
Balancing Brain and Lung Protection in the NICU using 
Transcutaneous CO2
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Hello I am NAME TITLE Thank you for inviting me here today to present on continuous, accurate, noninvasive ventilation monitoring designed to help you provide care with confidence.We’ll spend some time talking about the importance of monitoring CO2 in the NICU, review the pros and cons of available technology, especially transcutaneous monitoring, and finally we’ll highlight Sentec’s transcutaneous monitoring system in particular. 
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Objectives

Participants will be able to:

• Identify the percentage of neonatal ICU admissions that 
have a respiratory component

• Explain how CO2 levels can influence cerebral blood 
flow and IVH

• Discuss the effects of blood loss, pain, and infection on 
premature infants

• Identify how continuous transcutaneous CO2
monitoring can help support brain function and protect 
the lung of the neonate
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Presentation Notes
Our objectives today include the following:Upon completion of this presentation the attendees will be able to: Identify the percentage of neonatal ICU admissions that have a respiratory componentExplain how CO2 levels can influence cerebral blood flow and IVHIdentify how continuous transcutaneous CO2 monitoring can help support brain function and protect the lung of the neonate



POLL

What level NICU do you currently work in?



• Respiratory distress syndrome

• Pneumonia

• Pneumothorax

• Pulmonary hemorrhage

• Aspiration

• Surfactant protein deficiency

Preterm Term 

Respiratory Distress Causes in Neonates and Infants1

Preterm list plus:
• Transient tachypnoea of the newborn
• Meconium aspiration
• Primary or secondary persistent 

pulmonary hypertension of the 
newborn

• Pleural effusion (chylothorax)
• Alveolar capillary dysplasia

Congenital Anomalies, etc.

1. Gallacher et al. Breathe (Sheff). 2016;12(1):30-42.
2. Qian et al. Chin Med J (Engl) 2010; 123: 2769–2775.
3. Baseer et al. Annals of Global Health, 2020, 86(1), p.22.

of all neonatal ICU 
admissions have a respiratory 

component2,3

20.5% 
to 46.5%
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Presentation Notes
Ok, let’s get started with respiratory distress in the NICU.  As you know and as we will discuss further, Co2 monitoring in the NICU is important in cases of respiratory distress.  There is a wide variety of events, conditions, and even congenital anomalies that contribute to a high incidence of Resp distress in both term and preterm populations.  Up to 47% of NICU admissions have some sort of respiratory component. In the preterm population, the most common cause of resp issues is surfactant deficiency.  Due to this condition, there is an increased risk of pneumothorax and pulmonary hemorrhage.  They also have a higher risk of aspiration and pneumonia. In the term population, the issues can include transient tachypnea of the newborn and persistent pulmonary hypertension.  They also have an increased risk of meconium aspiration, which can occur if they are stressed in utero and pass their first stool before birth.  If the sticky meconium is aspirated, it can significantly impair normal lung function. Congenital anomalies such as diaphragmatic hernia and hypoplastic lungs also bring babies with respiratory distress to the NICU.  But let’s focus on preterm births.Gallacher DJ, Hart K, Kotecha S. Common respiratory conditions of the newborn. Breathe (Sheff). 2016;12(1):30-42. doi:10.1183/20734735.000716Qian L, Liu C, Guo Y, et al. . Current status of neonatal acute respiratory disorders: a one-year prospective survey from a Chinese neonatal network. Chin Med J (Engl) 2010; 123: 2769–2775.http://doi.org/10.5334/aogh.2739



Preterm Birth and Respiratory 
Distress Syndrome
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Incidence of NRDS across Gestational Ages1,2

About 12% of babies born in the U.S. are born 
prematurely—a higher rate than in other developed 
countries.2
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Length of Stay and Cost of Stay of 
Newborns3

All Live Births Preterm Birth Weight <1500g

1. Pramanik, A. Medscape.com. Article 976034
2. Dyer et al. P T. 2019;44(1):12-14.
3. Kowlessar et al. HCUP Statistical Brief #163. October 2013. Agency for Healthcare Research and Quality, Rockville, MD. 
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One of the most common of these conditions is Respiratory Distress Syndrome, which is particularly common in the preterm population. As you can see in this chart, the lower the gestational age at birth, the higher the risk for respiratory distress syndrome. Of note, about 12% of babies in the US are born prematurely. The chart at the right is indicative of the long, hard, and costly road ahead for these babies, especially those in that low birth weight category in grey. When babies are born prematurely, their lungs along with everything else have not had time to fully develop.  As mention before, they lack the surfactant needed to help gas exchange happen properly and prevent the alveoli from collapsing.  They likely will need help to breathe in order to ventilate and oxygenate.  We will take a look at how our help can be damaging to both their lungs and and brain.Pramanik, A. Medscape. https://emedicine.medscape.com/article/976034-overviewDyer J. Neonatal Respiratory Distress Syndrome: Tackling A Worldwide Problem. P T. 2019;44(1):12-14.Kowlessar NM (Social & Scientific Systems, Inc.), Jiang HJ (AHRQ), and Steiner C (AHRQ). Hospital Stays for Newborns, 2011. HCUP Statistical Brief #163. October 2013. Agency for Healthcare Research and Quality, Rockville, MD. http://www.hcup-us.ahrq.gov/reports/statbriefs/sb163.pdf. NRDS: Neonatal Respiratory Distress SyndromeLOS: Length of StayCOS: Cost of Stay



• Intraventricular 
hemorrhage (IVH)2,4,5,9

CO2 & the Brain

CO2 levels are 
of major clinical 
importance.1 • Intraventricular 

hemorrhage (IVH)2,3,4

• Periventricular 
leukomalacia (PVL)5,6,7,8

• Cerebral Palsy13

HYPERCARBIA
Increases cerebral blood 
flow

HYPOCARBIA
Decreases cerebral blood 
flow

FLUCTUATIONS
Sharp changes in PaCO2

• Intraventricular 
hemorrhage 
(IVH)2,4,5,9 

• Cerebral oxygenation 
changes10*

• Cerebral electrical activity 
changes10*
*in the first 72 hours of life

It may be prudent to 
avoid significant 
hypocarbia and 
hypercarbia and CO2
fluctuations especially 
during the first 3 days of 
life, when the risk for 
IVH is the highest.1 25-42%

IVH incidence 
in neonates 

weighing 
<1500g11,12

1. Hochwald et al. Pediatrics. 
2019;144(1):e20183640. 

2. Erickson et al. J Paediatr Child Health. 
2002;38(6):560–562.

3. Van de Bor M, et al. Am J Dis Child. 
1986;140(11):1125–1130.

4. Wallin et al. Early Hum Dev. 
1990;23(2):129–137.

5. Resch et al. Early Hum Dev. 
2012;88(1):27–31.

6. Fujimoto et al. Arch Dis Child Fetal 
Neonatal Ed. 1994;71(2):F107–F110

7. Shankaran et al. Pediatrics. 
2006;118(4):1654–1659

8. Wiswell et al. Pediatrics. 
1996;98(5):918–924

9. Fabres et al. Pediatrics. 
2007;119(2):299–305

10.Dix et al. J Pediatr. 2017;187:66-72.e1. 
11.Database of VLBW Infants Born in 

2012. Vermont Oxford Network, 2013.
12.Ahn et al. J Korean Med Sci. 2015; 30 

Suppl 1:S52-S58.
13.Rainaldi et al. Assisted Ventilation of 

the Neonate (Sixth Edition), 2017, 
451-458.e2
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So why are we concerned with CO2 levels in the NICU – As you all know, brain protection is one of the main priorities for preterm infants, and CO2 is a critical parameter because it impacts cerebral blood flow.  Preterm infants have reduced ability to regulate blood flow in the brain. Hypercarbia, or elevated blood Co2, increased blood flow to the brain.  This can also increase oxygenation to the brain, which is why some facilities will practice “permissive hypercarbia’ and allow for Co2 levels slightly higher than normal.  Low Co2 levels, or hypocarbia, will decrease the cerebral blood flow, which of course is undesirable.  It’s been well documented that both hi and low levels and, more importantly, sharp changes in the levels, contribute to intraventricular hemorrhage or bleeding into the ventricles of the brain.  Think about this, if blood flow is restricted to the brain during conditions of hypocarbia, and then suddenly the Co2 levels rise which will rapidly increase the flow of blood to the brain.  The baby’s cerebral vessels are very delicate and you can see how this sudden shift can cause IVH. Studies have shown that IVHs occur in 25-42% of neonates weighing under 1500 grams. Another study is quoted here advocating specifically for managing CO2 well in those first 3 days of life when preemies are particularly vulnerable to brain injury.Hochwald et al. Pediatrics. 2019;144(1):e20183640. doi:10.1542/peds.2018-3640Erickson et al. J Paediatr Child Health. 2002;38(6):560–562pmid:12410866Van de Bor M, et al. Am J Dis Child. 1986;140(11):1125–1130pmid:3532762Wallin et al. Early Hum Dev. 1990;23(2):129–137pmid:2124183Resch et al. Early Hum Dev. 2012;88(1):27–31pmid:21752559Fujimoto et al. Arch Dis Child Fetal Neonatal Ed. 1994;71(2):F107–F110pmid:7979462Shankaran et al. National Institute of Child Health and Human Development Neonatal Research Network. Pediatrics. 2006;118(4):1654–1659pmid:1701555Wiswell et al. Pediatrics. 1996;98(5):918–924pmid:8909486Fabres et al. Pediatrics. 2007;119(2):299–305pmid:17272619Dix et al. J Pediatr. 2017;187:66-72.e1. doi:10.1016/j.jpeds.2017.04.043Database of Very Low Birth Weight Infants Born in 2012. Burlington, VT: Vermont Oxford Network, 2013. Nightingale Internet Reporting System, accessed April 4, 2014.Ahn SY, Shim SY, Sung IK. Intraventricular Hemorrhage and Post Hemorrhagic Hydrocephalus among Very-Low-Birth-Weight Infants in Korea. J Korean Med Sci. 2015;30 Suppl 1(Suppl 1):S52-S58. doi:10.3346/jkms.2015.30.S1.S52Rainaldi et al. 42 - Neurologic Effects of Respiratory Support, Assisted Ventilation of the Neonate (Sixth Edition), Elsevier, 2017, Pages 451-458.e2, ISBN 9780323390064,IVH: Intraventricular HemorrhagePVL: Periventricular Leukomalacia



IVH: Intraventricular 
hemorrhage 

• Bleeding into the fluid filled areas 
(ventricles) in the brain

• Most common in premature babies, 
occurring in the first several days of 
life

• More common in babies with RDS, 
unstable blood pressure, other 
medical conditions

• 4 stages called “grades” relative to 
the degree of bleeding, stage 1 being 
least severe and stage 4 being most 
severe

Presenter Notes
Presentation Notes
Let’s take a closer look at brain bleeds.Interventricular hemorrhage is when bleeding into the fluid filled ventricles of the brain happen.  Here is a good comparison of what the ventricles should look like, and what they look like when an IVH has occurred.  There are several levels of IVH which are categorized based on the degree of bleeding.  Grades 1 and 2 involve less bleeding and are the least damaging.  Most patients will not have long term issues as a result of these types of bleeds.  Grades 3 and 4 involve more bleeding and are more damaging.  With this type of severe damage, developmental delays are often seen.  Up to one third of babies with severe IVH will have long term challenges such as cerebral palsy.



PVL: Periventricular 
leukomalacia

• White matter around the ventricles 
dies and creates ‘holes’ and/or cysts 
in the brain

• Most common in premature infants

• More common in babies who are 
more premature and more unstable 
at birth

• More common in babies who also 
have IVH

Presenter Notes
Presentation Notes
Another type of brain damage is PVL, or periventricular leucomalacia.This is when the tissue around the ventricles where a bleed has occurred is damaged.  Sometimes we hear this described as “holes” and results in serious developmental delays and other issues. It is clear that Co2 management is important for the brain, but that is not the only concern.



CO2 & the Lungs

CO2 can help titrate care to 
deliver the gentlest 
efficacious ventilatory 
support for the individual 
patient.

While ventilation support is crucial to protect the brain from hypercarbia, 
hypocarbia, and CO2 fluctuations, ventilation itself can also cause lung damage in 
the absence of finely-tuned care.

Duration of mechanical ventilation in VLBW 
infants has been associated with: 
• increased odds of BPD
• Increased odds of Pulmonary Hypertension
• increased risk of neurodevelopmental 

impairment2

Safe 
window

Volume

Pressure

Derecruitment and 
atelectasis

Overdistention & 
Volutrauma

Implementing strategies to avoid endotracheal 
mechanical ventilation has been shown to 
reduce the incidence of BPD.1

1. Fischer et al. Pediatrics Nov 2013, 132 (5) e1351-e1360; 
2. Choi et al. The Journal of Pediatrics, 2017, Volume 194, 34 - 39.e3
3. Erickson et al. J Paediatr Child Health. 2002;38(6):560–562.
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Another huge concern among preterm infants is lung protection, and you may have guessed Co2 is part of this story as well.When managing Co2 levels to protect the brain, our main tool is our ventilation strategy.  Unfortunately, as many of us in the NICU community know, freely increasing respiratory rates, volumes, and pressures on the ventilator to control Co2 cannot be done without consideration and consequences.  The difficulty is that the ventilation that is important to keep the Co2 in a safe range to protect the brain, is the same ventilation that can be damaging to the lungs.As stated earlier, premature babies are often surfactant deficient.  Exogenous surfactant delivery is extremely beneficial to improve the function of the lungs, but often the delivery of surfactant means intubation and positive pressure ventilation.  Positive pressure ventilation can cause inflammation.  This inflammation makes it harder to ventilate and oxygenate the patient, therefore they will need more respiratory support.  This increased support can have an additional inflammatory responses.  This inflammation cascade has been linked to the chronic lung disease Bronchopulmonary Dysplasia and pulmonary hypertension.  Volumes and pressures too great contribute to over distention and volutrauma, volumes and pressures too low result in decruitment and atelectasis.   The trick is to find that safe window of ventilation where you can protect the brain form Co2 swings, yet protect the lung from damage.Fischer et al. Pediatrics Nov 2013, 132 (5) e1351-e1360; DOI: 10.1542/peds.2013-1880Choi et al. The Journal of Pediatrics, Volume 194, 34 - 39.e3BPD: Bronchopulmonary Dysplasia



+ Intraventricular/
Periventricular 
Hemorrhage (IVH/PVH)

+ Periventricular 
Leukomalacia (PVL)

+ Cerebral Palsy

Continuous, accurate CO2 measurement 
enables balanced brain and lung 
protection

+ Ventilator Induced 
Lung Injury (VILI)

+ Bronchopulmonary 
Dysplasia (BPD)

+ Chronic Lung Disease 
(CLD)

Ventilator Support

Consistent 
with lung 

protection 
strategies

Supports 
brain 

protection

CO2

Presenter Notes
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Shown another way – there is a level of ventilator support that supports brain protection, and a level that is safe and protective of the lungsKeeping CO2 in your sights is the way to find where those two priorities intersect for the patient.  The goal is to avoid any adverse events to the brain such as IVH, PVL, and cerebral palsy, as well as avoiding lung injury which can lead to BPD and chronic lung disease. So clearly, Co2 monitoring is important.IVH: Intraventricular HemorrhagePVH: Periventricular HemorrhagePVL: Periventricular LeukomalaciaBPD: Bronchopulmonary DysplasiaCLD: Chronic Lung DiseaseVILI: Ventilator Induced Lung Injury



What does a blood 
draw cost?

$

BLOOD LOSS

INFECTION RISK

PAIN & 
STIMULATION

The true cost of an 
arterial blood gas is 
measured by more than 
dollars and cents.

TIME 
LOSS

Presenter Notes
Presentation Notes
Now we’ve established the monitoring of CO2 is important – let’s take a step back and talk about how we’re measuring it. The gold standard is an arterial blood draw or possibly a capillary heel stick if an arterial sample is not possible. Running these labs is expensive and if you are doing an ABG every 4 to 6 hours, or even more frequently, it cost really adds up.We end up talking about the cost associated with these labs and it’s important to remember that it’s more than just dollars and cents. Blood draws have been connected to blood loss, infection, pain and stimulation, and of course the time lost between taking the sample and getting the results. Let’s look at each of these aspect closer.AOP: Anemia of PrematurityRBCT: Red Blood Cell TransfusionNEC: Necrotizing EnterocolitisIVH: Intraventricular HemorrhageM+M: Morbidity and MortalityLOS: Length of StayBayley MDI: Bayley Mental Development IndexIQ: Intelligence Quotient



Blood loss

How much blood is drawn?

1. Widness et al. Neoreviews. 2008;9(11):e520. doi:10.1542/neo.9-11-e520
2. Carroll  et al. Semin Perinatol. 2012;36(4):232-243. doi:10.1053/j.semperi.2012.04.003

In the first 6 weeks of life, 
up to 30% of the circulating 
blood volume of neonates is 
drawn for lab work each 
week.1

To further place this in perspective, 6–7 
mL of blood drawn from an infant 
weighing 
1 kg is equivalent to a 450 mL blood 
loss in an adult.2

Presenter Notes
Presentation Notes
First, let’s look closer at blood loss. Most of us don’t realize that Up to 30% of a neonate’s circulating blood volume is drawn for labs each week. For perspective, 6-7 ml from a 1 kg infant is equivalent to 450 ml – basically a pint – to an average adult. Widness JA. Pathophysiology of Anemia During the Neonatal Period, Including Anemia of Prematurity. Neoreviews. 2008;9(11):e520. doi:10.1542/neo.9-11-e520Carroll PD, Widness JA. Nonpharmacological, blood conservation techniques for preventing neonatal anemia--effective and promising strategies for reducing transfusion. Semin Perinatol. 2012;36(4):232-243. doi:10.1053/j.semperi.2012.04.003



Blood loss

How much blood is drawn?

What is the blood drawn for?

1. Alves-Dunkerson et al. Am J Clin Pathol. 2002;117:809–818.

pH and 
Blood Gas 

measurements are 
the highest driver 
of blood draws in 

the NICU.1

Presenter Notes
Presentation Notes
 In this study by Alves-Dunkerson et al, they show that there are about 140 blood draws on average in the first week of a preemies life.  The reason these labs are being drawn is clear with the single biggest driver of blood draws in the NICU being for pH and blood gas values.   This chart illustrates an average of 57 of those 140 tests are for blood gases. Alves-Dunkerson JA, Hilsenrath PE, Cress GA, et al. Cost analysis of a neonatal point-of-care monitor. Am J Clin Pathol. 2002;117:809–818.



Blood loss

How much blood is drawn?

What is the blood drawn for?

Is all the blood being used?

Why does it matter?

Phlebotomy is well established as the main cause of anemia 
of prematurity shown through the direct relationship and 
high correlation values between volume of blood drawn and 
volume of blood transfused.1,2

Transfusion

VBlood Draws

VAnemia of 
Prematurity

1. Widness et al. Neoreviews. 2008;9(11):e520. doi:10.1542/neo.9-11-e520
2. Valieva et al. J Pediatr. 2009;155(3):331-37.e1. doi:10.1016/j.jpeds.2009.02.026

Presenter Notes
Presentation Notes
Phlebotomy is the main cause of anemia of prematurity.   This chart shows a direct correlation with the amount of blood being drawn for labs and the need for transfusions to replace that blood.  Simply put, blood draws oftentimes lead to the need for transfusions.  The problem is, transfusions come with a host of risks.Valieva OA, Strandjord TP, Mayock DE, Juul SE. Effects of transfusions in extremely low birth weight infants: a retrospective study. J Pediatr. 2009;155(3):331-37.e1. doi:10.1016/j.jpeds.2009.02.026



Blood loss

How much blood is drawn?

What is the blood drawn for?

Is all the blood being used?

Why does it matter?

Why avoid transfusion?

1. Mohamed et al. Pediatrics. 2012;129(3):529-540. doi:10.1542/peds.2011-2872
2. Gephart et al. Adv Neonatal Care. 2012;12(4):232-236. 
3. Whitehead et al. Crit Care. 2019;23(1):278. Published 2019 Aug 9. doi:10.1186/s13054-019-2511-9
4. Baer et al. Transfusion. 2011;51(9):1933-1939. doi:10.1111/j.1537-2995.2011.03081.x

Transfusion may as much as 
double the risk of developing 
NEC.1 Up to 30% of NEC 

cases are estimated 
to be transfusion-

related.2

Transfusion associated NEC (TANEC) 
patients generally have higher 

mortality, longer hospital stays, and 
are more likely to require surgery.1

Transfusion [increases] the risks of 
infection, vascular overload, lung 
injury, sensitization, and transfusion 
reaction.3

Transfusion may be 
associated with IVH 
extension from Stage 1 to 
Stage 3 or 4.4

Presenter Notes
Presentation Notes
Studies have shown that blood transfusions increase the risk of the pt developing Necrotizing entercolitis, in fact, up to a third of NEC cases are thought to be transfusion related. It’s very important to note that transfusions are also associated with worsening IVH, so a grade 1 or 2 may extend to grades 3 and 4.Because of all these risks associated with blood loss, most NICU’s are taking proactive steps to minimize blood draws.Mohamed A, Shah PS. Transfusion associated necrotizing enterocolitis: a meta-analysis of observational data. Pediatrics. 2012;129(3):529-540. doi:10.1542/peds.2011-2872Gephart SM. Transfusion-associated necrotizing enterocolitis: evidence and uncertainty. Adv Neonatal Care. 2012;12(4):232-236. Whitehead NS, Williams LO, Meleth S, et al. Interventions to prevent iatrogenic anemia: a Laboratory Medicine Best Practices systematic review. Crit Care. 2019;23(1):278. Published 2019 Aug 9. doi:10.1186/s13054-019-2511-9Baer VL, Lambert DK, Henry E, Snow GL, Christensen RD. Red blood cell transfusion of preterm neonates with a Grade 1 intraventricular hemorrhage is associated with extension to a Grade 3 or 4 hemorrhage. Transfusion. 2011;51(9):1933-1939. doi:10.1111/j.1537-2995.2011.03081.x



Blood loss

How much blood is drawn?

What is the blood drawn for?

Is all the blood being used?

Why does it matter?

Why avoid transfusion?

What can be done?

Give supplemental iron.

Adhere to a strict 
transfusion protocol.

(Whyte 2011)

Use bedside point of care 
testing with lowest 
volumes needed.

Adhere to strict protocols 
on amount of blood 

required for each specific 
test.

Implement a robust 
delayed cord clamping 

program.

Implement 
transcutaneous to reduce 

the frequency of blood 
gases

Perform initial draws 
using umbilical cord and 

placental blood

Educate caregivers on 
iatrogenic anemia and 

importance of reducing 
lab tests

1

4 5

7

2

8

3

6

Counsilman, et al.

Iatrogenic blood loss in extreme preterm 
infants due to frequent laboratory tests 
and procedures.

The Journal of Maternal-Fetal & Neonatal 
Medicine, 2019.
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Presentation Notes
Mohamed A, Shah PS. Transfusion associated necrotizing enterocolitis: a meta-analysis of observational data. Pediatrics. 2012;129(3):529-540. doi:10.1542/peds.2011-2872Gephart SM. Transfusion-associated necrotizing enterocolitis: evidence and uncertainty. Adv Neonatal Care. 2012;12(4):232-236. Whitehead NS, Williams LO, Meleth S, et al. Interventions to prevent iatrogenic anemia: a Laboratory Medicine Best Practices systematic review. Crit Care. 2019;23(1):278. Published 2019 Aug 9. doi:10.1186/s13054-019-2511-9Baer VL, Lambert DK, Henry E, Snow GL, Christensen RD. Red blood cell transfusion of preterm neonates with a Grade 1 intraventricular hemorrhage is associated with extension to a Grade 3 or 4 hemorrhage. Transfusion. 2011;51(9):1933-1939. doi:10.1111/j.1537-2995.2011.03081.x



Iatrogenic blood loss in extreme preterm infants due to frequent laboratory tests and procedures 
The Journal of Maternal-Fetal & Neonatal Medicine.

COUNSILMAN ET AL, 2019

Decreasing the frequency and amount of phlebotomy 
loss is probably the area in the field of neonatology that 
can be changed the quickest. This will automatically 
decrease the risk of neonatal anemia and save 
substantial transfusions and complications. 

Presenter Notes
Presentation Notes
We will now look at how often our patients are exposed to pain and what the most common painful procedures are.  



Pain

How often are preterm infants 
exposed to pain?

1. Simons et al. Arch Pediatr Adolesc Med. 2003;157(11):1058–1064. doi:10.1001/archpedi.157.11.1058
2. Roofthooft et al. Neonatology. 2014;105(3):218-226. doi:10.1159/000357207
3. Lina Kurdahi Badr et al. Volume 13, Issue 2, 2013, Pages 82-86,

Average number of painful procedures performed on NICU infants 
per day.
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These 4 studies reveal that on average, NICU infants are exposed to anywhere from 8 to17 painful procedures Per DAY.Let’s think about what might be painful for the infant.  Not only are blood draws painful, but what about intubations?  Even routine care like suctioning, repositioning, ETT retaping, and changing the CPAP interface are going to cause pain and discomfort to these sensitive babiesSimons SHP, van Dijk M, Anand KS, Roofthooft D, van Lingen RA, Tibboel D. Do We Still Hurt Newborn Babies? A Prospective Study of Procedural Pain and Analgesia in Neonates. Arch Pediatr Adolesc Med. 2003;157(11):1058–1064. doi:10.1001/archpedi.157.11.1058Roofthooft DW, Simons SH, Anand KJ, Tibboel D, van Dijk M. Eight years later, are we still hurting newborn infants?. Neonatology. 2014;105(3):218-226. doi:10.1159/000357207Lina Kurdahi Badr,Pain in Premature Infants: What Is Conclusive Evidence and What Is Not, Newborn and Infant Nursing Reviews, Volume 13, Issue 2, 2013, Pages 82-86,



Pain

How often are preterm infants 
exposed to pain?

Which painful procedure is most 
common?

Heel punctures comprise 61% to 87% 
of the invasive procedures performed 
on ill infants.1

1. Kapellou et al. BMJ Clin Evid. 2009;2009:0313. Published 2009 Jan 7. 
2. Bellieni et al. (2014). The Journal of Maternal-Fetal & Neonatal Medicine. 29. 10.3109/14767058.2014.992334. 
3. Johnston et al. Cochrane Database of Systematic Reviews 2017, Issue 2. Art. No.: CD008435. DOI: 10.1002/14651858.CD008435.pub3.
4. Shah et al. Cochrane Database Syst Rev. 2011;2011(10):CD001452. Published 2011 Oct 5. doi:10.1002/14651858.CD001452.pub4

Analgesics are rarely given for blood 
sampling, and few seem to be 
effective.1,2,3,4

Presenter Notes
Presentation Notes
One of the most common painful procedures is the heelstick, which is how we get gasses and other labs when a central line is not available.  As we learned earlier, blood gasses are the biggest driver of blood draws, so heel sticks are pretty common.  In fact, heel punctures account for anywhere from 60 to nearly 90% of the invasive procedureds done.  Analgesics are not commonly used for blood draws and few seem to be effective.How does the premature infant respond to pain?Kapellou O. Blood sampling in infants (reducing pain and morbidity). BMJ Clin Evid. 2009;2009:0313. Published 2009 Jan 7. Bellieni et al. (2014). How painful is a heelprick or a venipuncture in a newborn?. The Journal of Maternal-Fetal & Neonatal Medicine. 29. 10.3109/14767058.2014.992334. Johnston et al. Skin‐to‐skin care for procedural pain in neonates. Cochrane Database of Systematic Reviews 2017, Issue 2. Art. No.: CD008435. DOI: 10.1002/14651858.CD008435.pub3.Shah VS, Ohlsson A. Venepuncture versus heel lance for blood sampling in term neonates. Cochrane Database Syst Rev. 2011;2011(10):CD001452. Published 2011 Oct 5. doi:10.1002/14651858.CD001452.pub4



Pain

How often are preterm infants 
exposed to pain?

Which painful procedure is most 
common?

How do preterm infants process 
pain?

The short-term consequences of pain are well documented. An increase in 
HR, a decrease in SpO2, heart rate variability, blood pressure fluctuations 
and increased secretion of stress hormones are noted in many studies.1

1. Lina Kurdahi Badr, Newborn and Infant Nursing Reviews, Volume 13, Issue 2, 2013, Pages 82-86,
2. Fitzgerald, M. Nat Rev Neurosci 6, 507–520 (2005). https://doi.org/10.1038/nrn1701
3. Gokulu et al. Acta Paediatr. 2016;105(11):e520-e525. doi:10.1111/apa.13557

Preterm infants are more sensitive to pain, in part 
because they lack the neuro-development to 

comfort themselves.2

Pain in the first few days of life has been 
shown to magnify the pain response to later 
stimuli.3

Presenter Notes
Presentation Notes
We have all seen that the immediate response to pain include an increase in heart rate, a decrease in oxygen saturation, blood pressure fluctuations, and an increase in the release of stress hormones.  As bedside clinicians, we know these babies are touchy and need time to recover from pain and stimulation.  These babies are more sensitive to pain due to their immature neurodevelopment and inability to comfort themselves.Lina Kurdahi Badr,Pain in Premature Infants: What Is Conclusive Evidence and What Is Not, Newborn and Infant Nursing Reviews, Volume 13, Issue 2, 2013, Pages 82-86,Fitzgerald, M. The development of nociceptive circuits. Nat Rev Neurosci 6, 507–520 (2005). https://doi.org/10.1038/nrn1701Gokulu G, Bilgen H, Ozdemir H, et al. Comparative heel stick study showed that newborn infants who had undergone repeated painful procedures showed increased short-term pain responses. Acta Paediatr. 2016;105(11):e520-e525. doi:10.1111/apa.13557

https://doi.org/10.1038/nrn1701


Pain

How often are preterm infants 
exposed to pain?

Which painful procedure is most 
common?

How do preterm infants process 
pain?

What are the long term effects of 
neonatal pain?

1. Duerden et al. J Neurosci. 2018;38(4):878-886. 
2. Brummelte et al. Ann Neurol. 2012;71(3):385-396. 
3. Vinall et alPediatrics. 2014;133(3):412-421. 

4. Chau et al. Front Behav Neurosci. 2019;13:51. Published 2019 Mar 19.
5. Grunau et al.. Pain. 2009;143(1-2):138-146. 
6. Doesburg et al. Pain. 2013;154(10):1946-1952. 

3
Y

7
Y

Cognitive and 
motor scores 
were predicted 
by thalamic 
volumetric 
growth, 
regardless of 
sex and GA at 
birth.1

40
W

More early “skin breaks” 
were associated with:
• reduced lateral 

thalamic volume,
• slower metabolic 

thalamic growth,
• altered/reduced 

white matter 
microstructure1,2

Greater 
number of 
invasive 
procedures 
were 
associated with 
reduced white 
matter and 
lower IQ3

8
Y

More neonatal 
invasive procedures was 
associated with smaller 
amygdala 
and thalamus volumes, 
in turn related to poorer 
cognitive, visual-motor, 
and behavioral 
outcomes.4

8 
M

Higher number of 
neonatal skin breaks 
predicted lower Mental 
Development Index5

18
M

Cumulative neonatal pain-related stress 
was independently associated with 
changes in brain activity, which were 
negatively correlated with visual-
perceptual abilities at school-age.6

Presenter Notes
Presentation Notes
What about the longer term effects of neonatal pain?  In one study it was shown that at 40 weeks corrected gestation, painful skin break procedures were associated with a decrease in thalamus development and growth.  The thalamus has important roles in regulating alertness as well as in  memory and learning, an pain response.  When this same group was evaluated at 3 years, it was found that they had decreased cognitive and motor skills, as predicted by the reduced thalamic volume.Another study showed that at 8 and 18 months, higher neonatal skin breaks predicted lower mental development.Yet another study looked at school aged children who experienced neonatal pain.  This study found that there is an associations between the number of invasive procedures and lower IQ scores.  Increased invasive procedures were also associated with poor cognitive visual-motor, and behavioral outcomes.Neonatal pain related stress is associated with changes in brain activity, which were negatively correlated with visual-perceptual abilities in the school aged ex-preemie population.So it is clear that painful stimuli has long term consequencesWe can take a quick look at some things hospitals are doing to decrease infants exposure to painDuerden et al. Early Procedural Pain Is Associated with Regionally-Specific Alterations in Thalamic Development in Preterm Neonates. J Neurosci. 2018;38(4):878-886. doi:10.1523/JNEUROSCI.0867-17.2017Brummelte et al. Procedural pain and brain development in premature newborns. Ann Neurol. 2012;71(3):385-396. doi:10.1002/ana.22267Vinall et al. Invasive procedures in preterm children: brain and cognitive development at school age. Pediatrics. 2014;133(3):412-421. doi:10.1542/peds.2013-1863Chau et al. Hippocampus, Amygdala, and Thalamus Volumes in Very Preterm Children at 8 Years: Neonatal Pain and Genetic Variation. Front Behav Neurosci. 2019;13:51. Published 2019 Mar 19. doi:10.3389/fnbeh.2019.00051Grunau RE, Whitfield MF, Petrie-Thomas J, et al. Neonatal pain, parenting stress and interaction, in relation to cognitive and motor development at 8 and 18 months in preterm infants. Pain. 2009;143(1-2):138-146. doi:10.1016/j.pain.2009.02.014Doesburg et al. Neonatal pain-related stress, functional cortical activity and visual-perceptual abilities in school-age children born at extremely low gestational age. Pain. 2013;154(10):1946-1952. doi:10.1016/j.pain.2013.04.009



Pain

How often are preterm infants 
exposed to pain?

Which painful procedure is most 
common?

How do preterm infants process 
pain?

What are the long term effects of 
neonatal pain?

What can be done?

Use hand-held devices that 
can perform several 

analyses from a single 
blood sample, reducing 

the number of heelsticks
required for lab testing.

Place peripheral arterial or 
central venous catheters in 

patients who need more 
than 3-4 heelsticks per 

day. Use adequate 
analgesia.

Consider noninvasive 
therapeutic approaches 

for providing analgesia in 
newborns

Use noninvasive 
monitoring such as 

transcutaneous PaO2, 
PaCO2, SpO2, glucose or 

bilirubin levels, or NIRS to 
avoid the need for blood 

sampling.

Anticipate laboratory 
testing to minimize the 

frequency of blood 
sampling.

Decrease bedside 
disruptions by timing 

routine medical 
interventions with other 

care procedures

1

4 5

2 3

6

Hall, et al.

Pain Management in Newborns

Clinics in Perinatology, 2014.

Presenter Notes
Presentation Notes
Duerden et al. Early Procedural Pain Is Associated with Regionally-Specific Alterations in Thalamic Development in Preterm Neonates. J Neurosci. 2018;38(4):878-886. doi:10.1523/JNEUROSCI.0867-17.2017Brummelte et al. Procedural pain and brain development in premature newborns. Ann Neurol. 2012;71(3):385-396. doi:10.1002/ana.22267Vinall et al. Invasive procedures in preterm children: brain and cognitive development at school age. Pediatrics. 2014;133(3):412-421. doi:10.1542/peds.2013-1863Chau et al. Hippocampus, Amygdala, and Thalamus Volumes in Very Preterm Children at 8 Years: Neonatal Pain and Genetic Variation. Front Behav Neurosci. 2019;13:51. Published 2019 Mar 19. doi:10.3389/fnbeh.2019.00051Grunau RE, Whitfield MF, Petrie-Thomas J, et al. Neonatal pain, parenting stress and interaction, in relation to cognitive and motor development at 8 and 18 months in preterm infants. Pain. 2009;143(1-2):138-146. doi:10.1016/j.pain.2009.02.014Doesburg et al. Neonatal pain-related stress, functional cortical activity and visual-perceptual abilities in school-age children born at extremely low gestational age. Pain. 2013;154(10):1946-1952. doi:10.1016/j.pain.2013.04.009



MCPHERSON ET AL, 2020

The influence of pain, agitation, and their management on the immature brain.
Pediatric Research

[…]“everyday” clinical exposures are now also recognized as
key predictors of brain maturation in preterm infants. Pain is
one such “everyday” clinical exposure. Increasing evidence
suggests that pain is a central factor that predicts
dysmaturation, especially in babies born very preterm and in
those with many early exposures to pain.

Presenter Notes
Presentation Notes
We have talked about blood loss and pain, now lets take a closer look at infections



Infection

How common are blood stream 
infections?

1. Zingg et al. Lancet Infect Dis. 2017;17(4):381-389. doi:10.1016/S1473-3099(16)30517-5

Blood stream 
infections are the 

most common type 
of health-care 

associated infections 
in the pediatric 

population, especially 
in the youngest 

patients.1

Globally, NICUs were found to have a hospital acquired infection 
rate of 10.7%1

Distribution of health-care-associated infections in children, by age group

Presenter Notes
Presentation Notes
We can now take a closer look at the incidents and impact of infections.  Globally, NICUs were found to have a hospital acquired infection rate of over 10%.  In comparison, these types of infections occur in about 1 of every 25 patients in the hospital.  So you can see the NICU can be a rough place. Of these occurrences, blood stream infections are the most common, particularly in the youngest population. Zingg et al. Health-care-associated infections in neonates, children, and adolescents: an analysis of paediatric data from the European Centre for Disease Prevention and Control point-prevalence survey. Lancet Infect Dis. 2017;17(4):381-389. doi:10.1016/S1473-3099(16)30517-5



Infection

How common are blood stream 
infections?

How do infections impact 
outcomes?

1. Karagiannidou et al. J Infect Public Health. 2019;12(3):372-379. doi:10.1016/j.jiph.2018.12.004
2. Bannatyne et al. Int J Pediatr. 2018;2018:4658181. Published 2018 Sep 2. doi:10.1155/2018/4658181
3. Kime et al. Adv Neonatal Care. 2011 Aug;11(4):242-8; quiz 249-50 
4. Lilien et al. J Paediatr 1976;88:478-80.

57.5

36.6

0 10 20 30 40 50 60 70

A CLABSI was associated 
with a mean LOS 

increase of 21 days1

CLABSI

non-CLABSI

CLABSI are the most common cause of late onset 
sepsis in neonates and thus constitute one of the 
leading causes of both morbidity and mortality in 
this age group.2

Each time a central line is 
accessed, the risk for 

contamination and 
subsequent infection is 

increased.3

Heelsticks
can also cause cellulitis, 
perichondritis, calcaneal 
osteomyelitis, 
and abscesses.4

Presenter Notes
Presentation Notes
Drawing labs through Heelsticks carry a risk of infections including cellulitis and abscessesEven with a central line, there is a risk of contamination each time the line is accessed.  In fact, central line associated blood stream infections, or CLABSIs are the most common cause of late onset sepsis in neonates and increase morbidity and mortality in this age group.  CLABSIs also increase the length of stay by an average of 21 days, which, of course, increases the overall cost of hospital stay.There are many steps that NICU staff can take to reduce the risks of neonatal infections.Karagiannidou et al. Attributable length of stay and cost for pediatric and neonatal central line-associated bloodstream infections in Greece. J Infect Public Health. 2019;12(3):372-379. doi:10.1016/j.jiph.2018.12.004Bannatyne et al. Retrospective Cohort Analysis of Central Line Associated Blood Stream Infection following Introduction of a Central Line Bundle in a Neonatal Intensive Care Unit. Int J Pediatr. 2018;2018:4658181. Published 2018 Sep 2. doi:10.1155/2018/4658181Kime 2011 BW FINDING



Infection

How common are blood stream 
infections?

How do infections impact 
outcomes?

What can be done?

Kime, et al.

Central Line “Attention” 
Is Their Best Prevention

Advances in Neonatal Care, 2011.

Nothing worn below the 
elbows (no long sleeves 

or rings)

Completely sterile 
technique for central line 

tubing changes

Central lines addressed 
daily during rounds

Chlorhexidine 2% solution 
to “scrub the hub” 10-15 

seconds

Hand sanitizer at every 
bedside

Standardized approach to 
central line dressing 

changes

Continued education on 
importance of hand 

hygiene

Standardized procedure 
for insertion of central 

lines.

1

4 5

7

2

8

3

6

Continued audits to 
evaluate compliance

9

Presenter Notes
Presentation Notes
Karagiannidou et al. Attributable length of stay and cost for pediatric and neonatal central line-associated bloodstream infections in Greece. J Infect Public Health. 2019;12(3):372-379. doi:10.1016/j.jiph.2018.12.004Bannatyne et al. Retrospective Cohort Analysis of Central Line Associated Blood Stream Infection following Introduction of a Central Line Bundle in a Neonatal Intensive Care Unit. Int J Pediatr. 2018;2018:4658181. Published 2018 Sep 2. doi:10.1155/2018/4658181Kime 2011 BW FINDING



What does a blood 
draw cost?

$

BLOOD LOSS

INFECTION RISK

PAIN & 
STIMULATION

AOP

NEC

IVH
SEPSIS

M+M

LOS

RBCT

BAYLEY
MDI

IQ

The true cost of an 
arterial blood gas is 
measured by more than 
dollars and cents.

TIME 
LOSS

Presenter Notes
Presentation Notes
Let’s recap the actual cost of ABG’s and what we have talked about so far.Blood loss often results in anemia of prematurity which leads to the need for red blood cell transfusions, and as we learned increases the risk of NEC and worsening IVH.The pain and stimulation of blood draws has been shown to have negative effects on mental development and IQ.The risk of infection leads to sepsis, increase morbidity and mortality, and increased length and cost of hospital stay.And of course, there is the time lost when waiting for the lab results when measures to address the Co2 levels could be taken.AOP: Anemia of PrematurityRBCT: Red Blood Cell TransfusionNEC: Necrotizing EnterocolitisIVH: Intraventricular HemorrhageM+M: Morbidity and MortalityLOS: Length of StayBayley MDI: Bayley Mental Development IndexIQ: Intelligence Quotient



Continuous 
CO2 monitoring 
as a solution

• CO2 values outside the ideal 
range are common in the 
NICU

• Blood gases only 
offer a point-in-time 
measurement, which can 
misrepresent the patient 
course

31%

4%

17%

3%
0%

5%

10%

15%

20%

25%

30%

35%

Hypercarbia Hypocarbia

Incidence of 
abnormal CO2 levels 

in the NICU

van Kaam Kugelman

Van Kaam: >52mmHg; <30mmHg

Kugelman: >60mmHg; <30mmHg

Overnight trend of a single adult patient with 
hypoventilation syndrome3

Adapted from original.3
1. van Kaam et al. Neovent Study Group. Arch Dis Child Fetal 

Neonatal Ed. 2013;98(4):F323-F326. doi:10.1136/archdischild-
2012-302649

2. Kugelman et al. J Pediatr. 2016;168:56-61.e2. 
doi:10.1016/j.jpeds.2015.09.051

3. Storre et al. J. H., & Dellweg, D. (2014). In Pneumologie. 
Stuttgart: Georg Thieme Verlag.

Presenter Notes
Presentation Notes
 So we know CO2 is important, we also know that in order to get the important Co2 values, we are drawing a lot of blood from these patients and causing a certain level of pain as well as exposing the patient to the risk of infections and blood loss.  At this point, we must ask ourselves how common are these high and low values of Co2?  Is it worth the risk to get this information?  This chart shows results from 2 studies with slightly different thresholds.  The Van Kaam threshold is for Co2 above 52, the Kugalman threshold uses a Co2 of 60.  These studies showing the NICU incidents of hypercarbia between 17 and 31% and hypocarbia at around 3 or 4%.Besides the mentioned risks, another drawback of Abg’s is that they only offer a point in time measurement or snapshot, and that can misrepresent the patient course.Take this example of an adult patient with hypoventilation syndrome monitored overnight.  If you take these blood gasses as face value, you might assume the patient course looked something like this, when what the continuous transcutaneous value revealed was this.  You can see good agreement between the blood gasses and the noninvasive Co2 value, and you can also see that a lot more happened in between these measurement than you might assume.  If we go a step further and overlay the Van Kaam range, you get full visibility to just how much time this patient spent at an elevated Co2 level and how little was revealed by the ABG’s.   van Kaam AH, De Jaegere AP, Rimensberger PC; Neovent Study Group. Incidence of hypo- and hyper-capnia in a cross-sectional European cohort of ventilated newborn infants. Arch Dis Child Fetal Neonatal Ed. 2013;98(4):F323-F326. doi:10.1136/archdischild-2012-302649Kugelman A, Golan A, Riskin A, et al. Impact of Continuous Capnography in Ventilated Neonates: A Randomized, Multicenter Study. J Pediatr. 2016;168:56-61.e2. doi:10.1016/j.jpeds.2015.09.051Storre, J. H., & Dellweg, D. (2014). Monitoring des Beatmungspatienten – Monitoring of Patients Receiving Mechanical Ventilation. In Pneumologie. Stuttgart: Georg Thieme Verlag.



Continuous 
CO2 monitoring 
as a solution

• CO2 values outside the ideal 
range are common in the 
NICU

• Blood gases only 
offer a point-in-time 
measurement, which can 
misrepresent the patient 
course
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Incidence of 
abnormal CO2 levels 

in the NICU

van Kaam Kugelman

Van Kaam: >52mmHg; <30mmHg

Kugelman: >60mmHg; <30mmHg

1. van Kaam et al. Neovent Study Group. Arch Dis Child Fetal 
Neonatal Ed. 2013;98(4):F323-F326. doi:10.1136/archdischild-
2012-302649

2. Kugelman et al. J Pediatr. 2016;168:56-61.e2. 
doi:10.1016/j.jpeds.2015.09.051

3. Storre et al. J. H., & Dellweg, D. (2014). In Pneumologie. 
Stuttgart: Georg Thieme Verlag.

Continuous monitoring of neonatal PCO2 over 2 
hours

Division of Neonatology, Erasmus MC – Sophia Children’s Hospital, 
University Medical Center Rotterdam

Presenter Notes
Presentation Notes
Here is a neonatal example with a single blood gas within a two hour period, and here again are the van kaam thresholds overlaid. Just as in the adult patient, you can see the agreement between the transcutaneous value and the blood gas, but also how quickly the CO2 can change in a preterm infant, and how much more time – in this case at least 30 minutes based on the data we can view - that particular baby may have spent with an elevated CO2 than you could possibly tell from the ABG value alone, which is ultimately time lost when intervention or preventative care could have been initiated. van Kaam AH, De Jaegere AP, Rimensberger PC; Neovent Study Group. Incidence of hypo- and hyper-capnia in a cross-sectional European cohort of ventilated newborn infants. Arch Dis Child Fetal Neonatal Ed. 2013;98(4):F323-F326. doi:10.1136/archdischild-2012-302649Kugelman A, Golan A, Riskin A, et al. Impact of Continuous Capnography in Ventilated Neonates: A Randomized, Multicenter Study. J Pediatr. 2016;168:56-61.e2. doi:10.1016/j.jpeds.2015.09.051Storre, J. H., & Dellweg, D. (2014). Monitoring des Beatmungspatienten – Monitoring of Patients Receiving Mechanical Ventilation. In Pneumologie. Stuttgart: Georg Thieme Verlag.NICU: Neonatal Intensive Care Unit



Continuous 
monitoring and 
outcomes

1. Kugelman et al. J Pediatr. 2016;168:56-61.e2. 
2. Kugelman et al. Pediatrics. 2008;122(6):e1219-e1224. 
3. Rozycki et al. Pediatrics. April 1998, 101 (4) 648-653; 

We speculate that avoiding 
hypercarbia or hypocarbia 
and optimizing mechanical 
ventilation based on 
continuous CO2 monitoring 
could decrease the rates 
of neurologic and 
respiratory complications.1

Percentage of time spent 
at different levels of distal etCO2.
Safe range defined as 30-60 mmHg1

12%

43%

Incidence of IVH 
+/ PVL*1

13/30 pts

3/25 pts

Of note: etCO2 underestimates PaCO2
2,3

*Gestational Age, Birth Weight, and 
Monitoring Group were each 
independently associated with 
IVH/PVL.

8.80%
8.90%

3.80%
3.80%

BLINDED 
GROUP

MONITORED 
GROUP

17.7%

7.6%

Presenter Notes
Presentation Notes
The next question we ought to answer is, “Can continuous monitoring impact these CO2 values? Can we correct or limit the swings, can we better stabilize ventilation?” This data is from a study where they monitored ventilated neonates with distal end tidal CO2, splitting the subjects into two groups. One group’s values were blinded to medical professionals and the other group’s values were visible. No specific direction was given to the caretakers to intervene in response to the values. In spite of that, the monitored group spent significantly less time at abnormal or out of range values than did the group whose values were blinded.Interestingly, though the sample size is small, the rate of intraventricular hemorrhage and periventricular leukomalacia was 43% in the group whose CO2 values were not visible to the care team (and who spent more time at out of safe range CO2 values) and only 12% in the monitored group – again even though no specific intervention directive was given.It’s worth noting that end tidal notoriously underestimates arterial CO2 values, so it is likely that both of these groups spent even more time above that top threshold.Kugelman A, Golan A, Riskin A, et al. Impact of Continuous Capnography in Ventilated Neonates: A Randomized, Multicenter Study. J Pediatr. 2016;168:56-61.e2. doi:10.1016/j.jpeds.2015.09.051 Kugelman A, Zeiger-Aginsky D, Bader D, Shoris I, Riskin A. A novel method of distal end-tidal CO2 capnography in intubated infants: comparison with arterial CO2 and with proximal mainstream end-tidal CO2. Pediatrics. 2008;122(6):e1219-e1224. doi:10.1542/peds.2008-1300Rozycki et al. Mainstream End-tidal Carbon Dioxide Monitoring in the Neonatal Intensive Care Unit. Pediatrics. April 1998, 101 (4) 648-653; DOI: https://doi.org/10.1542/peds.101.4.648etCO2: end tidal carbon dioxideIVH: Intraventricular HemorrhagePVL: Periventricular Leukomalacia



tcPCO2 vs etCO2
End Tidal
+ Faster discrimination of tracheal 

vs esophageal intubations than standard 
clinical assessment1

+ Provides waveform for skilled 
clinicians to interpret compliance and 
resistance issues

- Leakage around uncuffed ETTs > mixing of 
measured CO2 with inhaled air

- Ineffective with small tidal volumes and 
higher respiratory rates/short exhalation 
time5

- Direct relationship between degree of 
inaccuracy and severity of ventilation-
perfusion mismatch2,3,4

- Not feasible for High Flow Ventilation 
modalities

- No device suitable for noninvasive 
ventilation

- Adds airway dead space

- Added weight of mainstream adaptor

Transcutaneous1,6,7

+ Compatible with any type of 
ventilation:

+ Mechanical Ventilation
+ HFV, HFOV, HFJV, Percussive 

Ventilation
+ Noninvasive including HFNC, HHFNC, 

Bubble CPAP, etc. 
+ spontaneous breathing

+ No dead space issues 

+ No weight on ETTs

+ Accurate despite ventilation-perfusion 
mismatch 

+ Accurate independent of respiration 
rate or tidal volume

- No breath-to-breath waveform

- No rapid assessment of ETT placement

- Poor perfusion at monitoring site can 
impact measurements

- Requires frequent calibration to 
maintain accuracy

Unlike etCO2
measurement, tcCO2
measurement is not 
influenced by ventilation-
perfusion mismatch and 
was found to be as good as 
or more accurate than 
etCO2 measurement in 
preterm infants.1

1. Hochwald et al. Pediatrics. 2019;144(1):e20183640. 
2. Repetto et al. J Perinatol. 2001;21(5):284-287. 
3. Hagerty et al. J Perinatol. 2002;22(3):219-225. 
4. Proquitté et al. Pediatr Crit Care Med. 2004;5(1):75-80. 
5. Schmalisch G. Biomed Eng Online. 2016;15(1):104. 
6. Huttmann et al, Ann Am Thorac Soc. 2014;11(4):645-652.
7. Restrepo et al. Respiratory Care Nov 2012;57(11)1955-1962.

Presenter Notes
Presentation Notes
Now that we’re talking specifically about continuous monitoring, let’s look at the two options: end tidal CO2 and transcutaneous. End tidal CO2 has the advantage of providing that breath to breath waveform and being able to quickly identify correct ET tube placement, but it also presents logistical challenges in this population like leakage around uncuffed ET tubes, added dead space, added weight to the  mainstream adaptor, and it’s incompatibility with high flow and high frequency ventilation modalities. It’s also demonstrated to be ineffective with small tidal volumes and short exhalation times common in preterm infants and the worse the degree of V/Q mismatch in the patient, the worse the accuracy of the end tidal value will be.Transcutaneous on the other hand, while it doesn’t provide that rapid ET tube placement verification or waveform, is compatible with any type of ventilation including high frequency, high flow, and noninvasive ventilation modalities as well as patients breathing without support. There are no deadspace issues or weight on ETTs, and the values are accurate despite VQ mismatch and respiration rate or tidal volume. Transcutaneous technology does require a certain level of perfusion at the monitoring site, which can be challenging in patients with certain conditions – and requires frequent calibration to maintain accuracy.While end tidal and transcutaneous can be complementary, when it comes to titrating care toward CO2 values, Transcutaneous modalities have consistently provided more accurate values and than end tidal in this and other patient populations.Hochwald et al. Pediatrics. 2019;144(1):e20183640. doi:10.1542/peds.2018-3640Repetto et al. J Perinatol. 2001;21(5):284-287. doi:10.1038/sj.jp.7210534 Hagerty et al. J Perinatol. 2002;22(3):219-225. doi:10.1038/sj.jp.7210672Proquitté et al. Pediatr Crit Care Med. 2004;5(1):75-80. Schmalisch G. Biomed Eng Online. 2016;15(1):104. Huttmann et al, Ann Am Thorac Soc. 2014;11(4):645-652.Restrepo et al. Respiratory Care Nov 2012;57(11)1955-1962HFV: High Frequency VentilationHFOV: High Frequency Oscillatory VentilationHFJV: High Frequency Jet VentilationHFNC: High Flow Nasal CannulaHHFNC: Heated High Flow Nasal CannulaBubble CPAP: Continuous Positive Airway PressureETT: Endotracheal tube



Challenges 
in the NICU

Monitor the patient 
regularly for CO2

changes to prevent 
IVH

Don’t draw too much 
blood, we’ll have to 

transfuse.
Make sure the CO2

doesn’t get too 
high.

Don’t overdistend
their lungs.

Make sure the CO2 isn’t 
too low.

Don’t underinflate their 
lungs.

Try to limit mechanical 
ventilation days. Don’t wean until

they’re ready to avoid 
reintubation.

Keep a close eye 
on them.

Let them be.

Monitor CO2
continuously

Prioritize NIV and HFV 
methods.

Presenter Notes
Presentation Notes
One of the most striking things about emerging data in neonatal care is the complicated realization that every little thing you do matters to these infants and potentially their long term outcomes – and the implications of that reality can be difficult. You probably often feel like you’re pulled in two directions. Maybe some of these challenges will feel familiar. “Monitor the patient regularly for CO2 changes to prevent IVH – but don’t draw too much blood or we’ll have to transfuse.” “Try to limit mechanical ventilation days, but don’t wean until they’re ready to avoid reintubation.” “Make sure the Co2 isn’t too low, but don’t underinflate the lungs.” “Make sure the Co2 isn’t too high but don’t overdistend the lungs.” “Monitor CO2 continuously but prioritize noninvasive and high frequency methods” and ultimately “Keep a close eye on them” but “let them be.” Accurate transcutaneous Co2 monitoring can help you do all these things.NICU: Neonatal Intensive Care UnitNIV: Noninvasive VentilationHFV: High Frequency Ventilation



A noninvasive, continuous measurement of PCO2

Transcutaneous technology 
warms the skin at the 
measurement site to 
encourage blood flow and 
diffusion of gases across the 
skin, through the permeable 
membrane, and into the 
specially formulated 
electrolyte, where a 
measurable reaction takes 
place. Algorithms translate the 
data into an estimate of PaCO2

CO2

CO2 + H2O HCO3
- + H+

Measurement 
Electrolyte

Contact Gel

CO2 permeable
membrane

Optodes (LEDs & PD)

Heating resistors and  2 temperature 
sensors

Micro pH-Glass-Electrode

SKIN

PCO2-measurement
electrochemical
sensor

Presenter Notes
Presentation Notes
Now how does transcutaneous technology works?  The sensor then gently warms the skin at the measurement site to encourage blood flow and diffusion of gasses across the skin.  These gasses pass through the membrane over the sensor face and into the electrolyte where a measurable reaction occurs.  The sensor uses the same technology as an ABG analyzer, the severinghous principle (method?)  Algorithms then translate that data into an estimate of PaCO2.  Perfusion is extremely important for proper and accurate readings of Co2 so it is important to choose a measurement site with good perfusion.  It is also important that the bedside staff is trained thoroughly on the application and use on any non-invasive Co2 monitoring device.



CO2 trends are helpful, but a 
trend that accurately reflects 

traditional blood gases is 
impactful.

Consistent 
Accuracy

Mechanically 
ventilated infants 

27w-term 
weighing >1000g1

Critically Ill Children <21 y; median age 2.1 years
R=0.70 in children <2 years2

Neonatal patients on HFOV
Median GA 25 weeks; 64% of samples from pts on 
vasopressors3

1. Schmidt et al. Pediatric Academic Societies Annual Meeting 2009
2. Bhalla et al, Pediatric Academic Societies Annual Meeting 2015
3. Rowley, et al. AARC National Meeting 2008

Presenter Notes
Presentation Notes
The Co2 trends that the blood gases report can be helpful, but accurate continuous Co2 monitoring is impactful.  The latest technology has been shown to perform consistently in the neonatal and pediatric population.These 3 studies evaluated how well transcutaneous monitoring compared to the blood gas values.  One study looked at patients with a mean age of 2.1 years, another looked at 25 weekers who were on the High frequency oscillator.   The third study looked at patients weighing less than 1 kg who were on conventional ventilation.  All three studies reported good correlation with the blood gases and transcutaneous Co2 monitoring.  This gives us the confidence to trust the transcutaneous reading.  Schmidt et al. Pediatric Academic Societies Annual Meeting 2009Bhalla et al, Pediatric Academic Societies Annual Meeting 2015Rowley, et al. AARC National Meeting 2008HFOV: High Frequency Oscillatory VentilationGA: Gestational Age



POLL

On average how frequently are you getting ABGs 
in your NICU on your mechanically ventilated 

patients?



Reducing 
blood draws

Introduction of transcutaneous CO2
technology resulted in a >25% 
reduction in blood gases drawn per 
day on ventilated patients at The 
Children’s Hospital of Philadelphia’s 
Level IV NICU1

BGs drawn/d of 
HFV (med)

BGs drawn/d of 
MV (med)

1. Mukhopadhyay S, Maurer R, Puopolo KM. Neonatal Transcutaneous Carbon Dioxide Monitoring--Effect on Clinical Management and Outcomes. Respir Care. 
2016;61(1):90-97. doi:10.4187/respcare.04212

The use of PtcCO2 monitoring statistically 
decreased blood gas frequency among 
ventilated neonates without impacting the 
duration of mechanical ventilation or clinical 
outcomes.

2.9

4.7

3.9

6.6

0 2 4 6 8

Pre-PtcCO2 Post-PtcCO2

Presenter Notes
Presentation Notes
  Trusting the Co2 value delivered by the monitor is ultimately what will give you the confidence to change your practice and perform fewer blood draws.  They were able to do this at Children's hospital of Philadelphia. The conducted a retrospective study and found that after introducing transcutaneous Co2 monitoring, their level 3 NICU realized a 25% decrease in blood draws on ventilated patients with no adverse change in outcomes. Again, accuracy and trust in the transcutaneous values is ultimately what makes decreasing blood draws and the associated risks.



Transcutaneous 
technology has evolved 

since introductory devices 
resulted in heat and skin 

integrity issues in the 
NICU. 

Safety & Skin Integrity

None of the subjects had 
any detectable harm to 
their skin.1

• 50 patients 
• BW 744-1326g
• GA 25.6-30.4 weeks 
• 12 uninterrupted hours 

monitoring

1. Aly et al. Am J Perinatol. 2017;34(5):480-485.
2. Schmidt et al. Pediatric Academic Societies Annual Meeting 2009

The device was safe, not 
causing any adverse skin 
changes in this limited set 
of critically ill neonates.2

• 15 patients >1000g
• GA 27-40 weeks
• 21 median hours 

monitoring (8.5-51 hours)

Not all transcutaneous devices function identically to protect neonatal skin. Always discuss 
safety and precautions with the device manufacturer.

Presenter Notes
Presentation Notes
Of course safety is always a concern.  I am sure that skin integrity is a core part of the principles of care in your NICU.  You may have had poor experiences with older transcutaneous technology causing skin issues with preterm infants. The newest technology is different.  Lower sensor temperatures and therefore longer site times are utilized.   In one study evaluating newer technology, 50 NICU patients between 25-30 weeks gestational age with birth weights as low as 744 grams were monitored for 12 uninterrupted hours using a digital technology device.  None of the subjects had any detectable harm to their skin. Another study with a similar patient population had similar results. In addition, newer models offer a feature to protect the site that automatically lowers sensor temperature once the site time has elapsed. Also- the temperature and site time parameters are interconnected to ensure only safe settings can be selected. If you increase the temperature, the allowable site time will decrease automatically.These features increase the safety and skin protection for our most delicate patients.Aly S, El-Dib M, Mohamed M, Aly H. Transcutaneous Carbon Dioxide Monitoring with Reduced-Temperature Probes in Very Low Birth Weight Infants. Am J Perinatol. 2017;34(5):480-485. doi:10.1055/s-0036-1593352Schmidt, J. W., Holland, J. P., & Walsh, W. F. (2009). Correlation of TcCO2 Values with PaCO2 Values in a Limited Set of Critically Ill Neonates. In Pediatric Academic Societies Annual Meeting.BW: Birth WeightGA: Gestational Age



Summary

CO2 is an integral 
parameter for lung and 
brain protection of 
preterm infants in the 
NICU. High, low, and large 
fluctuations in CO2 values 
are common and are 
associated with poor 
outcomes.

Continuous monitoring 
of CO2 lessens time spent 
outside of “safe ranges” 
and may lead to a 
reduction in associated 
adverse outcomes

Blood gases only offer 
point-in-time 
measurement and 
introduce risks 
associated with blood 
loss, pain, infection, and 
time loss.

End tidal CO2
underestimates PaCO2, 
is often infeasible 
and/or inaccurate in the 
NICU population and is 
incompatible with lung-
friendly high frequency 
ventilation methods.

Modern transcutaneous technology overcomes limits of previous devices to offer accurate, continuous, 
noninvasive CO2 values regardless of ventilation method or V/Q mismatch, all while supporting 
neuroprotective efforts to deliver clustered care, protect skin integrity, and reduce the frequency of blood 
draws.

Presenter Notes
Presentation Notes
In closing I want to sum up what we’ve discussed today. First, CO2 is an integral parameter for brain protection in preterm infants in the NICU, and abnormal values are associated with poor outcomes.  When it comes to Co2 management using mechanical ventilation, lung protection must be considered.ABGs only offer point-in-time measurements and introduce risks like blood loss, pain, infection, and time loss.Continuous monitoring of CO2 can lessen a patient’s time spent outside of safe ranges which may improve outcomes.End tidal CO2 underestimates PaCO2, and is often not feasible and/or inaccurate in the NICU population, especially as high frequency ventilation and non-invasive modes become more prevalent.Modern transcutaneous technology overcomes the limits of previous devices to offer accurate, continuous, non-invasive CO2 values.  This type of monitoring is compatible with any ventilation mode and is accurate regardless of ventilation perfusion mismatch.  It is designed to support neuroprotective efforts to deliver clustered care, protect skin integrity, and reduce the pain and stimulation that results from frequent blood draws.When implemented properly into your practice, continuous, non-invasive Co2 monitoring can help decrease the risk factors associated with blood draws.  It can improve co2 management with the goal of improving both the cerebral and pulmonary outcomes for the premature population.



Thank you.

Presenter Notes
Presentation Notes
Thank you so much for your time! I look forward to continuing this conversation with you about how Sentec can support your team’s efforts to deliver excellent care in your NICU.



Neonatal Monitoring Sites

Presenter Notes
Presentation Notes
Safety is paramount. We know that skin integrity is a core part of the principles of care in your NICU, and you may have had poor experiences with older transcutaneous technology causing skin issues with preterm infants. Sentec is different. In one study, 50 NICU patients between 25-30 weeks gestational age with birth weights as low as 744 grams were monitored for 12 uninterrupted hours with Sentec transcutaneous monitoring, and none of the subjects had any detectable harm to their skin. Another study with with a similar patient population had similar results. In addition, Sentec offers a feature called “Site Protection” that automatically lowers sensor temperature once the site time has elapsed. Also- the temperature and site time parameters are interconnected to ensure only safe settings can be selected. If you increase the temperature, the allowable site time will decrease automatically.Aly S, El-Dib M, Mohamed M, Aly H. Transcutaneous Carbon Dioxide Monitoring with Reduced-Temperature Probes in Very Low Birth Weight Infants. Am J Perinatol. 2017;34(5):480-485. doi:10.1055/s-0036-1593352Schmidt, J. W., Holland, J. P., & Walsh, W. F. (2009). Correlation of TcCO2 Values with PaCO2 Values in a Limited Set of Critically Ill Neonates. In Pediatric Academic Societies Annual Meeting.BW: Birth WeightGA: Gestational Age



Principles of Correlation

Sensor
• Ensure membrane intact and in 

good condition

• If needed, change membrane 
(let monitor and sensor 
stabilize 90 minutes before 
placing on patient. Then watch 
for CO2 stabilization: “green 
numbers” and ideally wait 15 
more minutes to do a 
correlating gas)

Site
• Good perfusion is essential to 

accuracy

• External pressure on the 
sensor? Even clothing/dressings

• Too peripheral?

• NICU - Arterio-venous shunt? 
Ensure ABG and Sentec site are 
on same anatomical side of 
shunt.

Seal
• Good quality, air-free seal 

between sensor and skin

• Air can skew measurements

• Ensure sensor is tightly 
attached with no air or hair in 
seal

• Adequate contact gel between 
sensor and skin

Status
• Patient conditions such as 

edema, vasoactive drugs, shock 
and sepsis impact perfusion, 
which impacts accuracy. 

• Perfusion issues result in 
tcpCO2 readings that are higher 
than ABGs
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