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Clinical context
• Prentice Women’s Hospital

– ~12,000 annual deliveries
– Level III NICU, 80 beds

• Lurie Children’s Hospital
– Level IV NICU, 64 beds

• Breastfeeding/pumping initiation 
rates >90%

Clinical experiences directly informed this idea

• Repeated experience
– Numerous infants/families impacted

• During clinical rounds

• Lack of objective information
– Family centered rounds

• Preterm infant (extremely, 
moderately, late preterm) in the 
NICU
– Prescribed feeding amount q3
– Some feedings by mouth, some by 

nasogastric tube
– Mother/parent starting to feed at breast
– NICU nurse asks how to manage volumes 

for these feedings

• Decisions impact feeding progression
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Objectives
1. Explain situations where measurement of milk transfer could be of value

2. Describe benefits and risks of using an external sensor to determine milk transfer during 
breastfeeding

3. Review process of sensor development and next steps

Intersection of breastfeeding progress and 
infant risk: jaundice as an example

Radamacher et al. J Perinatol 2002
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Revisiting statements with changes to clinical 
practice

PEDIATRICS Volume 150, number 3, September 2022

“This article updates and replaces the 2004 American 
Academy of Pediatrics clinical practice guideline…”

Circumstances specific to preterm infant feedings: 
additional uncertainty

• Initial dependence on tube feedings for 
preterm infants

• As infants develop and mature, transition to 
breastfeeding occurs
– Current methods to assess intake during this transition 

phase are cumbersome
– Uncertainty regarding the milk volume an infant takes
– Stress for parents and hospital staff

• Fathers, coparents

www.futurelearn.com (last access 3.2023)

Amaizu N et al. Acta Paediatr 2008; Sihota et al. Am J Mens Health 2019
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Breast milk exposure by gestational age category

Kalluri NS et al. J Pediatr 2025

Addressing uncertainty: perception of insufficient milk
• Perception of insufficient milk is a common cause of breastfeeding cessation

• Reasons for stopping breastfeeding within the first month:
– United States: “I didn’t have enough milk”: 51.7%

• Systematic review of risk factors for self-reported insufficient milk
– 79 studies from high income countries; 30 from upper-middle-income; 10 from low-middle-income
– Key message: “Intervention studies specifically designed to reduce the risk of [self reported insufficient 

milk supply] are urgently needed in low- and middle-income countries.”
• Discharge of preterm, low birth weight infants may occur before feeding certainty established

Li Pediatrics 2008; Segura-Perez Maternal & Child Nutrition 2022
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Addressing self-reported insufficient milk volume
• Focused on LMIC

– Most data from high income countries

• To address this concern: “…use 
objective measures of breast milk 
volume and quality.”

2022

Opportunities for sensor technology to 
improve lactation/breastfeeding outcomes
• Reduce uncertainty in milk volumes that infants get during breastfeeding

• Ease of wireless sensor facilitates utilization

• Facilitate:
– Management of specialized medical circumstances including prematurity

• Feeding pathology independent of etiology
– Achieving global public health goals for breastfeeding
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The beginning

Starting with a wired version

Sensor

Pump/phalange 

Sensor

Breast
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LED
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LED

PD

Photodetector: determining optimal position and shape
• Testing with non-pregnant individual
• Signal quality low when placed opposed
• Improved with device position at 90o

LED

1 cm

1 cm

1 cm

• Soft, comfortable, stretchable
• Powered by an external battery

‒ 500 mAh battery: estimated >12 h battery life
‒ Electrically and magnetically coupled via magnets
‒ Working device

Moving towards wireless
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Battery

Battery disconnection issue
Why? Weak magnet connection & Heavy battery

• Solution 1 : Board to Board Connectors
 Easy to change PCB board
 Detachable design

• Solution 2 : Integration by soldering
 Bulky device
 Hard to change PCB board 

(Add NFC and On/Off switch)
 NFC charging efficiency issue

(26 hours charging time
to fully charge the 500mAh battery) 

Each part requires consideration
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Final Collection:
as long as the subject 
feels comfortable

Planning clinical testing: mapping out first 15 min
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Moving forward with bioimpedance

Pre-clinical testing at the bench: 
Mock system to generate compartments

Kim et al. nature biomedical engineering. 2025
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Planning ahead: schematic of future testing

Kim et al. nature biomedical engineering. 2025

Characteristics of participants

Range25th, 75th %ile
n=12

Median
28-4232, 3834Age, years
1-31, 32.5Parity

27-3931, 3432.5Gestational age at delivery, completed weeks
20.9-3122.1, 24.822.75Pre-pregnancy BMI, kg/m2

680-30331430, 20801785*Infant birth weight, grams
n (%)
5 (41.7)Primiparous
3 (25)Multiple gestation

*n=15
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Characteristics of participants
Range25th, 75th %ileMedian
11-5715, 2420.5Infant age at testing, d*
0-181, 83Postpartum hour of first milk expression, h

N (%)
3 (25)Current use of medication for production

3 (25)
7 (58.3)
2 (16.7)

Method of first expression
Infant feeding

Pump
Hand

7 (58.3)
4 (33.3)
1 (8.3)

Current primary method of milk expression
Exclusive pumping

Pumping and breastfeeding
Breastfeeding

*n=2 not recorded

Testing during pumping allows volume 
measurement

Kim et al. nature biomedical engineering. 2025

• Key results: Mean milk output volume recorded versus inferred from 
the bioimpedance system differed by 0.1±4.9mL

• No adverse skin reactions, monitored through 24 hours post-testing
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Future directions

• How do parents feel about this technology?

• How do clinicians feel about this technology?

• How do we as investigators and creators remain confident in this technology?

Figure 3. Testing during breastfeeding using biompedance (BioZ) device (a,b) 
which includes base station with battery (c). 

Next steps in progress:
Preliminary bench testing for a sensor upgrade

• Four-electrodes somewhat limited
– Specific positioning required

• Ideally allow flexibility for user

• Increasing number of sensors may allow 
flexibility

• Phantom breast can mock scenarios
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Additional considerations to enhance sensor
• Testing during pumping provided high quality data…during pumping

• Testing during pumping not sufficient

• Considerations for feeding at the breast:
– Infant movement
– Maternal movement
– Holding position

Acknowledging concerns: “Will this add stress?”

• Objective measures can reduce uncertainty

• Data utilization and interpretation should not fall entirely on the parents
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Future direction: low burden, easily 
accessible, objective information

Thank you!
Please reach out: dtrobinson@luriechildrens.org
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