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CHAPTER 6 

HEMODYNAMIC FINDINGS IN PRETERM 
INFANTS WITH LATE-ONSET SEPSIS  
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ABSTRACT 
 
Background 
Septic shock in preterm infants remains a significant cause of neonatal mortality. 
Decreased peripheral vascular resistance and relative or absolute hypovolemia are 
the major pathogenic factors of circulatory compromise during sepsis in adults. 
These hemodynamics have never been described in septic newborns. We aim to 
describe the hemodynamic changes over time in preterm infants with clinical sepsis. 
 
Methods 
Blood pressure (MBP), right and left ventricular output (RVO, LVO) and superior 
vena cava flow (SVC flow) of infants who had a suspected infection and showed 
signs of cardiovascular compromise were collected every 12 hours till considered 
better.  
 
Results 
Twenty infants with a median (range) gestational age of 27 (25-32) weeks and 
weight of 995 (650-1980) grams were included. Five patients died. Mean(SD) RVO, 
LVO and SVC flow at the first measurement was 555(133), 441(164) and 104(39) 
ml/kg/min respectively. The calculated SVR was 0.08 (0.04) mmHg/ml/kg/min.  
There was no significant change in flow in the 15 survivors. Blood pressure and 
SVR increased from start to the last measurement (mean difference MBP 8 mmHg; 
95%CI 3 to 13, SVR 0.02 mmHg/ml/kg/min; 95%CI 0.01 to 0.04). Significant 
decreases in flow and an increase in SVR was present in the 5 non-survivors (mean 
difference RVO -318 ml/kg/min; 95%CI -463 to -174, LVO -292 ml/kg/min; 95%CI -
473 to -111, SVC flow -46 ml/kg/min; 95%CI -77 to -16). 
 
Conclusions 
Neonates who develop sepsis in the NICU present with relative high left and right 
cardiac outputs and a low systemic vascular resistance. A decrease in RVO or LVO 
of more than 50% compared to the initial measurement is associated with mortality.
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Background: 
The overall incidence of sepsis in neonates has declined over the past decades, but 
it still remains a significant cause of neonatal mortality and morbidity, particularly in 
very low birth weight (VLBW) infants. Twenty five percent of the VLBW infants have 
1 or more culture proven sepsis episodes during their admission with an overall 
mortality of 17%. Over 40% of deaths occurring after the second week of life in 
VLBW infants are attributed to infection.1 Neonatal infections among extremely low 
birth weight infants are associated with poor neurodevelopmental and growth 
outcomes in early childhood.2 

The two major pathogenic factors of circulatory compromise in adults with sepsis 
are decreased peripheral vascular resistance and relative or absolute 
hypovolemia.3,4 Paediatric septic shock is also associated with severe hypovolemia, 
yet their response to fluid resuscitation differs from adults.5 Children with community 
acquired fluid refractory shock are frequently in a hypodynamic circulatory (also 
known as low flow) state, and respond to inotrope and vasodilator therapy. 
Hemodynamic states in septic children frequently progresses and change during the 
first 48 hours.6 

Treatment of sepsis with cardiovascular compromise in neonates has been 
traditionally based on an assumption of the same pathogenic factors as adults. To 
our knowledge, hemodynamics have never been described in septic newborns. 
Considering the difference in response to sepsis between adults and children and 
the lack of data in neonates, we aim to describe the hemodynamic presentation and 
changes in hemodynamics over time in preterm infants with clinical signs of sepsis 
and cardiovascular compromise. It is not our intention to evaluate the effect of 
interventions. 
 
Methods 
Patients 
This is an observational cohort study performed in the neonatal intensive care unit 
of Emma Children’s Hospital, Academic Medical Centre, Amsterdam, the 
Netherlands between November 2006 and Jan 2008, and the John Hunter Hospital, 
Newcastle, Australia between August 2008 and September 2009. The study was 
approved by the local ethics committees and informed consent was obtained from 
the parents of eligible infants. 
Infants less than 34 weeks gestation with a suspected infection after 72 hours of life 
were eligible. Suspected infection was diagnosed by the attending physician based 
on clinical signs and symptoms suggestive of an infection. With every suspected 
infection a sepsis work-up was performed. The sepsis work-up included a full blood 
count and blood culture, tracheal aspirate if mechanically ventilated, a chest and/or 
abdominal Xray, lumbar punction if the signs included seizures or abnormal 
movements and a urine culture if the patient had known renal abnormalities. In the 
Academic Medical centre in Amsterdam a C-reactive protein was often added. 
Infants with a suspected infection who developed at least 2 signs of cardiovascular 
compromise were included in the study. Signs of cardiovascular compromise could 
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be increased heart rate (> 20% above baseline in rest), low blood pressure (<5th 
percentile for gestational and postnatal age)7, poor perfusion (clinical appearance, 
capillary refill > 3 sec), oliguria (< 0.5 ml/kg/h), raised lactate or base excess with 
previous normal pH, or respiratory insufficiency requiring mechanical ventilation.  
Ultrasound measurements and collection of clinical data was started when at least 2 
pre-defined criteria were present and as early as possible after consent had been 
given. The measurements were repeated every 12 hours until the infant was 
considered better. The infants were considered better if they were back on their 
initial respiratory support and received no further cardiovascular support.  
Ventilator parameters (Mean airway pressure, FiO2, support mode) and 
cardiovascular support (volume given, inotrope and vasopressor dose and duration) 
was noted at each measurement point. Blood pressure was measured via an (non-
invasive) oscillometric device or an indwelling arterial line.  
 
Treatment protocol 
The treatment protocol for hypotension in sepsis in both hospitals is a pressure 
based approach. It starts with initial fluid loading with normal saline. No specific 
guidelines regarding the amount of volume is followed, but usually up till 60 ml/kg in 
the first 3 hours is administered if necessary. If blood pressure is not restored, 
dopamine is started at 5 µg/kg/min and increased to 10 µg/kg/min. Dobutamine is 
added at 10 µg/kg/min, and further increase in medication is ordered in increments 
to a maximum of 20 µg/kg/min. If blood pressure is still not improved by this time, 
hydrocortisone 3 mg/kg/day is added together with continuing fluid loading with 
normal saline or fresh frozen plasma, correction of metabolic acidosis and 
correction of haemoglobin. Adrenalin or Noradrenalin up to 1.5 µg/kg/min is added 
as a last resort treatment in fluid and vasopressor refractory septic shock. The flow 
measurements in this study were not used to guide treatment. 
 
Ultrasound measurements 
Functional echocardiography (fECHO) measurements were performed using a 
Sequoia ultrasound system (Siemens medical, Germany) with an 8 MHz vector 
array transducer in the Netherlands, and a iE33 ultrasound system (Philips medical, 
the Netherlands) with a 12 MHz phased sector array transducer in Australia. SVC 
flow and Doppler measurement of right ventricular output (RVO) were performed 
according to previously published methodology.8,9 Left ventricular output (LVO) was 
determined from the subcostal or apical view with the least angle of insonation, and 
LVO diameter taken from the long axis at the hinges of the aortic valve in late 
systole.  
All ultrasound scans were performed by one investigator (KW). The scans were 
recorded to magnetic optical disks, and measurements were done as a batch away 
from the bedside at a later time. Systemic vascular resistance (SVR) and upper 
body vascular resistance (UBVR) was calculated as mean arterial blood pressure 
(MBP) at the time of the scan divided by LVO or SVC flow respectively (in 
mmHg/ml/kg/min).  
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Statistics 
Statistical analysis was performed using a computer statistics package (SPSS 17.0 
for windows). A paired t-test was used to estimate mean differences in normally 
distributed outcomes and a Wilcoxon signed rank test was used for non-parametric 
outcomes from the first measurement to the 12 hour and last measurement. 
 
Results 
In the study periods, 318 preterm infants less than 34 weeks gestation were 
admitted to the unit in Amsterdam and 257 in Newcastle. Seventy-eight (13.5%) 
developed a late onset clinical sepsis and treatment was started. Twenty-seven 
(4.7%) of these infants were eligible for inclusion and had 2 or more pre-defined 
signs of hemodynamic disturbance. Seven eligible infants were not measured 
because the investigator was not available.  
Twenty infants with a median (range) gestational age of 27 (25 - 32) weeks and 
weight of 995 (650 - 1980) grams were measured. There median postnatal age was 
15 (7 - 120) days. The clinical diagnosis was septicaemia in 13 patients, necrotizing 
enterocolitis (NEC) in 6 patients and septicaemia/meningitis in one patient. Six 
patients grew coagulase-negative staphylococcus (CNS) in their blood culture, two 
patients grew group B streptococcus (GBS), one patient grew Staphylococcus 
Aureus, one patient Bacillus and in 5 patients gram negative species could be 
isolated. In 5 patients there was no growth in the cultures. Three of these patients 
had NECIIIa or higher. The first remaining patient with negative cultures presented 
with tachycardia, hypotension, poor perfusion, need for mechanical ventilation, an 
initial C-reactive protein of 8.7 mg/l and a maximum C-reactive protein of 28.9 mg/l 
and a drop in platelets from 218 to 78 x 109 /l. The second patient presented with 
tachycardia, hypotension, hyperglycaemia, need for mechanical ventilation, a C-
reactive protein of 39.0 mg/l and positive surface swabs with CNS. 
In 18 cases the first measurement was performed shortly after the sepsis work-up 
was performed and intubation and mechanical ventilation was started for respiratory 
insufficiency. In 2 cases the first measurement was done approximately 2 hours 
after the sepsis work-up was performed. 
 The clinical presentation at time of the first measurement was the need for 
mechanical ventilation (18 patients), poor perfusion (17), tachycardia (16), 
hypotension (13), and acidosis (6). Six patients had a patent ductus arteriosus (DA) 
at the first measurement with the diameter ranging from 1.2 to 2.0 mm. All showed 
left-to-right shunting over the DA at the first measurement. Of the 6 infants with a 
DA, three survived with 2 showing spontaneous closure of their DA after the sepsis 
episode. 
Five patients died due to their illness, all within 16 hours of presentation. The 15 
survivors took an average of 61 hours to get better. Individual characteristics of the 
included patients and cardiovascular support given during the septic episode are 
shown in table 1.  
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Patient GA Weight PNA 
(days) 

Diagnosis Culture Volume 
before (ml/kg) 

Volume first 
12 h (ml/kg) 

Inot Ino 
hours 

H
C 

Mortality 

1 25 740 16 sepsis no growth 5 88 2 24 1 0 
2 31 1130 7 sepsis Kleb oxytoca 0 71 0 0 0 0 
3 28 900 17 NEC IIIa no growth 0 107 2 72 0 0 
4 26 1220 18 sepsis Enterobacter 8 70 1 24 0 0 
5 25 750 10 sepsis no growth 10 55 2 36 1 0 
6 26 650 7 sepsis E Coli 0 46 2 48 1 0 
7 27 880 7 sepsis CNS 11 11 0 0 0 0 
8 28 1140 10 sepsis CNS 0 18 0 0 0 0 
9 25 1080 30 sepsis Serratia 5 79 3 14 1 1 

10 28 765 7 NEC IIIb CNS 10 162 3 14 1 1 
11 32 1875 14 sepsis/menigitis GBS 0 51 1 48 0 0 
12 30 1030 19 sepsis S Aureus 9 39 0 0 0 0 
13 27 1010 12 sepsis CNS 0 64 1 48 0 0 
14 27 980 33 NEC IIIb no growth 0 143 2 12 0 1 
15 26 1980 120 sepsis GBS 0 20 0 0 0 0 
16 25 1040 11 sepsis Bacillus 7 19 0 0 0 0 
17 28 960 21 NEC IIIa no growth 10 104 2 14 1 1 
18 25 750 16 NEC IIIa/sepsis CNS 10 192 3 120 1 0 
19 27 980 33 NEC IIIb/sepsis E Coli 0 163 2 16 0 1 
20 28 1180 12 sepsis CNS 0 34 1 24 0 0 

 

 
Table 1. patient characteristics and cardiovascular support given. GA; gestational age, PNA; postnatal 
age, NEC; necrotising enterocolitis, CNS; coagulase negative staphylococcus, GBS; group B streptococ, 
Ino; Inotropes, HC; hydrocortisone, Volume includes colloids, crystalloids, blood products and sodium 
bicarbonate. 
 
 

 
 
Figure 1. Flow in survivors (n=15, black lines) and non survivors (n=5, grey lines). RVO, right ventricular 
output; LVO, left ventricular output; SVC flow, superior vena cava flow.  
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Figure 2. Mean blood pressure in survivors (n=15, black lines) and non survivors (n=5, grey lines). 
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Figure 3. Systemic vascular resistance (SVR) in survivors (n=15, black lines) and non survivors (n=5, 
grey lines). 
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Figures 1 to 3 show the hemodynamic data on flow, blood pressure and systemic 
vascular resistance. The mean (SD) RVO, LVO and SVC flow at the first 
measurement in all 20 patients was 555(133), 441(164) and 104(39) ml/kg/min 
respectively. The mean (SD) calculated SVR was 0.08 (0.04) mmHg/ml/kg/min.  
Overall, the 15 survivors showed no significant changes in flow,  no change in SVR, 
and an increase in blood pressure in the first 12 hours (mean difference RVO -34 
ml/kg/min; 95%CI -93 to 24, LVO -5 ml/kg/min; 95%CI -38 to 28, SVC flow 6 
ml/kg/min; 95%CI -20 to 33, SVR 0.01 mmHg/ml/kg/min; 95%CI -0.02 to 0.01, MBP 
7 mmHg; 95%CI 0 to 13). 
 
The individual variation in response of the hemodynamic variables in the survivors 
is presented in figure 4. The 5 non-survivors showed a significant decrease in flow, 
an increase in SVR and no significant change in blood pressure in the first 12 hours 
(mean difference RVO -318 ml/kg/min; 95%CI -463 to -174, LVO -292 ml/kg/min; 
95%CI -473 to -111, SVC flow -46 ml/kg/min; 95%CI -77 to -16, SVR 0.10 
mmHg/ml/kg/min; 95%CI 0.01 to 0.20, MBP 3 mmHg; 95%CI -12 to 18). Figure 5 
shows the consistent response in flow and other hemodynamic variables in the non 
survivors.  
There was no significant change in flow parameters from start until better in the 15 
survivors (mean difference RVO -34 ml/kg/min; 95%CI -93 to 24, LVO -5 ml/kg/min; 
95%CI -38 to 28, SVC flow 6 ml/kg/min; 95%CI -20 to 33). Blood pressure and SVR 
increased and heart rate decreased from start to the last measurement in the 
survivors (mean difference MBP 8 mmHg; 95%CI 3 to 13, SVR 0.02 
mmHg/ml/kg/min; 95%CI 0.01 to 0.04, HR -26 bpm; 95%CI -38 to -13). There was 
no difference in mean airway pressure at start between the survivors and the non-
survivors. At 12 hours, the mean airway pressure was higher in the non-survivors 
compared to the survivors (mean difference 6.5 cmH2O; 95%CI 2.1 to 10.9).  
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Figure 4. Change in hemodynamic parameters as a percentage in survivors from start to 12 hours of 
age. RVO, right ventricular output; LVO, left ventricular output; SVC flow, superior vena cava flow, MBP, 
mean blood pressure; SVR, systemic vascular resistance; UBVR, upper body vascular resistance, HR, 
heart rate  
 
 

 
 
Figure 5. Change in hemodynamic parameters as a percentage in non survivors from start to 12 hours of 
age. RVO, right ventricular output; LVO, left ventricular output; SVC flow, superior vena cava flow, MBP, 
mean blood pressure; SVR, systemic vascular resistance; UBVR, upper body vascular resistance, HR, 
heart rate  
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Discussion 
This observational study shows that preterm infants who develop sepsis in the 
NICU and were measured after initial volume support present with relative high left 
and right cardiac outputs and a low systemic vascular resistance similar to the adult 
situation.  
A recent prospective study investigating 30 children with fluid resistant shock 
admitted to the paediatric intensive care  showed that children who had a hospital-
acquired catheter associated sepsis presented with a high cardiac index and low 
systemic vascular resistance. This pattern was not seen in community-acquired 
sepsis, where a normal or low cardiac index was predominant.10 Our data on 
preterm infants with a hospital-acquired sepsis is consistent with these findings, 
even though not all patients had a central venous line in place. 
Literature on the hemodynamic presentation of sepsis in newborns has mainly 
focussed on GBS sepsis. The clinical description was characterized by cold, mottled 
and peripherally constricted with evidence of organ ischemia. It was assumed and 
confirmed in animal models that cardiac output was low in these scenarios.11 Our 
findings does not support the animal data. Reference data on flow in preterm infants 
of this postnatal age is limited. The mean (SD) RVO, LVO and SVC flow of stable 
preterm infants less than 32 weeks gestation with minimal respiratory support and 
no cardiovascular support after the transitional period is estimated at 430(100), 
300(75) and 90(30) ml/kg/min respectively. 12 Compared to this data the initial RVO 
and LVO are still high, but with overlap.  
A decrease in RVO or LVO of more than 50% compared to baseline was associated 
with mortality. Failure to improve cardiac function is a characteristic also seen in 
adult patients with septic shock who did not survive.13,14 In children with 
meningococcemia, myocardial dysfunction measured by the shortening fraction is 
associated with mortality.15-17 We did not measure shortening fraction. It 
characterises left ventricular contractility, but it is affected by preload, afterload and 
ventricular shape and motion. Preterm infants have distorted left ventricular shape 
and abnormal wall motion, which persists throughout the first weeks of life. This will 
decrease the accuracy of shortening fraction in determining cardiovascular 
compromise in preterm infants.18 Cardiac output includes preload, contractility and 
afterload and is a good marker of cardiac dysfunction in preterm infants.19 
The initial SVC flow at presentation was only slightly higher when compared to 
healthy preterm infants after the transitional period.9 Compensatory mechanisms for 
keeping blood flow to the brain stable could explain the relative normal SVC flow. 
When combined with a relative high LVO, it could also mean increased flow 
returning from the inferior vena cava. Our cohort included 6 patients with severe 
NEC which could explain the increased perfusion of the mesenteric region. 
We found no changes in flow over the study period in the survivors. One would 
expect a decrease of flow towards normal after cardiovascular support has been 
stopped. Blood pressure and SVR increased over the same time period, as well as 
a normalisation of heart rate. This finding might suggest that flow only changes in 
infants who do not survive.  
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It could also be an effect of treatment installed. Adequate preload conditions and 
small changes in blood pressure and SVR were found in most survivors. A large 
increase in SVR and high doses of vasopressors was associated with mortality in 
this cohort. 
Functional echocardiography (fECHO) is thus far the only diagnostic tool to supply 
extra information about the hemodynamic state in neonates.20 As shown in this 
cohort, there is wide inter-individual variability in hemodynamic changes, which may 
not be guessed from the clinical scenario alone. The findings in this study are 
supportive of the need to monitor hemodynamics in septic shock patients, especially 
if hypotension is not responsive to volume and dopamine. fECHO allows the 
clinician to customise treatment according to actual hemodynamics. Empirically, the 
correct therapy for one hemodynamic will be the wrong therapy for the other. When 
flow is reduced, reducing vasopressor therapy and adding afterload reduction could 
prove beneficial. The reverse situation could be true as well. Persistent high cardiac 
output and low SVR might benefit from increasing doses of potent vasopressors. 
Further studies are needed to evaluate if the suggested changes in treatment can 
improve outcome. 
 
Conclusion 
Neonates who develop sepsis in the NICU present with relative high left and right 
cardiac outputs and a low systemic vascular resistance. A decrease in RVO or LVO 
of more than 50% compared to the initial measurement is associated with mortality. 
The findings in this study are supportive of the need to monitor hemodynamics, 
especially if hypotension is not responsive to volume and dopamine. 
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