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CHAPTER 5 

CENTRAL BLOOD FLOW MEASUREMENTS 
IN STABLE PRETERM INFANTS AFTER THE 
TRANSITIONAL PERIOD  
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ABSTRACT 
 
Background 
Central blood flow measurements can provide detailed information on the hemodynamic 
condition of the preterm infant. However, reference values for right and left ventricular 
output (RVO and LVO) and superior vena cava flow (SVC flow) are only available for infants 
in the transitional period. The aim of this study was to determine RVO, LVO and SVC after 
the transitional period in stable preterm infants 
 
Methods 
RVO, LVO and SVC flow were measured with functional echocardiography on day 7 and 
day 14 of life in stable preterm infants less than 32 weeks gestation, with minimal 
respiratory support and no cardiovascular support. Infants with a clinical suspicion of an 
infection within 48 h after data collection or a ductal diameter > 1.4 mm were excluded from 
analysis.  
 
Results 
We performed 111 measurements in 62 preterm infants with a median (range) gestational 
age of 28 (25 - 31) weeks and birth weight of 1105 (650 - 2370) grams. Fifty-seven 
measurements were analysed on day 7 and 47 on day 14. The mean (SD) RVO, LVO and 
SVC flow were 429(116), 296(74) and 89(33) ml/kg/min on day 7 and 433(81), 300(79) and 
86(26) ml/kg/min on day 14. There were no significant differences in flows between day 7 
and 14 in the paired measurements. 
 
Conclusions 
This study provides central blood flow values in stable preterm infants after the transitional 
period. The flow variables were shown to remain stable between day 7 and day 14.
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Background 
The hemodynamic condition of newborn infants is often assessed by clinical variables such 
as heart rate, blood pressure and capillary refill. However, these markers are all poorly 
correlated to central blood flow, which seems to be a more accurate variable for 
determining the hemodynamic condition of newborn infants.1-3 Central blood flow can be 
measured in the great vessels entering or leaving the heart and the most commonly 
measured flows in newborn infants are right ventricular output (RVO), left ventricular output 
(LVO) and, more recently, superior vena cava (SVC) flow. Studies in preterm infants have 
shown that abnormal central blood flow is associated with poor neurodevelopmental 
outcome.4 

In order to classify data on central blood flow as normal or abnormal, it is imperative to have 
reference values for newborn infants. Ideally, such normal values should be obtained from 
both term and preterm infants in a stable hemodynamic condition not compromised by any 
underlying disease or treatment. In addition, reference data should not only be available for 
the first days after birth when the hemodynamic condition is adapting to extra-uterine life 
(the transitional period), but also for the first weeks of life when the hemodynamic condition 
of newborn infants can be compromised by nosocomial infections, necrotising enterocolitis 
or other diseases. 
To date, normative data, variability and repeatability on LVO, RVO and SVC flow have been 
established for healthy term infants in the first week of life.5-8 However, most data on central 
blood flow in preterm infants have only been obtained in the transitional period and many of 
these infants received mechanical ventilation and/or cardiovascular support.8-12 Only two 
studies obtained data on LVO5 and RVO13 in preterm infants after the transitional period. 
The aim of this study is to determine RVO, LVO and SVC flow after the transitional period in 
a larger cohort of stable preterm infants. 
 
Methods 
Patients 
This prospective observational cohort study was performed between October 2007 and 
June 2008 in the neonatal intensive care unit of the Emma Children’s Hospital, Amsterdam, 
the Netherlands. Informed consent was obtained from the parents and the study was 
approved by the ethics committee of the Academic Medical Centre of Amsterdam. Infants 
were eligible if they had a gestational age between 25 and 32 weeks, received no 
cardiovascular support, and were on minimal respiratory support, defined as continuous 
positive airway pressure (CPAP) or nasal canula with less than 30% oxygen. Exclusion 
criteria were clinical suspicion of an infection within 48 hours after data collection and a 
patent ductus arteriosus with a diameter of > 1.4 mm. 
 
Hemodynamic measurements 
RVO, LVO, SVC flow and the diameter of the ductus arteriosus (DA) were 
measured on day 7 and day 14 of life using a Sequoia ultrasound system (Siemens 
medical, Germany) with an 8 MHz vector array transducer incorporating colour flow 
and pulsed wave Doppler. No angle correction was used. Most hemodynamic 
parameters were measured according to previously published methodology.8,9 LVO 
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diameter was measured in the two dimensional parasternal long axis view at the 
hinge points of the aortic valve in end systole.14 For calculations of flow the following 
formula was used: Flow = (velocity time integral x (π x (diameter2/4) x heart 
rate)/body weight. Measurements were performed by two investigators (SS and 
KW). The scans were recorded on magnetic optical disks, and measurements were 
done as a batch away from the bedside at a later time.  
Statistical analysis was performed using a computer statistics package (SPSS 
v17.0, Chicago, USA). P-values smaller than 0.05 were considered statistically 
significant. The coefficient of variation, indicating the beat-to beat Vti variability, was 
calculated by dividing the within-subject standard deviation of repeated 
measurements by the grand mean of all measurements of all included subjects on 
day 7. A paired t-test was used to estimate mean differences in flow between day 7 
and day 14.  
 
Results 
During the 9 month study period, 111 infants born after less than 32 weeks 
gestation were admitted to the neonatal intensive care unit of the Emma Children’s 
Hospital. Sixty-two infants were included in the study. Fifty-seven of these infants 
were measured on day 7 and 47 on day 14 (figure 1). Paired measurements on day 
7 and 14 were available in 42 infants. The median (range) gestational age was 28 
(25 - 31) weeks and the birth weight was 1105 (650 - 2370) grams.  

 
Figure 1. Flow diagram for inclusion 
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Most infants were on nasal CPAP or canula and required no supplemental oxygen 
(table1). 
 
 

 Day 7 Day 14 
Total infants for analysis 57 47 
CPAP n (%) 32 (56) 26 (55) 
Nasal canula n (%) 20 (35) 12 (26) 
FiO2 % (median, range) 21 (21-29) 21 (21-28) 
Total fluid intake in ml/kg (mean, SD) 164 (13) 160 (10) 
Enteral fluid intake in ml/kg (mean, SD) 79 (45) 127 (43) 
Haemoglobin g/dl (mean, SD) 14.2 (1.3) 12.8 (1.0) 
 
Table 1. Patient characteristics. CPAP; continuous positive airway pressure 
 
 
The results of the central blood flow measurements on day 7 and 14 of life are 
reported in table 2. The coefficient of variation of the Vti values per patient for RVO, 
LVO and SVC flow was 9%, 10% and 40%, respectively.  Analysis of the paired 
measurements showed no significant differences in RVO, LVO and SVC flow 
between day 7 and 14 (mean difference RVO 1 ml/kg/min; 95%CI -32 to 34, LVO 17 
ml/kg/min; 95%CI -17 to 51 and SVC flow 2 ml/kg/min; 95%CI -8 to 13).  
 
 

  Day 7 Day 14 
  mean SD range mean SD range 
RVO (ml/kg/min) 429 116 233 - 756 433 81 206 - 644 
  diameter (mm) 5.8 0.6 4.6 - 7.4 5.8 0.6 4.6 - 8.2 
  Vti (cm) 10.9 1.5 5.8 - 14.9 11.4 1.6 7.7 - 15.7 
LVO (ml/kg/min) 296 74 168 - 485 300 79 158 - 574 
 diameter (mm) 4.8 0.5 3.3 - 6.6 4.8 0.6 3.4 - 7.0 
 Vti (cm) 11.2 2.5 6.3 - 17.5 11.4 2.4 5.2 - 16.3 
SVC flow (ml/kg/min) 89 33 39 - 216 86 26 46 - 150 
  diameter (mm) 2.3 0.4 1.6 - 3.4 2.5 0.5 1.8 - 3.9 
  Vti (cm) 13.3 3.0 7.6 - 22.8 13.0 3.0 7.7 - 18.8 
 
Table 2. Central blood flow measurements in 57 infants on day 7 and 47 infants on day 14. RVO; right 
ventricular output, LVO; left ventricular output, SVC flow; Superior vena cava flow, Vti; velocity time 
integral 
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Discussion 
To our knowledge, this is the first study that provides reference values for all three 
clinically used Doppler derived central blood flows (RVO, LVO and SVC flow) in a 
larger cohort of stable preterm infants after the transitional period. We did not see 
major changes in central blood flow between day 7 and day 14. 
Up to now, only LVO and RVO, but not SVC flow, have been studied in preterm 
infants outside the transitional period. Walther et al. reported a mean LVO of 265 
ml/kg/min at day 5 in 27 healthy preterm infants less than 1500 g.5 Yanowitz et al. 
measured RVO in 20 preterm infants and reported a mean RVO on day 7 (450 
ml/kg/min) and 14 (475 ml/kg/min) of life.13 These values are comparable to the 
findings in the current study.  
Our values on SVC flow are comparable with uncomplicated preterm infants on day 
2.8 One infant had a SVC flow of 39 ml/kg/min, but with a normal RVO and LVO. 
When determining central blood flow with ultrasound, it often is preferable to 
measure variables by more than one method as a cross-check. 
The reference values for RVO and LVO in our study are considerably higher 
compared with data obtained in the transitional period in earlier studies.9-12 There 
may be several reasons for this finding. First, it has been shown that infants with 
severe respiratory distress have lower values for RVO and LVO than infants with 
mild respiratory distress.9 The fact that our study, in contrast to most studies in the 
transitional period, included only patients with no or mild lung disease may 
therefore, in part, explain the higher RVO and LVO values. Second, mechanical 
ventilation can decrease pulmonary blood flow up to 30% depending on lung 
compliance.15-17 In contrast to our study, 54 to 100% of the infants included in 
previous studies on central blood flow in the transitional period were mechanically 
ventilated at time of the measurements, which might explain the observed 
differences in RVO and LVO.9-12 Third, 17 to 85% of the infants included in these 
previous studies were on cardiovascular support, suggesting hemodynamic 
instability, which may have affected RVO and LVO values.9-11 Finally, the difference 
in RVO and LVO might be explained by a physiological increase of these 
parameters with advancing age in preterm infants, as also reported for blood 
pressure.18 

We found a higher RVO than LVO. There are several possible explanations for this 
finding . Although we did not investigate the presence and the magnitude of an atrial 
shunt, it is likely that our population will show some left to right shunting on atrial 
level, which will increase RVO.19 Secondly, we found that the angle of insonation for 
determining LVO flow velocity was not always close to 0° due to the anatomical 
position of the left ventricular outflow tract, therefore generating lower values since 
angle correction was not used. Finally, our methodology for determining LVO was 
different compared to other studies. We measured the LVO diameter at the aortic 
annulus and not the aortic root. This will result in a smaller LVO diameter and 
therefore in a lower LVO.14 

The wide range of findings in this study are determined by the variance of the actual 
hemodynamic condition of the individual infants and measurement error. The 
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precision of Doppler cardiac output compared to Fick methods, thermodilution or 
dye dilution is in the order of 30%, with repeatability varying between 1% and 
22%.20 Most of the variability of measurement error will be determined by the 
accuracy of diameter measurements and the angle of insonation for flow velocity 
determination. Small differences in diameter determinations can lead to a large 
variability in cardiac output because the diameter is squared in the formula to 
calculate cardiac output. RVO diameter seems easier to determine than LVO 
diameter, as the right ventricular outflow tract lies closer to the chest and the 
ultrasound probe. Central blood flow measurements are best used to track changes. 
We feel that the right ventricular outflow tract is easier to access with a low angle of 
insonation, and therefore easier to use for longitudinal screening of central blood 
flow in newborn infants.7,16 For SVC flow, we found a high beat-to-beat variability in 
Vti, indicating the need to obtain at least 10 to 15 beats for calculation of flow. To 
use cardiac output measurements in routine clinical practice, adequate training of 
the operator and concise methodology are necessary to obtain reproducible values. 
The presented values for central blood flow obtained in a well defined group of 
stable preterm infants can assist in increasing hemodynamic insight during specific 
disease states like sepsis, necrotising enterocolitis or severe chronic lung disease. 
With frequent longitudinal measurements it would be possible to evaluate common 
hemodynamic presentations and cardiovascular adaptation during these diseases.21 
The possibility of targeting treatment based on blood pressure and flow needs to be 
explored further.  

 
Conclusion 
This study provides central blood flow values in stable preterm infants after the 
transitional period. The flow variables were shown to remain stable between day 7 
and day 14. 
 



85 
 

References: 
 
1. Osborn DA, Evans N, Kluckow M. Clinical detection of low upper body blood flow in very premature 
infants using blood pressure, capillary refill time, and central-peripheral temperature difference. Arch Dis 
Child Fetal Neonatal Ed. 2004;89(2):F168-73 
 
2. Kluckow M, Evans N. Relationship between blood pressure and cardiac output in preterm infants 
requiring mechanical ventilation. J Pediatr. 1996;129(4):506-12 
 
3. Sehgal A, McNamara PJ. Does point-of-care functional echocardiography enhance cardiovascular 
care in the NICU? J Perinatol. 2008;28(11):729-35 
 
4. Hunt RW, Evans N, Rieger I, Kluckow M. Low superior vena cava flow and neurodevelopment at 3 
years in very preterm infants. J Pediatr. 2004;145(5):588-92 
 
5. Walther FJ, Siassi B, Ramadan NA, Ananda AK, Wu PY. Pulsed Doppler determinations of cardiac 
output in neonates: normal standards for clinical use. Pediatrics. 1985;76(5):829-33 
 
6. Takenaka K, Waffarn F, Dabestani A, Gardin JM, Henry WL. A pulsed Doppler echocardiographic 
study of the postnatal changes in pulmonary artery and ascending aortic flow in normal term newborn 
infants. Am Heart J. 1987;113(3):759-66 
 
7. Tsai-Goodman B, Martin RP, Marlow N, Skinner JR.  The repeatability of echocardiographic 
determination of right ventricular output in the newborn. Cardiol Young. 2001;11(2):188-94 
 
8. Kluckow M, Evans N. Superior vena cava flow in newborn infants: a novel marker of systemic blood 
flow. Arch Dis Child Fetal Neonatal Ed. 2000;82(3):F182-7 
 
9. Evans N, Kluckow M. Early determinants of right and left ventricular output in ventilated preterm 
infants. Arch Dis Child Fetal Neonatal Ed. 1996;74(2):F88-94 
 
10. Groves AM, Kuschel CA, Knight DB, Skinner JR. Does retrograde diastolic flow in the descending 
aorta signify impaired systemic perfusion in preterm infants? Pediatr Res. 2008;63(1):89-94 
 
11. West CR, Groves AM, Williams CE, Harding JE, Skinner JR, Kuschel CA, Battin MR. Early low 
cardiac output is associated with compromised electroencephalographic activity in very preterm infants. 
Pediatr Res. 2006;59(4 Pt 1):610-5 
 
12. Miletin J, Dempsey EM. Low superior vena cava flow on day 1 and adverse outcome in the very low 
birthweight infant. Arch Dis Child Fetal Neonatal Ed. 2008;93(5):F368-71 
 
13. Yanowitz TD, Yao AC, Pettigrew KD, Werner JC, Oh W, Stonestreet BS. Postnatal hemodynamic 
changes in very-low-birthweight infants. J Appl Physiol. 1999;87(1):370-80 
 
14. Mellander M, Sabel KG, Caidahl K, Solymar L, Eriksson B. Doppler determination of cardiac output in 
infants and children: comparison with simultaneous thermodilution. Pediatr Cardiol. 1987;8(4):241-6 
 
15. Hausdorf G, Hellwege HH. Influence of positive end-expiratory pressure on cardiac performance in 
premature infants: a Doppler-echocardiographic study. Crit Care Med. 1987;15(7):661-4 
 
16. de Waal KA, Evans N, Osborn DA, Kluckow M. Cardiorespiratory effects of changes in end expiratory 
pressure in ventilated newborns. Arch Dis Child Fetal Neonatal Ed. 2007;92(6):F444-8 
 



 86

17. de Waal K, Evans N, van der Lee J, van Kaam A. Effect of lung recruitment on pulmonary, systemic, 
and ductal blood flow in preterm infants. J Pediatr. 2009;154(5):651-5 
 
18. Zubrow AB, Hulman S, Kushner H, Falkner B. Determinants of blood pressure in infants admitted to 
neonatal intensive care units: a prospective multicenter study. Philadelphia Neonatal Blood Pressure 
Study Group. J Perinatol. 1995;15(6):470-9 
 
19. Evans N, Iyer P. Incompetence of the foramen ovale in preterm infants supported by mechanical 
ventilation. J Pediatr. 1994 Nov;125(5 Pt 1):786-92 
 
20. Chew MS, Poelaert J. Accuracy and repeatability of pediatric cardiac output measurement using 
Doppler: 20-year review of the literature. Intensive Care Med. 2003 Nov;29(11):1889-94 
 
21. Kluckow M, Seri I, Evans N. Functional echocardiography: an emerging clinical tool for the 
neonatologist. J Pediatr. 2007;150(2):125-3 




