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Background: Inferior vena cava (IVC) oxygen saturation as an indi-
cator of mixed venous oxygenation may be valuable for understand-
ing postnatal adaptations in newborn infants. It is unknown how this
parameter progresses in critically ill premature infants.

Aims: To investigate IVC oxygen saturation during the first three
days of life in preterm infants with and without patent ductus arte-
riosus (PDA).

Study Design: Case-control study.

Methods: Twenty-seven preterm infants were admitted to the Neo-
natal Intensive Care. Preterm infants with umbilical venous catheter-
ization were included in the study. Six umbilical venous blood gas
values were obtained from each infant during the first 72 hours of
life. Preterm infants in the study were divided into two groups. Hae-
modynamically significant PDA was diagnosed by echocardiography
in 11 (41%) infants before the 72" hour of life in the study group
and ibuprofen treatment was started, whereas 16 (59%) infants who

In neonatal medicine, it is important to assess tissue oxygen-
ation due to hypoxia, as hyperoxia can have adverse effects.
Usually, measurements of arterial oxygen tension (Pa0O,) and
arterial oxygen saturation (SaO,) are used for clinical deci-
sions regarding oxygen therapy in neonates. However, this ap-
proach cannot explain the complete physiological economy
of oxygen (1-3). Some recommend measuring venous oxygen
to evaluate tissue perfusion and response to therapy (1, 3-8).

Umbilical venous catheters are widely used in neonatal in-
tensive care units for medication, fluid and nutrition adminis-
tration. Mixed venous oxygenation can be measured by insert-
ing an umbilical venous catheter into the inferior vena cava
(IVC) (3). The advantages of measuring IVC oxygenation are
not affected by atrial right-left shunting (3, 4).
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didn’t have haemodynamically significant PDA were included in the
control group.

Results: In the entire group, the highest value of mean IVC oxygen
saturation was 79.9% at the first measurement and the lowest was
64.8% at the 72" hour. Inferior vena cava oxygen saturations were
significantly different between the study and control groups. Post-
hoc analysis revealed that the first and 36" hour measurements made
the difference (p=0.01).

Conclusion: Inferior vena cava oxygen saturation was found to be
significantly different between preterm infants with and without
PDA. Further studies are needed to understand the effect of foetal
shunts on venous oxygenation during postnatal adaptation in new-
born infants.

(Balkan Med J 2014;31:230-4).
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Monitoring of mixed venous oxygen saturation (Svo,)
shows the residual oxygen after tissue oxygen extraction and
also represents the combined sufficiency of arterial oxygen
content, cardiac output and tissue oxygen consumption (2, 9, 10).
Right atrial SvO, was used for monitoring, in contrast to us-
ing Sa0O, alone in an animal model (7). True mixed venous
blood is derived from a pool of blood entering the pulmonary
artery via the great veins in the chest. It contains blood that
has passed through all systemic capillary beds capable of ex-
tracting oxygen, and is thoroughly mixed in the right ventricle
(11). However, catheterization of the pulmonary artery or
right atrium is hazardous for neonates and is not routinely ap-
plied (3, 12). Umbilical venous catheters are frequently used
in neonatal intensive care units due to their lower complica-
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tion rates. Umbilical venous catheterization is not affected by
intracardiac shunting that leads to mixing of systemic and pul-
monary venous blood (3, 4, 13).

The measurement of venous oxygen saturation has been
used in several studies of sepsis and septic shock, and dur-
ing the perioperative period of major surgery because it shows
major derangements in oxygen balance (13-16).

Umbilical venous oxygen saturation pointed a great similar-
ity to arterial oxygen saturation in some premature infants in
our clinical practice that it was hypothesized as a sign of se-
vere ductal shunt predicting patent ductus arteriosus (PDA). In
this study, on the basis of this clinical observation, the course
of IVC oxygen saturation was measured in preterm infants as
an indicator of mixed venous oxygenation in the first three
days of life; and differences between infants with and without
PDA were investigated.

MATERIAL AND METHODS

Preterm infants who were admitted to the Neonatal Inten-
sive Care Unit within 12 postnatal hours between June 2007
and December 2008, were included in the study. Umbilical
venous catheters were inserted in all of them for medical
reasons. The study was approved by the institutional review
board (IRB) and ethics committee. Written informed consent
was obtained from the parents of all study infants.

The placement of each umbilical venous catheter and the
catheters’ position were confirmed with a chest radiography.
If the venous catheter tip was not at the right place it was re-
positioned. The exclusion criteria were infants who had in-
correct catheter position and infants whose catheters did not
allow them to receive blood during the 72 hours.

An umbilical venous blood gas analysis was obtained after
each infant stabilized and then other blood gas analyses were
obtained at postnatal 12%, 24 36", 48" and 72" hours. In total,
six umbilical venous blood gas samples were obtained from the
neonates. A physical examination and arterial tension measure-
ment were performed before each assessment and urine output
was noted. Complete blood counts were studied at the 24", 48
and 72" hours. A blood gas analyser (Gem Premier 3000 Blood
Gas/Electrolyte Analyzer Model 5700; Bedford, Massachu-
setts, United States of America) was used for the gas analyses.

During the process of obtaining blood gases, we prioritized
that the baby was quiet and the oxygen saturation was above
85%. The blood specimens from all preterm infants who par-
ticipated in this study were obtained in a standardized manner.

The gestational age, birth weight, gender, antenatal steroid
usage and surfactant dose of each infant were noted. In the
physical examination general condition, evaluation of periph-
eral circulation, presence of a murmur, wide pulse pressure
(>30 mmHg) or hyperactive precordial pulsation, hypoten-
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sion, need for an increase in PIP of more than 2 cm H,O or
FiO, more than 0.2, presence of pulmonary congestion or
cardiomegaly (cardiothoracic index >%60) on teleradiogra-
phy, heart rate and blood pressure of each patient were noted.
If PDA was confirmed by echocardiography before the 72
hour in patients who had haemodynamic symptoms, ibuprofen
treatment was started. Oral ibuprofen was given at an initial
dose of 10 mg/kg followed by 5 mg/kg at 24 and 48 hours.
Echocardiography was performed after the postnatal 72" hour
in infants with no clinical suspicion of PDA. Left atrial to aor-
tic root ratio (LA: AO) and ductus diameter in mm per birth-
weight of the baby in kg were recorded.

Infants who had haemodynamically significant PDA before
the 72" hour of life were included in the study group and in-
fants who did not have haemodynamically significant PDA
were included in the control group.

For statistical evaluation, SPSS for Windows SPSS soft-
ware (Statistical Package for Social Sciences, version 15.0,
SPSS Inc., Chicago, IL, USA) was used. IVC venous oxygen
saturation levels in the study and control groups of patients
were compared bymixed designed ANOVA [analysis of two-
level mixed (one factor repeated and one factor nonrepeated)
variance analysis] in the first 3 days. A Mouchly sphericity
test was done, sphericity (p>0.05) was provided. Inferior vena
cava oxygen saturation levels were found to be significantly
different in the two groups (p<0.01). Multiple comparisons
with Bonferroni multiple comparison test were done in order
to understand which level was different from the others.

RESULTS

We enrolled 27 babies in the study. The demographic char-
acteristics of the patients are shown in Table 1.

Haemodynamic symptoms were observed during the first
72 hours in the study group - hypotension was noted in 3 of 11,
peripheral hypoperfusion in 2 of 11, and pulmonary conges-
tion in 2 of 11 babies.

Echocardiography was performed on day-of-life one for
three (27%), on day-of-life two for three (27%), and on day-
of-life three for five (46%) of the 11 babies in the study group;
on day-of-life one for one (6%), on day-of-life two for one
(6%), and day-of-life three for 14 (88%) of the 16 babies in
the control group.

Treatment was started within 12 to 24 hours in 3 (27%),
within 25 to 36 hours in 1 (9%), within 37 to 48 hours in 2
(18%) and within 49 to 72 hours in 5 (46%) of 11 babies in
the study group.

Ten (91%) of the 11 infants in the study group had at least
one dose of surfactant, while one infant (9%) did not receive
surfactant treatment. Eleven (69%) of 16 infants in the con-
trol group had at least one dose of surfactant, while 5 infants
(31%) did not receive surfactant treatment.
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FIG. 1. a-c. Changes in mean blood pressure (a), urine output (c) and haemoglobin concentration (c) in all the infants during the first 72 hours

TABLE 1. Demographic parameters of infants

TABLE 2. The IVC oxygen saturation levels according to postnatal time

All infants  Control group  Study group

Number of patients [n (%)] 27 (100) 16 (59) 11 (41)
Gestational age, mean+SD  28.1542.78 28.94+2.43 27.00£2.97

(min-max; median) (24-34; 28)  (24-34;28.5) (24-32;26)
Birthweight (g), mean+=SD  1160+336 12394261 1046+409

(min-max; median) (540-1860; (770-1860; (540-1730;

1160) 1240) 950)

Gender

Female [n (%)] 13 (48.1) 7 (44) 6 (55)

Male [n (%)] 14 (51.9) 9 (56) 5(45)

The mean ductal diameter was reported as 2.1+0.8 (1.2-3.7)
mm/kg in the study group and as 0.7+0.9 (0-2.9) mm/kg in the
control group. The difference was significant (p=0.001). The
mean LA:AO was noted as 1.41+0.33 (1.07-1.90) in the study
group and as 1.11£0.19 (0.86-1.51) in the control group. The
difference was significant (p=0.02).

The means and standard deviations of IVC oxygen satura-
tion in the infants (study and control group) and in all the in-
fants are given in Table 2.

The changes in mean blood pressure, urine output and hae-
moglobin concentration in whole infants during the first 72
hours are shown in Figure 1.

Inferior vena cava venous oxygen saturation was found to
differ significantly between the two groups. Post-hoc analysis
revealed that the first and 36™ hour measurements made the
difference (p=0.01) (Figure 2).

DISCUSSION

In this study, the course of IVC oxygen saturation was mea-
sured in preterm infants as an indicator of mixed venous oxy-
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All the infants Control group Study group

mean+SD mean+SD mean+SD

(min-max; (min-max; (min-max;

median) median) median)

First analysis 79.9+13.4 77.1+14.9 83.7+10.7
(53-99; 83) (53-99; 77) (62-97; 86)

12" hour 67.3£19.1 65.2+18.2 70.5+£20.9
(32-97; 72) (32-87; 72) (33-97; 72)

24" hour 70.6+18.6 70.4+16.8 70.8+21.9
(31-99; 72) (35-92; 73) (31-99; 72)

36™ hour 75.4+16.5 77.6+13.3 72.4+20.6
(26-97; 72) (49-96; 75.5) (26-97; 68)

48" hour 67.6+16.8 69.4+16.5 64.9+17.8
(39-98; 66) (40-98; 68.5) (39-95; 61)

72 hour 64.8+17.2 63.2+17.4 66.7+17.6
(36-96; 60) (36-92; 60.5) (43-96; 60)

genation in the first three days of life and the effect of PDA on
venous oxygenation was investigated. Unlike previous stud-
ies, this study investigated intermittent [VC oxygen saturation
in the first 72 hours of life.

The inferior vena cava oxygen saturation of the whole group
decreased over time. The highest value of mean IVC oxygen
saturation was 79.9% at the first measurement and the lowest
was 64.8% at the measurement done at the 72° hour.

O’Connor et al. (5) found that the mean mixed venous oxy-
gen saturation was 83.3% in 1 to 3 day old newborn infants
that required mechanical ventilation for respiratory diseases,
but who were haemodynamically stable and in normal acid-
base balance.

A prospective clinical observational study was made with
10 preterm infants breathing room air after the acute phase
of respiratory distress syndrome. A fiberoptic catheter was
placed via the umbilical vein and remained in the right atrium
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FIG. 2. Estimated marginal means of IVC oxygen saturation according
to group

for continuous measurement of oxygen saturation. The mean
age of the infants during the monitoring of central venous
oxygen saturation was 52 hours (range 18-168). In this study
stable preterm infants had a central venous oxygen saturation
ranging from 65% to 82% (5" and 95" percentile), which cor-
responded to arterial oxygen saturation > than or = to 86% (2).

In the study of O’Connor et al. (5), newborn infants par-
ticipated in the study, while preterm infants breathing room
air were included in the study of van der Hoeven MA et al.
(2). In both studies the measurements of oxygen saturation
were performed from the right atrium. Although the results are
close to those in the mentioned studies, in our study the infants
were of similar age and birth weight and were followed during
their first 72 hours. Furthermore, in our study the intermittent
measurements of oxygen saturation were done from the IVC,
unlike the other studies where measurements of oxygen satu-
ration were done from the right atrium.

In our study, the mean of the first measurements of IVC oxy-
gen saturations in all the infants were higher than those from
consecutive measurements. Some factors like foetal shunts, car-
diopulmonary, haemodynamic, vascular and inflammatory re-
sponses may influence venous oxygenation during the postnatal
adaptation period (5, 6). All of these factors may be the reason
for the progressive decrease in venous oxygen saturation.

The average rise in blood pressure and the fall in haemoglo-
bin levels within hours, and also the increase in urine output at
the 48" hour, are expected results during the postnatal adapta-
tion of premature babies. It is clear that iatrogenic blood loss
also contributed to the fall in haemoglobin levels.

233

In our study IVC oxygen saturation was found to be sig-
nificantly different between the study and control groups, and
the first and 36™ hour measurements made the difference. The
higher venous oxygen levels in the first sample from the study
group might be due to the shunt between the arterial and ve-
nous systems at the level of the ductus arteriosus due to PDA.
This may be a result of the wide ductus diameter or severe
pressure gradient between the two systems. To confirm this,
the shunt index was calculated using SaO, and Svo,. A portion
of this study was also about a shunt index in the early hours of
postnatal life, which we have shown predicts haemodynami-
cally significant PDA (17). The converging levels of venous
oxygen in the two groups in the 36" hour samples might be
due to ductal closure, as a response to treatment started as
soon as diagnosis of PDA was established.

Our study is the first in which the course of inferior vena
cava oxygen saturation, as an indicator of mixed venous oxy-
genation, in preterm newborns with and without PDA during
the first three postnatal days was shown. Inferior vena cava
oxygen saturation, as a parameter that can be easily measured,
may be valuable in understanding postnatal adaptation period
problems in newborn infants. It is unknown how this parameter
progresses in critically ill premature infants. Inferior vena cava
oxygen saturation as an indicator of mixed venous oxygen-
ation, used together with arterial oxygenation measurement,
may give more accurate results toward understanding the early
postnatal adaptation process. Inferior vena cava oxygen satu-
ration should also be tested in larger patient populations in
order to understand more accurately the effect of PDA on
venous oxygenation and its use in diagnosis and decision of
treatment.
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