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Abstract: Delaying umbilical cord clamping (DCC) for 1 min or longer following a neonate’s birth
has now been recommended for preterm and term newborns by multiple professional organizations.
DCC has been shown to decrease rates of iron deficiency anemia, intraventricular hemorrhage (IVH),
necrotizing enterocolitis (NEC), and blood transfusion. Despite these benefits, clinicians typically
cut the umbilical cord without delay in neonates requiring resuscitation and move them to a radiant
warmer for further care; this effectively prevents these patients from receiving any benefits from DCC.
This study evaluated the feasibility of a delayed cord clamping cart (DCCC) in low-risk neonates
born via Cesarean section (CS). The DCCC is a small, sterile cart designed to facilitate neonatal
resuscitation while the umbilical cord remains intact. The cart is cantilevered over the operating
room (OR) table during a CS, allowing the patient to be placed onto it immediately after birth.
For this study, a sample of 20 low-risk CS cases were chosen from the non-emergency Labor and
Delivery surgical case list. The DCCC was utilized for 1 min of DCC in all neonates. The data
collected included direct observation by research team members, recorded debriefings and surveys
of clinicians as well as surveys of patients. Forty-four care team members participated in written
surveys; of these, 16 (36%) were very satisfied, 12 (27%) satisfied, 13 (30%) neutral, and 3 (7%) were
somewhat dissatisfied with use of the DCCC in the OR. Feedback was collected from all 20 patients,
with 18 (90%) reporting that they felt safe with the device in use. This study provides support that
utilizing a DCCC can facilitate DCC with an intact umbilical cord.
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1. Introduction

Delayed cord clamping (DCC) refers to the practice of delaying clamping of a neonate’s
umbilical cord for at least 30-60 s after birth. This delay in clamping of the umbilical
cord effectively allows for a blood transfusion from the placental bed into the newborn’s
circulation [1-5]. Studies suggest that 75% of available blood in the placenta is transfused to
the infant within 1 min [6]. DCC has noted benefits in both preterm and term neonates. In
preterm neonates, DCC is associated with increased hematocrit levels, decreased need for
blood transfusion, and decreased incidence of NEC and IVH [7-9]. Term neonates receiving
DCC have increased hemoglobin levels at birth, increased iron stores at 6 months of age,
and potentially improved neurodevelopmental outcomes [6-10]. Given its known benefits,
DCC has been endorsed by multiple professional organizations, including the World
Health Organization, the International Liaison Committee on Resuscitation, the American
Academy of Pediatrics, and the American College of Obstetricians and Gynecologists,
amongst several others [1-5,11]. These professional organizations recommend DCC in
most vigorous preterm and term neonates.

Some reasons for not performing DCC include the need for immediate neonatal
resuscitation, maternal bleeding, and concern for an intact maternal-neonatal umbilical
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cord circulation. Neonates requiring immediate resuscitation often receive immediate
cord clamping due to the challenging ergonomics of performing resuscitation during DCC.
Following cord clamping, these patients are carried to a radiant warmer provisioned with
resuscitation equipment and supplies such as oxygen, suctioning, and positive pressure
ventilation capability.

Providing continuous positive airway pressure (CPAP) immediately at birth to pre-
mature neonates born at <28 weeks gestational age reduces the need for respiratory inter-
ventions such as exogenous surfactant administration and mechanical ventilation while
potentially reducing the severity of respiratory distress syndrome and incidence of bron-
chopulmonary dysplasia [12,13]. Presently, it is not practical in most circumstances for
neonates to receive both immediate CPAP or other forms of neonatal resuscitation, and
also receive DCC, given the logistical difficulties of current standard hospital equipment.

To address the logistical challenges of providing resuscitation including CPAP or
positive pressure ventilation during DCC, our team designed a sterile compact cart (the
Delayed Cord Clamping Cart, DCCC) that can be positioned near the incision site during
a CS or by a mother’s bedside during a vaginal delivery, allowing for resuscitation to be
performed during DCC. We conducted a study in order to evaluate the feasibility of using
this DCCC during CS deliveries.

2. Materials and Methods
2.1. Cart Design

Our research team had previously performed simulations and debriefings of childbirth
focusing on DCC while resuscitating the infant [14]. Based on this work, the team designed
and prototyped a cart to facilitate DCC while allowing for the possibility of simultaneous
respiratory support (Figure 1). Iterations of the prototype occurred based on further
repeated simulations involving a multidisciplinary team at the Stanford Medicine Center
for Advanced Pediatric and Perinatal Education (CAPE, http:/ /cape.stanford.edu, accessed
on 28 April 2021). The development of the DCCC began with simple concept sketches, and
subsequently evolved to increasingly more complex functional models using SolidWorks
Premium 2021 computer aided design (CAD) software. These models focused on planning
the mechanical structure, mechanisms, and electrical features of the cart.

For stability purposes, it was essential for the DCCC cart base to have sufficient floor
support in addition to the ballast required to counterweight the extension of the tray
well beyond the wheeled base. Initially, simple support blades similar to those found
on traditional Mayo stands, were trialed to minimize tipping of the DCCC. These were
subsequently updated to utilizing castering wheels, in order to maximize easy mobility
of the DCCC. An intravenous pole was placed in the back with the requisite resuscitation
equipment. Air and oxygen cylinders were strategically placed at the base of the intra-
venous pole to help generate sufficient ballast for extending the resuscitation tray forward
to allow it to safely cantilever over the operating table. Tipping analyses were performed,
taking into account dynamic movement of the cart.

A single telescoping column was placed at the front of the cart to provide approxi-
mately 65 cm (25.6 in) of vertical adjustment, allowing the tray to be adjusted from about
68 to 133 cm (26.8 to 52.3 in) height above the floor. The DCCC’s arm extends from a
proximal rotary joint at the top of the column to another distal rotary joint below the tray.
A prismatic sliding joint under the tray provides additional reach. The telescoping column
combined with the rotary and prismatic joints allow for flexibility in both positioning and
orientation of the tray to make it easier to safely place the neonate onto the DCCC tray
without putting excessive traction on the neonate’s umbilical cord.

A ftully functional version of the DCCC incorporating these features was designed
and fabricated. Simulations of the DCCC were conducted, with feedback received from the
multidisciplinary working group. Once shown to be safe and effective during simulated
deliveries, the DCCC was approved for use by the Biomedical Engineering Department
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at Lucile Packard Children’s Hospital Stanford and this study was authorized by the
Institutional Review Board (IRB) of Stanford University.

(A)

(B)

Figure 1. (A) Schematic rendering of delayed cord clamping cart. (B) Schematic rendering of delayed
cord clamping cart cantilevered over patient’s abdomen during CS.

The DCCC is a small, mobile sterile cart (Figures 1 and 2) designed to facilitate
resuscitation while the umbilical cord is intact. The DCCC is designed to cantilever,
extending from the cart over the operating room (OR) table during a CS, allowing for the
newborn to be placed directly onto it immediately at the time of birth. As described above,
the DCCC is equipped with mechanisms that facilitate vertical movement, positioning
and orientation over the OR table, and wheels for maneuverability around the room. It is
designed to accommodate the equipment used during neonatal resuscitation.
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Figure 2. Delayed cord clamping cart in use during a simulation.

2.2. Study

A sample of 20 scheduled low-risk CS cases were chosen to pilot the DCCC. Written
informed consent was obtained from patients and the members of the multidisciplinary OR
team (pediatricians, obstetricians, anesthesiologists, nursing staff, and surgical technicians).
Each multidisciplinary team member was trained in the use of the DCCC.

In this observational study, a research team member observed the use of the DCCC and
its effectiveness in facilitating DCC during CS. Without the DCCC, the standard procedure
includes placing the neonate on the mother’s abdomen or having a clinician hold the
neonate during DCC. With the DCCC, the neonate was placed directly onto the cart at
the time of delivery. Once the cord was clamped, the patient was moved to the radiant
warmer while remaining on the DCCC, then transitioned to the radiant warmer for further
evaluation and care. Otherwise, the cart did not influence or change the current provider
procedures in the operating room. Video recordings of the procedure were made, and
structured interviews and written surveys of all team members were conducted after the
CS. Written surveys were completed by patients after recovery.

The primary end-point was to evaluate the safety and efficacy of the DCCC. Immedi-
ately following each case, the clinicians were asked to participate in a structured interview
about their experience using the DCCC and to identify any elements of the cart that could
be improved. Patients and their partners were given a short survey 12-24 h postpartum
regarding their experience with the DCCC.

2.3. Data Analysis

The data presented here reflect approximately 20 h of observation. Demographic data
were analyzed using counts and percentages. The structured interviews from patients and
providers were transcribed and analyzed for thematic patterns. Once recurring themes
from the analyses were identified, the research team made improvements to the cart
accordingly. The surveys from the patients were analyzed and triaged for patient safety
and patient experience.

3. Results

The DCCC was used in 20 CS deliveries of term singletons from October 2018 to
January 2020. Gestational age at the time of delivery ranged from 36 to 39 weeks. Enrolled
patients were pre-identified as low risk for anticipated maternal and neonatal complications
at the time of delivery by the delivering obstetrician. All neonates were vigorous at delivery,
and received 60 s of DCC on the DCCC; no neonates required resuscitation.

There were 159 providers who participated in the CS that utilized the DCCC. The
multidisciplinary team members directly interacting with the cart included attending
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neonatal hospitalists, pediatric resident physicians, attending obstetricians, obstetrician
resident physicians, and obstetric surgical technicians. Neonatal nurses, obstetric nurses,
and members of the anesthesia team were included in the informed consent process but
did not directly interact with the cart; formal interviews and written feedback was not
collected from those not directly interacting with the cart given that the DCCC neither
supported nor impeded their workflow.

Data collected from structured interviews of team members and patients reflects
approximately 20 h of recordings, which were transcribed and subsequently analyzed.
Forty-four care team members participated in written surveys. Sixteen providers (36%)
were very satisfied, 12 (27%) satisfied, 13 (30%) neutral, and 3 (7%) were somewhat dis-
satisfied with use of the DCCC in the OR. Team members commented that the cart was
easily incorporated into the surgical field without concern for breaking sterility, and was
not a hindrance during the surgery. An obstetrician noted that the usage of the DCCC
“improved baby positioning” compared to without the cart, and another noted that the
DCCC “just seems more stable” for the neonate. Given that umbilical cords vary in length,
team members noted the need for close evaluation and adjustment in positioning of the
DCCC to prevent excessive traction on the cord during DCC. The most frequently noted
concern involved maneuvering the cart from the OR table to the radiant warmer. No
adverse safety events occurred to either the mother or infant during any of the CS trials
with the DCCC.

Feedback was additionally collected from 18 patients, with 2 patients lost to follow
up. Seventeen patients (94%) reported that it was easy to communicate with the hospital
staff while the device was in use; one patient (5%) felt neutral. Eighteen patients (100%)
reported they felt safe when the device was in use. No adverse outcomes for mothers or
neonates were noted.

Video recordings of all 20 CS deliveries were watched by the research team. Recurring
themes noticed on video recordings and in team member surveys were employed to update
the features of the DCCC. These changes included adjustments in the height of the cart’s
tray side walls for more secure positioning during the cart’s usage, and adding hand
switches under the tray similar to existing foot manual controls to allow for two ways to
adjust the DCCC'’s height for each delivery.

4. Discussion

Facilitating successful DCC has several benefits for both preterm and term neonates.
While DCC is now standard of care in vigorous newborns, it is likely that non-vigorous
patients requiring resuscitation may also benefit from DCC. Studies in lambs have shown
that DCC while the animal establishes ventilation confers hemodynamic stability during the
transition to the extrauterine environment [15]. Aeration of the lungs during spontaneous
ventilation triggers pulmonary vasodilation and an increase in pulmonary blood flow;
this increased pulmonary blood flow then provides critical preload to the left ventricle
and supports systemic perfusion and blood pressure [16]. DCC, through its transfusion of
placental blood into the neonatal circulation and subsequent increase in left ventricular
preload, can thus confer hemodynamic stability to vigorous preterm and term neonates,
and may also benefit those who are non-vigorous at birth if they are receiving positive
pressure ventilation. Facilitating DCC while allowing for the beginning steps of neonatal
resuscitation to take place is especially beneficial in preterm infants, who are at highest
need for neonatal resuscitation and also likely stand to benefit the most from DCC'’s
protective effects.

A mobile cart to facilitate DCC has been previously described in the literature and
work continues to refine design and standardize equipment [17-19]. There are currently
two such carts that are commercially available: the Life Start® Trolley [West Sussex, United
Kingdom] and the INSPiRe Platform. However, neither of these devices are specifically
designed to get close enough to the mother’s incision site so that a preterm neonate can
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remain attached to the umbilical cord while CPAP is being performed. In clinical trials,
these devices could not be used in 30% of deliveries due to their bulky design [20,21].

We evaluated the ergonomics and feasibility of a sterile DCCC to be utilized during
CS and vaginal deliveries in order to enable resuscitation with an intact cord. Given its
goals, 20 low-risk CS deliveries in term neonates were selected for inclusion; none of these
neonates required resuscitation. The DCCC received overall favorable feedback from team
members regarding ease of use. All patients reported that they felt safe during use of the
DCCC with their newborns and most noted that they were able to communicate easily
with their care team during the DCCC’s usage. Team members often commented on the
ease with which the DCCC incorporated into the existing workflow for CS deliveries,
which is key to allowing for successful adaptation and implementation of the cart. A
limitation of this study is its utilization in only a relatively small number of low-risk CS
deliveries of infants not requiring resuscitation; however, data obtained from this study
will be used to further refine the DCCC for studies to determine its safety, efficacy, and
feasibility in vaginal deliveries and in preterm and term neonates requiring resuscitation
at birth. Further studies utilizing the DCCC could additionally capture clinical outcomes
of neonatal resuscitation. In summary, our study provides support that the DCCC can
facilitate DCC in vigorous term neonates while the umbilical cord remains intact.

Author Contributions: Conceptualization, N.S.J., ].S., D.S,, L.S., H.C.L.; methodology, formal anal-
ysis, investigation, data curation: all authors; writing—original draft preparation, N.S.J.; writing—
review and editing, K.P, J.S., D.S., LS., A.G., LPH., H.C.L,; supervision, H.C.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This study was funded by Agency for Healthcare Research and Quality (Grant/ Award
Number: "'P30HS023506") and the Maternal and Child Health Research Institute at Stanford University.

Institutional Review Board Statement: The Delayed Cord Clamping Cart was approved for use by
the Biomedical Engineering Department at Lucile Packard Children’s Hospital Stanford and this
study was authorized by the Institutional Review Board of Stanford University.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy concerns.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.  World Health Organization. Guideline: Delayed Umbilical Cord Clamping for Improved Maternal and Infant Health and Nutrition
Outcomes; World Health Organization: Geneva, Switzerland, 2014.

2. World Health Organization. Guidelines on Basic Newborn Resuscitation; World Health Organization: Geneva, Switzerland, 2012.

3. Wyckoff, M.H.; Aziz, K.; Escobedo, M.B.; Kapadia, V.S.; Kattwinkel, J.; Perlman, J.M.; Simon, W.M.; Weiner, G.M.; Zaichkin, J.G.
Part 13: Neonatal Resuscitation: 2015 American Heart Association Guidelines Update for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Circulation 2015, 132 (Suppl. 2), S543-5S560. [CrossRef] [PubMed]

4. Committee Opinion No. 543: Timing of Umbilical Cord Clamping After Birth. Obstet. Gynecol. 2012, 120, 1522-1526. [CrossRef]
[PubMed]

5. Committee Opinion No. 684: Delayed Umbilical Cord Clamping After Birth. Obs. Gynecol 2017, 129, 1. [CrossRef]

6.  Katheria, A.C.; Lakshminrusimha, S.; Rabe, H.; McAdams, R.; Mercer, J.S. Placental transfusion: A review. . Perinatol. 2017, 37,
105-111. [CrossRef] [PubMed]

7. McDonald, S.J.; Middleton, P.; Dowswell, T.; Morris, P.S. Effect of timing of umbilical cord clamping of term infants on maternal
and neonatal outcomes. Evid. Based Child Health Cochrane Rev. |. 2014, 9, 303-397. [CrossRef] [PubMed]

8. Lainez Villabona, B.; Bergel Ayllon, E.; Cafferata Thompson, M.L.; Belizan Chiesa, ].M. Early or late umbilical cord clamping? A
systematic review of the literature. Pediatria 2005, 63, 14-21. [CrossRef]

9.  Katheria, A.; Reister, F; Essers, J.; Mendler, M.; Hummler, H.; Subramaniam, A.; Carlo, W,; Tita, A.; Truong, G.; Davis-Nelson,

S.; et al. Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping with Death or Severe Intraventricular
Hemorrhage Among Preterm Infants. JAMA 2019, 322, 1877-1886. [CrossRef] [PubMed]


http://doi.org/10.1161/CIR.0000000000000267
http://www.ncbi.nlm.nih.gov/pubmed/26473001
http://doi.org/10.1097/01.AOG.0000423817.47165.48
http://www.ncbi.nlm.nih.gov/pubmed/23168790
http://doi.org/10.1097/AOG.0000000000001860
http://doi.org/10.1038/jp.2016.151
http://www.ncbi.nlm.nih.gov/pubmed/27654493
http://doi.org/10.1002/ebch.1971
http://www.ncbi.nlm.nih.gov/pubmed/25404605
http://doi.org/10.1157/13076762
http://doi.org/10.1001/jama.2019.16004
http://www.ncbi.nlm.nih.gov/pubmed/31742630

Children 2021, 8, 357 70f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Isacson, M.; Gurung, R.; Basnet, O.; Andersson, O.; K¢, A. Neurodevelopmental outcomes of a randomised trial of intact cord
resuscitation. Acta Paediatr. 2021, 110, 465-472. [CrossRef] [PubMed]

Weiner, G.; Zaichkin, J.G. Textbook of Neonatal Resuscitation (NRP); American Academy of Pediatrics: Itasca, IL, USA, 2006.
Newborn, C.F.A. Respiratory Support in Preterm Infants at Birth. Pediatrics 2014, 133, 171-174. [CrossRef] [PubMed]

Dunn, M.S.; Kaempf, J.; de Klerk, A.; de Klerk, R.; Reilly, M.; Howard, D.; Ferrelli, K.; O’Conor, |.; Soll, R.E; The Vermont Oxford
Network DRM Study Group. Randomized Trial Comparing 3 Approaches to the Initial Respiratory Management of Preterm
Neonates. Pediatrics 2011, 128, €1069—-e1076. [CrossRef] [PubMed]

Lapcharoensap, W.; Cong, A.; Sherman, J.; Schwandt, D.; Crowe, S.; Daniels, K.; Lee, H.C. Safety and Ergonomic Challenges of
Ventilating a Premature Infant During Delayed Cord Clamping. Children 2019, 6, 59. [CrossRef] [PubMed]

Bhatt, S.; Alison, B.J.; Wallace, E.M.; Crossley, K.J.; Gill, A.W.; Kluckow, M.; te Pas, A.B.; Morley, C.J.; Polglase, G.R.; Hooper, S.B.
Delaying cord clamping until ventilation onset improves cardiovascular function at birth in preterm lambs. J. Physiol. 2013, 591
Pt 8,2113-2126. [CrossRef]

Ersdal, H.L.; Linde, J.; Mduma, E.; Auestad, B.; Perlman, J. Neonatal Outcome Following Cord Clamping After Onset of
Spontaneous Respiration. Pediatrics 2014, 134, 265-272. [CrossRef] [PubMed]

Thomas, M.R.; Yoxall, C.W.; Weeks, A.D.; Duley, L. Providing newborn resuscitation at the mother’s bedside: Assessing the safety,
usability and acceptability of a mobile trolley. BMIC Pediatr. 2014, 14, 135. [CrossRef] [PubMed]

Katheria, A.; Lee, H.C.; Knol, R,; Irvine, L.; Thomas, S. A review of different resuscitation platforms during delayed cord clamping.
J. Perinatol. 2021, 1-9. [CrossRef]

Knol, R.; Brouwer, E.; Klumper, FJ.C.M.; van den Akker, T.; DeKoninck, P.; Hutten, G.J.; Lopriore, E.; van Kaam, A .H.; Polglase,
G.R;; Reiss, LK.M,; et al. Effectiveness of Stabilization of Preterm Infants With Intact Umbilical Cord Using a Purpose-Built
Resuscitation Table—Study Protocol for a Randomized Controlled Trial. Front. Pediatr 2019, 7, 134. [CrossRef] [PubMed]
Irvine, L.; Kowal, D.; Soraisham, A.; Cooper, S.; Stritzke, A.; Rabi, Y. Integrated Neonatal Support on Placental Circulation with
Resuscitation (INSPiRe): A Feasibility Study. In Proceedings of the 10th American Pediatrics Healthcare & Pediatric Infectious
Diseases Congress, Toronto, ON, Canada, 20-22 September 2017.

Katheria, A.C.; Sorkhi, S.R.; Hassen, K.; Faksh, A.; Ghorishi, Z.; Poeltler, D. Acceptability of Bedside Resuscitation with Intact
Umbilical Cord to Clinicians and Patients’” Families in the United States. Front. Pediatr. 2018, 6, 100. [CrossRef] [PubMed]


http://doi.org/10.1111/apa.15401
http://www.ncbi.nlm.nih.gov/pubmed/32506539
http://doi.org/10.1542/peds.2013-3442
http://www.ncbi.nlm.nih.gov/pubmed/24379228
http://doi.org/10.1542/peds.2010-3848
http://www.ncbi.nlm.nih.gov/pubmed/22025591
http://doi.org/10.3390/children6040059
http://www.ncbi.nlm.nih.gov/pubmed/31013884
http://doi.org/10.1113/jphysiol.2012.250084
http://doi.org/10.1542/peds.2014-0467
http://www.ncbi.nlm.nih.gov/pubmed/25022738
http://doi.org/10.1186/1471-2431-14-135
http://www.ncbi.nlm.nih.gov/pubmed/24885712
http://doi.org/10.1038/s41372-021-01052-3
http://doi.org/10.3389/fped.2019.00134
http://www.ncbi.nlm.nih.gov/pubmed/31106181
http://doi.org/10.3389/fped.2018.00100
http://www.ncbi.nlm.nih.gov/pubmed/29755962

	Introduction 
	Materials and Methods 
	Cart Design 
	Study 
	Data Analysis 

	Results 
	Discussion 
	References

