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ABSTRACT

This study was designed to evalu-
ate the oxygen availability of KR in
the perioperative period and to detect
the impact of correction of MA on
haemodynamic, oxygenation and bio-
chemical variables. Tweenty KR were
randomized for correction or no cor-
rection of MA. Each group consisted
of 10 patients. Correction of MA was
carried out by 5% Na H C O 3. Pul-
monary catheter was used for mea-
surments of heamodynamic variables.
Haemodynamic variables recorded in-
cluded HR, MBP, CVP, PCWP, CI;
Gasometric variables included pH,
PacO», HCO3 and BD; measured Q2
variables included PaO», PVO»2 and
SVOg; calculated O2 variables includ-
ed CaOp2, A-aDP0O2, a-vDO2, P50,
DO2l, VO2 |, O2ER%, and biochemi-
cal variables including mixed venous
and arterial lactate.

The results of this study showed

339

that there was a significant difference
in the acid-base status after correc-
tion of acidosis. Otherwise, acidosis
correction did not display any signifi-
cant differences in haemodynamic,
oxygenation and biochemical varia-
bles. We concluded that KR can
maintain adequate tissue oxygenation
and correction of MA has no value in
improvement of oxygen availability.

INTRODUCTION

Patients with end stage renal fail-
ure (ESRF) and subjected to allograft
renal transplantation may have limita-
tion in oxygen delivery and availability
to the tissues. They have cardiovas-
cular, pulmonary, haematological and
biochemical changes that may interfer
with tissue oxygenation. Some have
uraemic cardiomyopathy, and most
are anaemic and suffering from meta-
bolic acidosis (MA). During operation,
those kidney recipients (KR) can be
exposed to hypothermia due to use of
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cold ischaemia during vascular anast-
mosis. Consequently, KR may suffer
from multifactorial limitations of oxy-
gen availability in perioperative period.

02 availability to the tissues is de-
fined as the overall abi!i*" ¢! the blood
to deliver the necessary amount O2 to
the tissues which is suitable for its
consumption(1). Adequacy of tissue
oxygenation is the net result of O de-
livery (DO2) to tissues and O2 con-
sumption (VO2) by the tissues. There-
fore, tissue oxygenation is a global
concept that can't be directly meas-
ured and no single measurement or
calculation reliably reflects the oxy-
genation status of vital tissues(2).
Monitoring of O2 variables in clinical
settings should include information
about O2 uptake in the lung, O2 trans-
port in blood, O2 release to the tis-
sues and O2 consumption by the tis-
sue.

This study was designed to evalu-
ate the oxygen availability of KR in
the pericperative period and to detect
the imapct of correction of metabolic
acidosis on haemodynamic, oxgyna-
tion and biochemical variables. Hae-
modynamic and Og variables will be
calculated by themodilution (TD) tech-
nigue.
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PATIENTS AND METHODS

This study included 20 adult pa-
tients suffering from end stage renal
failure (ESRF) and subjected to allo-
graft renal transplantation. The study
protocol was approved by the respon-
sible authorities. Patients gave their
written consents. Preoperative as-
sessment included routine haemato-
logical and biochemical laboratory
investigations, ECG and echocardiog-
raphy. Kidney recipient (KR) patients
were preimedicated with diazepam
IOmg (orally) two hours before sur-
gery. Lumber epidural block was per-
formed at L2-3 interspace using
0.8mg. Kg-1 bupivacaine 0.5%, 1
mg.kg-1 lidocaine 2% and 30ug.m-
gkg-1 morphine. Arterial catheter
(20G) was fixed in the radial artery for
continuous BP monitoring. Pulmonary
artery 5 lumen floating catheter was
inserted through the right internal ju-
gular vein and connected to Hewllett
packard monitor (665). Thermodilu-
tion technique was used for measure-
ment for cardiac output and other
haemodynamic variables.

Preinduction with midazolam, mor-
phine and atropine was followed
by induction by thiopentone-
suxamethonium. After endoctracheal
intubation anaesthesia was main-
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tained with No2-02 mixture (FIO2 =
35%) halothane 0.2-0.4% and tubocu-
rarine. At the end of surgery residual
effect of muscle relaxant was re-
versed by prostigmin and atropine.

Mocerate hydration of patients
during surgery was achieved by infu-
sion of 60ml. kg-1 of normal saline
and glucose 5% (2-1) until declamp-
ing. After the onset of diuresis, infu-
sion rate was adjusted according to
urine volume, central venous pres-
sure (C.V.P.) and pulmonary capillary
wedge pressure (PCWP).

Patients were randomly classified
into two groups. Group |, Metabolic
acidosis was not corrected and no bi-
carbonate solution was given. The
second received sodium bicarbonate
solution 5% for correction of their met-
abolic acidosis.

NaCO3 solution was given in the
morning of surgery slowely until the
base defict (BD) was less than 5mmol
L-1 and/or pH increased to 7.37.
Additional calculated dose of bicarbo-
nate might be required intraoperative
or in early recovery time to maintain
acid-base status near normal.

Monitoring and measurments :

Through the pulmonary artery
floating catheter the thermodilution
CO mesurment was taken as the
avariage of three consecutive read-
ings of temperature,

The following variables were re-
corded:

1- Haemodynamic variables: in-
cluded heart rate (HR), mean arterial
blood pressure (MBP), central venous
pressure (CVP), pulmonary capillary
wedge pressure (PCWP), cardiac in-
dex (Cl).

2-Gasometric variables: included
pH, arterial CO2 tension (PaCOp2).
serum bicarbonate (HCO3-) and base
deficit (BD), measured oxygen varia-
bles [arterial O2 tension (PaO2), arte-
rial O2 saturation (SaO2), mixed ve-
nous O2 tension (PVO2) and mixed
venous oxygen saturation (SV02)]
and calculated Oz values [arterial Op
content (CaO2), Alveoloarterial Oo
tension difference (A-aDpQz2), arterio-
venous Oz content difference. (a-
vDOg), P50, O2 delivery index (DO2! )
O2 consumpticn index (VO2l), Oz ex-
traction ratio (O2ER) and core body
temperature.

The blood samle (Iml) was taken in
a heparin coated syringe closed tight-
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ly and immediately analysed by blood
gas analyser (ABL510, Radiometer,
Copenhagen).

3- Biochemical variables: included
mixed venous and arterial blood lac-
tate were mezsured. Each blood sam-
ple (2ml) was put in a tube containing
sodium fluoride as a preservative and
immediately kept in slushed ice and
analysed by Enzymatic-photometric
method. The normal serum lactate in
our laboratory by this technique was
4-16 mg.di-1 (0.3-1.8mEq. L-1).

All haemodynamic, gasometric
and biochemical variables were re-
corded at specific points, namely, be-
fore correction of MA, before induc-
tion of anaesthesia (after correction),
15 min after induction, before clamp-
ing of vessels to start vascular anast-
mosis, 15 min after declamping of
vessels, end of surgery and two hours
after surgery, the study end point.

Statistical analysis:

Data were computerized and
SPSS statistical programme was
used. The data obtained were tested
for normality (parametric or nonpara-
metric). Parametric data were ana-
lyzed by simple t-test. Nonparametric
data were analyzed by Mann-
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Whitney-U test. data were presented
as meanzSD. Difference between two
groups was considered significant at
P<0.05.

RESULTS
The patients demographic data
are shown in table (1).

I- Acid-base status:

KR presented to surgery were all
acidotic and hypocapnic. However, af-
ter correction of MA by 5% sodium bi-
carbonate, pH returned to normal val-
ue and was significantly higher than
the acidotic group to the study end
point (table 2). PaCO2 was below nor-
mal values in the perioperative period
indicating that KR were in a state of
chronic hypecapnia and PaCOg2 did
not show a significant difference be-
tween the acidotic and acidosis cor-
rected KR during most of the anaes-
thesia time. However, PaCO2 was
significantly higher in the acidosis cor-
rected KR 15 min. postinduction, end
of surgery than those measured in the
acidotic KR (table 2). HCO3- was sig-
nificantly higher in the corrected KR
compared with the acidotic ones,
(table 2). The maximum dose of 5%
NaHCOs3 used for correction was 300
mEq. BD was significantly lower in the
acidosis corrected group than the aci-
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dotic KR. This continued to the study
end (table 2).

Il- Haemodynamic variables:

HR showed a significant increase
in the acidosis-corrected KR com-
pared with the acidotic group. This
was cotinued during and after surgery
(table 3). MBP was above normal val-
ue for all KR subjected to surgery and
correction of the acidotic state did not
elicit a significant effect (table 3).
Measured CVP and PCWP (table 3)
did not elicit a noticalbe difference be-
tween the two groups. These two vari-
ables increased gradually till the end
of vascular anastmosis where they
declined gradually due to the occu-
rance of brisk diuresis. Cardiac index
(Cl) was measured by TD, Cl was on
the high normal value (table 4) and
there was no significant difference be-
tween acidotic and acidosis corrected
KR.

lil- Oxygenation variables:

Measured arterial O2 variables,
PaO2 and Sa02 did not show stastis-
tically significant difference between
the acidotic and acidosis corrected
KR, except that PaO2 was signifi-
cantly lower in the corrected group
after vascular anastmosis and after
surgery (table 4). All KR had a within

normal preoperative mixed and
central venous oxygen saturation
(SVO2) and tension (PVO2) (table 5).
PVO2 was significantly lower in acido-
sis-corrected KR before of anaesthe-
sia and after vascular anastmosis
while central | . .2 was significantly
lower in the corrected KR after sur-
gery (table 5). All KR displayed low
values for mixed or central oxygen
tension and satuarion during recovery
(table 5).

The preoperative total arterial oxy-
gen content (Ca0O2) was reducred and
A-aDpOg2 was slightly higher than nor-
mal (table 6). However, there was no
significant difference between the two
groups (table 6 ). All KR have a nor-
mal preoperative PS0 but after correc-
tion of MA, PS50 decreased and be-
come on lower normal value
indicating shift of oxygen dissociation
curve ODC to the left. However, dur-
ing anaesthesia all KR showed low
PS0 without any significant difference
between the two groups. Following
surgery, acidosis-corrected subjects
demonstrated a significant lower P50
value (table 6). The arterio-venous
O2 content difference (a-vDO>2)
showed no significant difference be-
tween the acidotic and acidosis-
corrected groups during the study
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period whether calculated from mixed
venous or central venous blood sarn-
ples (tabie 6 ).

DOg2I calculated with TD technique
was nearly within ncrmal limits and
remained above tne critical level. Cor-
rection of the acidotic state did not
display any significant changes in
DO2l. VO2I also did not show any sig-
nificant difference between the acido-
sis and corrected KR. (table 7) It is
cbservable that V02| decreased in all
KR during anaesthesia. After surgery,
V02| was on high normal values. O2
ER was within normal limits in the
perioperative period in all patients and
showed no significant difference
between acidotic and acidosis-
corrected KR. However, after surgery,
O2 ER raised to near the critical value
(table 7).

IV, Biochemical profile:

Serum lactate-whether measured
from arterial, mixed venous or central
venous blood samples - was within
normal limits preoperatively and all
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KR had the highest abnormal level of
serum lactate in the postoperative
period (table 8).

Body temperature changes are
shown on (table 9), when a decrease
down to 33.5 in postoperative period
was recorded.

The results of this study can be
summerized and capsulated into the
following:

Correction of MA, as carried out in
this study, produced:

1- Changes that appeared after
the correction and remained during
the whole studied period. These in-
clude:

a) Increase in HR, b) increase in
pH and plasma HCO- and decreased
in the degree of BD.

2- Changes that appeared after
the completion of surgery. These in-
clude:

a) Oxygenation: decreased in
PaO2 and P50, b) Gasometric: in-
crease PaCO
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DISCUSSION

Tissue oxygenation is a global
concept. The adequacy of oxygena-
tion is indicated by the net result of
DO2 and VO2. In order to get a full
picture about tissue oxygenation, it is
essential to monitor O2 variables that
indicate O2 uptake in the lung, O2
transport to tissues, O2 release and
consumption, in addition to acid-base
status. KR have limitations in their O2
availability. They have haemodynam-
ic, pulmonary, haematological and bi-
ochemical changes that may interfer
with tissue oxygenation.

Haemodynamics of KR are usually
compromised. Hung et al., 1980(3) re-
ported an increase in the preload due
to sodium retention, increase in biood
volume and increments in venous re-
turn by arteriovenous fistula. Howev-
er, in this study preload of either the
right ventricle (CVP) and the left ven-
tricle (PCWP) were within normal lim-
its. This probably because all KR un-
derwent haemodialysis the day before
surgery.

Pulmonary functions are affected
due to left ventricular dysfunction or
increased pulmonary capillary perme-
ability and transudation of fluid(4). Dif-
fusion through the lung may be affect-
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ed and this is indicated by increased
A-aDpQOz2 due to severe chronic anae-
mia(5). This has been proved in these
studied KR as they have a slightly
high values of AaDpO2. Severe anae-
mia is charactersitic for all ESRF pa-
tients. In this stuz:, CaO2 is similarly
reduced by 50%. Various compensa-
tory mechanisms exist to overcome
this decrease in O2 carrying capacity
including increase in CO and 2,3
DPG, shifting of ODC to right. This is
fairly observed in KR as P50 value -
which is the mirror of position of ODC
- was on the high range of normality.

Metabolic acidosis is a common
feature of patients with end stage re-
nal failure and it usually mild and
asymptomatic(4). In this study serum
HCO3- was around 15 mmol/ and
PaCO2 was around 30mmHg. This
state of mild acidosis of prime impor-
tance first to protect the patients from
hypoclaemic tetany and second to fa-
cilitate O2 release to the tissues by
shifting the oxygen dissociation curve
to the right. Sears, 1988(6) advised
that; keep an adequate tissue oxy- /
genation for this group of patients, the"
acute fall of CO and increasing the pH
should be avoided. In this study half
correction of base deficit resulted,in
significant increase in pH up to 7.4
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but HCO3 to rise the normal range
while PaCQO2 did not changed trans-
fering the patient from mild acidaemia
and hypocapnia into a state of neutra-
laemia and hypocapnia.

All KF. had a normal P50 value
but as a result of acidosis correction,
it decreased significantly compared
with acidotic patients. Correction of
MA did not elicit significant changes in
oxygenation variables except PVO2
which was significantly lower after
correction of acidosis. Also, P50 was
significantly lower in corrected group
indicating shift of ODC to left.

Haemodianamically, correction of
MA did not display significant chang-
es during anaesthesia except HR
which showed a significant rise in
most intraoperative readings. The ex-
planation is - to some extent obscured
but it may be the hyperosmolar 5%
NaHCO3 that causes volume expan-
sion and increases preload leading to
increased HR, but against this is the
insignificant difference of CVP, PCWP
and CO.

Similarly, correction of acidosis did
not significantly change oxygenation
during anaesthesia. Most variables
did not elicit a significant difference

between acidotic and corrected
groups in the postoperative period.
However, arterial and central venous
PO2 were significantly lower in the
corrected group compared with the
acidotic one.

KR, whether acidostic or neutra-
laemic, displayed adequate oxygena-
tion as indicated by normal values
of mixed venous oxygen saturation
(SVO2) and serum lactate. It is
evident that SVO2 indicates tissue O2
reserve(7). Schmidt et al., 1984(8)
reported that SVO2 value more than
65% represented an adequate tissue
oxygen reserve. This denotes that KR
are able to maintain a normal tissue
O2 reserve in the periopeartive period
whether the patients remain acidotic
or acidosis was corrected. This nor-
mal tissue O2 reverse is not affected
to some extent by the marked reduc-
tion of O2 transport to tissues. This
can be further explained on the basis
of concomitant reduction of oxygen
consumption by the tissues so that
O2 extraction ratio remains on the
normal values and venous blood
returning from the tissues has a nor-
mal SVOz2. This reduction in oxygen
consumption may be attributed to hy-
pothermia that occurs intraoperatively
(mean body temperature was down to
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33.5°C at end of surgery). Therefore,
it seems that this hypothermia is be-
neficial to meet the reduction of oxy-
gen delivery.

The second evidence of adequate
tissue cxygenation in KR was the
normal serum lactate value seen in
the pre-and intraoperative period. In
recovery unit, serum lactate was
above normal range in both groups
of patients indicating that the tissues
may be exposed to oxygen debt in the
immediate post-operative period.
Another observation recorded in
KR in this time was that most of
them did not shiver inspite of their
low body temperature (around
34.6°C). This phenomenon is difficult
to explain.

In conclusion, firstly, tissue oxy-
genation in KR was preserved in the
perioperativee period. This adequate
oxygenation can be attributed to the
different compensatory mechanisms
occuring in ESRF, namely, hyperdy-
namic circulation increasing tissue
perfusion, shift of ODC to right facili-
tating O2 release to tissue and hypo-
thermia decreasing VO2. Secondly,
correction of mild metabolic acidosis
has no value in improvement of tissue
oxygenation.
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