, it was
evident that units of rWB were administered quickly and
transfusion rates may well have approached the physical
maximum of the delivery system. In the RBT group,
patients 1 through 6 (Table II) weighed less than 20 kg and
all had large-bore intravenous access. The Hct;, was
assumed to be 0.5 and therefore a transfusion rate of
100-200 ml-min~! could have represented a Qr, of
50-100 ml- min™! or up to 10 ml-kg™' min~"' (See
Appendix). If the Qp, during cardiac arrest were 35 ml-
kg™''min~' then this Qr, of 5-10 ml-kg™'-min~"
would represent a ratio of Qr,/Qr,, of 0.14-0.22. Figure 2
suggests that this is the value of the ratio Or/Qror at
which the value of K1, becomes critical in determining the
value of Kr,,. We have already established that the K,
for patients in the RBT group (Table II) probably ranged
from 10 to 30 mmol-L™".

The third factor is the physiological response to
potassium challenge. Although potassium distribution is
well described by a two-compartment model, this applies
only to steady state conditions.>'> We postulated that
during massive haemorrhage and rapid blood transfusion,
the time would be too short for an appreciable amount of
potassium to be lost or gained from the extracellular
compartment. Potassium would behave as if it distributed
within a single compartment and its behaviour during
RBT could therefore be approximated with linear first
order kinetics, assuming that recirculation of compart-
mental blood did not occur. Therefore the rate of rise of
K(t) was described by the exponential equation':

K(t) = Kot (1 = €70) + (Ko e7)

The rate constant, k, was the ratio of Qyo/V,.

Values for Qo during cardiac arrest have already been
discussed and estimates of V, the volume of the central
circulation, are detailed in the Appendix. It was assumed
that the vascular and interstitial compartments equili-
brated instantaneously, allowing the central compartment
to be considered as a single compartment of volume V,.
The use of the pulmonary extracellular compartment to
approximate V; may have overestimated the actual V.
However, the estimate of K(t) was not intended to give an
exact value but rather to approximate the rate of rise of
K(1), in order to determine its relevance to the data in
Table I1. Figure 3 shows that the increase in K(t) occurred
rapidly. It suggested that hyperkalaemia during RBT may
occur acutely during rapid blood administration into a
hypovolaemic low cardiac output state.

In the RBT group none of the patients with an elevated
plasma [K] required specific treatment for hyperkalaemia.

(Eq. 3)
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Yet in all cases the plasma [K] was <5.5 mmol-L™!
within 30 minutes of the cardiac arrest. This supports the
notion that once an effective cardiac output had been
established the potassium-rich blood in the central circu-
lation was circulated and the potassium distributed within
total body water.

In conclusion, we have demonstrated that small chil-
dren who received a rapid transfusion of potassium-rich
blood during a low cardiac output state had a high
incidence of hyperkalaemia. The documented plasma
potassium concentrations during cardiac arrest are in
agreement with those predicted from the model simula-
tions. Theoretically, the predisposing factors for the
development of hyperkalaemia during RBT are (1) the
physiological response to the potassium challenge, (2) the
volume of the central compartment, (3) the contribution
of the rate of blood transfusion to the total venous return,
and (4) the potassium concentration of the transfusate.
The acute response to potassium challenge is redistribu-
tion and dilution. Given the small volume of the central
compartment, it is obvious that if the transfusion rate is
high relative to the cardiac output, and if the blood is old,
and associated with a potassium-rich plasma fraction,
then RBT during hypovolaemic cardiac arrest may be
associated with hyperkalaemia.

Hyperkalaemia during RBT and a low cardiac output
state would remain a biochemical curiosity except that the
coronary circulation receives the potassium-rich outflow
from the central circulation. The transmembrane potas-
sium concentration gradient is central to the definition of
the resting membrane potential, as defined by the Nernst
equation. Hyperkalaemia is arrythmogenic. In addition,
in vitro, a [K] of 8—15 mmol-L~" has been shown to
result in ineffective cardiac contraction,' and in vivo,
cardiac output varies inversely with the potassium con-
centration.!> Therefore, rapid administration of potas-
sium-rich blood may depress cardiac output, allowing the
ratio Q,/Qro, to rise and resulting in an acute increase in
the plasma [K] of the central circulation, which may offset
the desired effect of an increased preload. In addition,
rapid transfusion of stored blood may result in hypother-
mia, acidaemia and hypocalcaemia, all factors which may
further depress cardiac output.®:16:17
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Appendix
FreeKt,, = FreeKp, + FreeK, (Eq. 1)
FreeKror = [Kpy X Qp) + K1y X Qro) (Eq. A1)
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where Kp, and Kr, refer to the plasma [K] in the venous
return of the patient and the transfusion, respectively.

Since acutely potassium distributes only within the
plasma fraction of blood, values for volumes and flows
were referenced to plasma such that:

Qp, = (I — Hetp) X VR
Qrr = (1 = Hetyy) X TR
where VR is the venous return of the patient and TR is
the transfusion rate; Hctp, and Hct, refer to the haemato-

crit of the patient and transfusion, respectively.

Qp and Qy, combine to give a total flow, Qr,, such that:
Qror = Qp + Qe
Therefore,

FreeKro = Krot X Qror (Eq. A2)

where Kt is the plasma potassium concentration of the
inflow.

Combining equations Al and A2 and dividing both sides
of the equation by Qro.:

Kror = (Kp. x 2o ) + (KT, X 3“)

Tot Tot

(Eq.2)

V,, the volume of the central circulation, represented
the combined volume of the pulmonary (V, o) and cardiac
(V) extracellular volume such that:

Vi=Via+ Vs (Eq. 4)

V,p was assumed to equal three per cent of total blood
volume which was assumed to be 75 ml - kg ™'. Therefore
Vig = 1.6 ml-kg™".

The pulmonary ECF volume (V,,) was equal to the
sum of its interstitial volume (PISF) and its blood volume
(PBV). Values for awake PBV range from 10—20 per cent
of total blood volume. It was assumed that PBV was 15
per cent of total blood volume of which 70 per cent was
plasma (7.9 ml-kg™").!%!? The PISF was assumed to
equal 15 per cent of the total wet weight of both lungs.?
For a child aged [-3 yr (10-15 kg) the weight of both
lungs ranges from 112166 g,%° giving a PISF of 1.7 ml -
kg~'. Therefore:

V1, =PBV + PISF
=7.9ml-kg™' + 1.7ml-kg™!
=9.6ml-kg™'.

Substituting in Equation 4:

Vi=Viat+ Vs
=9.6ml-kg”! + 1.6 ml-kg™!
=11.2ml-kg™".
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