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Abstract

Objective: Cardiac output may be compromised in preterm infants with sepsis. 

Whether low cardiac output is associated with low tissue oxygen supply in these 

patients is unclear. The aim of the current study was to assess the association 

between cardiac output, assessed by echocardiography, and tissue oxygenation, 

measured with multisite near-infrared spectroscopy (NIRS), in a cohort of preterm 

infants with clinical sepsis.

Design: Prospective observational cohort study

Setting: Level III neonatal intensive care unit

Patients: 24 preterm infants (GA <32 weeks) with clinical sepsis

Interventions: None

Measurements and Main Results: Clinical and echocardiographic assessment 

of hemodynamics was performed within 48 hours of sepsis workup and repeated 

at least 24 hours later. We measured cerebral, renal, and intestinal tissue oxygen 

saturation using NIRS during an hour of stable measurements directly preceding 

or following echocardiography and calculated fractional tissue oxygen extrac-

tion (FTOE) in each tissue. We determined Spearman’s correlation coefficients 

between FTOE and right ventricular output corrected for patent foramen ovale 

flow (RVO-PFO flow), left ventricular output corrected for ductus arteriosus flow 

(LVO-DA flow), and superior vena cava flow (SVC flow). RVO-PFO and LVO-DA flow 

both correlated significantly with intestinal FTOE (rho: -0.700, P = 0.036 and rho: 

-0.604, P = 0.029, respectively). In contrast, no significant correlations were found 

between cardiac output measurements and cerebral and renal FTOE respectively. 

Changes in cardiac output measurements were not associated with observed 

changes in FTOE-values.

Conclusions: RVO-PFO and LVO-DA flow, indicators of systemic blood flow in 

preterm infants with shunts, were negatively associated with intestinal FTOE, but 

not with renal and cerebral FTOE. These findings suggest that during low output 

states due to clinical sepsis intestinal perfusion is most at risk.
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Introduction

Sepsis is a common cause of mortality and morbidity in preterm infants. Of all very low birth weight 

infants, 1-2% will experience an episode of early-onset sepsis while approximately 12-21% will develop 

at least one episode of culture proven late-onset sepsis (1-3). Sepsis is associated with a high mortality 

rate and surviving infants are at risk of impaired neurodevelopmental outcome and necrotizing entero-

colitis (1-4).

One of the underlying mechanisms during sepsis leading to adverse outcome is tissue ischemia 

during periods of circulatory failure. The diagnosis of circulatory failure in preterm infants with sepsis 

however is particularly difficult as the hemodynamic alterations during sepsis in preterm infants are not 

fully understood and options for invasive hemodynamic monitoring in these small infants are limited (5).

Doppler echocardiography is a tool that has been increasingly used to assess cardiac output in 

preterm infants with early- as well as late-onset sepsis (6-9). More insight in hemodynamic alterations 

during sepsis might help to guide therapy options during circulatory failure. However, cardiac output 

measurements alone may not reflect actual tissue oxygen supply. To adequately guide therapeutic 

interventions, the association between hemodynamic alterations during sepsis and actual tissue oxygen 

supply and consumption in preterm infants with sepsis needs to be better understood.

A non-invasive method to assess tissue oxygen delivery and consumption continuously is near-

infrared spectroscopy (NIRS). With NIRS, regional tissue oxygen saturation (rSO2) can be measured, which 

reflects the venous weighted oxygen saturation of the underlying tissue. When transcutaneous arterial 

oxygen saturation (spO2) is measured simultaneously, fractional tissue oxygen extraction (FTOE) can be 

calculated (10). An increasing FTOE represents either a decreasing tissue oxygen delivery or an increas-

ing tissue oxygen consumption.

Our aim was to assess the association between cardiac output assessed by echocardiography and 

cerebral, renal, and intestinal tissue oxygenation measured with near-infrared spectroscopy in a cohort 

of preterm infants with clinical sepsis. We hypothesized that low superior vena cava (SVC) flow would 

be associated with high cerebral FTOE and that low right ventricular output (RVO) corrected for patent 

foramen ovale (PFO) flow and low left ventricular output (LVO) corrected for ductus arteriosus (DA) flow 

would be associated with high intestinal and renal FTOE, but not necessarily with high cerebral FTOE, in 

the presence of preferential blood flow to the brain.

Methods

This was a prospective observational cohort study in which all preterm infants admitted to the neonatal 

intensive care unit of University Medical Center Groningen, who developed clinical sepsis between 

September 2011 and March 2013, were eligible.
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Patients

Preterm infants born at a gestational age less than 32 weeks suspected of sepsis by the attending 

physician based upon clinical evaluation were included within 48 hours of sepsis workup. Infants were 

suspected of sepsis in the presence of clinical signs such as increased frequency of apnea and bradycar-

dia, lethargy, temperature instability and poor peripheral circulation (increased capillary refill time, cold 

extremities, gray skin color). Infants with major congenital defects or with cardiovascular defects other 

than a patent ductus arteriosus (PDA) were excluded. Measurements were discontinued when infants 

did not tolerate echocardiography due to cardiorespiratory instability. The study was approved by the 

ethical review board of the University Medical Center Groningen. Written informed parental consent was 

obtained in all cases.

Echocardiographic data collection

Two echocardiograms were made by the attending pediatric cardiologist or a trained pediatric ultraso-

nographist, using a Vivid-I ultrasound scanner (GE Healthcare, United Kingdom) with a 10MHz probe. 

Measurements were performed once within 48 hours of sepsis workup and once preferentially at least 

24 hours later. During the first echocardiogram structural normality of the heart was confirmed. LVO, 

RVO, SVC flow, DA flow, and PFO flow were measured. No angle correction was used in any of the 

measurements.

LVO (11) and RVO (12) were measured according to methods that have previously been described. For 

assessment of SVC flow, the mean velocity time integral was measured as previously described (13). The 

SVC diameter was assessed from a subcostal bicaval view at the point of the Doppler range gate, using 

color Doppler flow, with minimalization of color gain so that no color interference was seen outside of 

the vessel wall. A mean diameter was calculated by measuring the maximum and minimum diameter at 

the point of the tracer over 3 consecutive cardiac cycles.

Ductal flow recordings were made from a high parasternal view. When ductal shunting was present, 

the Doppler range gate was placed at the pulmonary end of the ductal shunt and the mean velocity 

time integral was calculated over three consecutive cardiac cycles using pulsed or continuous wave 

Doppler dependent on the maximum velocity of the ductal shunt. When a bidirectional shunt was 

present the right to left part of the velocity time integral was subtracted from the left to right part. The 

diameter of the DA was measured using color Doppler flow with precautionary minimalization of color 

gain in order to avoid color interference outside of the vessel wall. The diameter was measured during 

end-systole at the point of maximum constriction when using continuous wave Doppler and during 

end-systole at the point of the Doppler range gate when using pulsed wave Doppler.

PFO flow was assessed from a subcostal four chamber view. When the foramen ovale was patent, the 

mean velocity time integral was calculated over three consecutive cardiac cycles using pulsed wave 

Doppler with the Doppler range gate placed in the interatrial shunt at the level of the atrial septum. 

When a bidirectional shunt was present the right to left part of the velocity time integral was subtracted 

from the left to right part. The diameter of the PFO was determined using color Doppler with minimaliza-

tion of color gain in order to avoid color interference and was measured at the level of the atrial septum.
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Measurements were stored for off-line analysis and flow-measurements were analyzed as a batch by a 

trained researcher (M.E.v.d.L.) who was blinded for the NIRS data at the time of echo-analysis. To correct 

cardiac output for intra- and extracardiac shunting, we calculated RVO minus PFO flow (RVO-PFO flow) 

and LVO minus DA flow (LVO-DA flow) for each echocardiogram.

Multisite near-infrared spectroscopy measurements

We used the INVOS 5100C near-infrared spectrometer and neonatal SomaSensors (Covidien, Mansfield, 

MA, USA) to measure cerebral rSO2 (rcSO2), renal rSO2 (rrSO2), and intestinal rSO2 (rintSO2) continuously on 

the days of echocardiography. rintSO2 was not measured in infants in whom adequate sensor placement 

was not possible due to the presence of an umbilical catheter or due to the small size of the infant. 

Sensors were placed on the left or right frontoparietal side of the infant’s head to measure rcSO2, on 

the posterior flank lateral to the midline to measure rrSO2, and just below the umbilicus on the central 

abdomen to measure rintSO2.

Cerebral sensors were held in place using an elastic bandage. Renal and intestinal sensors were ad-

hered to the skin using Mepitel® (Mölnlycke, Sweden). Previous reports as well as our own unpublished 

data suggest that using Mepitel to adhere NIRS-sensors to the skin does not influence signal integrity 

or validity (14).

NIRS data were recorded with a frequency of 0.2 Hz and were downloaded and stored after the study 

period for off-line analysis. We measured spO2 simultaneously with the NIRS-measurements (Nellcor, 

Covidien). Next, we calculated the fractional tissue oxygen extraction (FTOE) for each location as: FTOE 

= (spO2-rSO2)/spO2. Mean values of cerebral FTOE (cFTOE), renal FTOE (rFTOE), and intestinal FTOE 

(intFTOE) were calculated during the hour preceding or following each echocardiogram, depending 

on the stability of the NIRS data. NIRS data were categorized as unreliable and excluded from analyses 

in cases of documented malplacement of the sensors and in cases of baseline changes > 50% after 

documented replacement of the sensors.

Demographic and clinical variables

Clinical and biochemical hemodynamic parameters were prospectively recorded on the days of echo-

cardiography. These data included heart rate, blood pressure, spO2, urine output, and blood gas values 

(pCO2, pH, BE, HCO3). All measurements were part of those routinely obtained. Other characteristics that 

were collected from the patients’ medical charts were gestational age, birth weight, postnatal age (PNA), 

the results of blood and cerebrospinal fluid cultures, the need for mechanical ventilation, and treatment 

received for circulatory failure (volume expansion, vasoactive drugs).

Statistical analysis

We used the Spearman’s rank order correlation test to assess the association between cardiac output 

measurements and FTOE values during the first echocardiogram. Furthermore, we calculated Spear-

man’s correlation coefficients between changes in cardiac output measurements and changes in FTOE 

values between the first and follow up echocardiogram.
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SPSS 22.0 (IBM Corp., Armonk, NY, USA) was used for all statistical analyses. A P-value < 0.05 was 

considered significant. We did not correct for multiple testing as this was a hypothesis generating study.

Results

Patient characteristics

We included 24 infants with clinical sepsis. Diagnosis was clinical early-onset sepsis in four infants and 

TABLE 1. Patient characteristics

N=24

Gestational age (weeks) 27.7 (26.5-28.7)

Birth weight (grams) 928 (763-1143)

Postnatal age (days) 11.8 (7.8-22.8)

Weight at inclusion (grams) 1095 (876-1376)

Time between sepsis work up and first echocardiogram (hours) 23.3 (9.5-29.9)

Confirmed Diagnosis

 - Culture proven sepsis: 10 (42%) 

  - CNS 7 

  - Staphylococcus aureus 1 

  - Escherichia coli 1 

  - GBS 1 

 - Culture proven sepsis-meningitis: 1 (4%) 

  -  Enterobacter cloacae (BC), Klebsiella oxytoca (CSFC)  

 - Blood culture negative, CRP >10 9 (38%) 

 - Blood culture negative, CRP ≤ 10 4 (17%) 

Maximum CRP 15.5 (6-54)

Volume expansion during study period 12 (50%)

 - Saline 8 

 - RBC 9 

Inotropes during study period 3 (13%)

 - Dopamine 3 

Data are shown as median and IQR or as n and percentage where appropriate.
Abbreviations: CNS, coagulase-negative staphylococcus; GBS, group B streptococcus; CRP, C-reactive protein; BC, 
blood culture; CSFC, cerebrospinal fluid culture; RBC, red blood cells.
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clinical late-onset sepsis in twenty infants. Main presenting symptoms at the time of sepsis workup 

were apnea and bradycardia (n=19), decreased peripheral perfusion (increased capillary refill time, cold 

extremities, gray or pale colour) (n=17), tachycardia (n=14), fever (n=9), respiratory failure (n=7), lethargy 

(n=6), metabolic acidosis (n=6), and hypotension (n=4). Patient characteristics and clinical characteristics 

during the first echocardiogram are presented in Table 1 and Table 2.

TABLE 2. Clinical characteristics during echocardiograms

First echo n=24 Second echo n=17 Delta n=17

Time after sepsis workup (h) 23.3 (9.5-29.9) 56.3 (47.1-93.7) 46.0 (24.9-71.8)

SpO2 (%) 90 (88-93) 91 (88-95) 0 (-2-3)

Heart rate (bpm) 158 (155-169) 159 (156-167) 0 (-8-8)

MABP (mm Hg) 39 (36-53) 39 (32-42) 0 (-7-2)

N=19 N=11 N=11 

Urine output (ml/kg/h) 4.3 (3.1-5.9) 5.8 (4.0-7.4) 0.8 (-1.1-3.8)

Hb (mmol/l) 7.9 (7.3-8.8) 7.8 (6.8-8.7) -0.2 (-0.9-0.5)

N=23 N=12 N=12 

pH 7.30 (7.22-7.34) N=17 7.28 (7.23-7.35) 0 (-0.02-0.05)

N=11 N=11 

pCO2 (torr) 49.5 (45.0-64.5) 55.5 (48.0-59.3) 5.3 (-5.3-7.5)

N=17 N=11 N=11 

Ventilatory support

 - SIMV/SIPPV 10/24 (42%) 6/17 (35%)  

 - CPAP/SiPAP/NIPPV 13/24 (54%) 8/17 (47%)  

 - Low flow/high flow 1/24 (4%) 3/17 (18%)  

FiO2 (%) 24 (21-28) 21 (21-29) 0 (-2.0-3.5)

PIP (mm Hg) 7 (5.0-22.5) 6 (4.5-20.0) 0 (-2.0-1.5)

PEEP (mm Hg) 5 (4.3-6.0) 5 (2.5-5.5) 0 (-1.0-0)

Data are shown as median and IQR or as number and percentage where appropriate.
Abbreviations: SpO2, transcutaneous arterial oxygen saturation; MABP, mean arterial blood pressure; SIMV, synchro-
nized intermittent mandatory ventilation; SIPPV, synchronized intermittent positive pressure ventilation; CPAP, con-
tinuous positive airway pressure; SiPAP, synchronized intermittent positive airway pressure; NIPPV, nasal intermittent 
positive pressure ventilation; FiO2, fraction of inspired oxygen; PIP, peak inspiratory pressure; PEEP, peak end expira-
tory pressure.
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Echocardiography

Echocardiography was performed in all infants, in six infants the echocardiography protocol could not 

be completed during the first echocardiogram as a result of cardiorespiratory instability. Median time 

between sepsis workup and the first echocardiogram was 23.3 hours [IQR: 9.5-29.9 hours]). Median RVO 

during the first echocardiogram was 272 ml/kg/h [IQR: 223-340 ml/kg/h], median LVO was 341 ml/kg/h 

[IQR: 292-382 ml/kg/h] and median SVC flow was 79 ml/kg/h [IQR: 63-99 ml/kg/h]. SVC-flow represented 

median 26% [IQR: 19-45%] of RVO-PFO flow and 31% [IQR: 24-46%] of LVO-DA flow. The DA was patent in 

sixteen infants and median left to right DA flow was 92 ml/kg/h [IQR: 0-146 ml/kg/h]. A PFO was present 

in twenty infants, median PFO flow was 23 ml/kg/h [IQR: 10-36 ml/kg/h]. Echo parameters are presented 

in Table 3.

Near-infrared spectroscopy

Cerebral and renal rSO2 were measured in all infants, intestinal rSO2 was measured in thirteen infants. 

Intestinal rSO2 monitoring was not possible in eleven infants due to lack of space in the infraumbilical 

region (n=8), to unavailability of equipment (n=2), or due to poor signal integrity (n=1).

Median cFTOE during the first echocardiogram was 0.28 [IQR: 0.21-0.33], median rFTOE was 0.37 [IQR: 

0.25-0.42] and median intFTOE was 0.42 [IQR: 0.31-0.65]. FTOE values are presented in Table 4.

Correlation between cardiac output measurements and FTOE values during the first echocardiogram

The three cardiac output measurements, SVC flow (rho: 0.655, P = 0.029), RVO-PFO flow (rho: -0.700, P 

= 0.036) and LVO-DA flow (rho: -0.604, P = 0.029) correlated significantly with intestinal FTOE. Cardiac 

output measurements did not correlate with cerebral and renal FTOE (Table 5). The ratio of SVC flow 

to systemic blood flow correlated positively with intestinal FTOE (rho: 0.833, P = 0.005, n=9 for SVC/

RVO-PFO flow and rho: 0.927, P < 0.001, n=11 for SVC/LVO-DA flow, respectively) but not with cerebral 

FTOE and renal FTOE (rho between -0.004 and 0.078).

Correlation between changes in cardiac output measurements and FTOE values

In seven infants, no follow up echocardiogram was made due to respiratory instability (n=3), ductal 

ligation (n=1), severe abdominal distension (n=1) or logistic reasons (n=2). In seventeen infants a follow 

up echocardiogram was performed, with a median time between echocardiograms of 46 hours [IQR: 

25-72 hours].

Median changes in cardiac output measurements and FTOE values are presented in Tables 3 and 

4. Changes in cardiac output measurements showed no significant correlation with changes in FTOE 

values (Table 5).
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TABLE 3. Cardiac output measurements during echocardiograms

First echo n=24 Second echo n=17 Delta (n=17)

RVO (ml/kg/min) 272 (223-340) 292 (213-358) -25 (-47-41)

- VTI 8.9 (6.4-10.4) 8.8 (6.7-11.1)

- Diam (cm) 0.54 (0.49-0.58) 0.56 (0.53-0.61)

N=22 N=13 N=13

LVO (ml/kg/min) 341 (292-382) 307 (239-399) 41 (-58-49)

- VTI 10.6 (7.9-12.5) 10.5 (7.9-11.5)

- Diam (cm) 0.54 (0.48-0.58) 0.55 (0.50-0.62)

N=24 N=15 N=15

SVC flow (ml/kg/min) 79 (63-99) 87 (67-102) 7 (-7-20)

- VTI 11.4 (9.2-13.2) 13.3 (8.2-14.2)

- Diam (cm) 0.25 (0.24-0.27) 0.26 (0.24-0.30)

N=21 N=12 N=10

PFO flow (ml/kg/min) 23 (10-36) 26 (3-47) 1 (0-15)

- VTI 10.4 (7.1-16.1) 11.5 (4.8-21.2)

- Diam (cm) 0.13 (0.09-0.16) 0.14 (0.06-0.17)

N=20 N=12 N=12

DA flow (ml/kg/min) 92 (0-146) 81 (0-134) -4 (-31-0)

- VTI 22 (0-58.7) 25 (0-54.8)

- Diam (cm) 0.11 (0-0.20) 0.14 (0-0.20)

N=24 N=17 N=17

RVO-PFO flow (ml/kg/min) 281 (219-323) 265 (208-307) -40 (-55-48)

N=19 N=11 N=11

LVO-DA flow (ml/kg/min) 258 (177-304) 239 (163-301) 3 (-45-49)

N=24 N=15 N=15

SVC/RVO-PFO flow (%) 26 (19-45) 33 (21-39) 8 (-5-12)

N=18 N=9 N=9

SVC/LVO-DA flow (%) 31 (24-46) 34 (21-46) 2 (-13-10)

N=21 N=11 N=10

Data are shown as median and IQR.
Abbreviations: RVO, right ventricular output; VTI, velocity time integral; Diam, diameter; LVO, left ventricular output; 
SVC, superior vena cava; PFO, patent foramen ovale; DA, ductus arteriosus; RVO-PFO, right ventricular output minus 
patent foramen ovale; LVO-DA, left ventricular output minus ductus arteriosus.
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Discussion

The results of our study indicate that lower systemic cardiac output corrected for intra- and extracardiac 

shunts as assessed by echocardiography is associated with higher intestinal fractional tissue oxygen ex-

traction. Cardiac output was not associated with simultaneously measured cerebral and renal fractional 

tissue oxygen extraction values in preterm infants with clinical sepsis during the first 48 hours following 

sepsis workup. When assessed over time, changes in cerebral, renal, or intestinal FTOE values were not 

associated with changes in echocardiographically measured cardiac output.

Previous studies that assessed the relationship between cardiac output measurements and cerebral 

rSO2 and FTOE in preterm infants during the first four days after birth showed no associations between 

cerebral NIRS measurements and RVO and LVO (15-17). In preterm infants, as in those without congenital 

heart defects, extra- and intracardiac shunts (PFO and/or PDA) are often present and may significantly 

TABLE 4. Fractional tissue oxygen extraction values during echocardiograms

First echo n=24 Second echo n=17 Delta n=17

cFTOE 0.28 (0.21-0.33) 0.29 (0.22-0.41) 0.03 (-0.07-0.11)

rFTOE 0.37 (0.25-0.42) 0.38 (0.22-0.48) -0.03 (-0.11-0.15)

N=16 N=16 

intFTOE 0.42 (0.31-0.65) 0.53 (0.37-0.75) -0.01 (-0.20-0.20)

N=13 N=14 N=11 

Data are shown as median and IQR.
Abbreviations: cFTOE, cerebral fractional tissue oxygen extraction; rFTOE, renal fractional tissue oxygen extraction; 
intFTOE, intestinal fractional tissue oxygen extraction.

TABLE 5. Associations expressed as Spearman’s ρ between (delta) fractional tissue oxygen extraction values and 
(delta) cardiac output measurements

First echo cFTOE rFTOE intFTOE Changes 
between echos

dcFTOE drFTOE dintFTOE

SVC flow -0.321 0.026 0.655* dSVC flow -0.115 0.382 -0.643

N=21 N=21 N=11 N=10 N=10 N=7 

RVO-PFO flow -0.233 0.156 -0.700* dRVO-PFO flow 0.200 -0.027 -0.250

N=19 N=19 N=9 N=11 N=11 N=7 

LVO-DA flow -0.184 0.106 -0.604* dLVO-DA flow 0.514 0.046 -0.250

N=24 N=24 N=13 N=15 N=14 N=9 

* Indicates P < 0.05.
Abbreviations: cFTOE, cerebral fractional tissue oxygen extraction; rFTOE, renal fractional tissue oxygen extraction; 
intFTOE, intestinal fractional tissue oxygen extraction; d, delta; SVC, superior vena cava; RVO-PFO, right ventricular 
output minus patent foramen ovale; LVO-DA, left ventricular output minus ductus arteriosus.
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affect the accuracy of conventional echographic RVO and LVO measurements. Therefore, several authors 

have suggested to use SVC flow as a surrogate marker for upper body systemic blood flow, as this mea-

surement is not affected by shunts. Previous studies, however, have found conflicting results concerning 

the correlation between SVC flow and cerebral rSO2 in very low birth weight infants in the first 24 to 

48 hours of life varying from a weak positive correlation (15) to no correlation (16). We did not find an 

association between cFTOE and SVC flow or between cFTOE and cardiac output corrected for shunts in 

our group. These results indicate that infants with high cerebral tissue oxygen extraction during the first 

48 hours after sepsis workup cannot be identified by means of cardiac output measurements, including 

SVC flow.

We did find a negative correlation between cardiac output corrected for shunts and intestinal FTOE. 

The association between cardiac output measurements and intestinal tissue oxygen extraction in 

preterm infants has not been assessed previously. Our findings suggest that low cardiac output during 

clinical sepsis is associated with low intestinal perfusion, possibly as a result of preferential blood flow 

to the brain. An unexpected finding was the positive correlation between SVC flow and intestinal FTOE, 

suggesting a decreased intestinal blood flow or an increased intestinal oxygen consumption in the 

presence of higher SVC flow. We can only speculate that preserved cerebral blood flow in the presence 

of low cardiac output may compromise intestinal blood flow. The negative correlation between the ratio 

of SVC flow to systemic blood flow and intestinal FTOE that was found supports this hypothesis. In con-

trast to the observed correlations between cardiac output and intestinal FTOE, we found no correlation 

between cardiac output and renal FTOE. This is in agreement with the clinical observation that in these 

infants with clinical sepsis, urine output was not compromised during the study period, suggesting that 

renal perfusion remained sufficient also in patients with lower cardiac output. These results suggest a 

higher vulnerability for low output states for the intestines than for the kidneys.

When assessed in time, changes in cardiac output measurements were not reflected by associated 

changes in FTOE values. We offer several explanations for this finding. First, microvascular dysfunction has 

been described to occur during adult sepsis (18) and has also been suggested to be present in neonates 

with elevated C-reactive protein (19). As we did not assess microcirculation, we cannot exclude that 

the presence of a disturbed microcirculation influenced the regional tissue oxygenation as measured 

by NIRS thereby affecting the associations between (changes in) cardiac output measurements and 

(changes in) multisite NIRS measurements. Second, the relationship between changes in cardiac output 

measurements and changes in FTOE values could have been influenced by changes in other clinical 

characteristics. The number of patients that were included, however, did not allow us to analyze whether 

clinical characteristics influenced the associations between cardiac output measurements and FTOE-

values that were and that were not found.

We recognize several limitations of the current study. The study population consisted of a cohort of 

preterm infants with clinical sepsis, which included infants with culture proven sepsis as well as infants 

with no culture or laboratory proven sepsis. Even so, we believe that it is important to understand the 

implications of cardiac output measurements for tissue oxygen supply, particularly in high risk infants 

that present with the typical clinical scenario of clinical sepsis. Furthermore, the preterm infants that 
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were included displayed a high rate of cardiorespiratory instability and therefore, the echocardiogram 

could not be completed in a number of infants leading to missing values in an already small study 

sample. Finally, both NIRS measurements and echocardiographic measurements of cardiac output 

have their own limitations concerning precision and repeatability. Subtle association, if present, might 

therefore not have been detected.

Conclusions

Echocardiographic measurements of cardiac output, corrected for intra- and extracardiac shunts, were 

associated with intestinal FTOE, whereas cardiac output was not related to cerebral and renal oxygen 

extraction during the first 48 hours after sepsis workup in preterm infants with clinical sepsis. These 

findings suggest that during low output states due to clinical sepsis intestinal perfusion is most at risk. 

The results of this study provide more insight in the association between cardiac output and tissue 

oxygenation in preterm infants at high risk of adverse outcome due to clinical sepsis.
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