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ABSTRACT

Objective: To present evidence- and consensus-based guidelines for resuscitation of newborn puppies and kittens.

Design: Prioritized clinical questions pertaining to newborn resuscitation and in the Population-Intervention-Comparator—
Outcome (PICO) format were used to inform systematic literature searches by information specialists, to extract research findings
from relevant publications and synthesize them into evidence, to assess this evidence for quality, and, finally, to develop draft
treatment recommendations. These steps were followed by a consensus process and a community commenting period prior
to finalization of the project. These RECOVER Newborn Resuscitation Guidelines are a concise summary of the newborn
resuscitation process to provide clear and actionable clinical instructions to veterinary professionals.

Setting: Transdisciplinary, international collaboration in university, specialty, and emergency practice.

Results: A total of 28 PICO questions pertaining to resuscitation of puppies and kittens at birth were addressed in this project.
This resulted in 59 treatment recommendations that delineate an iterative approach to newborn resuscitation starting with airway
clearance, tactile stimulation, and temperature control, as well as positive pressure ventilation, and instruct on more advanced
measures such as CPR. An algorithm displays the flow of assessments and actions over the course of the resuscitation process.

Abbreviations: CPA, cardiopulmonary arrest; CRI, constant rate infusion; C-section, Cesarean section; EE, Evidence Evaluator; ET, endotracheal; GRADE, Grading of Recommendations, Assessment,
Development, and Evaluation; HIE, hypoxic-ischemic encephalopathy; HR, heart rate; IO, intraosseous; IQR, interquartile range; PEEP, positive end-expiratory pressure; PICO,
Population-Intervention-Comparator-Outcome; PIP, peak inspiratory pressure; PPV, positive pressure ventilation; ROSC, return of spontaneous circulation; RR, respiratory rate; SI, sustained inflation.
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Conclusions: These RECOVER Newborn Resuscitation Guidelines present a concise and comprehensive framework for
resuscitation of puppies and kittens at birth. These works serve to support veterinary professionals and breeders, educational
systems, and research initiatives in conducting, implementing, and advancing newborn resuscitation in puppies and kittens.

1 | Introduction

At birth, newborn puppies and kittens undergo dramatic phys-
iological changes that can lead to severe harm or even death if
any of the involved critical processes fail [1]. Within minutes, the
newborn must aerate its previously fluid-filled lungs to transition
gas exchange from the now-removed placenta to the lungs, and
simultaneously alter the way blood circulates through the heart
and lungs in a fundamental way [1-3]. The goal of newborn
resuscitation is to support animals at birth through their essential
transition from intra- to extrauterine physiology. But how to do
this best?

For several decades, the International Liaison Committee on
Resuscitation (ILCOR) has provided evidence- and consensus-
based treatment recommendations for resuscitation of newborn
infants, empowering medical personnel around the world to
deliver resuscitation measures rooted in systematic appraisal of
scientific knowledge [4, 5]. In veterinary medicine, RECOVER
published evidence- and consensus-based treatment recommen-
dations for CPR in adult dogs and cats in 2012 and 2024,
but these guidelines did not pertain to newborns [6, 7]. Also,
while recommendations for the practical execution of CPR in
neonates and newborns have been published previously, each
has represented the expertise of individual subject matter experts
in the field [8-11]. No evidence- and consensus-based guidelines
have been available for resuscitation of newborn puppies and
kittens in the first minutes after birth.

Physiology of the newborn is dynamic during transition and
differs greatly from the adult. Given this difference, newborns
require unique resuscitation methods that differ fundamentally
from methods used to resuscitate post-transitional dogs and cats
in distress or in cardiopulmonary arrest (CPA).

The goal of the RECOVER Newborn Resuscitation Guidelines
project was to generate evidence- and consensus-based treatment
recommendations for resuscitation of newborn puppies and
kittens to arrive at a concise and actionable set of clinical
instructions for veterinary professionals.

2 | Methods
2.1 | Definitions

“Newborn” herein is defined as a mammal such as a dog or
cat from birth through the first few hours of life, spanning
the transition from intrauterine, fetal life to extrauterine life. A
“neonate” is a dog or cat from birth until initiation of weaning
(approximately 4-5 weeks depending on species and breed), at
which time it is referred to as “pediatric” until it reaches sexual

maturity (e.g., approximately 6 months of age depending on
species and breed).

“Newborn resuscitation” includes interventions delivered from
birth through the first few hours after birth to support the
establishment of breathing and postnatal circulation, and related
emergency care. In most cases, these interventions will be applied
in a measured fashion to support the newborn’s independent
efforts to transition from intrauterine to postnatal physiology.
Thus, resuscitation in the newborn may be limited to single
measures such as tactile stimulation, establishment of a patent
airway (i.e., airway clearance), oxygen supplementation, or posi-
tive pressure ventilation (PPV), or may include all the above along
with chest compressions (i.e., CPR).

“Cardiorespiratory transition at birth” describes the fundamental
changes in respiratory and circulatory function that the newborn
experiences at birth. In this process, fetal physiology, which
entirely depends on placental gas exchange and has the right
and left ventricles functioning in parallel, transitions to postnatal
physiology where gas exchange is relegated entirely to the lungs
and the right and left ventricles work in series to serve the
pulmonary and systemic circulations, respectively (Figure 1).
Supporting this transition from fetal to newborn life is the
primary goal of newborn resuscitation.

“Aeration of the lungs” is a critical process at birth [12]. Lung aera-
tion reduces pulmonary vascular resistance and is the foundation
for circulatory transition (Figure 1) [13]. A significant percentage
of the fluid in airways and lungs is expelled during labor and
delivery due to uterine contractions, posture changes, abdominal
contraction of the dam, and the passage of the fetus through the
birth canal [2]. In addition, the pulmonary alveolar epithelium
changes from a fluid-secreting (prenatal) to a fluid-absorbing
phenotype (postnatal), a transition orchestrated by a multitude of
coinciding factors, including catecholamine release during birth,
other endocrine factors, and an increase in alveolar PO, with the
first few breaths; these factors drive active sodium absorption
through the alveolar membrane and thus clearance of alveolar
fluid [14]. The very high transpulmonary pressure of 50 cm H,0
or more during the first inspirations also plays a key role and
can lead to fluid clearance of the lungs on its own with little
contribution from the aforementioned mechanisms [15, 16]. High
transpulmonary pressure also leads to aeration of the peripheral
lungs during inspiration and helps to establish functional residual
capacity; the adduction of the glottis during exhalation, as well as
vocalization (an expiratory phenomenon), furthers the retention
of end-expiratory alveolar gas and supports the formation of
functional residual capacity [16]. PPV and positive end-expiratory
pressure (PEEP) can support lung aeration if the newborn animal
is not breathing within the first minute of birth on its own, or after
tactile stimulation.
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FIGURE 1 | Transition of the cardiorespiratory system at birth. (A) The cardiorespiratory system prior to birth. Gas exchange occurs exclusively
in the placenta. Its vascular bed is of low vascular resistance and receives the majority of the fetus’s aortic blood flow. The lung is filled with fluid and
has high vascular resistance. This leads to a relatively higher pressure on the right side of the heart than on the left side. This pressure gradient drives
approximately 50% of oxygenated caudal vena cava blood to transit directly through the foramen ovale into the left atrium. This well-oxygenated blood
then perfuses the brain. The remaining 50% of caudal vena cava blood comingles with cranial vena cava blood that is of low oxygen saturation and leaves
the right ventricle through the pulmonary artery, with most of it directly entering the descending aorta via the ductus arteriosus. As a consequence,
the two ventricles function in parallel to generate aortic blood flow, with the preductal arterial oxygen saturation being markedly higher than the post-
ductal arterial oxygen saturation. (B) After the completion of cardiorespiratory transition, hours following birth. At birth, the placenta is removed, and
the lungs are aerated. The removal of the placenta increases peripheral vascular resistance and consequently pressures in the aorta and the left ventricle.
In contrast, the vascular resistance in the now air-filled lungs decreases, pulmonary arterial blood flow through the lungs markedly increases, and
blood flow through the ductus arteriosus ceases. This leads to an increase in left atrial pressure, to the functional closure of the foramen ovale, and to
the cessation of the blood shunting from the right to the left atrium through it. Consequently, the two ventricles now function in series, with only the
left ventricle generating aortic blood flow and with uniformly high oxygen saturation present throughout the arterial vascular system. PA, pulmonary
artery; PV, pulmonary vein; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle. Artwork by Chrisoula Toupadakis Skouritakis,
Ph.D., MediaLab Services Director, Department of Surgical and Radiological Sciences, School of Veterinary Medicine, University of California, Davis.
Copyright: The RECOVER Initiative 2025. All rights reserved.
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A “nonvigorous newborn puppy or kitten” is one that is not
or is only weakly crying, has sluggish or no reflex irritability,
and has low muscle tone or is flaccid. These newborns require
resuscitative measures.

2.2 | Evidence Evaluation

This guidelines project followed the 2024 RECOVER guide-
lines methodology published in detail elsewhere [17]. In short,
these RECOVER Newborn Resuscitation Guidelines were gen-
erated using a modified version of the GRADE (Grading of
Recommendations, Assessment, Development, and Evaluation)
system for guidelines generation in health care [18]. The pro-
cess started with the generation of a list of prioritized clinical
questions pertaining to newborn resuscitation in puppies and
kittens, which was accomplished by the collaboration of newborn
Domain Chairs and RECOVER Co-Chairs. Twenty-eight out of
40 initially proposed questions were included in the evidence
evaluation.

These questions, written in the PICO (Population-Intervention-
Comparator-Outcome) format, served as the foundation for
information specialists to develop literature search strategies®.
These search strategies were applied to PubMed, CAB Direct,
and Scopus, and the resulting articles were uploaded to a
systematic review tool® for identification of relevant articles.
Two Evidence Evaluators (EEs) were allocated to each PICO
question and conducted an initial culling process based on
title and abstract review. The full-text version of articles was
then uploaded to a purpose-built RECOVER GRADE site, and
EEs decided based on full-text review whether to include an
article for data extraction or to exclude it. The decision to
include an article for full analysis was based on its relevance
to components of the respective PICO question, including the
study population, the intervention under evaluation, its com-
parator intervention, and the outcomes reported. Articles that
were non-peer reviewed, non-English, reviews, meta-analyses,
case reports or case series, and observational or experimental
studies without control groups were excluded from further
review.

The EEs then extracted from each publication and for each
outcome therein relevant quality metrics, such as study design
and risk of bias, indirectness regarding population, interven-
tion, comparator and outcome, imprecision, inconsistency, and
other characteristics, following a questionnaire embedded in the
RECOVER GRADE site. From these assessments, an Evidence
Summary Table was generated for each outcome of every PICO
question, and RECOVER Domain Chairs and Co-Chairs used
this information to further synthesize the evidence, to grade the
overall quality of evidence for or against an intervention, and,
ultimately, to draft treatment recommendations.

The quality of evidence was categorized as high, moderate,
low, or very low, while evidence relevant to the most criti-
cal outcomes (e.g., survival to discharge) was prioritized over
evidence found for lower priority outcomes (e.g., surrogate
markers of perfusion). The quality of evidence was denoted as
expert opinion if there was no evidence identified to develop a
recommendation.

2.3 | Drafting Treatment Recommendations

We then used the quality of evidence to determine how certain
we can be that the desirable effects of an intervention outweigh
the undesirable effects. Consequently, and in accordance with
GRADE, we either recommended for an intervention if the
certainty for benefit > risk was supported by high or moderate
quality of evidence or suggested for an intervention if we were less
certain (e.g., low or very low quality of evidence). To indicate that
undesirable effects outweigh desirable effects, we recommended
against or suggested against an intervention. In other words, a
recommendation for or against an intervention indicates there is
clear benefit or harm expected with that intervention, while a
suggestion for or against an intervention indicates that there is
probably overall benefit or harm, or that the effect might be small.
Due to the importance of generating treatment recommendations
capable of informing decision-making in the clinical context,
the committee further considered the feasibility (e.g., Can it be
implemented?) and the ease or challenge (e.g., Is it worth the
effort?) for implementation in a veterinary setting. Thus, the
final strength of the recommendation for an intervention may
be higher or lower than what the quality of evidence alone
would indicate; detailed justification for each recommendation
is provided in a companion article [19].

2.4 | Consensus Process

A team of subject matter experts in the field of small animal
theriogenology and reproduction (A.D., C.L., G.B., M.V,, S.G.),
RECOVER Domain Chairs (C.B., K.F.), and RECOVER Co-
Chairs (M.B., J.B., D.F.) then reviewed and commented on all
draft treatment recommendations in a modified Delphi process
for consensus finding [20]. After each round of commenting,
treatment recommendations were refined as needed and were
then voted on again, until the group reached consensus, defined
a priori as at least 80% agreement with a recommendation.
The Newborn Resuscitation Algorithm was included in the
consensus process. The draft versions of newborn definitions,
treatment recommendations, and the algorithm were then made
accessible® to the EEs, subject matter experts, and the veterinary
community at large for a 2-week commenting period. Comments
were considered by the Co-Chairs and Domain Chairs, and
relevant treatment recommendations were refined to create a
finalized set of consensus guidelines for resuscitation of newborn
puppies and kittens, which appear in this publication. The most
important recommendations are listed in Box 1. The structured
summary for each PICO question can be found in an accom-
panying manuscript [19], and the complete Evidence Profile
Worksheets and supportive files can be accessed in a public
repository®.

3 | Treatment Recommendations for
Resuscitation of Newborn Puppies and Kittens

Table 1 lists all the treatment recommendations for resuscitation
of newborn puppies and kittens. The consensus on science,
justification for the treatment recommendations, knowledge
gaps for each PICO, and full references associated with these
treatment recommendations are contained within the accom-
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BOX 1 Most important treatment recommendations for
resuscitation of newborn dogs and cats

* Immediately after birth, these measures are provided to
any newborn requiring resuscitation:
o Drying and stimulating
o Clearing the airway
o Maintenance of normothermia

* Apex beat palpation, auscultation, ECG, and Doppler
ultrasound are suitable for heart rate (HR) determination,
while pulse oximetry alone is not.

* Positive pressure ventilation (PPV) is initiated in nonvig-
orous newborns with severe bradycardia (HR < 120/min).

* PPVisinitiated as early as possible in nonvigorous, apneic,
or gasping newborns.

* Appropriate reversal drugs are administered in newborns
requiring resuscitation after a C-section.

* We did not reach consensus on the use of GV 26 acupoint
stimulation in nonvigorous newborns.

* Doxapram is not routinely administered in all newborns
requiring resuscitation but is used in those that fail to
respond to other supportive measures.

* Chest compressions are started if there is no heartbeat at
any time following birth.

* Chest compressions are also started in newborns with very
severe bradycardia (HR < 50/min) that does not improve
after 30-60 seconds of PPV.

* During CPR, four chest compressions are delivered at a
rate of 150/min and alternate with one breath (compres-
sion:ventilation ratio = 4:1)

* Drugs during CPR:
o Administer epinephrine at 0.01-0.03 mg/kg IV or IO
o No atropine should be administered
o 100% oxygen should be provided

panying paper on evidence and knowledge gap analysis for
newborn resuscitation [19]. Additional information about the
clinical application of select recommendations appears in the
sections that follow. The sequence of newborn resuscitation
measures and the decision points to direct interventions are
presented in an algorithm (Figure 2). The RECOVER Newborn
Resuscitation Algorithm was designed as a tool for prebriefing
ahead of a birth to refresh the key decision points and inter-
ventions and to organize the resuscitation team. In contrast to
CPA in adult dogs and cats, parturition is a more predictable
event, which allows for preparation. Familiarization with an
algorithm “just-in-time” and “just-in-place” before a delivery
is a precondition for best use as a cognitive aid for real-time
guidance during the resuscitation process [21]. The explanations
that follow are intended to guide the reader through the algo-
rithm; the complete set of treatment recommendations appears in
Table 1.

4 | Newborns Requiring Resuscitation

Most newborn dogs and cats born by eutocia are not expected
to require any human intervention at birth. Puppies and kittens
born by normal parturition (e.g., vaginal eutocia) whose mother
can provide immediate postpartum care and that are vigorous,
breathing, and vocalizing immediately after birth do not require
resuscitation. A vigorous newborn puppy or kitten is one that
is breathing with a respiratory rate (RR) of at least 15/min,
is vocalizing clearly, and displays adequate reflex irritability
with strong spontaneous movements [22]. Newborns that do
not require resuscitation should be left with, or immediately
placed with, the dam and supervised to confirm she is aware,
coordinated, and displaying adequate maternal behavior [23].
Routine postpartum management (i.e., umbilical care, weighing,
physical examination for congenital defects) should be performed
within 1 h of delivery (see below).

Apgar scoring as a method for newborn viability assessment was
originally described for newborn infants and then modified for
use in newborn puppies and kittens [24-28]. Scores of 0-2 are
assigned to each parameter (heart rate [HR], respiratory effort,
reflex irritability, motility, and mucous membrane color), with a
lower score indicating more severe depression [26]. In newborn
puppies, low modified Apgar scores obtained within 5 min were
highly associated with early mortality and were significantly
lower in puppies born by Cesarean section (C-section) than
in those born by eutocia [24-26]. However, as an Apgar score
cutoff indicating the need for resuscitative measures at birth
has not been established, we suggest against using a specific
Apgar score to trigger resuscitation measures at birth. That said,
once a newborn is identified as not requiring resuscitation or
is recovering from initial resuscitation, it should be monitored
using serial Apgar scoring (e.g., at 5, 30, and 60 min after birth) to
identify those at risk of deterioration. Vigorous newborns should
be weighed and examined for congenital conditions [29, 30], and
their umbilical cord should be ligated, trimmed to 1 cm, and
disinfected with a 2% tincture of iodine. The puppy or kitten can
then be united with the dam in a warm environment (29°C-32°C
[84°F-89°F]) that supports newborn normothermia (i.e., 35°C-
37°C [95°F-99°F]). We suggest determining the body weight every
12 h, expecting a daily weight gain of 10%.

Nonvigorous newborn puppies and kittens require resuscitative
measures. All canine and feline newborns delivered by C-section,
and especially those born by emergency C-section, require sup-
port at birth as (1) these animals are generally of lower vitality
than those born by vaginal eutocia [24, 25, 31-33] and (2) the
dam is unable to provide care for the newborns during the initial
period after birth. Thus, veterinary professionals will probably
use these RECOVER Newborn Resuscitation Guidelines most
commonly in the context of C-section deliveries.

5 | The First Minute

The first resuscitation measures immediately after birth include
drying and stimulating the newborn, clearing its airway, and
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TABLE 1 | Treatmentrecommendations for resuscitation of newborn puppies and kittens. This table contains all RECOVER Newborn Resuscitation

treatment recommendations, listed in the order of appearance in the algorithm.

Treatment recommendation

Strength of
recommendation

Quality of
evidence

PICO

Airway clearance

For newborn puppies and kittens that require resuscitation at birth but
are vigorous, we suggest using a clean, dry cloth to carefully remove fluid
from around the nostrils and mouth.

For newborn puppies and kittens that are nonvigorous with excessive
oropharyngeal fluid (clear or meconium-stained), we suggest gentle nasal
or oropharyngeal suctioning immediately followed by PPV.

For newborn puppies and kittens that are nonvigorous with excessive
oropharyngeal fluid (clear or meconium-stained), we suggest against the
routine use of endotracheal suctioning.

We suggest against interventions other than suctioning to clear excessive
upper airway fluid in newborn puppies and kittens.

We recommend against the removal of upper airway fluid in newborn
puppies and kittens by swinging.

Tactile stimulation

In newborn puppies and kittens that require resuscitation, we recommend
the use of tactile stimulation (e.g., rubbing, drying) immediately after
birth without delaying essential interventions such as PPV.

Temperature control at birth

In newborn puppies and kittens that require resuscitation, we
recommend maintenance of normothermia (95°F-99°F [35°C-37.2°C])
compared to no temperature control.

In newborn puppies and kittens that are hypothermic at birth without
signs of HIE, we suggest actively rewarming newborns over 1-2 h to reach
normothermia (35.0°C-37.2°C; 95°F-99°F), avoiding accidental
hyperthermia.

Reversal drugs after C-sections

In newborn puppies and kittens that require resuscitation after a
C-section for which the dam was administered an opioid, a,-adrenoceptor
agonist, or benzodiazepine, we recommend administration of the
appropriate reversal drug.

In newborn puppies and kittens that are vigorous at birth and in which
the dam was administered an opioid, a,-adrenoceptor agonist, or
benzodiazepine, there is insufficient evidence to suggest for or against
routine administration of reversal drugs.

GV 26 acupoint stimulation

We did not reach consensus on whether to suggest for or against GV 26
stimulation in newborn puppies and kittens with inadequate spontaneous
ventilation at birth.

Doxapram

We recommend against the routine administration of doxapram in
newborn puppies and kittens undergoing resuscitation.

In apneic or gasping newborn puppies and kittens that are not responding
to PPV, we suggest doxapram administration.

In newborn puppies and kittens that are bradypneic and that fail to
respond to timely administration of other supportive measures, we
suggest the use of doxapram.

Weak

Weak

Weak

Weak

Strong

Strong

Strong

Weak

Strong

Weak

NA

Strong

Weak

Weak

Expert opinion

Expert opinion

Very low

Expert opinion

Expert opinion

Very low

Moderate

Expert opinion

Very low

Very low

Expert opinion

Moderate

Very low

Very low

NB-09

NB-09

NB-09

NB-10

NB-10

NB-15

NB-11

NB-28

NB-20

NB-20

NB-08

NB-07

NB-07

NB-07

(Continues)
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TABLE 1 | (Continued)

Treatment recommendation

Strength of
recommendation

Quality of
evidence

PICO

Atropine for the treatment of bradycardia

In newborn puppies and kittens that require resuscitation and that are
bradycardic, we suggest against routine atropine administration.

Determination of HR

In newborn puppies and kittens requiring resuscitation, we suggest
estimating the HR using any of the following techniques: apex beat
palpation, cardiac auscultation, ECG, or Doppler ultrasound probe

applied to the thorax.

In newborn puppies and kittens requiring resuscitation, we recommend
against the use of pulse oximetry as the only method to evaluate HR.

Positive pressure ventilation in newborns not in CPA

We recommend initiating PPV in nonvigorous newborn puppies and
kittens with cleared upper airways that are bradycardic.

We suggest using an HR below 120/min as the threshold for initiating PPV
in nonvigorous newborn puppies and kittens with cleared upper airways.

We recommend starting PPV as early as possible in nonvigorous puppies
and kittens that are gasping or are apneic, regardless of the HR.

We suggest the use of room air (21% oxygen) over 100% oxygen during
early assisted ventilation of newborn puppies and kittens.

We suggest the use of 100% oxygen in newborn puppies and kittens in
which the HR fails to increase despite 1-2 min of PPV.

In newborn puppies and kittens without CPA that require PPV, we suggest
the use of a tight-fitting facemask attached to a self-inflating resuscitator
(i.e., “bag”) to deliver positive pressure breaths within 60 s of birth.

In newborn puppies and kittens without CPA undergoing PPV by
facemask and that fail to respond within 60 s (e.g., HR remains <120/min
despite intervention), we suggest endotracheal intubation for continued
PPV if feasible.

In newborn puppies and kittens that require resuscitation with PPV, we
suggest administering PPV with an inspiratory time of 1 s and a peak
inspiratory pressure of 20-25 cm H,O.

In newborn puppies and kittens that require resuscitation with PPV, we
suggest application of at least 4 and no more than 8 cm H,O positive
end-expiratory pressure.

In newborn puppies and kittens with bradycardia, cyanosis, or inadequate
breathing efforts that persist despite 30-60 s of standard PPV using 1 s
inspiratory time at a peak inspiratory pressure of 20-25 cm H,0, we
suggest giving a single 30-s sustained inflation at 30-35 cm H, 0, followed
by continued standard PPV if indicated.

Initiation of chest compressions with very severe bradycardia

In very severely bradycardic newborn puppies and kittens that have
received effective PPV and oxygen supplementation for at least 30 s, we
recommend initiating chest compressions.

We suggest using an HR below 50/min as the threshold for initiating chest
compressions in newborn puppies and kittens that have received effective
PPV and oxygen supplementation for at least 30 s.

Weak

Weak

Strong

Strong

Weak

Strong

Weak

Weak

Weak

Weak

Weak

Weak

Weak

Strong

Weak

Expert opinion

Very low

Very low

Expert opinion

Expert opinion

Expert opinion

Very low

Expert opinion

Very low

Expert opinion

Very low

Very low

Low

Expert opinion

Expert opinion

NB-23

NB-04

NB-04

NB-01

NB-01

NB-01

NB-03

NB-03

NB-05

NB-05

NB-06

NB-06

NB-06

NB-02

NB-02

(Continues)

S66 of S85

Journal of Veterinary Emergency and Critical Care, 2025

85UB017 SUOWIWIOD 2A1TE1D) 8[cedl|dde 8Ly Ag peusenob a2 safole YO 8sN JO SaIn1 10} AIq1T 8UIUQ AB|IM UO (SUONIPUOD-PUE-SWSIL0 A8 |1 Ake.q 1 pul|uo//:Sdy) SUONIPUOD pue SWs | 8U1 89S *[6202/60/50] Uo AeigiTauljuo A|IM ‘[10UN0D Yolesssy [BIIBBIN PUY UlESH [euotieN AQ £T00L 99ATTTT O0T/I0p/L0d A8 | i Ake.q 1 pul|uo//:sdny wouy papeoiumod ‘TS 'S202 ‘TEVYILYT



TABLE 1 | (Continued)

Treatment recommendation

Strength of
recommendation

Quality of
evidence

PICO

Chest compression point and animal position

In newborn puppies and kittens requiring chest compressions, we suggest
application of chest compressions in the laterolateral direction.

In newborn puppies and kittens requiring chest compressions, we suggest
ventrodorsal (sternal) chest compressions when additional resuscitation
measures (e.g., umbilical cord cannulation, monitoring modalities) are
facilitated by dorsal recumbency.

In newborn puppies and kittens requiring chest compressions in lateral
recumbency, we recommend that one or two fingers be located over the
heart to compress the chest toward the tabletop, or alternatively, that one
or two fingers (index and middle finger) and the opposing thumb be used
to compress the chest directly over the heart.

In newborn puppies and kittens requiring chest compressions in which
dorsal recumbency is preferred (e.g., for cannulation of the umpbilical vein
or pronounced wide-chested thorax conformation), we recommend that
one or two fingers (index and middle finger) compress the sternum
toward the tabletop to achieve the targeted chest compression depth.

Chest compression rate and technique

We suggest delivering chest compressions in newborn puppies or kittens
at 120-150 compressions per minute.

In newborn puppies and kittens receiving chest compressions, we suggest
a compression depth of one-third to one-half of the width of the chest for
laterolateral compressions.

In newborn puppies and kittens receiving chest compressions, we suggest
a compression depth of one-third the anterior-posterior (AP) diameter of
the chest for ventrodorsal (i.e., sternal) compressions.

Coordination of chest compressions and ventilation

In newborn puppies and kittens receiving chest compressions and PPV
with a cuffed endotracheal tube in place, we suggest delivering breaths
concurrently to chest compressions (asynchronized ventilation).

In newborn puppies and kittens receiving chest compressions and PPV
that are not intubated with a cuffed endotracheal tube, we recommend
synchronized ventilation by pausing chest compressions to deliver
breaths.

In newborn puppies and kittens receiving chest compressions and
synchronized PPV, we suggest a compression:ventilation ratio of 4:1.

Oxygen supplementation during CPR

In newborn puppies and kittens receiving chest compressions, we suggest
PPV with 100% oxygen.

Epinephrine during CPR
In newborn puppies and kittens with a very low HR (i.e., HR < 50/min)

despite 60 s of adequate PPV and chest compressions, we recommend
administration of epinephrine.

In newborn puppies and kittens with very low HR (i.e., HR < 50/min)
despite 60 s of adequate PPV and chest compressions, we recommend IV
or intraosseous (I0) administration of epinephrine over intratracheal or
intranasal administration.
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TABLE 1 | (Continued)

Strength of
Treatment recommendation recommendation

Quality of
evidence

PICO

In newborn puppies and kittens with very low HR (i.e., HR < 50/min ) Weak
despite adequate PPV and chest compressions, we suggest against IM
administration of epinephrine (including intralingual IM administration).

Epinephrine dose during CPR

In newborn puppies and kittens that remain very severely bradycardic Strong
(i.e., HR < 50/min) despite 60 s of PPV and chest compressions, we
recommend administration of 0.01-0.03 mg/kg epinephrine IV/IO.

In newborn puppies and kittens that remain very severely bradycardic Strong
(i.e., HR < 50/min) despite 60 s of PPV and chest compressions, we
recommend against high-dose (0.1 mg/kg) IV/IO epinephrine.

In newborn puppies and kittens that remain very severely bradycardic Weak
(i.e., <50/min) despite 60 s of PPV and chest compressions, in which

epinephrine is given endotracheally because IV/IO access is not possible

or significantly delayed, we suggest 0.05-0.1 mg/kg epinephrine ET.

Atropine during CPR

In newborn puppies and kittens that require resuscitation and are in CPA, Weak
we suggest against the routine administration of atropine during CPR.

Dextrose during resuscitation with or without CPA

In newborn puppies and kittens that require prolonged resuscitation, we Weak
suggest measuring the blood glucose concentration.

In hypoglycemic newborn puppies and kittens that require resuscitation Strong
(with or without CPA), we recommend dextrose supplementation with a

slow bolus of 0.25 g/kg dextrose (e.g., 0.5 mL/100 g of 5% dextrose solution

over 5 min) IV, IO, or IP.

In hypoglycemic newborn puppies and kittens in which IV/IO or IP access Weak
is not possible, we suggest topical sublingual mucosal administration of
dextrose at 0.5 g/kg (e.g., 0.1 mL/100 g of 50% dextrose solution).

In newborn puppies and kittens undergoing prolonged resuscitation (e.g., Weak
>10 min) that are not responding to standard measures (e.g., PPV,

rewarming, stimulation) and in which BG concentrations cannot be

measured, we suggest dextrose supplementation.

Termination of CPR

In newborn puppies and kittens receiving chest compressions, we suggest Weak
continuation of CPR for at least 15 min before abandoning resuscitation

efforts as long as such efforts do not detract from the necessary care of

littermates with a better prognosis.

Temperature management with HIE
In newborn puppies and kittens with signs of acute HIE, we suggest Weak

permitting the animal to remain at a low normal temperature for
newborn puppies and kittens (i.e., 35°C, 95°F) for 24 h after birth.

In newborn puppies and kittens that are hypothermic at birth and show Weak
evidence of HIE, we suggest rewarming at a rate no faster than 1°C/h to

achieve normothermia (35.0°C-37.2°C; 95°F-99°F) while avoiding

accidental hyperthermia.

Blood glucose management after ROSC

In newborn puppies and kittens after ROSC that are nonvigorous and not Weak
nursing, we suggest measuring the blood glucose concentration.
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TABLE 1 | (Continued)

Strength of Quality of
Treatment recommendation recommendation evidence PICO
In hypoglycemic newborn puppies and kittens after ROSC, we suggest Weak Very low NB-26
supplementing dextrose by CRI (e.g., 2.5% dextrose in isotonic crystalloid
fluids given at a physiologic rate IV or I0) rather than by bolus injection.
In hypoglycemic newborn puppies and kittens after ROSC, we Strong Very low NB-26
recommend dextrose supplementation with a slow bolus of 0.25 g/kg
dextrose (e.g., 0.5 mL/100 g of 5% dextrose over 5 min) IV, IO, or IP, if an
IV or IO CRI is not feasible.
In hypoglycemic newborn puppies and kittens after ROSC in which IV, Weak Expert opinion NB-26
IO, or IP administrations are not possible, we suggest oral administration
of dextrose at 0.5 g/kg (e.g., 0.1 mL/100 g of 50% dextrose).
In newborn puppies and kittens that are nonvigorous and not nursing Weak Expert opinion NB-26

after resuscitation and in which blood glucose concentrations cannot be

measured, we suggest dextrose supplementation.

Abbreviations: ALS, advanced life support; CPA, cardiopulmonary arrest; CRI, constant rate infusion; ET, endotracheal; HIE, hypoxic-ischemic encephalopathy;
HR, heart rate; IO, intraosseous; IP, intraperitoneal; PPV, positive pressure ventilation; ROSC, return of spontaneous circulation; RR, respiratory rate; TV, tidal

volume.

initiating measures to maintain normothermia. In practice, these
measures are initiated concurrently and do not follow a strict
order. Once these measures have succeeded, rescuers should
determine the HR and assess the respiratory function within
the first minute after delivery. The newborn puppy or kitten is
expected to start vocalizing and moving within moments after
birth. If not, information on HR and respiratory function is used
to guide the initiation of appropriate resuscitative measures in
support of the respiratory transition in that first minute.

5.1 | Temperature Control at Birth

We recommend that all resuscitative measures be undertaken
in a temperature-controlled environment. The newborn’s lack of
thermoregulatory competency exposes it to the risk of hypother-
mia unless it is maintained in an environment that mitigates
temperature loss. While we found only limited evidence in
newborn puppies and kittens, multiple studies in human infants
establish a strong relationship between hypothermia in newborns
and morbidity (e.g., dysglycemia, sepsis) and mortality [34-
38]. Newborn puppies born by C-section were found to have
a mean body temperature of 34.0°C (93.2°F) at birth, which
further decreased to 32°C (89.6°F) after 20 min; hypothermia
was mitigated but still significant in puppies born by vaginal
eutocia (i.e., 36.2°C [97.2°C] at birth and 34.0°C [93.2°F] after
20 min) [32]. We therefore recommend undertaking measures to
maintain normothermia (NB-11). We consider a newborn rectal
temperature between 35°C and 37°C (95°F and 99°F) to be normal.
A suitable temperature control system should not interfere with
other resuscitation efforts. Immediate drying of the newborn
puppy or kitten with warm towels serves as an early measure to
limit heat loss and also provides an element of tactile stimulation.
Further, we suggest positioning the newborn on a dry, warm
surface (e.g., warm towels) to shield it from conductive heat
loss. Radiant heat loss can be reduced by placing the newborn
beneath an overhead heat source (e.g., radiating heat warmer)
while the rescuer administers necessary interventions. Care

must be taken to avoid hyperthermia or skin burns, particularly
because even vigorous newborns cannot reliably move away
from too-hot surfaces quickly enough to avoid hyperthermia or
burns. High-quality incubators generate a warm environment
through circulating air and humidity; they can be suitable for
post-resuscitation maintenance of normothermia when set at
29°C-32°C (84°F-89°F). Adequate monitoring to avoid accidental
hyperthermia is required to avoid harm [39].

When they have become hypothermic, we suggest actively
rewarming newborn puppies and kittens relatively rapidly over
1-2 h (NB-28) as long as they do not display signs of hypoxic-
ischemic injury (e.g., mental obtundation). In this healthier
population, rewarming rates of up to 5°C/h (8°F/h) were not
associated with harm in infants [40-44], though a higher risk
for temperature overshoot was noted in one study, and close
monitoring is warranted to avoid hyperthermia [43].

5.2 | Tactile Stimulation

We recommend the use of tactile stimulation, such as rubbing
with a dry, clean cloth, in nonvigorous newborns immediately
after birth, as long as this does not delay or interfere with time-
sensitive resuscitation measures such as PPV (NB-15). Tactile
stimulation is highly feasible and low-risk when performed in
a gentle, nontraumatic manner. Although tactile stimulation of
newborns is a very common practice to stimulate breathing in
veterinary species and infants, evidence to support the practice is
very limited but generally neutral or in favor of the intervention
[45-47]. One observational study in newborn infants found that
tactile stimulation was associated with a relative risk reduction
for the need of endotracheal (ET) intubation of nearly 60% [48].

5.3 | Establishing a Patent Airway

The need to immediately remove fetal membranes to free the
newborn’s airways at birth is obvious, and accordingly, we did not
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FIGURE 2 | Newborn resuscitation algorithm for puppies and kittens. C:V, compression:ventilation ratio during bag-mask ventilation and chest
compressions during CPR; IO, intraosseous; GV 26, needle stimulation of the Governing Vessel 26 acupoint; PPV, positive pressure ventilation; RR,
respiratory rate. Artwork by Chrisoula Toupadakis Skouritakis, Ph.D., MediaLab Services Director, Department of Surgical and Radiological Sciences,
School of Veterinary Medicine, University of California, Davis. Copyright: The RECOVER Initiative 2025. All rights reserved.
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evaluate any evidence to support this practice. Which measures
to take, if any, to remove fluid from the newborn’s airway,
however, is less obvious. Fluid in the upper airways is typically
cleared naturally and rapidly by the vigorous, vocalizing newborn
without any external support required [12]. If the newborn
is vigorous but needs support, for example, after a C-section,
we suggest using a clean, dry cloth to gently remove excess
fluid from around the nostrils and muzzle (NB-09). Suctioning
exposes the airway to negative pressure and might counteract
the goal of lung aeration, so it should not be done routinely.
However, if the newborn puppy or Kkitten is nonvigorous, is
not vocalizing loudly, and has excessive oropharyngeal fluid,
whether clear or meconium stained, we suggest removal of that
fluid by gentle, expedient nasal or oropharyngeal suctioning
immediately followed by PPV (NB-09). For removal of fluid from
nostrils and rostral oral cavity, a suction bulb can be used, while
a mucus aspirator (e.g., DeLee suction catheter with mucous
trap) allows for deeper oropharyngeal suctioning. Importantly,
undue aspiration should be avoided as this could impede vitally
important lung aeration.

Multiple studies in newborn infants and experimental animals
have evaluated the effect of ET suctioning in the presence of
excessive amniotic fluid and have not identified any benefit
regardless of whether said fluid is meconium stained or not
[49-53]. Compared to newborn infants, ET suction in newborn
puppies and kittens is technically difficult to accomplish and
exposes the animal to harm, including the risk of laryngeal
swelling, lung derecruitment (reduced lung aeration) with severe
desaturation, and compromise of life-saving measures such as
PPV [53]. We therefore suggest against ET suctioning even if the
oropharyngeal fluid is excessive and meconium stained (NB-09).
Any fluid removal methodology should be brief and interfere
as little as possible with the timely initiation of PPV, which
is a priority intervention in nonvigorous newborn puppies and
kittens that are apneic or gasping, breathing inadequately, or
severely bradycardic.

We suggest against interventions other than suctioning to clear
excessive upper airway fluid in newborns (NB-10). “Swinging” as
ameans to accelerate drainage of fluid from the newborn’s airway
by harnessing centrifugal force was historically advocated in
human medicine over a century ago and has long been abandoned
[54]. We recommend against this practice in newborn puppies
and kittens due to the significant risk of intracranial hemorrhage,
potential trauma, and aspiration of gastric contents (NB-10) [55].
Additionally, swinging delays the initiation of more effective
resuscitative measures such as PPV.

5.4 | Heart Rate Assessment

The newborn’s HR is a vital parameter used to guide resuscitation
because it reflects the severity of hypoxemia; worsening brady-
cardia generally indicates the need for escalation of supportive
measures, while an increase in HR suggests the possibility for
de-escalation of care.

Bradycardia in the newborn is a consequence of hypoxemia and
is mediated through vagal and nonvagal mechanisms [56]. As
the bradycardia itself is a surrogate measure for the severity of

hypoxemia and other factors concerning pulmonary aeration, it
reflects the progress of the newborn’s cardiorespiratory transition.

In newborn puppies and kittens requiring resuscitation, the goal
is to obtain the first HR measurement within the first 60 s after
birth, although this is not always feasible [57]. In late pregnancy,
one small study found that normal fetal HR by echocardiogram
was 218 + 7/min in puppies (n = 8) and 228 + 35/min for kittens
(n=7) [58]. In puppies experiencing normal birth (vaginal euto-
cia), the mean HR immediately after delivery was approximately
180/min, whereas it was approximately 165/min after C-section
[32]. Puppies achieved a normal HR of 200-220/min after 5 min
with eutocia and after 4 h following C-section [32].

We suggest estimating the HR using apex beat palpation, cardiac
auscultation, ECG, or Doppler ultrasound probe and suggest
against the use of pulse oximetry as the only method (NB-
04). Although this has not been studied in newborn puppies
and Kkittens, pulse oximetry was consistently inaccurate and
slow at determining HR in newborn infants [59-62]. While dry-
electrode ECG provided fast and accurate HR measurement in
newborn infants, it is reasonable on practical grounds to obtain
an initial HR by auscultation and only to escalate to continuous
ECG monitoring when advanced resuscitation measures (e.g.,
prolonged PPV, CPR) are required.

We decided by consensus and based on expert opinion on
specific, actionable HR cutoffs as decision markers to initiate
certain resuscitative interventions. We suggest using an HR below
120/min as the threshold for initiating PPV when a newborn
is also classified as nonvigorous, and the upper airway is clear
(NB-07). In addition, an HR <120/min warrants administration
of appropriate reversal drugs (i.e., naloxone, atipamezole, or
flumazenil) if exposure to the respective agonist is documented
(NB-20), such as during C-section.

If there is no heartbeat identified in a nonvigorous newborn
puppy or kitten that is apneic or gasping, the newborn is in CPA,
and CPR should be started without delay.

If the HR is found to be >120/min, we next recommend clinical
assessment of the newborn’s respiratory function.

5.5 | Respiratory Assessment

Normal RRs in newborns are generally >15/min, although RRs
that are much higher have been reported with normal birth,
such as > 40/min in puppies and >70/min in Kittens [22, 28, 32].
If the RR is <15/min (including apnea or gasping), or if there
is no clear vocalization, an overt increase in respiratory effort
(i.e., labored breathing), or worsening cyanosis, then a specific
set of resuscitative measures should be performed to support
oxygenation.

5.5.1 | Bradypnea, Respiratory Distress, or Cyanosis in
the Newborn With an HR >120/min

The first step in all newborns is to ensure the airway is patent; if
excessive upper airway fluid is present, repeated, short, and gentle
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suctioning with a bulb syringe or DeLee suction catheter should
be considered, remembering the caveats mentioned previously to
avoid removing air from the lung.

Additionally, we believe administration of supplemental oxygen
can be considered in the presence of clear signs of respiratory
distress or bradypnea (e.g., RR < 15/min) in conjunction with
cyanosis in spontaneously breathing newborns with an HR
>120/min. As oxygen saturations are very low even in normal
newborn infants (e.g., Sa0, of 60%-65% is normal in the first
minute after birth in newborn infants), low SpO, values and thus
cyanosis alone in the first minute after birth are not by themselves
a concern and can represent “healthy” values [63]. Free-flow
oxygen can be administered, for example, by flow-by method,
which will typically lead to an inspiratory oxygen concentration
of <50% or via a face mask that can lead to an inspired oxygen
concentration of >80% depending on fresh gas flow and distance
between mask and muzzle [64, 65]. However, we could not find
any evidence for or against short-term oxygen supplementation
in spontaneously breathing newborns and only systematically
reviewed scientific knowledge pertaining to oxygen supplemen-
tation in newborns undergoing PPV (see below, NB-03). In that
population, there is ample evidence that ventilatory support with
pure oxygen is either of no benefit or harmful when compared
to room air [66-69]. In puppies and Kkittens receiving PPV, we
therefore suggest the use of room air and to only increase to
100% oxygen if there is no response (e.g., no increase in HR) after
1-2 min of PPV alone (see NB-03).

Finally, we suggest administration of the appropriate reversal
drug (i.e., naloxone, atipamezole, flumazenil) in bradypneic
or cyanotic newborn puppies and kittens after a C-section if
the bitch was premedicated with an opioid, a,-adrenoceptor
agonist, or benzodiazepine (Figure 3). While benzodiazepines are
uncommonly used for premedication of bitches for C-sections,
benzodiazepine use in the mother during the perinatal period
can cause profound obtundation and respiratory depression in
newborn infants, puppies, and kittens and often requires repeated
administration or constant rate infusion (CRI) of flumazenil
[70-72]. However, if newborn puppies and kittens are vigor-
ous at birth, we found insufficient evidence to suggest for or
against routine administration of reversal drugs, even if the
dam was administered an opioid, a,-adrenoceptor agonist, or
benzodiazepine in the perinatal period (NB-20).

5.5.2 | Apnea, Gasping, or Severe Bradycardia in the
Nonvigorous Newborn

In newborn puppies and kittens that are apneic or gasping, or
are nonvigorous with a low HR (i.e., <120/min), we recommend
active ventilatory support to aid in lung aeration by starting PPV
once airway clearance (e.g., by oronasopharyngeal suctioning if
required) has been accomplished (NB-01). Administration of pos-
itive pressure breaths is the most important step to support lung
aeration in newborns that are nonvigorous and apneic/gasping,
even though the majority of newborn infants receiving PPV only
require it for at most a few minutes (median 129 s; interquartile
range [IQR] 157) [73]. Nevertheless, every 30-s delay in starting
PPV has been associated with an increase in mortality by 16% in

newborn infants requiring PPV [74]. We therefore recommend
starting PPV as early as possible and within the first minute of
birth in nonvigorous puppies and kittens that are gasping or are
apneic, regardless of the HR (NB-01, NB-05).

We suggest initiating PPV with a tight-fitting face mask at a
rate of 20-30/min, with an inspiratory time of 1 s and a peak
inspiratory pressure (PIP) of 20-25 cm H,O (NB-06). A target
tidal volume is approximately 10-15 mL/kg, so only around
5 mL for a 300-g puppy and an appropriately sized self-inflating
resuscitator bag should be used to deliver small tidal volumes
(Figure 4). However, data from newborn infants suggest that
a PIP of 30 cm H,0 would produce a tidal volume of only
5 mL/kg initially due to the stiffness of the still fluid-filled lungs
early after birth, which would increase to 10 mL/kg after 30 s
of PPV [75]. In the veterinary setting, peak pressure and tidal
volume generally cannot be measured in newborns. It is therefore
reasonable to use chest excursion and auscultation for breath
sounds, as well as changes in HR, to monitor the efficacy of
PPV. To support the establishment of functional residual capacity,
we further provide a weak recommendation for a PEEP of 4-
8 cm H,0, acknowledging that airway manometers and bag-mask
systems with integrated PEEP valves are not widely available in
the delivery areas of veterinary clinics (NB-06). While there is
evidence supporting the application of PEEP in animal studies
and preterm newborn infants needing PPV at birth, a randomized
controlled trial in term newborn infants did not show an effect of
PEEP on clinically relevant outcomes [76-78].

As in adult dogs and cats undergoing bag-mask ventilation, the
snout, neck, and thoracic spine should be aligned to minimize
upper airway resistance and reduce the risk for gastric insuf-
flation. Cricoid pressure or, more recently, ultrasound-guided
external compression of the esophagus has been used to prevent
gastric gas distention during bag-mask ventilation in people [79].
Although untested, gentle digital pressure could be applied to the
left side of the caudal third of the ventrolateral neck to occlude
the esophagus and mitigate gastric insufflation during PPV.

In newborns that are nonvigorous, severely bradycardic, apneic,
or gasping, we also recommend administering reversal drugs (i.e.,
naloxone, atipamezole, or flumazenil) if the dam received an
opioid, a,-adrenoceptor agonist, or benzodiazepine prepartum
(NB-20) (Figure 3).

However, we suggest against routine atropine administration in
this population (NB-23). Bradycardia can occur due to parasym-
pathetic (i.e., “vagal”) activation even in the fetus and the
newborn [80, 81], and bradycardia due to severe hypoxemia is
at least in part vagally mediated, in addition to direct hypoxic
myocardial depression [56, 82, 83]. However, newborn brady-
cardia in response to hypoxemia is considered an adaptive
response in newborns to preserve myocardial function; addi-
tionally, despite the fact that atropine can increase the HR, it
was shown to have little effect on indices of oxygen delivery,
which is the primary objective of treatment [84, 85]. Rather than
helping, atropine can worsen myocardial ischemia in the face
of severe hypoxemia and thereby aggravate myocardial injury
and circulatory compromise. The main treatment for severe
bradycardia in transitional newborns is reversal of hypoxemia
through respiratory support, foremost in the form of PPV.
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Newborn Resuscitation Dosing Chart

&

RECOYER

Weight (g)

FIGURE 3 |

Weight (g)
DOSE
0.02 mg/k
Epinephrine IV/IO (0610 Oagg/kg) 0.01 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
(1:10,000; 0.1mg/mL)
ET/IN 0.1 mg/kg 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
IV/IO/IM/SC | 0.04 mg/kg | 0.005 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
Naloxone
(0.4 mg/mL) 9 0.1mg
Topical SL 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
/newborn
i IV/I0O/IM 0.05 mg/kg | 0.0005 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008
Atipamezole
(5 mg/mL)
¢ Topical SL 0.1 mg/kg 0.001 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016
Flu | IvV/Io/IM/
: %‘ - Topical SL 0.02 mg/kg 0.01 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
IV/10,slow |0.25 g/kg (5%) | 0.25 0.5 1 5 2 2.5 3 315 4
Topical SL 0.5 g/kg (50%) | 0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
IV/IO/IM 10 mg/kg 0.025 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Topical SL/IN 15 mg/kg 0.04 0.07 0.15 0.22 0.3 0.37 0.45 0.52 0.6

50 | 100 | 200 | 300

| 400 | 500

600 | 700 | 800

© 2025 The RECOVER Initiative. All rights reserved.

Newborn resuscitation dosing chart. Drug volumes are provided by body weight in 100-g increments to reduce the risk of calculation

errors. Depending on the drug route, different drug doses and thus drug volumes are recommended. ET, endotracheal; IM, intramuscular; IN, intranasal;

10, intraosseous; IP, intraperitoneal; SC, subcutaneous; SL, topical sublingual. Copyright: The RECOVER Initiative 2025. All rights reserved.

FIGURE 4 |
intervention in newborn resuscitation and requires early initiation. We

Positive pressure ventilation is a critically important

suggest the use of a tight-fitting face mask and a suitable self-inflating
resuscitator bag to deliver effective breaths. Snout, neck, and back should
be aligned, and dorsal recumbency should be avoided for easier air pas-
sage into the lungs. Signs of effective ventilation are a visible chest rise and
anincrease in HR. PPV should be initiated with room air, and 100% oxygen
should be considered if there is no response after 1-2 min (e.g., no increase
in HR observed). Artwork by Chrisoula Toupadakis Skouritakis, Ph.D.,
MediaLab Services Director, and Kailee Suess, Department of Surgical
and Radiological Sciences, School of Veterinary Medicine, University of
California, Davis. Copyright: The RECOVER Initiative 2025. All rights
reserved.

If the newborn puppy or kitten is found to have no heartbeat, CPR
should be initiated immediately. CPR involves initiating chest
compressions in addition to PPV. CPR is discussed in detail later
in the article.

6 | Respiratory Support Beyond the First Minute
Results from research in newborn infants and experimental
animals suggest that even when effective, it typically takes >30 s
for PPV to lead to an increase in HR [86-88]. We therefore
believe it is reasonable to reassess the HR after 30-60 s of
PPV and only then modify resuscitative measures as directed.
If the HR increases to >120/min, RR and effort should be
assessed, and de-escalation of respiratory support should be
considered accordingly. However, if severe bradycardia persists
(i.e., HR < 120/min) despite 1 min of PPV by bag-mask, the
efficacy of this ventilation strategy should be questioned, and we
suggest considering ET intubation when feasible (NB-05), ven-
tilation with 100% oxygen (NB-03), and sustained inflation (SI)
(NB-06).

ET intubation should be considered, particularly in cases in
which bag-mask ventilation overtly fails to generate adequate
chest expansions and thoracic auscultation reveals absent breath
sounds. In newborn puppies and Kkittens, ET intubation is an
advanced and technically challenging procedure due to the
small patient size. In many cases, the newborn’s voluminous,
fleshy tongue obscures clear identification of laryngeal landmarks
critical to ET intubation, such as epiglottis, arytenoids, and vocal
folds. The risks of traumatic, prolonged intubation attempts
precluding concurrent PPV should be balanced against the
expected benefit of improved lung aeration after successful ET
intubation. The resultant risk-benefit ratio varies from case to
case based on experience and number of resuscitation personnel,
available equipment, and size and number of newborns; since
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these variables are often known antepartum, teams can discuss
an airway management strategy during prebriefing.

While outside of the scope of these guidelines, we hereafter
provide a short overview of the technique of ET intubation
in newborns. ET intubation can be accomplished with small,
uncuffed ET tubes (i.e., internal diameter 2.0 mm) in larger
puppies, or venous catheters of appropriate size (e.g., 20, 18,
16, or 14 gauge) commensurate with the size of the animal.
Venous catheter hubs will accept an ET tube connector with a
3.5-mm internal diameter, which can thereby be connected to a
resuscitator bag. A guidewire with a straight, blunt (atraumatic)
end can be used to avoid exposure of delicate laryngeal tissue to
the sharp end of the intravenous catheter. An otoscope speculum
modified to form an open, illuminated track can assist ET
intubation of very small newborns, while a human preterm
laryngoscope blade (i.e., size-0 Miller laryngoscope blade) suffices
for larger newborns. To avoid bronchial insertion of the ET
tube, its tip should reach no further than 1-2 mm beyond the
thoracic inlet. Once in place, the ET tube is secured, and PPV
is initiated targeting the same ventilation parameters as for bag-
mask ventilation (i.e., inspiratory time, 1 s; PIP, 20-25 cm H,0;
RR, 20-30/min). If available, a pressure safety (“pop-off”) valve
built into the manual resuscitator bag and limited to 25 cm
H,0 will alleviate the risk for excessive PIPs. As long as the
newborn is correctly intubated, gastric insufflation should not
occur. Indicators of effective ventilation/lung aeration include the
presence of chest movements after each breath, breath sounds
on auscultation, and signs of improvement in hypoxemia (e.g.,
increase in HR, resolution of cyanosis, increase in SpO,). Lack
of chest movement and failure of the HR to increase warrant
confirmation of correct intubation.

If the newborn puppy’s or kitten’s HR fails to increase to
>120/min despite 1-2 min of PPV, we suggest switching the
inspired gas from room air to 100% oxygen (NB-03). This might
or might not precede the decision for ET intubation. The
desirable and undesirable effects of supplemental oxygen (i.e.,
100% oxygen) compared to the use of room air during PPV have
been extensively studied in newborn infants and in experimental
studies in piglets and lambs, but not in newborn puppies and
kittens. The combined evidence shows that PPV with room air is
as effective as with 100% oxygen and that high inspiratory oxygen
concentration has several undesirable effects, including increased
mortality in newborn infants and oxidative injury across several
organ systems documented in multiple species [66-69, 89-92]. It
is possible that a more tailored increase in inspiratory oxygen
concentration (e.g., 40% oxygen) would improve hypoxemia
while avoiding the risks of pure oxygen, but this has not been
well studied and is clinically difficult to implement. Thus, we
recommend initiating PPV with room air but suggest the use of
100% oxygen if the HR fails to increase after 1-2 min of PPV
(NB-03). At this stage, especially if the HR continues to decrease,
it is also reasonable to initiate monitoring of the HR several
times a minute, such as by continuous ECG monitoring, to guide
decision-making as the resuscitation effort evolves.

An additional measure we suggest undertaking if the newborn
puppy’s or kitten’s HR fails to increase to >120/min despite 1-
2 min of PPV is to administer a single SI (i.e., 30-s duration,
30-35 cm PIP) that is then followed by standard PPV (NB-06).

While there are no clinical or experimental studies documenting
the benefit or harm of this technique for the most critical out-
comes of favorable neurologic outcome and survival to discharge,
data from one experimental study in transitional, asphyxiated
newborn lambs showed an improvement in oxygenation and a
marked reduction in the time to achieve HR >120/min with a
single SI (median 8 s, IQR 6), compared to standard PPV (median
64 s, IQR 75). We believe this to be a feasible intervention if
the animal is intubated with a cuffed ET tube or is ventilated
with a tight-fitting face mask. In the latter case, gentle digital
pressure could be applied to the left side of the caudal third of the
ventrolateral neck to occlude the esophagus and mitigate gastric
insufflation during the maneuver.

7 | Cardiopulmonary Resuscitation

Eighty-five percent of term newborn infants start breathing
within moments of birth, 10% will do so after drying and tactile
stimulation, 5% will receive PPV, and only a small percentage
(i.e., 0.1%-0.3%) undergo chest compressions, with even fewer
receiving epinephrine [4, 93-95]. For newborn puppies and
kittens, data on the prevalence of initial resuscitation measures
are lacking, but we expect that, similar to people, CPR—the
combined administration of chest compressions and PPV—will
be required in a small subset of them.

7.1 | When to Start Chest Compressions

Like in adult dogs and cats, we recommend initiation of CPR
immediately once the rescuer recognizes its indication [6].

7.1.1 | No Detectable Heartbeat

We suggest starting CPR (i.e., chest compressions in addition
to PPV) in newborn puppies and kittens immediately if there
is no heartbeat identified. As noted above, and in contrast to
the recommendations for adult dogs and cats, the initial 30-60 s
of nonresponsiveness and apnea in newborns should be treated
with respiratory support maneuvers as long as the animal has a
detectable heartbeat.

7.1.2 | Persistent, Severe Bradycardia

In contrast to the recommendations for adult dogs and cats, we
also suggest starting CPR in newborn puppies and Kkittens in
which a heartbeat can be identified but that are found to be very
severely bradycardic (i.e., HR < 50/min) for longer than 30 s
despite PPV with oxygen supplementation (NB-02). The rationale
behind this recommendation is that the very poor cardiac output
with extremely low HR can be augmented by external chest
compressions. This specific HR cutoff, as well as the time interval
of 30 s, has not been directly tested and is based on expert
opinion, although findings in newborn lambs suggest that chest
compressions in newborns with an HR <50/min improve blood
flow [96, 97]. Due to the central importance of prioritizing lung
aeration during newborn resuscitation and the fact that chest
compressions may interfere with lung expansion, we suggest
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FIGURE 5 | Chestcompression techniques for newborn puppies and kittens. Compressions should be applied directly over the ventricles regardless

of technique and animal position. The preferred animal position is lateral recumbency, but sternal compressions might be preferable in some instances
(see text). (A) Compress the chest over the ventricles with one or two fingers toward the table surface (rate, 120-150/min; depth, 1/3-1/2 of chest width).
(B) Compress the chest wall over the ventricles between one or two fingers and the opposing thumb (rate, 120-150/min; depth, 1/3-1/2 of chest width). (C)
Compress the sternum with the newborn in dorsal recumbency (rate, 120-150/min; depth, 1/3 anterior—posterior chest diameter). Artwork by Chrisoula

Toupadakis Skouritakis, Ph.D., MediaLab Services Director, and Kailee Suess, Department of Surgical and Radiological Sciences, School of Veterinary
Medicine, University of California, Davis. Copyright: The RECOVER Initiative 2025. All rights reserved.

providing PPV first in newborns with very severe bradycardia
(i.e., HR <50/min), and only starting CPR if the HR fails to
increase. Experimental evidence in a newborn piglet asphyxiation
model suggests that an HR increase with PPV alone can be
expected after 15-30 s in animals with the capacity to respond
[87]. In addition, one study showed that very severe bradycardia
at birth quickly resolved in the majority of newborn infants with
PPV alone; in 78% and 90% of the infants with an initial HR
<60/min at birth, the HR increased to >60/min after 30 and 60
s, respectively [98].

7.2 | Chest Compression Technique

While different chest compression techniques have not been
studied in newborn puppies and Kkittens, the soft, malleable
chest walls of newborns optimize the application of the cardiac
pump mechanism for blood flow generation, where blood is
expelled from the heart with pressure applied preferentially to the
ventricles. We therefore suggest compressing the newborn chest
in a laterolateral direction with the compression point located
directly over the ventricles (NB-16). With the newborn puppy
or kitten positioned in lateral recumbency, chest compressions
can be applied by placing one or two fingers (index and middle

finger) over the ventricles and compressing toward the table
surface (Figure 5A). Alternatively, rescuers can oppose one or two
fingers (index and middle finger) and thumb on the chest over
the ventricles and compress the chest to the targeted compression
depth (Figure 5B). During laterolateral compressions, we suggest
a compression depth of one-third to one-half of the chest width
(NB-17). Due to the very compliant chests, overcompression is
easily possible in the newborn and must be avoided to pre-
vent injury. Under specific circumstances (e.g., umbilical vein
cannulation, pronounced wide-chested thoracic conformation),
we suggest sternal compression and recommend doing so by
compressing the sternum with one or two fingers (index and
middle finger) toward the table surface to reach the target depth
(NB-16) (Figure 4C). With sternal compression, a proportion
of the external anterior-posterior chest diameter is internally
occupied by the vertebral column, reducing the compressible
portion of the chest cavity. We therefore suggest a compression
depth of only one-third the anterior-posterior chest diameter
during sternal compressions in newborns (NB-17). Considering
the large fleshy tongues of newborn puppies and kittens, dorsal
positioning carries the risk of significantly increasing upper
airway resistance and thus may compromise PPV in nonintubated
animals [99]. We therefore think it is reasonable to avoid routine
dorsal positioning during newborn CPR in puppies and kittens.
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We suggest administering chest compressions in newborn pup-
pies and Kkittens at a rate of 120-150/min, which is faster than
what is recommended in adult dogs and cats (100-120/min)
(NB-12) [6]. We did not identify any experimental or clinical
studies that delineate the optimal compression rate in small
mammals with a comparable size to newborn puppies or kittens
(i.e., 100-800 g body weight), nor any studies in transitional
newborns. However, indirect evidence suggests a compression
rate of at least 120/min should be targeted. In post-transitional
piglets (2 kg), compression rates of 150-180/min were associ-
ated with hemodynamic benefit over slower compression rates
(i.e., 60/min to 120/min), with a compression rate of at least
120/min supported by other neonatal piglet studies [100-102].
Mathematical modeling furthermore suggests an optimal chest
compression rate in animals <1 kg to be 150/min or more [103].
With very short compression distances of only 5-15 mm and the
diminutive compression force required to achieve these distances,
we consider a compression rate of 150/min feasible and of low
probability to cause rescuer fatigue, unlike chest compressions in
adult animals at higher rates [104].

7.3 | Compressions and Ventilation Are
Coordinated in Newborn CPR

Given the critical importance of effective ventilation in newborn
puppies and kittens requiring resuscitation, administering chest
compressions and positive pressure breaths as recommended in
adult dogs and cats could impair lung aeration.

In newborn puppies and kittens without a cuffed ET tube in place,
we recommended pausing chest compressions for the delivery of
a breath (NB-14). This applies to any newborns undergoing bag-
mask ventilation. Chest compressions and ventilation are deliv-
ered in a coordinated or synchronized way where compressions
alternate with ventilations at a predefined ratio (i.e., compression
to ventilation ratio, or C:V ratio) of four chest compressions to one
positive pressure breath (4:1) (NB-13). This approach prioritizes
ventilation compared to CPR in nonintubated adult dogs and cats
in which a C:V ratio of 30 compressions to two positive pressure
breaths is recommended [6]. The recommended C:V of 4:1 also
recognizes the higher chest compression rate target in newborn
puppies and kittens compared to newborn infants, in whom a C:V
ratio of 3:1 is recommended [105]. In practice, around 15 rounds
of four compressions to one ventilation are delivered every 30 s,
with one 4:1 round administered every 2 s. This will amount to 120
compressions and 30 breaths per minute. We suggest delivering
breaths with 100% oxygen during CPR (NB-18). Patient response
should be assessed every 30 s, and if the HR exceeds 50/min,
chest compressions can be discontinued while continuing PPV
and frequent/continuous HR monitoring.

In newborn puppies and kittens with a cuffed ET tube in place,
we suggest delivering breaths concurrently to chest compressions
(NB-14). Breaths do not need to be coordinated or synchronized
with compressions. This is the equivalent approach to adult dogs
and cats when intubated, except for higher compression (i.e., 120-
150/min) and ventilation rates (i.e., 20-30/min) in newborns. As
for nonintubated animals, we suggest the use of 100% oxygen
during CPR in intubated newborns.

7.4 | Epinephrine and Vascular Access

If CPR lasting at least 1 min fails to lead to an increase
in HR >50/min, we recommend parenteral administration of
epinephrine (0.01-0.03 mg/kg) (NB-21; NB-22) (Figure 3). Multi-
ple publications support the preferential use of IV or intraosseous
(I0) routes over ET or intranasal (IN) routes [106-114]. Topical
sublingual administration of epinephrine has not been tested,
and it is plausible that it is not effective. If IV or IO access
cannot be achieved in a timely manner, a single epinephrine dose
by the ET route at a higher dose (0.05-0.1 mg/kg) was shown
to have some effect, although with a delay [106]. However, ET
administration also carries the same risk as for ET intubation,
including prolonged interruption of PPV. ET drug administration,
therefore, is most appropriate in newborns that are already
intubated. As for the ET route, IN epinephrine at a higher
dose showed lower plasma concentration and delayed but some
effect when compared to IV administration [107, 115]. We suggest
against the use of IM epinephrine, as data available from one
small study did not identify an increase in epinephrine plasma
concentrations until after return of spontaneous circulation
(ROSC) [116]. We also advise against the practice of intralingual
(IM) administration due to anecdotal reports of harm (i.e., tissue
necrosis) associated with this practice. Although the effect of
repeated administration of epinephrine has not been studied
in newborn animals, we suggest administering IV/IO doses of
epinephrine (0.01-0.03 mg/kg) every 3-5 min during ongoing
CPR as recommended for adult dogs and cats [6].

In newborn puppies and kittens that require chest compressions,
we suggest against the routine administration of atropine during
CPR (NB-24), which is the same recommendation as for new-
borns with bradycardia (NB-23). We did not identify any evidence
in newborn infants or experimental studies in newborn animals
to support the use of atropine during CPR; instead, the primary
goal of CPR is to reverse myocardial hypoxia by supporting
lung aeration through PPV and coronary blood flow through
high-quality chest compressions and epinephrine administration.
This recommendation, however, should not preclude the use
of atropine in specific situations in post-transitional neonatal
puppies and kittens, such as severe bradycardia or CPA associated
with ET intubation, gastrointestinal surgery, and other scenarios
leading to vagal stimulation.

Vascular access (e.g., umbilical vein, jugular vein, IO cannula)
should also be established to permit effective parenteral admin-
istration of other medications and IV fluids where the newborn
is not responsive to prolonged resuscitation (see adjunct inter-
ventions). Which vascular access route to choose is contextually
dependent on the size of the animal and the experience and
preference of resuscitation team members [8].

7.5 | Discontinuation of Resuscitation

At present, there are no clinical studies reporting survival rates
of newborn puppies and Kkittens undergoing CPR, let alone
how these survival rates are impacted by the duration of CPR.
Nevertheless, durations of 15-30 min were proposed in the
veterinary literature based on expert opinion [8, 11]. The most
direct evidence is therefore drawn from research in newborn
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infants. In full-term infants receiving CPR for a median duration
of 6 min (IQR 13) in the delivery room (n = 439), 91% achieved
ROSC and 83% survived to hospital discharge [117]. However,
survival in newborn infants with a persistent Apgar score of O (i.e.,
absence of breathing, muscle tone, and consciousness), combined
with an undetectable HR (indicating no detectable signs of life)
despite 10 min of intensive resuscitation, is poor [118, 119]. On
the other hand, multiple case series revealed that survival with
a favorable neurologic outcome can occur even in infants with
no signs of life after 10 min of CPR, that duration of CPR is
only weakly associated with survival when adjusted for other
risk factors, and that a definitive time point after which further
resuscitation is considered futile has not been established [4, 117,
120-123]. For newborn puppies and kittens undergoing CPR, we
suggest continuing resuscitation efforts for at least 15 min before
considering discontinuation (NB-25). If there is no heartbeat iden-
tified after that duration of high-quality CPR, having exhausted
all recommended measures including epinephrine, chances for
a favorable outcome are likely very low. Beyond the individual
animal, rescuers should ensure that prolonged resource alloca-
tion to one animal does not critically compromise the care of
littermates needing resuscitation but having a more favorable
prognosis. Next to the duration of CPR, pet owner goals, the
presence of significant congenital malformations (e.g., anasarca,
gastroschisis, anencephaly, atresia ani), clear signs of death, and
the ability to provide post-cardiac arrest care will impact the
decision whether to continue resuscitative efforts [29, 30].

8 | Adjunct Interventions

Several interventions can be considered in addition to the primary
resuscitative measures. These are treatments that might be used
during prolonged resuscitation but that we have assessed as
noncritical, and therefore, we did not systematically review the
evidence pertaining to them (e.g., bicarbonate, fluid administra-
tion). Adjunct interventions are also those that can be considered
in nonvigorous newborn puppies and kittens that fail to ade-
quately respond to prolonged resuscitation efforts (e.g., dextrose
during resuscitation; doxapram) or need additional support in
the post-resuscitative period (e.g., dextrose after resuscitation,
temperature management). Finally, we also categorized GV 26
acupoint stimulation—an intervention that we did not reach
consensus for or against its use—as an adjunctive measure until
more evidence becomes available.

8.1 | Blood Glucose (BG) Management

Hepatic glycogen stores are low and rapidly depleted, and the
capacity for gluconeogenesis is limited in newborn puppies and
kittens, such that they depend on oral intake of energy-rich
nutrients to maintain euglycemia after birth [124]. Nevertheless,
hypoglycemia during the first few hours after birth, including
during the initial resuscitation, is uncommon, and in newborn
puppies, BG concentrations were similar if born by C-section
(4.9 £ 0.2 mmol/L) or by vaginal eutocia (4.5 + 0.2 mmol/L,
p = 0.31) [32]. If newborns fail to nurse, hypoglycemia can occur
and has been associated with death in puppies and in neonates
of other species [125-128]. Indiscriminate glucose administration
can be harmful, as not only hypoglycemia but also hyperglycemia

has been shown to worsen neurologic outcome in newborns with
hypoxic—ischemic brain injury [129-133]. We therefore suggest
measuring BG concentration in newborn puppies and kittens that
remain nonvigorous despite prolonged (i.e., >10 min) resuscita-
tion (NB-19). A drop of blood sufficient for a glucometer can be
obtained by puncture of a paw pad [124]. If hypoglycemia (i.e.,
BG < 3 mmol/L [BG < 54 mg/dL]) is present during prolonged
resuscitation, we recommend dextrose supplementation with a
slow bolus of 0.25 g/kg dextrose (e.g., 0.5 mL/100 g of 5% dextrose
solution over 5 min), administered IV, IO, or, less preferably, by
intraperitoneal (IP) injection (NB-19) (Figure 3). The intraperi-
toneal route is considered practical, effective, and safe if executed
correctly, including maintenance of strict asepsis. Where par-
enteral dextrose administration cannot be accomplished, we
suggest topical sublingual mucosal administration of dextrose
(0.5 g/kg; 0.1 mL/100 of 50% dextrose solution) (NB-19). Should
it be impractical to determine the BG concentration in a newborn
puppy or kitten that fails to respond to prolonged (i.e., >10 min)
standard resuscitation measures (e.g., rewarming, stimulation,
PPV), we suggest empirical administration of dextrose by one of
the above-cited routes (NB-19).

In newborn puppies and kittens after resuscitation (i.e., after CPR
and ROSC) that are nonvigorous and not nursing, we recommend
confirming hypoglycemia before supplementing, if possible. If an
IV or IO catheter is present, we suggest administering dextrose
by CRI (e.g., 2.5% dextrose in isotonic crystalloid fluids given
at a physiologic rate IV or I0O) rather than bolus injection
to avoid large fluctuations in BG concentration that can be
harmful (NB-26). After resuscitation, it may be more practical to
establish IV or IO access and to initiate an infusion. A reasonable
physiologic fluid rate is 80-120 mL/kg/day in neonatal puppies
and 60-80 mL/kg/day in neonatal kittens. If an infusion is not
feasible, we suggest proceeding as described above for dextrose
supplementation in hypoglycemia during resuscitation (NB-26).
In addition, dextrose administration by orogastric tube is another
possibility after ROSC as long as it is performed by experienced
staff to avoid injury to the newborn [124]. Oral administration of
dextrose by syringe can be considered in alert newborns.

8.2 | Temperature Management

Targeted temperature management, a deliberate induction or
maintenance of lower-than-normal body temperature within a
certain range, is suggested in adult people, dogs, and cats that
remain comatose after resuscitation from CPA, owing its benefits
to multiple neuroprotective effects [7, 134, 135]. In term newborn
infants with moderate to severe hypoxic-ischemic encephalopa-
thy (HIE), therapeutic hypothermia (TH) (33°C-34°C for 72 h,
started within 6 h of birth) has been recommended for over a
decade [136]. However, TH or any temperature management has
not previously been suggested in newborn puppies and kittens
exposed to anoxic brain injury during birth. In fact, the clinical
symptoms of HIE are not well delineated in this population,
though they are well described in infants and foals [137, 138]. Clin-
ical signs of HIE in these species include lethargy to stupor/coma,
decreased to no activity, extensor rigidity to decerebrate posture,
hypotonia to flaccidity, weak or absent sucking reflex, constricted
or dilated pupils with absent pupillary light reflex, low HR, and
intermittent breathing or apnea, depending on severity. Evidence
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suggests that the positive impacts of cooling on HIE outcomes
in newborn animals depend on the severity of HIE, the time
interval from injury to cooling, the degree of hypothermia, and
the duration of TH [139]. Generally, a longer duration of TH is
required for more severe injury [140, 141]; however, evidence from
experimental animal studies suggests a neuroprotective effect can
occur after cooling periods of only 24 h or less [142-144]. Given
the restricted resources available in veterinary medicine, care of
newborn puppies and kittens with moderate to severe HIE is
generally out of reach. As only those newborns with milder signs
of HIE have potential as viable animals, we considered a 24-h
duration of permissive hypothermia to be a pragmatic approach
to balance risk, benefit, and feasibility of TH until more clinical
veterinary data are available. Specifically, we suggest permitting
newborn puppies and kittens with signs of acute HIE to remain
at a low normal temperature for newborn puppies and kittens
(i.e., 35°C [95°F]) for 24 h after birth (NB-27). Since newborn
puppies and kittens are relatively hypothermic at birth with rectal
temperatures of 33.7 + 1.4°C after C-section and 33.1 + 3.1°C after
eutocia, which then increase to 35.1 + 1.8°C and 33.2 + 4.7°C
after 1 h, respectively, active cooling is probably not required, and
avoidance of active rewarming should suffice.

The speed of rewarming is another topic of concern in animals
with HIE. A number of experimental animal studies of HIE
in populations other than newborns demonstrated harm with
fast (i.e., >1°C/h) rewarming rates [145-150], and the RECOVER
initiative therefore suggests to aim for slow rewarming (i.e.,
0.25°C/h to 0.5°C/h) and recommends against rewarming rates
that surpass 1°C/h in adult dogs and cats after ROSC [7, 151].
No clinical studies in newborn infants have been conducted, and
in experimental animal studies including newborn transitional
lambs and post-transitional piglet models, no benefit of slow
versus fast rewarming was found despite a 10- to 20-fold differ-
ence in rewarming rates [152-156]. However, out of concern for
rebound seizures, hypotension, and temperature overshoot (i.e.,
hyperthermia) with fast rewarming rates [157, 158], we suggest in
newborns with clinical signs of HIE to rewarm at rates below
1°C/h to achieve normothermia (35.0°C-37.2°C [95°F-99°F])
while avoiding accidental hyperthermia (NB-28). The rewarming
rate is less of a concern in animals that are hypothermic at birth,
as most newborn puppies and kittens are, as long as they have no
clinical signs of HIE and did not undergo CPR.

8.3 | Doxapram

The analeptic drug doxapram increases respiratory drive through
effects on peripheral (i.e., carotid and aortic chemoreceptors)
and central (i.e., brainstem respiratory control center) sites [159].
While doxapram was used for respiratory stimulation of newborn
puppies and kittens with inadequate ventilatory function for
more than 50 years, its routine use has been questioned more
recently due to concerns about the drug’s efficacy in severely
hypoxic animals and the availability of other measures to support
ventilation [9, 11, 160, 161]. In small animal medicine, it is
effectively used as a respiratory stimulant to aid in the assessment
of laryngeal dysfunction in dogs [162, 163]. There are currently no
studies that support its use in newborn puppies and kittens with
apnea/gasping or bradypnea. A recent randomized controlled
trial studied the effect of intralingual injection of doxapram

(approximately 10 mg/kg) versus saline injected within the first
minute of birth in 171 puppies born by elective C-section, regard-
less of the presence of respiratory compromise [164]. The study
did not identify an effect on the primary outcome of 7-day survival
(92% with doxapram, 94% with saline, P = 0.63) or on Apgar scores
over the first 20 min after birth. We therefore recommend against
the routine administration of doxapram in newborn puppies and
kittens undergoing resuscitation, such as after C-section (NB-07).
Importantly, this study did not specifically evaluate the effect
of doxapram in apneic/gasping newborns. Multiple clinical and
experimental studies involving infants, calves, foals, and rats
revealed a beneficial effect of doxapram on outcomes such as
survival, oxygenation, and ventilation in neonates and newborns
without apparent harm [165-170]. However, due to very serious
indirectness (e.g., species, life stage, and/or condition treated) and
methodological shortcomings, significant uncertainty regarding
the benefit of doxapram in newborn puppies and kittens remains.
Importantly, a focus on doxapram administration and its expected
response carries the risk of distraction from other more effec-
tive interventions in apneic/gasping newborns, foremost PPV.
Thus, we suggest the use of doxapram in transitional puppies
and kittens with respiratory compromise (i.e., apnea/gasping or
bradypnea) only if they fail to respond after a period of time (e.g.,
>10 min) to other appropriate measures of support (e.g., PPV)
(NB-07). Doxapram is preferentially administered IV/IO, if this
does not compromise other supportive measures, but intralingual
IM, IN, or topical sublingual administration is also an acceptable
route (Figure 3).

8.4 | GV 26 Acupoint Stimulation

Stimulation of the GV 26 (Jen Chung; Rhenzong) acupoint has
been recommended in newborn puppies and kittens with low RR
or apnea that have a heartbeat [8, 11, 161, 171]. The acupoint is
located where the philtrum joins the lower edge of the nostril and
is stimulated by the insertion and twisting of a 25-gauge needle at
that point [172]. However, no controlled studies were conducted,
and clinical reports are limited to case series, such that no
conclusion regarding efficacy can be drawn [173, 174]. While these
publications do not report overt harm due to GV 26 stimulation,
the procedure may distract resuscitation team members from
timely administration of interventions known to be effective,
foremost PPV, particularly if the needle is applied for more
than a few seconds. For these reasons, we initially formulated
a recommendation against the use of GV 26, while a subset of
subject matter experts strongly advocated for the use of GV 26
stimulation in nonvigorous, apneic newborn puppies and kittens.
As no consensus could be achieved, we agreed to provide no
recommendation for or against the use of GV 26 stimulation. We,
however, also agreed that if resuscitation teams choose to use this
technique in the absence of clear guidance, it should be brief (e.g.,
<2-3 seconds) and not interfere with initiation or quality of PPV.

8.5 | Fluid Administration and Bicarbonate

The RECOVER Initiative did not systematically review the litera-
ture regarding fluid therapy and the administration of parenteral
sodium bicarbonate during the resuscitation, including CPR, of
newborn puppies and kittens. On a cursory review of the litera-
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ture, we identified two experimental studies in post-transitional
piglets that received volume infusion during resuscitation from
asphyxial CPA [175, 176]. In one study, normovolemic piglets
(age 8 + 4 days) were asphyxiated to an MAP of <20 mm Hg
and then resuscitated according to the newborn algorithm (i.e.,
PPV + CPR + epinephrine); two sequential boluses of either
0.9% NaCl (10 mL/kg IV), 5% albumin (10 mL/kg IV), or
sham (no fluid administration) were given over 5 min. Fluid
administration led to no hemodynamic benefit but resulted in
worse pulmonary edema and lung compliance 2 h after resus-
citation. These results suggest against volume administration
in euvolemic newborns undergoing resuscitation at birth [175].
Notably, this harmful effect might be further accentuated in tran-
sitional newborns with increased lung water and hypoxia-related
myocardial dysfunction [177]. A second study in neonatal piglets
(age, 12-44 h), which combined asphyxiation with concurrent
hemorrhagic arrest (blood loss, 30-34 mL/kg), tested the effect of
standard resuscitation measures (i.e., PPV, chest compressions,
and epinephrine) in combination with bolus administration of
0.9% saline or autologous whole blood on time to ROSC [176].
Volume expansion consisted of boluses of 10 mL/kg every 2 min
until ROSC occurred. Time to ROSC was not different between
animals receiving saline versus blood, although only a small
volume of 3-4 mL/kg of either fluid needed to be administered
until animals achieved ROSC. Based on the scarce evidence
available, it is reasonable—just as during CPR in adult dogs and
cats [6]—to reserve volume therapy for newborns with strong
evidence of hypovolemia, such as overt blood loss (e.g., from
umbilical cord hemorrhage, placental laceration), but to advise
against its use in normovolemic newborns. Bolus administration
of a balanced isotonic crystalloid at 1 mL/100 g over 5min IV/IO is
a reasonable starting point in newborn puppies and kittens with
hypovolemia. It is often difficult to determine the volume status
of newborn puppies and kittens and thus to ascertain ahead of
time which animal will benefit from or be harmed by intravenous
volume resuscitation. We therefore suggest a trial bolus of a
balanced isotonic crystalloid (e.g., 1 mL/100 gIV or IO) if there is a
suspicion of hypovolemia and the newborn has failed to respond
to standard resuscitative measures.

Some degree of acidemia is always present at birth in both
newborn puppies, kittens, and infants, and its severity has been
associated with unfavorable outcomes, such as HIE, and might
be of prognostic value [24, 32, 178-180]. However, the benefit of
remediation of severe acidemia with buffer therapy, specifically
the benefit of sodium bicarbonate administration, is uncertain.
A single small randomized, controlled clinical trial, in which
newborn infants requiring PPV for at least 5 min at birth received
either sodium bicarbonate (1.8 mEq/kg IV) or an equivalent
volume of 5% dextrose (4 mL/kg IV), showed no effect on the
composite outcome of death or survival with abnormal neurolog-
ical function at discharge (p = 0.88) [181]. We therefore consider
it reasonable to follow the current recommendation for newborn
infants when treating newborn puppies and kittens. We suggest
against the administration of sodium bicarbonate to newborn
puppies and kittens undergoing CPR unless all four of the fol-
lowing are true: resuscitation is prolonged (>10 min), the animal
fails to respond to standard measures (i.e., PPV, chest compres-
sions, and epinephrine), effective ventilation is in place to avoid
worsening of respiratory acidosis, and IV access is present [4].

9 | Discussion

The 59 treatment recommendations (Table 1), prose explanations,
dosage chart, images, and algorithm contained in this paper
constitute the RECOVER Newborn Resuscitation Guidelines, a
consensus guidelines paper synthesized from exhaustive evalua-
tion and analysis of evidence relating to resuscitation of newborns
across many species and honed through an iterative modified
Delphi process considering input from subject matter experts and
the international veterinary community. An international group
of veterinary experts in small animal theriogenology and small
animal emergency and critical care collaborated to tailor these
recommendations to puppies and kittens based on a combination
of this evidence evaluation and analysis, and expert opinion
where inadequate evidence was available.

The primary goal of the RECOVER Newborn Resuscitation
Guidelines is that they serve as foundational step-by-step instruc-
tions for the support (“resuscitation”) of puppies and kittens in
the first minutes following birth in the clinical setting. All puppies
and kittens delivered by C-section, and many following medical
dystocia, will require newborn resuscitation as presented here.
Most will be delivered alive but in need of support, while some
may be markedly distressed, and others may be “stillborn”. These
guidelines contain treatment recommendations and an algorithm
for prebriefing and use as a cognitive aid to optimize patient
assessment and resultant treatments for these litters.

There are many differences between these Newborn Resuscita-
tion Guidelines and the RECOVER CPR Guidelines for Dogs
and Cats. The two main differences are the life stage addressed
(newborn vs adult) and, notably, the fact that newborn resusci-
tation includes vital, life-preserving treatments of animals that
have not experienced CPA. The RECOVER CPR Guidelines focus
almost entirely on dogs and cats that require CPR, whereas
only a fraction of puppies and kittens for which these Newborn
Resuscitation Guidelines are relevant will require CPR; in fact,
while the majority will not require CPR, every puppy and
kitten delivered by C-section requires some resuscitative mea-
sures addressed in these guidelines to optimize their outcome.
Additionally, while the focus of resuscitation in adult dogs and
cats currently lies in delivering high-quality chest compressions
along with PPV, support of the newborn in transition focuses
almost entirely on respiratory support in an effort to aerate
the newborn lung. In addition to PPV, chest compressions are
performed in newborns that have very severe bradycardia (i.e.,
HR < 50/min), and atropine is not recommended for such cases.
These differences in treatment recommendations underscore the
dissimilarity between newborn and adult physiology and, thus,
the cause of instability: hypoxemia is nearly always the culprit in
newborn distress, and thus, respiratory support is nearly always
the answer.

Scarce evidence was available in newborn puppies and none
in newborn kittens, and therefore, most of the evidence we
used to develop these guidelines was highly indirect in species
and setting. Much information was gleaned from studies out of
human delivery rooms and from experimental studies in near-
term fetal lambs and other species. While modern veterinary
medicine provides many advantages for animal health, our
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hospitals generally lack the material and personnel resources of
human delivery rooms and bear little resemblance to the tightly
controlled laboratory environments in which near-term lamb
fetuses are studied. Therefore, the recommendations contained
herein are the best we could develop with the evidence available
in combination with the expert opinions of a group of small
animal theriogenologists, a group of small animal emergency
and critical care specialists, and the international veterinary
community. There are many knowledge gaps. We have outlined
many of these knowledge gaps in the accompanying paper [19]
and hope research will address these knowledge gaps so that
future iterations of these guidelines will be built on species- and
setting-specific evidence.

While these RECOVER Newborn Resuscitation Guidelines are a
first attempt at consensus guidelines for resuscitation of newborn
puppies and kittens, we anticipate that the recommendations and
algorithm contained here will enable practitioners to address C-
section and dystocia deliveries in a systematic way to enhance
patient outcomes. We urge practitioners to prebrief the algorithm
and dosage chart prior to deliveries and then to follow the
recommendations. The RECOVER Initiative welcomes input
regarding outcomes and future directions of inquiry, and we
encourage clinical researchers in the small animal theriogenology
and emergency spaces to perform clinical studies to address
critical knowledge gaps regarding newborn resuscitation.
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