
Clinical Ilemorheulugy. Vol. 14, Nu. 1. pp. 75-82, 1994 
Copyright 0 19'94 Elsevier Science Lld 
Winter! in ihe IJSA A l l  right7 reserud 

0271-5198104 S6WJ + .IN 

PLASMA AND INTERNAL ERYTHROCYTE VlSCOSlN IN 
UMBILICAL ARTERY AND VEIN OF PREMATURE INFANTS WITH 

AND WITHOUT ACUTE ASPHYXIA 

A. Munoz (' , I .  IJberos ('I, A. Ronillo (* A. Valemuela (' A. Pl~ertas ("1. E. Narbona( ), R. Sanchez ILL*). J.A. Mollna 0'). 
(*) Department of Pediatrics. University of Granada Hospita1.J") 

Department of Obstetncs and G necology, V~rgen de lac Nieves eneral 
Hospital. (*'*) Department of d siology, School of Medicine. Granada. 

{pin. 

(Received 11.12.1991: accepted 5.10.1993) 

ABSTRACT The successful management of marked biochemical and hemor- 
heological abnormalities in preterm neonates, especially in babies 
with Derinatal asphyxia, requires a thorough understanding of the 
tames and c ~ n s e ~ ~ e n c e s  of s ~ c h  changes. we a v aea 41 preterm 
newborns ( <  37 wee&s of gestat ona age) Into two gro-ps -wltn and 
w Inour per nata aspnyxla- to s t ~ o y  o ocnernlcal hemalologlcal an0 
hernorheoloa~ca varfaoles (plasma v~scos ry and lntnrna erylnrocyte 
viscosity measured with a ~arkness type capillary viscosimeter, os- 
molality, anion gap, osmol gap) in blood samples from the umbilical 
artery and vein. The results were analyzed with comparison of the 
t-test, correlation and regression studies. The most noteworthy find- 
ings were: 1 .) similar values in biochemical, hematological and hemor- 
heological variables in both vessels and in both groups, and 2.) 
evidence of a similar relation between plasma protein concentration 
and plasma viscosity in umbilical artery and vein in preterm neonates 
with acute fetal distress. 

Key words: Perinatal asphyxia, acute fetal distress, hemorheology, preterm, 
viscosity. 



PLASMA VISCOSITY IN PREMATURE INFANTS VOI. 14, NO. 1 

INTRODUCTION 

Perinatal asphyxia is recognized as an important cause not only of death ( l ) ,  but 
also of neonatal hyperviscosity syndrome (2). lncreased cellularity (hematocrit) 
due to placental transfusion (3), variations in erythrocyte filterability (4) and 
changes in erythrocyte aggregation potential (5) are among the causes of increa- 
sed viscosity in the perinatal period. Perinatal asphyxia has been linked to 
modifications in plasma protein composition. lncreased concentrations of fibri- 
nogen and beta-globulin (6) may well account for increased erythrocyte aggrega- 
tion potential in these patients (5). Increases in other plasma protein fractions also 
increase plasma viscosity and undoubtedly affect microcirculatory blood flow and 
tissue 0 2  exchange. 
The objective of this study was to investigate hemorheological properties in 
preterm neonates with and without acute fetal distress (AFD), as hemorheological 
abnormalities may have repercussions on subsequent morbidity. 

MATERIAL AND METHODS 

A total of a 41 preterm neonates (gestational age c 37 weeks) were divided into 
two groups. The control group consisted of 26 neonates (33.5 +/- 2.4 weeks) 
with umbilical artery blood pH > 7.20 at birth. Acute fetal distress group (AFD) 
contained 15 neonates (34.7 +/-  1.5 weeks) in which umbilical blood pH was < 
7.20 as measured in the scalp (in partum) or umbilical artery blood (at birth). The 
protocol was approved by our hospital's clinical trials ethical committee. Informed 
consent was obtained from the parents of all neonates to obtain blood samples. 
Umbilical arterial and venous blood samples (maximum volume 3 ml) were 
collected for biochemical analysis with disposable syringes. All samples were 
divided into two volumes, one was transferred to a dry glass test tube (containing 
no antlcoagu ant) an0 centr~f~ged at 2500 A g for 10 m n  Tne serum fract on was 
,sea for laboraron, assays The other vo.ume was transferred to a q~ass test tuoe 
conran,ng 10 rncg m i 0  % EDTA, tnen centrduged as descr Leo aoove ro 
separate the SLPernatant Plasma vscosrtv was meas~red at 37' C over the 
folowng 8 h as recommended by Tne 'lnternatona Commmee for Stand- 
ard~sat on in Haematoloav (81. wltn a Harkness 8052 ser es cap llary VISCOS meter -. . .. 
(Coulter Electronics). 
The samples were processed with the technique described by Reinhart (9) for the 
measurement of intraerythrocytic viscosity. The blood was centrifuged at 2.000 x 
g for 10 min. The pellet was resuspended in Ringer solution. These steps were 
repeated, and afler a third centrifugation step the red cell pellet was mixed with an 
equal volume of toluene by vigorous shaking, which led to complete hemolysis of 
the cells. The lysate was transferred to cellulose nitrate tubes and centrifuged at 
30.000 x g for 30 min. to remove the remains of the cell membranes in the 
hydrophobic (upper) phase together with the toluene. The hydrophilic (lower) 
phase of the ultrafiltrate was collected with a thin capillary tube; this hemoglobin 
solution behaved as a Newtonian fluid (10) whose viscosity was measurable with 
a Harkness capillary viscosimeter. The protein fractions were determined by starch 
gel electhrophoresis (Beckman), and the resulting subfractions (albumin, alphal- 
glooul n, a pna2-gloDu in. beta-globu in gamma-61ooul n ano total proteln) were 
qdantlfle0 dens~tometr~callv (BecKman Appraise) Tne data were analyzea stalls- 
tically with correlation studies (~earson'i"i"), simple and multiple regression, and 
comparison of the means (t-test). 
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RESULTS 

TABLES I and II summarize the values obtained in umbilical arterial and venous 
blood in both groups of neonates. No significant difference between the groups 
was found for plasma viscosity. 

TABLE I 

Mean values in preterm infants. Results of umbilical artery. 
p~~ - 

Preterm (Control) Preterm (Asphyx ia )  

Plasma viscosity (mPa.s) 0.89 (+1-0.05) 0.91 (+I-0.07) 
Internal viscosity (mPa.s) 2.75 (+N).76) 2.31 (+10.38) 
Osrnolalty (mOsmlKg) 285.7 (+I-21.18) 287.2 (+I-201) 
Osmol GAP (mOsmlKg) 7.84 (+1~20.01) 8.28( + 1-22.53) 
Anion GAP (mEqiL) 10.98 (+I-7.52) 22.03 ( ~1-30.84) 
Hematocrit (96) 45.7 (+/~6.9) 50 (+I-9.4) 
Albumin (gMI) 3.42 ( t 1~0.71) 3.65 (iiO.49) 
Alphal-globulin (gldl) 0.18 (+10.04) 0.21 (+10.05) 
Alpha2-globulin (gldl) 0.35 (+!4.06) 0.37 (+14.06) 
Beta-globulin (gldl) 0.49 ( t lb .16)  0.52 (+14.19) 
Gamma-globulin (gldl) 0.64 (+14.15) 0.7 (+I-0.23) 
Total protein (gfdl) 4.86 (+/-1.03) 5.15 (+I-1.36) 
PH 7.28 (+10.05) 7.14 (+I-007) 

TABLE II 

Mean values in preterm infants. Results of umbilical vein. 

Preterm (Control) Preterm (Asphyxia)- 

Plasma viscosity (mPa.s) 0.90 (+ lU. l )  ow (+14.07) 
Internal viscosty (mPa.s) 2.77 (110.85) 2.4 (+14.49) 
Osrndallty (mOsmlKg) 284.6 (+1~22.87) 287 (+I-11.41) 
Osmdal GAP (rnOsmiKg) 6.34 ( 11-25.75) 7.74 (+I-13.27) 
Anion GAP (mEqlL) 12.01 (+I-6.64) 12.71 (+I-5.41) 
Hematocrit (%) 45.5 (+1~7.01) 50.80 (+1~9.92) 
Albumin (gldl) 3.45 (+lU.61) 3.71 (+10.53) 
Alphal-globulin (gldl) 0.19 (+14.04) 0.23 (+14.08) 
Alpha2-globulin (gidl) 0.37 (+10.07) 0.37 (+10.05) 
Beta-globulin (gldl) 0.45 (+10.15) 0.49 (+10.16) 
Gamma-globulin (gidl) 0.70 (+/0.17) 0.66 (+I-0.22) 
Total protein (@dl) 5.09 (+I-1.32) 5.46 (+10.74) 
PH 7.36 (+1045) 7.25 (+I-0.07) 

Statistical compar son of tne means in arter~al an0 venoLs olooo I kewise faileo to 
dRtect significant otferences in any of the variables between neonates w tn and 
w thout acutefeta d stress. Desp re the apparent lack of a fference f~r lher analysis 
reveaeo some lnterestinq relat onsh ps oetween variab es (TABLE Ill) The -mot - 
cal vein snows tne p acer?al s tJat on In th s meoibm we found the effect of p asma 
proteins on VISCOS tv very sim lar in Dreterm neonates with and witnoLr acute fetal 
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FIG. 1 

Significant relationships between plasma viscosi?; (P.V.) and plasma proteins of 
umbilical vein in preterm neonates without (con rol) and w~th acute asphyxia. 

TABLE Ill 

Correlation study with comparison of "r" values for preterm infants with and 
without acute fetal distress. 

Umbilical attety Urnblllcal vein 

Control Asphyxia Control Asphyxia 

PVIAlbumin r-4.12 r=0.51 r=0.51 r=051 
p=NS pc0.05 p<O.Ol p<0.05 

P.V.lalpha1-globulin r=0.27 r=0.28 r=0.27 r=4.05 
p=NS p=NS p=NS p=NS 

P.V.lalpha2-globulin r=0.11 r =0.49 r=0.40 r=0.38 
p=NS p<0.05 pc0.05 p=NS 

P.V.1beta-globulin r lO.11 r=0.24 r=0.50 r=O.46 
p=NS p=NS p<0.01 p=NS 

P.V./gamma-globulln r=0.28 r=0.55 r=0.51 r=0.28 
p=NS p<0.05 p<0.05 p=NS 

P.V.iTotaI protein r=0.02 r=0.57 r=0.58 r=0.55 
p=NS p<0.05 p<O.Ol p<0.05 

- 
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In umbilical arterial blood which informs us of fetus state, we didn't find relations 
between the plasrnaviscosity and protein fractions of healthy premature neonates. 
Although in premature neonates with acute fetal distress (pH c 7.20) the effect of 
plasma proteins on viscosity was similar to that found in umbilical vein. Fig 1 
illustrates some of these relationships, and shows that some protein fractions in 
umbilical venous blood were able to predict changes in plasrnaviscosity in preterm 
neonates with and without acute fetal distress. 

DISCUSSION 

Studies of neonatal hemorheology classically relate blood viscosity with the 
moment of umbilical cord clamping (7), in an attempt to explain neonatal 
polycythemia during the first days of life, and the pathogenesis of neonatal 
hv~e~ iscos i t v  syndrome Blood viscosity is, for these reasons, not comparable 
ininn fetal ann nbonatai perlous (7 1 1 13) ricmatocrit, a thobgn important. IS not 
tne oniv crlterlon that sno,ld oe consaered in eval~atina fetal and neonatal blooo - 
viscosi& (14). 
Plasma viscositv. in contrast to blood viscositv, does not underao sianificant 
changes our ng b rtn, hence its rneological chara&erisrfcs in the fetusand neonate 
are tho~ont to oe s milar Tne re ative contr~b~tton of D asma to fetal blood rneoloav 
was inv&tigared oy Gross and Harnaway (4) in cross-s,spenstons of Lmo IIGI 
cord ~ lasma an0 eMhr0CvteS Tnese a lnors  founo that the filterab~l N of fetal red ~ , - - -  ~ ~ 

blood cells in aduli p lasia was similar to that of adult red blood cells in adult 
plasma, ie, the type of plasma had significant effect on erythrocyte filterability. The 
rheological behavior of adult erythrocytes in fetal plasma was similar to that of fetal 
cells in fetal plasma. 
Few studies have examined plasma viscosity in umbilical cord blood (7,9,14, 
15.16), and the differences in sampling strategy and methodology make it difficult 
to compare their results. Our plasma viscosrty values were lower than those 
reported in the literature (5,7,9,14) and we found no significant differences between 
the umbilical artery and vein. We measured with a capillary viscosimeter, as has 
recommended the International Committee for Standardisation in Haematology 
(8) and our results for plasma viscosity were similar to those of Stadler and 
Linderkamp (16), who used a capillary viscosimeter. 
Our results show that the protein composition and the viscosity of plasma are 
similar in both umbilical vesselsand do not change in either umbilical vessel during 
perinatal asphyxia. However, our results show that different plasma protein 
fractions have different effects on plasma viscosity in each group. 
Fletcher et al. 117). have found chanaes of wlasma viscositv in ureanants which 
are re8ated wltn an'ncrease in fibrinogen catabo ism in rlatea oy act40nol tnromb n. 
ooing f orinogen-flbrn complexes (ngh-moecular weignt fiorln comp,exes - 
HMWFC ) The leve s of rlMWFC in me newoorn are greater tnan n the a d d  (17) 
this SI~OWS an Increase of the fibrinogenolysis in the fetus The fiorlnogeno ysts 
may be altered by c rcdnstances I ke hypoxia or acioosis wnicn may proouce two 
effects on the c earance of hMWFC n tne f e t ~ s  1 ) Increase of f brinoaeno vs s 
and production of fibrinogen-fibrin complexes. 2.j Decrease in the placental 
clearance of circulating complexes by a redistribution of blood flow in the 
hypoxemia (18). Therefore, the newborns with acute fetal distress show similar 
relations between serum globulins and plasma viscosity of umbilical artery and 
vein. We didn't find changes of viscosity in the groups studied, although we 
observed a different relationship between the globulins and plasma viscosity in 
each group. The increase of the relation in umbilical vein of preterm newborns 
without acute fetal distress between serum globulin and plasma viscosity may be 
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explained by clearance in the placenta of the circulatory complexes. The plasma 
viscosity and serum globulins aren't different in umbilical artery and vein in each 
group, moreover the relation between serum proteins and plasma viscosity is 
different in each blood vessel. These findinas mav be exolained bv the interference 
of some plasma components wltn pacentla1 clearance 
Altnouah Nan1 I ano Blank (19) rewned slanlf~cant correlations oetween serum 
sodium levels' and plasma viscosity, we i e r e  unable to find any correlation 
between these two parameters in any of the groups or in either of the umbilical 
vessels. 
Hypoxia may cause lactic acidosis and hyperosmolality. This led us to investigate 
possible modifiers of microcirculatory blood flow, such as osmolality, anion gap 
and osmol gap, in addition to classical hemorheological variables. Marked varia- 
tions in plasma osmolallty have been reported in neonates (20, 21), with values 
as high as 320 mOsm/Kg. No significant differences in osmolality were noted 
between preterm neonates with and without AFD, or between cord arterial and 
venous values (TABLE I and 11). 
Schmtd-Scnonbein et al. (22) reporfed alterations In ewhrocvte morpholoav and 
f lteraoll ty when p.asma hyperosmola ity or ac dos s were nd;ceo. ~elnhart-et a 
(9) showeo that oesplte the structura offerences between fetal ana a d ~ l t  
hemogloo n. tnere was no slgnlficant o~fference n intraerythrocyie v~scosty. 
Hemoglob n suspenslons free of membrane ihp~d contam natlon snow NewtonIan 
rneooglcal behav~or, ana are not affecteo oy shear rate (70) We, therefore, used 
J C ~ D  llarv viscoslmeter for rneasurins lntraervrnrocvte vlscosrv Wlth th s instr~. 
men't, we obtained values much lower than ihose bbtained with axial type vis- 
cosimeters (9, 23, 24, 25), and our values are corresponding with theoretical 
values only after applying Huggins' equation (25). 
IntraeMhrocVte viscosity in our sam~ le  of Dreterm infants did not differ significantly 
In neonates wth or W~~~OL IAFD neriner were d fferencesfo~nd oetween-urnbli ca 
aner~al an0 venous olood We concbde that acute asohvxla aoes not cadse 
significant alterations in plasma and internal viscosity in theietus. 
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