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Summary

The aim of the siudy was to estabiish normal values of pulse oximetry saturation, respirafory rafe,
feart rate, and blood pressure in healthy newhorns at high altitude. Vital signs and oximetry seturation
readings were coliccted from healthy ferm newhorns at birts, i 1h, and 8t 240 of e, These were
analyzed and compared with reference ranges af seq fevel, This study was carried out af altitudes of
1640 m above sea fevel n Taif cliy, Saudl Arabin, A total of 6011 rerm newborng were examined af
birth and 1h and 4274 were examined at 24 h of life, At birth, the mean Sp, was 68,0 per cenf and
66,3 pet cent from the vight upper aud lower limbs, respectively, Mean SpOy was 94.3 per cont and
5.4 per cont at the age of I and 24h, vespectively, These values weve significandly lower than those
reported at ses level. The menn respiratory rage, heart rpie, and mean blood pressure at 24k were
43,7 /min, 149,7/min, and 46.9 mmkHg, respectively, 1t is concluded that pulse oximetry suturation for
newhorn babies is lower at higher altitudes than ag sea level. This effect bs observahle al altitudes of
1600 m shove seq level, Cut-off levels lower than those used st sea level should be adopted when dealing

wiih newborns Hving at high altitudes.

Introduetion

Pulse oximelry has become a vital instrument in
the medical care of sick children as many clinicians

have recognized how valuable the ussessment of

the patient’s oxygenation in real time can be, This
appreciation has propefled the use of puise oximelers
into many clinical felds in pediutries and neona-
wlogy, Pulse oximetry has been shown to reduce
the number of arterial Blood gas samples twken in
varfous populations, as well as reducing cost and
improving quality of cure. M Whether pulse oximetry
fas had a signilicant impact on the outeomes has yet
1o he substantindly determined in the lterature.”

I difficult to oblain a generalized statement
about the secusacy of pulse oximelers. bul it has
peneraily been found o be weceptably accurnle in
mosl patient pepulations under most conditions.™
However, the relinbility, accuracy. und clinical
interpretation depend extensively on our understand-
ing of normal values in different age groups and
in different clinical settings, Normal values of pulse
oximetry saturation (POS) are generally assumed Lo
be identicul to that of arterinl oxygen saturaiion
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in view of the fuct that the confidence Hmit i
+2-4 per cent of the newual tevel™® The normal
values for pulse oximelry ssturation in henithy
pewborn infamis at sea level have been studied.”
However, few previous studies have evalunled the
prygen saluration status for children Hiving at high
altifude. A wide disparity s notived when attempls
are made 1o define Lhe normal values of oxygen
saruration al figh aititudes n different pediateic
age groups.*’z”'2 Tis this study. our obiective was (o
determine the reference values of puise osimedy
saturation in a large sample of heulthy term peomiies
born in Taif, a city that lies ut 1640 m above seu level,

Materiad and Methods

This study was coried ouwi in the neonatology
depariment of King Abdel-Aziz Specialist Hospital
(KAASH), Taif, Saudi Arabia, al an altitude of
1940 m above sen level, The study was approved by
the ethicnl committee of the hosplial, KAASH is the
main maternily hospital and hns the lergest newborn
unit in the srea (an averaye of 12000 deliveries/vear).
The study was designed to collect datu reflecting
POS, respiratory rate, and heart rale from healthy
full term newborng ut bicth, ut 1 h, and at 24 h of life,
Blood pressure was measured ol the age of th,
A cort Blood sample was collected to measure pH
und hemoglobin, POS readings at biril were tuken
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from right upper and lower limbs, All producis of
high-risk pregnancies together with preterm new-
porns, those with congenital anemalies, and those
whe needed oxygen for resuscitation were excluded.
Newharns who were admitied o the NICU before
dischorge were also exciuded,

Buia were collected during the study period by the
qame team of pediatricians and purses. The ussigned
s1aff peceived training sbout the proper use of the
equipment  hefore  starting  the  study, informed
consent from the parents was obtained before the
examination. Pulse oximetry readings were obtained
for sach newborn using General Eleetric DASH
3000 monitor (General Blectric Systems, Milwaukee,
U%A). The readings were taken in a quiet selting,
Oxygen saturation was taken from right upper and
fower limbs at birth and from the right upper fimb
ter on. The saturation probes were cleuned with
aleehol swabs before ench use, The oximetry reading
was recorded gller stabitization for 1min, secording
{0 the manufacturer,

Collected data were entered in o databuse and
a descriptive statistival analysis was performed. Duta
were 0lso compared with neonatal reference vitlues ut
sen level, whenever applicuble. A confidence interval
of 95 per cent was defined und p values «<0.05 were
considered statistically significant.

Resulis

The study lasted for 7 months from Junuary to July
2004, During the study period, 6706 babies were born
in the hospital, Out of these. 617 were admitted (o the
NICU at birth, snd 16 were readmitted Lo the NICU
from the nursery. These together with 3% preterms
were excluded from the study. Because of technical
errors, resilts were nol recorded in 27 cases at birth,
POS rendings were recorded for 6011 newborns al
birth and | h, Because of early discharge, veadings
were laken from 4274 balies al 24 h of life,

The mean gestational age was MW.4£0.78 weeks
(range 38-41), The meun birth weight was 32k
632 kg (vange 2.6-4.1 ky). Meun and median values
were caleulated Tor oxygen saturation, heart rate and
respivatory vate at birth, 1 and 24 h of life. Blood
pressure values al the age Jh and cord bood pH
and hemoglobin results were also mieasured. Table |
summarizes the valugs obtained from the study.

Biscussion
Pulse oximetry has become a rouline aid 1o
physicians caring for newborn pabies.'” Not only
is pulse oximetry helpful in monitoring sick babies
hut it is also used 1o screen healthy newborns for
congenilal heart disesse, "M Using 1t o monitor
ransition (o extravterine life and closure of ductus
arlerisous s currently under resenveh., ' From here
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carmne the need to define reference values und cut-oll
javels,) 7!

Reference values al sea level are well studied. ™"
However. studying and reporting pulse oximetry
veferenve values al high algtudes {5 nol consistent,
Few studies have dealt with children and even lewer
have looked ul newborns, Those who studied the
neonatnl period did not concentrate on the early
hours of Hfe, whieh are more importast as (hey
reffect the non-peckimatization state, The definition
of high altitude was not usually clear and & wide
disparity i the studied alitudes was noticed, The
sive of the studied sample was usually smail, o feature
which is nat ideal when the aim s to infer refesence
elues, Furthermora, most of these studies did nol
look e or correlate the urierin] oxygen saluration
with vila! signs of the studied newhorns.'

Our study reflects data collected from nearly GO0
newborn habies. The meun SpOs at birth wus found
(o be 68,6 per cent und 60,3 per cent taken from the
right upper and lower mbs, respectively. Tn a study
garried-out by Toth. ef al )P pre- and postductal
arterint oxygen saturation  wus mensured in 50

healthy newborn infants immedistely afler birth,

They reported medn values of 73 per cant and 67 per
cent for the pre- and postductal 5pOa. respectively,
vilues which are significamly higher than those
reported i our study, In snother siudy by Dimieh,
ot a2 the menn 8pOs recorded Mrom the right hand
was 719 per cent and that (rom lower extramities was
63.4 per cent.

In our study, (he mean $pOa at Fh was 94.3 per
cent and at 24N it was 954 per ceni. The study of
Toth, e of. Tound the §p0s to reach more than U3
per cent in less than 1. 1w study on 90 newbom
infants, O'Brien. er al™ reported the baseline mean
Spes 1o be around 98,3 pey cand during she first 241
of life. This is significantly higher than the vaiue we
vaported w1 246 h ol dife.

Pulse oximetry saturation is wsed o monitor sick
newhorns and 1o soreen healthy ones. Previous
siudies have already determined the normal values
of oxvgen saturation [n neoniles al sed level and
supgested a eug-off level of 294 per cent to bhe
considered ns normal ™ Our results showed that
the mean SpOsy in the frst hours of life were always
sighificansdy lower in neonates bor high altitude
ran those born al sea level, This is a good ratlonale
to presume that the neonatab Sp0s ew-ofl level
should be lower than that considerad normal for ses
level (=94 per centd.

The menn respiralory rate was 64, 55, and 45/min
as measured i birth, 1h and 24h respectively,
Figures for heart rute were 169, 149, and 113/min in
the same order. In the literature, many articles looked
into heart rate variability puiterns in the new-
born. 72 but only a few tried to set normal reference
values for neonates during thelr transitioning” !
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Taple |
Vit shens, POS and cord blood pll and hemaglobin for sruelived nowhoris

Mean® 3] Range Medinn® Mo
Seturettinn
AL birih
Upper Limb® HH.6 .04 AR I 2% 13
Lower lh* Gl 3 1381 4677 i E4] {5 3:)
At th 94,3 4.7 BE-47 4 44 o0
AL Zdh G954 3,32 SR 93 us (1004
Rosplratory e
Birh {E ARG ] 6l .07
ih 884 A A2 33 6 .07
Hh 457 A8 -A6 o4 43 4.0%
Fleart mte
girth R A0 170 178 (3243
ih 1497 {73160 {32 144 .44
24k 11532 47128 P ) 113 947
Blood pressure (ul 10y
4875 &3 R
s A48 .06
MLM KRR 0,14
Card blood pH 7.2%.7.3% 7.2 00003
12,7194 [543 11412

Card blood Remoplobin (pidh

® Approsinmions wore nada.
e A011 at bivth and Thon=4274 a1 245,

For blood pressure, the wverage mean value at ih
of Hie wm 4?‘ bl i our sty A study by © ‘ontis
aned Lind® nssessed the blood pressure, hearl ale.
wad body temperature of normal newhorns during
the first week of fife, We reported the mean covd
blood pH o he 7 %l and the cord Bloog hemoglobin
o be (3.0gdl These results are consistent with
newhorn values st sey fevel ™

Zyycdies that looked into pulse aximetry saturition
st Bigh aititudes reported 1hnt younger childyen tend
10 have o lower mean ‘xgw(% than ofder children
suggesting physiclogieal aduptaton fo high alitude
over Umt In addition, sleep !‘le a Towering eifest on
Sl Micholas, of ul. vepoy ted thal Splh levels ave
shpnificantly Jower m m;wlumm and infants living
4t moderate altitude {2500m), 9 1y o study on 189
children aped 3 days m 24 months living in Bogota
(3640 m shove sea level), Lozano, of @l i found {hdl
the Sp0y values in the studied children were lower
than those xcpm{m fram children living ut seu fevel.
They suggested using these esumates for inter pmsmsf

SpO4 resulty in children hom Bogota ansd other citles
Iuc*uvd at & simiiar ultitude,

Three sludies were carvied aut LEL altitudes com-
purable o that of Tail £ 600 mE 0 The stiudy by
Culew. of ol was performed on 302 children a;fd
<% months. The ovarall méan %p{h wits 96 per cent
and 1 was signifieantly lower tn the st month of
e than fater, About & per cent of the values were
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292 per cent, which wus considered o practiest cul-
aff for normal ehil dw s aeed <3 monihs Hving in this
aven, Beebe, of af, ' “miiﬂll“ﬂt‘,cl xhen sty on B0 weil
and 74 siek children mlh upper resplrutory ract
ilections (URD) (age 223 monthsy Mesn oxygen
saturation for well ¢ H en corresponded 1 fepot d
values ot sen level. ﬂwgm satrations of ¢hildren
with URE ware significantly lower. They presumad
el LRY epnnot be eonsidered the esuse of clineally
significnnt oxygen despturglion in previousty henlthy
children a moderate ajtitude. 11 is 10 be noted that
the uge s far beyond the neoid tal perind, o faclor
which aflows acelimatization (o be extablished. In the
third study. O seriul puise oximetry studies weie pet-
formed on 150 term henithy infants, The mean Bl
a4t 2448 b of age were reported (o be 9293 per vent.
With incrensing postnatal age. there was & endency
for increased oxygen saturition during the awake
siies £ 93-94 por cent. while nxygen saluw atkon
durtirg sleep remains the sume or ovin deeranses
slightly.

We concluded

thut pulse oximelry ssturation for
pewhorn babies is Jowey at highes sltjtudes than al
sg level, Thiz effest is observable at ititudes of
600 m shove sea level, The effect is more pro-
poanced in the easly neonaial period and mrabably
decrenses with Lime s aveliatiaiion aeours peaaft
levels lower than those used at sew level should
be adopted when dealing with newbarns lving at
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high altitades, Degrensed oxygen saturation at high
altitudes reflects on the vital signg,
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