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SUMMARY

Introduction Haemoglobin saturation is an obligatory oxygen parameter in the assessment of neona-
tal oxygenation. Although, pulse oximetry is currently one of the major methods in the determination
of haemoglobin saturation, capillary blood saturation is still present in the diagnostic process. As well
known, haemoglobin saturation value of capillary blood is insufficiently accurate, but not as much as
the difference in relation to the values determined by pulse oximetry. Until now published studies have
reported that capillary samples are obtained according to a protocol by the principle of free blood
outflow, which is practically almost unachievable in the neonate.

Objective Determination of the reference values of oxygen saturation (ScO,) and partial pressure (pcO,)
of capillary blood by squeezing of the foot. The determination of difference between ScO, and pulse
oximetry (SpO,).

Methods In 134 term newborns, we determined SpO, . Subsequently, we measured the values of ScO,
and pcO, from the same extremity. While withdrawing a capillary sample, we exerted multiple squeez-
ing of the foot. The mean value of ScO,, pcO,, SpO, and the difference between ScO, and SpO, were
determined.

Results Mean ScO, value was 80.5+8.5%, pcO, was 48.2+11.4 mm Hg and SpO, was 98+1.9%. The differ-
ence between ScO,and SpO, values was 17.5+8.6% (t=23.568; p=0.000).

Conclusion There is a statistically highly significant difference between the values of ScO, and SpO,.
Having the knowledge of this difference can increase the accuracy of clinical evaluation and further
diagnostics. Comparison in up-to-now conducted studies suggests that the squeezing of the foot for
obtaining a capillary sample in relation to free blood outflow does not bear any significant influence
on the resultant values of haemoglobin saturation.
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INTRODUCTION

Oxygen saturation of haemoglobin is a manda-
tory parameter in the assessment of oxygen-
ation of neonates. Pulse oximetry and transcu-
taneous pO, and pCO, are considerably used.
Nevertheless, recent analyses of blood gas moni-
toring performed in several European countries
have shown that capillary samples are still often
utilized [1]. During the time of most intensive
use of capillary blood gas analysis many stud-
ies have pointed out a contradictory relation to
arterial blood values. However, the conclusion of
many studies have shown that pH and pCO, of
capillary blood values in the neonate with good
peripheral circulation are acceptable for clinical
use in comparison with arterial blood measure-
ments, while there is a substantial difference
compared to pO,. The term ,,arterialized* is still
in use, although in 1988 it was shown that warm-
ing the puncture site at 40°C did not lead to a
significant approximation of the arterial values of
oxygen parameters [2]. Lately, it has been shown
that arterialization is also often insufficient in
adults [3]. Oxygen saturation of capillary blood
was scarcely ever analyzed in the past along with
the parameters of other gases, and it was rarely
cited when reference values were determined [4].

A recent study has shown that oxygen saturation
is the parameter of the highest importance for the
survival of the fetus/neonate, contrary to pO, or
oxygen content [5].

OBJECTIVE

Determination of the reference values of ScO,
and pcO, of capillary blood with the application
of squeezing of the foot. The determination of
difference between ScO, and SpO,.

METHODS

The selected 134 term neonates, aged 1-30 days,
were admitted to the Neonatology Department,
in whom it was expected that gas analyses would
be normal (for example: polydactyly, haemangi-
oma, humeral fractures etc.). The patients were
included in the study at the moment of discharge,
when the hospitalization course was analyzed;
any disorder of gas analyses was expected to be
within normal limits.

Physical examination and arterial pressure
measuring confirmed a normal haemodynamic
state. Pulse oximetry of the left foot was done
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Figure 1. Appropriate manner of holding the foot during capillary
blood sampling

by a Nonin Infant Flex 8001] oximeter, and subsequently
capillary blood was withdrawn from the same foot for gas
analyses. There was no need for prewarming, which other-
wise we always perform if the extremity is extremely cold or
cyanotic. At our Department the usual practice for capillary
blood sample collection is to apply pressure, because capil-
lary tube filling with free blood outflow in neonates is more
difficult than in older children. Squeezing of the foot was
done as gently as possible and was repeated until the tube was
filled with blood, which required 1-6 repetitions (on aver-
age 4 times). The manner in which the foot was held and
squeezed is shown on Figure 1. The benefit of such a manner
of capillary blood collection lies in minimizing the number
of punctures. The blood samples were analyzed using a Gem
Premier 3000 analyzer (Instrumentation Laboratory), within
10 minutes of 15 pL capillary tube filling.

To estimate statistical differences between the variables,
we used the Student’s test since our data were parametri-
cally analyzed by the Kolmogorov-Smirnov test for normal
distribution. The determined level of significance of 0.05 was
considered significant and the level of significance of 0.01
was statistically highly significant.

The study was approved by the Ethical Committee of the
University Children’s Hospital.

RESULTS

The mean value of ScO, was 80.5+8.5%, pcO, was 48.2+11.4
mm Hg and of SpO, it was 98+1.9% (Table 1). The differ-
ence between the values of ScO, and SpO, was 17.5+8.6%,
which was statistically highly significant (t=23.568, p=0.000).
There was no difference between the values of ScO, and
SpO, in only 3 neonates.

DISCUSSION

Despite attempts of many authors to analyze obtained capil-
lary blood gas values by comparing them to the values of
arterial blood, one undisputable conclusion has been reached
in all studies: the values of capillary blood analyses are insuf-
ficiently precise. The most probable reason is a high variabil-
ity in the neonatal peripheral perfusion. Therefore, despite
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Table 1. Neonatal reference values of SpO, and blood capillary ScO,
and pcO, obtained from 134 neonates

Variables Mean SD 2.5%ile 97.5%ile
SpO, (%) 98.0 1.9 92.4 100
ScO, (%) 80.5 8.5 61.8 96.6
pcO, (mm Hg) 48.2 1.4 33 88.6

our efforts to accurately express the conditions of the exami-
nation of capillary blood gas analyses in the newborn, it was
difficult to avoid the factor of variable and slower periph-
eral perfusion. Longer capillary refilling time in neonates
compared to older children speaks in favour of the latter [6].

The problem of the imprecision of capillary blood gas
analysis can be viewed as a relation between the fraction
of venous blood and arterial blood in a capillary sample.
All previous data from the literature, including our study,
showed that the values of capillary blood gas analyses were
significantly closer to the values of venous blood than the
values of arterial blood. This is in accordance with the results
of many publications on the correlation between the values
of pH and pCO,, but not of the values of pO, between arte-
rial and capillary blood (7, 8, 9]. There is a lower difference
between the values of pH and pCO, of venous blood and
arterial blood compared to the values of pO,. The greater the
fraction of venous blood in a capillary sample, the greater
the difference of the values of pO, between arterial blood
and capillary blood in comparison to the difference of pH
and pCO, values. Thus, oxygen parameters show that the
capillary sample in newborns is more similar to venous
than arterial blood.

The comparison of our results with accessible reference
values from the literature is limited, because of possible
different conditions under which each study was conducted
and the different age of neonates (especially prematures). In
our study it was only possible to compare the values of pcO,
to those reported by other authors, but not the values of ScO,,
because of their lack in the literature. The reference values
of pO, in a group reporting 78 premature infants were 55.0
mm Hg in venous blood and 83.1 mm Hg in arterial blood
[10]. Brown and Eilerman [11] published a table with pcO,
values of 40-50 mm Hg. Dong et al. [12] reported a group of
infants aged 1-25 days with the mean pcO, value of 52 mm
Hg. In a Cousineau’s twenty-year later study [4] the mean
value of pcO, in newborns aged up to 3 days was 45.3 mm
Hg, while in our study it was 48.2 mm Hg in the neonates
aged up to 30 days. However, the difference between these
values did not have significance that could effect clinical
decision. Still, it should be kept in mind that we did not
warm up the extremity, and while taking the sample, we
exerted multiple squeezing on the foot.

In all previous studies of capillary blood gases free blood-
flow was a part of the protocol for sample collection in order
to secure accurate findings. However, most of the protocols
involving the methods of biochemical analysis were first
developed to be applied in adults and were only later utilized
in patients of all ages. The neonate has a specific physiology
that is different not just from the physiology of the adult, but
also from the physiology of the older child. This case is about
specific peripheral circulation. Our experience suggests that
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the collection of capillary blood samples requires the appli-
cation of some pressure on the foot of the neonate.

CONCLUSION

To conclude, ScO, is still in clinical use despite being insuffi-
ciently accurate. Under such circumstances, the data on the
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PedepeHTHe BpegHocTH 3acuheHOCTM KanunapHe Kpsu HoBopoheHuyagu
KMCEOHUKOM U Pa3/INKa Yy OQHOCY Ha NYNCHY OKCUMETPU]Y
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KPATAK CAZIP?KAJ

YBop 3acuheHocT (caTypaLuja) XeMornobrHa KUCEOHUKOM je He-
30CTaBHY NapameTap Yy NPOLeHN OKCUreHalmje HoBopoheHye-
Ta. Mlako je nyncHa oKcMMeTpuja jeaHa O raBHUX METOAA ofpe-
HriBarba 3acnhieHoCTU XxeMornobrHa, 3acMheHoCT KanunapHe Kp-
BV CE W Jarbe NpUMekbyje TOKOM OBOT AMjarHOCTUYKOT MOCTYMKa.
3Ha ce fja Cy BpefHOCTU 3acuheHOCT XxeMornobrHa KanunapHe
KpBY He[JOBOJbHO MPELM3HE, anu He 1 KONKa je pasnmnka y OAHO-
Cy Ha BPeAHOCTY N3MepeHe NyICHOM OKCUMETPUjoM. Y30pLm Ka-
nunapHe KpBU cy y ocag o6jaBbeHNM CTyAnjama y3uMaHu npema
MpPOTOKOJTY KOj\ MOAPa3ymeBa C10604HO NCTULIaRbE KPBY, LITO je y
CBaKO[IHEBHO] NPaKCU KOA HOBOpOHeHYay CKOPO HEOCTBAPIbUBO.
Lnn papa Linmn paga je 6vo aa ce oppene pedepeHTHe BpeAHO-
cT1 3acmheHoCTV XeMorn061Ha KnceoHnkom (SkO,) v napuujanHor
npUTMCKa KCeoHWKa (pkO,) KanunapHe KpPBM CTCKakbeM CTOmMa-
1a HOBOpPONHeHYaAN NPUIMKOM y3/Makba yY30pKa KpBY, Te pasnu-
ke n3mehy SkO, n nyncHe okcumetpuje (Sp0,).

MpumrbeH « Received: 03/04/2009

Metope papa Kog 134 feteta poheHa y TepmuHy ofpeheHe cy
BpenHocTu Sp0,. MoTom cy n3mepeHe BpegHoctn SkO, n pkO, Ha
UCTOM eKCTpemmuTeTy. TOKOM y3rMatba Y30pKa KanunapHe Kpsu
MPUMErEHO je BULLECTPYKO CTUCKarbe cTonana. OfpeheHe cy cpea-
tbe BpeaHocTn SkO,, pkO, n Sp0, n pa3nuka nmehy SkO, u SpO,.
Pesyntatun Cpeptba BpegHocT SkO, 6una je 80,5+8,5, pkO, 48,2+11,4
mm Hg, a Sp0, 98+1,9%. Pa3znuka namehy SkO, n SpO, 6una je
17,5+8,6% (t=23,568; p=0,000).

3akrbyyak YTBpheHa je CTaTUCTUUKM BUCOKO 3HauYajHa pasnuka us-
mehy BpegHocT SkO, n SpO,. Mo3HaBak-e BPeAHOCTM OBe pasJinKe
MoXe NnoBehaTy NPeLn3HOCT KNMHYKE MPOLIEHe U farbe finjarHo-
cTuke. Mopehetbe ca focaj U3BeeHNM CTyAMjaMa NoKasyje fa cTu-
CKarbe cTonasna HoBopoheHuyeTa TOKOM y31Makba y30pKa Kanunap-
HE KPBU Y OOHOCY Ha CIOBOAAHO UCTNLakbe KPBY He yTrYe 3HaYajHO
Ha fobmjeHe BpeHOCTY 3acheHOCTH XeMOrNI06MHa KNCEOHUKOM.
KibyuHe peuun: HoBopoheHuUe; KanunapHa KpB; CTUCKaHE; 3aci-
heHocT xemornobuHa
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