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Abstract

Aim: To determine the reference values of strong ion difference
(SID), effective SID (SIDe), unmeasured anions (UMA), tissue acids
(TA), lactate and Chloride-Sodium (CI-Na) ratio of umbilical cord
blood, and to evaluate the impact of delivery mode on these
parameters.

Material and Method: This prospective study was performed on
healthy term newborn infants that had normal progress throughout
the first and second stages of labor during normal spontaneous
delivery (NSD) and cesarean section (C/S). Immediately after
birth, Tmland 2 ml of umbilical venous cord blood samples were
obtained for blood gas analysis and blood chemistry respectively.
The CI-Na ratio, anion gap (AG), albumin corrected AG (AGCorr),
SID, SIDe, UMA and TA were calculated in NSD and C/S groups..

Results: A total of 181 healthy newborn infants were included
the study. Fifty-one infants were delivered by NSD and 130 infants
by C/S. The pH and PCO2 values were similar in both groups. The
mode of delivery had a significant impact on the umbilical cord
AG, AGCorr, SID, lactate, UMA, and TA levels. All these values were
significantly higher in NSD than C/S group.

Conclusion: Umbilical cord blood gas analysis is a common
practice to evaluate fetal status at delivery. The calculation of
blood gas parameters in perinatal problems according to Stewart’s
method may lead further understanding how perinatal conditions
of the mother influence the fetus and newborn infant.

Keywords: Infants; umbilical cord; unmeasured anions; tissue
acids; Stewart’s method

0z
Amag: Umbilikal kord kaninda “Strong lon Difference’ (SID), efektif
SID (SIDe), 6lctlmeyen anyonlar (UMA), doku asitleri (TA), laktat ve

klor/sodyum (CI-Na) oraninin referans degerlerini belirlemek ve bu
parametrelerin dogum sekli Gizerine etkisini degerlendirmektir.

Gereg ve Yontem: Bu prospektif calisma, sezaryen (C/ S) ve dogumun
birinci ve ikinci asamalarinda sorunsuz ilerleme g&steren, normal
spontan dogan (NSD) saglikli term yenidogan bebekler Gzerinde
gerceklestirildi. Dogumdan hemen sonra, kan gazi ve biyokimya analizi
icin sirasiyla 1 ml ve 2 ml umbilikal ven6z kord kani ¢rnegi alindi. Klor/
sodyum orani, anyon acigi (AG), albumin degerine gore duzeltiimis AG
(AGCorr), SID, SIDe, UMA ve doku asitleri her iki grupta degerlendirildi.

Bulgular: Calismaya toplam 181 saglikli zamaninda dogan yenidogan
bebek (NSD n=51; C/S n= 130) dahil edildi. Parsiyel CO2 basinci ve
pH degerleri her iki grupta benzerdi. Dogum seklinin umbilikal kord
AG, AGCorr, SID, laktat, UMA ve TA seviyeleri Uizerinde dnemli bir etkiye
sahip oldugu gordldi. Tim parametreler NSD'de C /'S grubuna gore
anlamli olarak daha yiiksek bulundu.

Sonug: Umbilikal kord kan gazi analizi dogumda fetal durumu
degerlendirmede  kullanilan yaygin  bir uygulamadir. Perinatal
problemlerde Stewart ydntemine goére kan gazi parametrelerinin
hesaplanmasi, perinatal kosullarin fetus ve yenidogan bebegi nasil
etkiledigini daha iyi anlamaya yol acabilir.

Anahtar sozclikler: yenidogan; umbilikal kord; dlctilmeyen anyonlar;
doku asitleri; Stewart yontemi
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INTRODUCTION

Disturbances of the acid-base equilibrium happen in
numerous vital illnesses. These are one of the most commonly
disorders in the neonatal intensive care units (NICUs).!"3 While
the most of acid-base disturbances are easily explained, some
of them are complicated."*! Metabolic acidosis may be caused
by elevated tissue acids (TA), hyperchloremia or a combination
of the two. Tissue acids comprise lactate and/or unmeasured
anions (UMA). Evaluation and analysis of acid-base disorders,
a combination of three factors has been used by the classical
Siggaard-Anderson approach. Henderson-Hasselbalch (H-H)
equation, the base excess (BE), and anion gap (AG) are used
in this method. This approach seems inadequate because of
the fact that it is completely dependent on bicarbonates and
PaCO2."4 The respiratory variable (PaCO2) and the metabolic
variable (HCO,) affect the blood pH. On the other hand, the
presence of weak acids like albumin is not counted by the
plasma pH value in Henderson-Hasselbalch equation.!"*¥ So
a patient with hypoalbuminemia and lactic acidosis will be
associated with normal anion gap.”*® The AG is calculated as
the difference between the sum of cations and anions found
in the plasma. It is formulated like AG=[Na*]+[K']-[CI]-[HCO,].
0.2 Anion gap is grossly underestimated in the presence of
hypoalbuminemia, which is a frequent occurrence in critically
ill patients. Therefore, correction of AG (AGcorr) for serum
albumin improves the accuracy of this parameter. In contrast
to H-H method, Stewart’s physiochemical method accurately
quantifies direct contribution of UMA and TA to a metabolic
acidosis, hence defining the cause. But, this method needs a
complex mathematical calculation system.

Stewart’s physiochemical approach elucidated a new model
of acid-base balance in 1981.1% This theory states that
three independent variables determine pH in changing the
degree of water dissociation into hydrogen ions. The three
independent variables are the strong ion difference (SID),
the total weak acids (A, ), and the partial pressure of carbon
dioxide (pCO2)."" The serum bicarbonate concentration does
not alter blood pH in Stewart’s approach. Albumin is the major
additional variable of acid base analysis in Stewart’s method.
Strong ion difference in Stewart’s approach is difference
between the sums of concentrations of the strong cations and
strong ions; SID is formulated as

[SID]=[Na*]+[K']+[Ca,"1+[Mg,"]-[CL]=40-44 mEq/L. The A,
is the total plasma concentration of the weak acids which
are phosphate, serum protein and albumin. In a variety of
pathological conditions, additional strong anions, which
include lactate, formate, ketoacids, and sulphate, may
become elevated. Therefore these unmeasured anions (UMA)
will change the SID such that the effective SID (SIDe) becomes
SIDe=[HCO3’]+O.28x[aIbumin (g/1)]+1.8x[phosphate (mmol/I)].
1012131 The difference between SID and SIDe is defined as
strong ion gap (SIG) which reflects the UMA and lactate.”'"'2

Fetus, in- utero just before delivery, is affected by the normal
physiologic changes of acid base status. Umbilical cord blood

gas analysis is a common practice to evaluate fetal status at
delivery.'" Postnatal pH and base deficit has been used to
assess the degree of acidemia and prediction of neonatal
morbidity."™ In literature only a pilot study was encountered
that evaluates the SID values in umbilical cord blood.'®
Therefore, we aimed:

- to determine the reference values of SID, SIDe, UMA, TA,
lactate and Cl-Na ratio of umbilical cord blood in a larger
study group,

« to evaluate the impact of delivery mode on SID, SIDe,
UMA, TA, and lactate levels of umbilical cord blood.

PATIENTS AND METHODS

This prospective study was performed on healthy term
newborn infants who were born at Baskent University Faculty
of Medicine in 1 year period. The study was approved by
the Institutional Review Board (IRB) and Ethic Committee
of Baskent University Faculty of Medicine (KA11/64). The
newborn infants that had normal progress throughout the
first and second stages of labor during vaginal delivery and
cesarean delivery were included the study. Exclusion criteria
were maternal hypertensive disorders, maternal diabetes, fetal
anomaly, fetal growth restriction, placental abruption, clinical
chorioamnionitis, nonreassuring fetal heart rate, fetal/cord
anomaly, umbilical cord prolapse, postterm pregnancy, vaginal
birth after cesarean, nuchal or body cord, two vessel cords,
shoulder dystocia and instrumental delivery. Subjects with
histological funisitis or chorioamnionitis following premature
rupture of membranes were excluded. The exclusion criteria
for newborn infants were NICU admission for any reason. The
newborn infants who had emergency cesarean section for fetal
indications, multiple congenital anomalies, inborn metabolic
diseases, congenital heart diseases, renal failure were also
excluded. Immediately after birth, 1 ml and 2 ml of umbilical
venous cord blood samples were obtained from healthy infants
for blood gas analysis and blood chemistry respectively. Strong
ions like Na*, K Ca?*, Mg?*, CI, lactate and weak acid (albumin)
were studied. The CI-Na ratio, DiffNaCl, AG, albumin corrected
AG, AG__, SID, SIDe , UMA and TA were calculated for each
healthy infant. Samples were analyzed for complete blood
chemistry, lactate, and blood gas parameters using the both
by Handerson-Hasselbach and Stewart’s methods.

The concentrations of Na*, K*, Mg*? and CI were analyzed
by automated ion-specific electrodes, and albumin was
analyzed by bromocresol green dye binding. Blood gases,
iCa*", pH and lactate were analyzed with an automated pH
blood gas analyzer. Albumin was converted mg/dL to g/L
[Albumin (g/l)=10xalbumin (mg/dl)]. The AG was difference
between measured cations (Na+K) and measured anions
(actual bicarbonate+Cl). (AG=[Na*]+[K*]-[CI']-[HCO,]).
At the same time corrected AG (AG,,,) were calculated
(AG_,, =(AG+(0.25x[44-measured albumin g/L)1."* The SID is
formulated as SID=[Na*]+[K*]+[Ca*]+[Mg?*]-[CI']). The SIDe and
UMA are formulated as; SIDe=[HCO3‘+0.28><[aIbumin (g/D1+
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1.8x[phosphate (mmol/L] and UMA=SID-SIDe respectively.
101216 Tissue acids are calculated as; TA=lactate + UMA. The
anionic effect of albumin and phosphate is measured by using
the formula: (mEg/L)=[albumin] g/L x (0.123xpH-0.631).I'2
In our study serum phosphate levels could not measured. In
order that the level of phosphate was assumed as 2 mEq/L
which were normal value for healthy newborn infants.™! The
ClI-Na ratio and difference between Na and Cl (DiffNaCl) values
of all newborn infants were also calculated.

For statistical evaluation SPSS for Windows SPSS software
(Statistical Package for Social Sciences, version 17.0, SPSS
Inc.,, Chicago, Ill, USA) was used. Normal distribution and
homogeneity of the variances was evaluated using Kolmorov
Simirnov test. All data except anion gap measured according
to albumin and CI-Na ratio were compatible with normal
distribution. Meanzstandard deviation, 95% Cl| values,
percentiles and extreme values were calculated. T-test was
used for the comparison of delivery route. Pre-conditions
that do not meet the test for parametric variables, Mann-
Whitney-U test was used when comparing the two groups.

Table 1. The demographical data and laboratory test results of all healthy
newborn infants

General evidence Total Range

n (female/male) 181 (85/96)

GA (weeks) 38.5+1.0 (37-41)

Weight (g) 3317.2+456.0 (2190-4500)

Apgar 1. min score 8.1+0.7 (6-10)

Apgar 5. min score 9.5+0.5 (8-10)

Electrolytes 95%Cl
Na (mEg/L) 136.56+0.22 136.05-137.03
K (mEq/L) 4.61£0.06 4.58-4.83
Cl (mEq/L) 106.48+0.20 106.21-107.06
Ca (mmol/L) 241+0.11 2.39-2.44
Mg (mmol/L) 0.71£0.00 0.69-0.72
Phosphate (mEq/L) 2.0 (assumed) -
Albumin (g/L) 3.35+0.23 3.28-3.38

Blood gas parameters (Traditional acid base data)
pH 7.31+0.00 7.30-7.32
pCO2 (mmHg) 47.09+0.68 45.44-48.41
Actual bicarbonate(mmol/L) 23.66+0.29 22.59-23.76
Standard bicarbonate(mmol/L) 20.80+0.28 20.25-21.36
Base deficit Ecf. (mmol/L) -1.80+0.34 -2.99--1.60
Base deficit B. (mmol/L) -1.84+0.32 -2.98--1.66
Lactate (mmol/L) 1.96+0.09 1.77-2.20
Anion gap 11.03+£0.40 10.56-12.30
AGCorr 13.64+0.40 13.22-14.95

According to Stewart acid-base theory
SID (mEg/L) 37.83+0.28 37.13-38.36
SIDe (mEg/L) 36.66+0.30 35.52-36.72
DiffNacl 30.08+0.30 29.24-30.56
UMA (mEq/L) 1.17+0.40 0.75-2.48
TA (mEq/L) 3.14+0.44 2.64-4.56
Cl:Na 0.78+0.00 0.77-0.78

GA: Gestational age. Min: Minute.*:Chi-Square test. AG:Anion gap. AGCorr: Albumin corrected AG.
SID: strong ion difference. SIDe: effective strong ion difference. UMA: Unmeasured anions. DiffNaCl:
Difference between Na and Cl. TA: Tissue acids.

Confidence level for all analyzes (Type 1 error) was kept at
0=0.05. Chi-square test was performed in order to determine
the relationship of categorical data.

RESULTS

A total of 181 healthy newborn infants who were born at
Baskent University Faculty of Medicine were included the
study. Fifty-one were in NSD and 130 were in C/S group. The pH
and PCOz2 values were similar in both groups. Demographical
and laboratory data of all participants were given in Table 1.
Data according to the delivery mode were given in Table 2.
The blood chemistry analyses and blood gas analysis were
studied from umbilical venous cord for each infant. Strong
ions as Na*, K*, Ca?*, Mg?, Cl, lactate and weak acid (albumin)
were studied. The percentiles of CI-Na ratio, DiffNaCl, AG,
AG_, SID, SIDe, UMA and TA were also calculated according
to the delivery mode, and were given in Table 3.

Table 2. Demographical data and laboratory test results for normal
spontaneous delivery or cesarean section

poomal | Cosarean
delivery (s:::';:) value
(n=51)
Gender (female/male) 51(25/26) 130 (60/70)  0.728**
GA (weeks) 39.0%1.1 38.3+1.0 0.000*
Weight (g) 3263.3 £385.7 3338.3+480.5 0.224*
Apgar 1. min score 7.9+0.7 8.1+0.7 0.056*
Apgar 5. min score 9.6+0.5 9.5+0.5 0.627*
Electrolytes...y
Na (mEg/L) 136.52+0.52 136.58+0.23  0.697*
K (mEq/L) 4.57+0.10 4.63+0.07 0.933*
Cl (mEq/L) 105.47+0.44 106.87+£0.21  0.003*
Ca (mmol/L) 2.45+0.02 2.40%0.01 0.019*
Mg (mmol/L) 0.77+0.02 0.68+0.00 0.001*
Phosphate (mEq/L) 2.0 (assumed) 2.0 (assumed) 1.0
Albumin (g/L) 34.73+0.47 33.08+0.26 0.013*
Blood gas parameters (Traditional acid-base data)y
pH 7.30%0.01 7.31%£0.00 0.592*
pCO2 (mmHg) 452+1.5 47.81+£0.72  0.061*
Actual bicarbonate(mmol/l) 21.80+0.49 24.39+0.33 0.000*
Standard bicarbonate(mmol/l) 19.29+0.45 21.44+0.33 0.000*
Base deficit Ecf. (mmol/I) -3.54+0.65 -1.10£0.38 0.001*
Base deficit B. (mmol/I) -3.43+0.62 -1.20+0.36 0.002*
Lactate (mmol/I) 2.87+0.27 1.61+0.05 0.000*
Anion gap 13.82+0.86 9.94+0.41 0.000*
AGCorr 16.14+0.84 12.66+0.43 0.000*
According to Stewart acid-base theory y
SID (mEg/L) 38.86+0.69 37.42+0.28  0.023*
SIDe (mEqg/L) 35.13+£0.51 37.26%0.35 0.000*
DiffNacl 31.05+0.72 29.70£0.31 0.048*
UMA (mEq/L) 3.72+0.83 0.16+0.43 0.000*
TA (mEq/L) 6.60+0.96 1.78+0.44 0.000*
Cl:Na 0.77+0.00 0.78+0.00 0.026*

AG:Anion gap. AGCorr: Albumin corrected AG. SID: strong ion difference. SIDe: effective strong ion
difference. UMA: Unmeasured anions. DiffNaCl: Difference between Na and Cl. TA: Tissue acids. GA:
Gestational age. Min: Minute. *: Mann-Whitney U test. **:Chi-Square test. ; mean + St.Deviation. I:
Mean =+ St.Erorr
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Table 3. Percentiles of pH, pCO2, Actual bicarbonate, Standard bicarbonate, Standard bicarbonate Ecf., Base deficit B, Anion gap, AGCorr, SID, DiffNaCl, UMA,

TA, Cl-Na ratio according to the delivery modes

Normal spontaneous delivery (n=51)

Cesarean section (n=130) Total (n=181)

Percentiles 25 50 75 25 50 75 25 50 75
pH 7.27 7.30 7.36 7.28 7.31 7.35 7.28 7.31 7.35
pCO2 (mmHg) 36.00 44.50 51.00 43.00 47.00 53.00 42.00 47.00 53.0
Actual bicarbonate(mmol/l) 19.05 21.70 23.75 22.20 24.30 26.20 21.20 23.70 26.0
Standard bicarbonate(mmol/l) 17.55 19.55 21.15 20.30 21.60 22.90 19.40 21.00 22.50
Base deficit Ecf. (mmol/l) -6.25 -3.80 =55 -3.60 -1.50 .20 -4.40 -1.90 .60
Base deficit B. (mmol/I) -7.15 -4.05 -.65 -3.10 -1.30 1.00 -4.10 -2.00 .10
Lactate 1.50 2.10 3.40 1.20 1.50 1.82 1.30 1.60 2.10
Anion gap 9.40 13.15 17.70 6.69 9.60 12.14 7.23 9.90 13.67
AGCorr 11.95 15.32 20.46 9.04 12.01 15.48 9.92 12.70 16.21
SID 35.58 38.38 42.33 35.06 37.21 39.04 35.31 37.49 39.98
SIDe 32.62 35.72 37.49 35.16 37.38 39.99 34.22 36.37 38.56
Diff NaCl 28.00 31.00 34.00 27.00 30.00 32.00 27.00 30.00 32.00
UMA 19 3.12 8.49 -2.56 -.05 3.08 -1.89 .78 4.05
TA 241 6.48 10.92 -1.06 1.63 4.53 -.26 2.38 6.59
Cl-Na ratio 74 77 .79 .76 .78 .80 .76 .78 .79
DISCUSSION significantly (p=0.000) different after the C/S compared the

In this study, cord blood UMA and TA levels of healthy
newborn infants born after uncomplicated pregnancies and
deliveries were calculated according to Stewart’s approach.
Impact of delivery modes on these levels was also compared.
Result of all healthy newborn infants for SIG (UMA) was found
1.17£0.40 and TA was found 3.14+£0.44 mEq/L. The SID and
SIDe were 37.83+0.28 and 36.66+0.30 mEq/L respectively. The
normal levels of SID, SIDe and SIG in adult population have
been previously reported, these were found 41.4+3.7, 40+3.8
and 1.4+1.8 mEqg/L respectively.”™ The slight differences
between cord and adult blood can be explained by relatively
higher values of Cl in cord blood of our study group.

We also found that mode of delivery has a significant impact
on the umbilical cord SID, SIDe, lactate, UMA, and TA levels.
A recently published study which was done by Khoshnow et
al.'"” found that the lowest lactate levels were noted among
newborns delivered by elective caesarean sections (C/S)
group than normal spontaneous delivery (NSD) group. In
Khoshnow's study lactate levels with elective C/S and NSD
were 3.24 mmol/L and 4.31 mmol/L respectively.'” In our
study, cord blood lactate levels were 2.87+0.27 mmol/L with
NSD and 1.61+0.05 mmol/L with C/S delivery. Another study
which was reported by Cohen Y et al.l'® found that lactate
levels were lower in the cesarean section group than vaginal
birth group. This result was similar to our study but lactate
levels were lower than that study. Lactate levels with C/S and
NSD were 2.87+1.52 and 4.19+1.47 respectively in Cohen et
al. study. The cord blood values of two studies revealed that
lactate levels were significantly different according to the
mode of delivery. While Cohen et al'"® showed that there
was no difference between delivery modes for SID, SIDe was

NSD in our study. In a meta-analysis, Reynolds and Seed"®
compared to general and epidural anesthesia and reported
that umbilical cord artery pH was significantly lower and BE
was significantly higher in spinal anesthesia group. Several
pediatric studies have showed that the prognostic value of
lactate is better."”! But, in the study of Durward et al.'® UMA
increased alone in about half of cases of metabolic acidosis,
whereas isolated lactate elevation was very rare. Elevated
lactate was frequently associated with increased UMA.™
Although the exact nature and chemical composition of
UMA remain unknown, UMA in metabolic acidosis gives
accurate representation of TA production. Furthermore, it is
clinically important. A previous study revealed that, UMA was
more remarkable than other conventional variables (pH, BD,
and lactate) in identifying non-survivors among critically ill
children.®!In maternal and fetal high risk conditions, UMA may
represent the acute problems better than lactate. Therefore
it can be used as a parameter in the diagnosis of perinatal
hypoxia.

Metabolicacidosis isacommon finding in critically ill neonates,
before treating a laboratory value, it is important to consider
the underlying cause.?” Also our study provides important
evidence on umbilical cord blood UMA and TA reference
values. The UMA variations according to early postnatal
problems can be detected based on these normal cord blood
references. Another important result is calculation of CI-Na
ratio and DiffNaCl levels that can be used as a simple bedside
tool an easy alternative to corrected AG. Nagaoka et al.2"
reported that both the CI-Na ratio and DiffNaCl are good tools
to disclose SID in critically ill adults. Its usefulness in pediatric
and neonatal studies was shown in several other studies.!*1%22
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Our previous study revealed that DiffNaCl and the Cl:Na ratio
were simple, quick and may be alternative methods to the
Stewart’s approach in identifying raised UMA and TA in both
critically ill term and preterm infants hospitalized in NICUs.®??
Durward et al.”? investigate 540 blood gas measurements in a
pediatric age group hospitalized at a pediatric intensive care
unit. They conclude that a Cl-Na ratio <0.75 is a good predictor
of increased TA (PPV=88%). Conversely, a high ratio (>0.79)
excluded increased TA (PPV=81%, LR=4.5). Base deficit (BD) and
lactate affected poorly.? In our study umbilical venous 25p-50p-
75p values of Cl-Na ratio were 0.74, 0.77, 0.79 after NSD; 0.76,
0.78, 0.80 after C/S; and 0.76, 0.78, 0.79 in total respectively.
These results were similar with Durward’s results.

In addition at early postnatal period, the treatment is
controversial in a few conditions such as asymptomatic
hypotension and anemia. Unmeasured anions can be helpful
to show the effects of these conditions on tissue level.
Unmeasured anions with or without lactate can be used to
individualize the treatment in such controversial conditions.
2251 Another important result of this study is the impact of
mode of delivery on the TA levels. Fetus in- utero just before
delivery effected by the normal physiologic changes of acid
base status. Umbilical cord blood gas analysis is a common
practice to evaluate fetal status at delivery.??”! Postnatal
pH and base deficit has been used to assess the degree of
acidemia and prediction of neonatal morbidity.""”!

The limitation of our study is the number of patient group that
larger patient group are needed to understand the effect of
the perinatal conditions on fetus and infant. Also maternal risk
factors can also be examined detailed.

CONCLUSION

The calculation of blood gas parameters in perinatal problems
accordingto Stewart’s method may lead furtherunderstanding
how perinatal conditions of the mother influence the fetus
and newborn infant.
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