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ABSTRACT

Objective: To systematically review the evidence on, to devise clinical recommendations for, and to identify critical knowledge
gaps in resuscitation of newborn puppies and kittens.

Design: Standardized, systematic evaluation of literature pertinent to newborn resuscitation following Grading of Recommen-
dations, Assessment, Development, and Evaluation (GRADE) methodology. Prioritized questions were reviewed by Evidence
Evaluators, and findings were reconciled by Domain Chairs and Reassessment Campaign on Veterinary Resuscitation (RECOVER)
Co-Chairs to arrive at treatment recommendations commensurate with the quality of evidence, risk-benefit relationship,
and clinical feasibility. This process was implemented using an evidence profile worksheet for each question that included
an introduction, consensus on science, treatment recommendations, justification for these recommendations, and important
knowledge gaps. Treatment recommendations underwent a modified Delphi consensus process and were then distributed to
veterinary professionals for comment for 2 weeks prior to finalization.

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

Abbreviations: CI, confidence interval; CPA, cardiopulmonary arrest; CRI, constant rate infusion; EE, Evidence Evaluator; ET, endotracheal; ETS, endotracheal suctioning; GRADE, Grading of
Recommendations, Assessment, Development, and Evaluation; HIE, hypoxic-ischemic encephalopathy; HR, heart rate; ILCOR, International Liaison Committee on Resuscitation; IO, intraosseous;
ONPS, oronasopharyngeal suctioning; OR, odds ratio; PEEP, positive end-expiratory pressure; PICO, Population-Intervention-Comparator-Outcome; PIP, peak inspiratory pressure; PPV, positive
pressure ventilation; ROSC, return of spontaneous circulation; SI, sustained inflation.
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Results: Twenty-eight questions pertaining to temperature management, respiratory and metabolic support, and CPR were
addressed. Of the 59 treatment recommendations formulated, 21 concerned medications, 20 addressed respiratory measures, 20
provided guidance on CPR, and 3 related to temperature management. Taken together, the recommendations emphasize the
importance of early administration of bag-mask ventilation in nonvigorous, severely bradycardic newborn puppies and kittens.

Most recommendations are either expert opinion (n = 28) or based on very low quality of evidence (n = 26).

Conclusions: Significant uncertainty remains regarding most resuscitative interventions in newborn puppies and kittens at birth.

However, through a comprehensive evaluation of the evidence and a consensus process that included considerations of feasibility,

the resulting treatment recommendations lay the foundation for clear, actionable guidance in small animal newborn resuscitation.

In addition, a list of prioritized knowledge gaps was identified to guide collaborative clinical research to overcome the significant

lack of veterinary scientific data at present.

1 | Introduction

Birth is a tremendous physiologic challenge [1]. The newborn
puppy or Kkitten must expeditiously transition its respiratory
and circulatory system to adjust to the outside world. Within
minutes, it must aerate its lungs to switch gas exchange from the
placenta to the lungs and completely separate pulmonary from
systemic circulation [1-3]. Accordingly, the perinatal period is
associated with high mortality. In canine Cesarean sections (C-
sections) encompassing both elective and emergency surgeries,
for example, more than 10% of puppies did not survive the
first 2 h of life [4]. Even without C-sections, the mortality in
newborn puppies was 5% and 8% in the first 24 h and the first
week after birth, respectively [5, 6]. More than 8% of kittens
were reported to be stillborn [7]. Providing evidence-based and
consensus-agreed recommendations regarding the provision of
resuscitative measures to newborn puppies and kittens at birth
therefore addresses a real clinical problem and has great impact
potential.

In newborn infants, evidence-based treatment recommendations
are well established and have been used to create regional clinical
newborn resuscitation guidelines and programs for many years
[8-10]. In veterinary medicine, evidence- and consensus-based
guidelines have been published for CPR in adult dogs and cats,
but not for newborns [11, 12]. While multiple peer-reviewed
articles have been published to instruct veterinary professionals
on how to support newborn puppies and kittens at birth, they
are based on the perspectives of individual experts in the field
[13-16]. We herein endeavor to generate evidence- and consensus-
based treatment recommendations for resuscitation of newborn
puppies and kittens to allow for a concise and actionable set of
instructions for veterinary professionals. We do so by following
the same methodology as applied during the RECOVER 2024
guidelines process for adult animals [17].

2 | Terminology and Scope of Newborn
Resuscitation

Terminology of the life stages of immature animals is not uni-
formly used, especially as it applies to animals at birth. Often, the
terms newborn and neonatal are used interchangeably. For clarity,
we use the term newborn for a puppy or kitten during the first few
hours of life, primarily including the transition period from intra-

to extrauterine life. Neonatal puppies and Kkittens are defined as
those from birth until an advanced level of independence from
the dam is reached (e.g., independent urination and defecation,
walking, initiation of weaning), which corresponds to an age
of 3-4 weeks, depending on species and breed. While post-
transitional neonates are physiologically still immature [18], their
cardiorespiratory systems are more comparable to adult animals,
as their lungs are aerated and separate pulmonary and systemic
circulatory systems have been established. Thus, if these post-
transitional neonates experience cardiopulmonary arrest (CPA),
resuscitation techniques follow similar principles as in adult dogs
and cats, with the focus on CPR. The primary and immediate
endpoint of CPR is to re-establish spontaneous circulation. In
contrast, newborn resuscitation encompasses a wide range of
interventions that aim to support the newborn through the
transition period, with the primary objective being aeration of the
lungs, control of body temperature, and metabolic stability [1].

Most newborn puppies and kittens will need no intervention and
will be cared for by their dam. However, any newborn puppy or
kitten that appears weak or hypotonic rather than irritable and
vocal, or is apneic or gasping, is considered nonvigorous and in
distress and requires resuscitation. Additionally, all puppies and
kittens born by C-section require support at birth. By definition,
we consider all supportive measures provided to a newborn
puppy or kitten as resuscitative measures. Resuscitative interven-
tions are applied in a measured fashion to meet the perceived
needs of the newborn. Thus, resuscitation in the newborn puppy
or kitten may consist of as little as removing fetal membranes and
applying tactile stimulation (i.e., drying, rubbing), or might also
include application of positive pressure ventilation (PPV) or, less
commonly, might be escalated to include chest compressions (i.e.,
CPR) and administration of epinephrine. Based on the premise
of sequential, escalating resuscitation measures, we aimed to
provide recommendations that fit into a specific clinical context.
This context is reflected in the population description for each
recommendation and can also be visualized in a newborn resus-
citation algorithm provided in an instructional companion article
[19]. It is of utmost importance to understand each treatment
recommendation in its context for effective clinical applicability.
For example, initiation of PPV with pure oxygen (i.e., FiO, 1.0)
carries the risk of increased mortality in newborn infants [20-23],
but if 1-2 min of room air PPV fails to produce a response (e.g., an
increase in heart rate [HR]), taking this potential risk is justified,
and we recommend adding supplemental oxygen at that time (see
NB-03).
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3 | Methods

We developed these newborn resuscitation treatment recom-
mendations following a similar process as previously published
for the 2024 RECOVER CPR Guidelines (Figure 1) [17]. In
short, these treatment recommendations were generated using
a modified GRADE (Grading of Recommendations, Assessment,
Development, and Evaluation) process for guideline generation
in health care and were then further refined by a predetermined
consensus process [24]. The project was initiated in 2018 and
completed in 2025. A concise summary of the iterative evidence
evaluation and consensus process is provided below.

3.1 | Defining
Population-Intervention-Comparator-Outcome
(PICO) Questions and Outcomes

The RECOVER Co-Chair overseeing this domain (M.B.)
appointed content experts to serve as chairs for the Newborn
Resuscitation Domain (C.B., A.D., K.F.). Two of these Domain
Chairs, together with the Co-Chair, generated research questions
in the PICO format and identified 4 to 6 clinically important
outcomes for each PICO question. PICO questions were rated
as high priority, moderate priority, or lower priority. Forty PICO
questions were developed for evidence evaluation on newborn
resuscitation, of which 28 were rated as high priority. Due to the
limited number of volunteers available to conduct the evidence
evaluations and to generate treatment recommendations, only
the high-priority questions were addressed.

For each PICO question, Domain Chairs ranked the outcomes
according to their clinical importance, so that treatment recom-
mendations could be weighed based on the evidence pertaining
to the highest priority outcomes for which clinically relevant
evidence was available. The most commonly included outcomes
were favorable neurologic outcome, survival to hospital dis-
charge, hospital length of stay, respiration (i.e., oxygenation,
ventilation), and histopathologic damage, usually in this order of
priority. Additional outcomes were investigated depending on the
PICO question.

3.2 | Literature Search and Screening

Specialist librarians (Information Specialists) worked with
RECOVER Co-Chairs to develop the search strategy for the
project?. Search strings were developed using an iterative process
among Information Specialists and Domain Chairs to optimize
the number and type of articles returned in the searches. Peer
review of search strategies occurred using modified Peer Review
of Electronic Search Strategy Guidelines and informal meetings
[25]. Databases interrogated included PubMed, CAB Direct,
and Scopus, and date coverage included the years 1966-2020.
Articles that were non-English, letters to the editors, and other
nonanalytical publications were excluded at the level of search
strategies.

For each PICO question, 2 Evidence Evaluators (EEs) (e.g., spe-
cialist veterinarians, general veterinarians in emergency or spe-
cialty practice, or veterinary technician specialists in emergency

BOX 1: Major controversies

* Heart rate measurement methodologies
* GV 26 (Renzhong) acupoint stimulation
* Efficacy of positive pressure ventilation by face mask

* Feasibility and harm of endotracheal intubation by skilled
providers

* Preferred routes of drug administration

* Epidemiology of newborn resuscitation

and critical care) independently reviewed titles and abstracts of
initially identified articles to eliminate irrelevant publications
and to arrive at potentially relevant primary literature for further
review. Reviews, meta-analyses, case reports and case series,
and non-peer-reviewed publications (e.g., proceedings) were
excluded either during this title and abstract screening process
or later at the full-text review stage. Domain Chairs resolved any
conflicts between EEs. Full texts of these potentially relevant pub-
lications were then reviewed for each PICO by the same EEs; first,
they established the relevance of each publication for the PICO
question, and if confirmed, they extracted relevant information
from these publications for each predefined outcome.

3.3 | Evidence Evaluation and Treatment
Recommendations

EEs used a purpose-developed, web-based evaluation platform to
proceed through a predetermined, standardized set of questions
to evaluate key aspects of evidence quality (e.g., risk of bias,
indirectness of population, intervention, and outcomes). Based
on EE responses, the evaluation platform generated an Evidence
Summary Table for each outcome for every PICO question.
EEs also provided succinct overview evidence summaries for
their PICO question. From this output, the Domain Chairs or
RECOVER Co-Chairs (M.B., 1.B., D.F.) drafted Evidence Profile
Worksheets for each PICO question. Prior to completing the
Worksheets, Co-Chairs executed a bridge search on key pub-
lications from the original literature search to identify new or
missed relevant research, as the literature searches were 3-5 years
old at that time. If additional publications were identified, Co-
Chairs conducted an evidence quality evaluation in the Evidence
Summary Table for these articles and included these findings
in the Evidence Profile Worksheet. These worksheets included
a structured summary (introduction, consensus on science,
treatment recommendation(s), justifications for the treatment
recommendations, and knowledge gaps for future study) and
additional notes made during the evaluation of individual studies.
The Evidence Profile Worksheets were then collectively reviewed
and edited by the Co-Chairs. In accordance with the GRADE
system, each treatment recommendation is written either as
a recommendation where the RECOVER group found stronger
evidence (or perceived risk/benefit relationship, where evidence
was poor or not available) or as a suggestion where the RECOVER
group found weaker evidence (or perception of risk/benefit
relationship, where evidence was not available) for or against
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FIGURE 1 | Evidence evaluation process overview for the RECOVER Newborn Resuscitation Guidelines. GRADE, Grading of Recommendations
Assessment, Development and Evaluation; PICO, Population-Intervention-Comparator-Outcome; RECOVER, Reassessment Campaign on Veterinary

Resuscitation; RIS, Research Information System.

the intervention. From the 28 PICO questions, the Co-Chairs
proposed a total of 56 treatment recommendations.

3.4 | Consensus Process

The draft treatment recommendations underwent a modified
Delphi process to reach consensus among anonymously voting
subject matter experts in the field of small animal theriogenology
and reproduction (A.D., C.L., G.B., M.V,, S.G.), Domain Chairs
(C.B.,, K.F.), and Co-Chairs (D.F., J.B., M.B.) [26]. For this
purpose, an electronic survey for each PICO was sent to all
consensus group members to accept or reject a draft treatment
recommendation, including a request to raise specific concerns
and propose alternative wording. Consensus was a priori defined
as at least 80% of respondents agreeing with a recommendation.
If that level of agreement was not reached in one round of
consensus evaluation, or other substantive concerns were raised,
RECOVER Co-Chairs (J.B., M.B.) reworded the recommendation
based on feedback, and the process was repeated. If consensus
could not be achieved after two rounds of adjusting treatment
recommendations, these recommendations were discussed in a
third round of consensus finding in a virtual meeting. Of the
56 initial treatment recommendations, consensus was reached
for 43 recommendations after the first round, while three more
recommendations were added based on reviewer feedback. After
the second consensus round, 5 questions (NB-07, NB-08, NB-
19, NB-21, and NB-26) remained without consensus and were
discussed in a virtual meeting. We were unable to reach consensus
for one question (NB-08 on governing vessel [GV] 26 acupoint

stimulation) and did not make a recommendation for or against
the intervention.

The treatment recommendations and links to the Evidence Pro-
file Worksheets were then uploaded to a commenting platform
(NowComment®) for stakeholder community feedback over a
period of 2 weeks. Links to NowComment were sent directly
to EEs and posted on listservs for relevant specialty and other
professional organizations, including theriogenology and small
animal reproduction medicine organizations globally. Following
this period, comments were considered by the Co-Chairs and
Domain Chairs, and relevant treatment recommendations were
refined to create a finalized set of treatment recommendations
for newborn resuscitation in puppies and kittens, which appear
in this publication. The structured summary for each newborn
resuscitation PICO question appears below, and the additional
study evaluation notes appear in the full Evidence Profile
Worksheets (Open Science Framework?).

4 | Resuscitative Measures in the First Minute
After Birth

Most newborn puppies and kittens born naturally are expected
to not require any resuscitative measures at birth. If born by
normal parturition (e.g., vaginal eutocia) with the dam able to
provide immediate postpartum care, and if vigorous, breathing,
and vocalizing immediately after birth, then no resuscitation is
required, and the newborn should be left with the mother and
simply be monitored.
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All puppies and kittens born by C-section and many born
by vaginal dystocia will require support at birth. Immediately
after birth, the first resuscitation measures include clearing the
newborn’s airway, drying, and tactile stimulation, which are
often accomplished in the same action, and active measures
to promote normothermia; these interventions typically occur
simultaneously. Once accomplished, assessment of HR and res-
piratory function should occur as soon as possible so as to initiate
respective measures in support of respiratory transition during
the first minute after birth, if required. The following are PICO
questions, evidence summaries, treatment recommendations and
their justifications, as well as knowledge gaps pertaining to
steps we recommend be executed as soon as possible after
birth. Specifically, actions we considered to be taken in the first
minute after birth concern tactile stimulation (NB-15), methods
of airway clearance (NB-09 and NB-10), temperature control
(NB-11), methods for HR determination (NB-04), initiation of
respiratory support including PPV (NB-01 and NB-06), adminis-
tration of reversal drugs (NB-20), and the use of atropine to treat
bradycardia (NB-23).

4.1 | Tactile Stimulation at Birth—NB-15

In newborn dogs and cats that require resuscitation (P), how does
the use of no external physical stimulation (I), compared with
tactile stimulation (e.g., rubbing) (C), improve outcome (O)?

4.1.1 | Introduction

Human newborn resuscitation guidelines suggest stimulating
newborn infants immediately after birth if they are apneic/not
crying or are hypotonic [8, 27]. Expert consensus found in the
human literature estimates that approximately 10% of newborns
will require and respond to drying and stimulation to help
initiate breathing and assist in the transition from intrauterine to
extrauterine life [8, 28]. However, despite universal recommenda-
tions, almost no information is available on the efficacy of these
stimulation methods in any species, including newborn puppies
and kittens.

4.1.2 | Consensus on Science

For the critical outcomes of survival to discharge and favorable
neurologic outcome, as well as the important outcome of surrogate
markers of perfusion, we identified no studies addressing the
question.

For the important outcome of oxygenation, we identified 1
observational study in people (very low quality of evidence,
downgraded for very serious risk of bias and serious indirectness)
[29] and 2 experimental studies (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness and
imprecision) that addressed the question [30, 31]. In the obser-
vational study, preterm newborn infants displayed a significant
increase in SpO, after tactile stimulation compared to before
(from a median of 61.9%-70.7%, p < 0.001), but this was not
observed in term newborns [29]. This study lacked a control group
without tactile stimulation, such that the effect of the intervention

itself cannot be assessed. In 1 experimental lamb study, scratching
and rubbing the skin of the lower leg of mature fetal lambs
in utero induced sustained spontaneous regular breathing [30].
After the sciatic nerve was cut in these lambs, there was no
breathing response to electrical stimulation, scratching, rubbing,
or vibration of the skin, demonstrating the apparent role of the
peripheral somatic nerve in the afferent pathway of this respira-
tory reflex. This did not, however, affect oxygenation, as PaO, and
other parameters remained constant. In one experimental study
in rats, maternal rats were observed to hold the head of newborns,
clean their nares/mouth, and provide additional assistance or
stimulation as needed in the form of licking, biting, pushing,
or rolling [31]. Rat pups removed from the mother to prevent
cleaning/stimulation developed respiratory distress and cyanosis,
though oxygenation was not further assessed.

For the important outcomes of PaCO, and hospital length of stay,
we identified no studies addressing the question.

4.1.3 | Treatment Recommendations

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 (strong recommendation, very low quality of
evidence).

4.1.4 | Justification of Treatment Recommendation

While the characteristics and effectiveness of newborn tactile
stimulation are rarely described in human or animal literature,
it remains one of the most common interventions provided to
newborns. Evidence examining the question is scarce and of
very low quality, and virtually absent for newborn puppies and
kittens, but the preponderance suggests benefit. One additional
observational study that was not captured in the original search,
likely as it concerned preterm infants and did not address one of
the predetermined outcomes, included 245 newborn infants and
showed that tactile stimulation significantly reduced the risk for
intubation (RR 0.41, 95% confidence interval [CI] 0.20-0.85) [32].
This intervention is of high feasibility and low risk as long as it
is executed in a gentle, nontraumatic manner and does not delay
the institution of other life-saving interventions (e.g., PPV). Thus,
we recommend its routine use immediately after birth.

4.1.5 | Knowledge Gaps

There is no information on the optimal methods and timing of
physical stimulation in newborn puppies or kittens, nor on the
efficacy of providing such stimulation in these animals.

4.2 | Clear Airway Secretions by
Suctioning—NB-09

In newborn dogs and cats that require resuscitation at birth
(P), how does clearance of the upper airway by suctioning (1),
compared with no clearance (C), improve outcome (O)?
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4.2.1 | Introduction

Aeration of airways and lungs is a central event in the transition
from intrauterine to extrauterine life. Historically, in people,
oronasopharyngeal suctioning (ONPS) was used to help remove
oral and nasal secretions of vigorous newborn infants born
through clear amniotic fluid. In addition, endotracheal suction-
ing (ETS) was recommended in nonvigorous newborn infants
born through meconium-stained amniotic fluid [33, 34]. Based on
an evolving body of evidence, newborn resuscitation guidelinesin
people now de-emphasize routine ONPS and recommend against
routine ETS but have shifted toward early support of ventilation
with PPV [8, 35]. Of note, ETS in newborn infants necessitates
endotracheal (ET) intubation. Like infants at birth, newborn
puppies and kittens may have either clear or meconium-stained
secretions of variable quantity in the upper airways, particularly
the nasal passages and oropharynx. Veterinarians have employed
a variety of techniques, including the use of bulb syringes or
suction catheters, to remove upper airway secretions [16]. This
question addresses whether there is a need for routine ONPS or
ETS in newborn puppies and kittens.

4.2.2 | Consensus on Science

For the most critical outcome of favorable neurologic outcome, we
identified 1 clinical trial in newborn infants (very low quality of
evidence, downgraded for very serious risk of bias and serious
indirectness) [36]. In this study, which included 122 nonvigorous,
term newborns born through meconium-stained fluid, ETS did
not impact neurodevelopmental outcome at 9 months among
the 86 infants still alive at that time. No studies examining this
outcome after ONPS were identified.

For the next critical outcome of survival to discharge, 4r clinical
trials (low quality of evidence, downgraded for serious risk of
bias and serious indirectness) and 1 observational study (very
low quality of evidence, downgraded for very serious risk of bias,
serious indirectness, and imprecision), all in a human healthcare
setting, were identified [36-40]. Only one study evaluated ONPS
without ETS, a multicenter randomized controlled trial (RCT)
including 2514 term newborns, born by vaginal birth or C-
section and through meconium-stained amniotic fluid [40]. Nine
newborns in the ONPS group and 4 in the control group died
(RR 0.8; 95% CI 0.1-1.5). All other studies concerned ETS. The
clinical trials demonstrated no significant survival benefit of
ETS in nonvigorous newborns born through meconium-stained
amniotic fluid [36-38]. Chettri and colleagues reported in their
study (n = 61 per study arm) a 16% mortality rate at 9 months
in the ETS group versus 20% mortality in the control group
(p = 0.82) [36]. Nangia et al. randomized 88 newborns to no
suctioning and 88 to ETS, with the mortality being 4.6% and
10.3%, respectively (odds ratio [OR], 0.4;95% CI 0.12-1.4; p = 0.14)
[37]. Likewise, Kumar et al. found a similar risk of death in
newborns treated with ETS versus those not treated (RR, 1.8;
95% CI 0.6-3.4), with mortalities of 13.6% and 7.5%, respectively
[38]. In contrast, 1 small (n = 125), single-center, retrospective
observational study published in 1975 showed an association
between immediate tracheal suction in infants born through

meconium-stained amniotic fluid and a reduction in morbidity
and mortality [39]. Seven of 28 newborns that did not receive ETS
died, while only 1 of 97 newborns receiving ETS died (p < 0.001).

For the important outcome of complications, we found 4 clinical
trials, 1 of which was in newborn puppies (low quality of evidence,
downgraded for serious risk of bias, serious indirectness, and
imprecision), 1 observational study in people (very low quality
of evidence, downgraded for very serious risk of bias, serious
indirectness, and imprecision), and 1 experimental study in lambs
(very low quality of evidence, downgraded for very serious risk of
bias, serious indirectness, and imprecision), addressing the PICO
question [36-38, 41-43]. Most studies reporting this outcome con-
cerned the intervention of ETS. Three clinical trials in newborn
infants documented no difference in complication rate in infants
born through meconium-stained amniotic fluid regardless of
whether ETS was applied or not [36-38]. In an experimental lamb
study, Lakshminrusimha et al. evaluated the effects of ETS at birth
in asphyxiated newborn lambs with meconium aspiration [42].
Lambs that underwent ETS (n = 15) did receive PPV significantly
later (146 = 11 s) compared to animals not undergoing ETS (n = 14;
47 + 3, p < 0.001) and experienced lower HRs during suctioning,
with 3 animals proceeding to CPA. We identified 2 studies that
reported complications with nasal suctioning or ONPS. Goericke-
Pesch et al. evaluated puppies delivered by C-section, randomly
allocated to suction of the nostril by either a 1-mL syringe with
suction tip (n = 78) or a suction bulb (n = 93) [41]. A small
percentage (6.5%) of animals in which the syringe was used, but
none in the suction bulb group, showed minor bleeding from the
nostrils. A single observational study including term newborn
infants born by C-section through clear amniotic fluid did not
identify a higher incidence of bradycardia or apnea associated
with ONPS (n = 36) when compared to a control group with no
such suctioning (n = 36) [43].

For the important outcome of increase in HR, we identified 5
clinical trials in newborn infants that all concerned ONPS (low
quality of evidence, downgraded for serious risk of bias and
serious indirectness) [44-48]. Waltman et al. examined in a small
RCT pilot study (n = 10 per treatment arm) the effects of bulb
suctioning in healthy term newborn infants. While a statistically
significantly higher HR emerged in newborns without ONPS
during the first 20 min after birth (difference, 11 + 5/min,
p=0.042), the HR measurements in both groups remained within
normal range [44]. In contrast, Gungor et al. found that in healthy,
term newborn infants born through clear amniotic fluid (n = 70
per treatment arm), ONPS led to a significantly higher HR from
the third minute after birth onward (131.7 + 4.4/min) compared
to those without ONPS (127.3 + 6.8/min, p < 0.001), although
this difference is of uncertain clinical significance [46]. In a
follow-up study by the same authors but now including healthy
newborns born by elective C-section, ONPS led to a similarly
small but statistically significant increase in HR early after birth
[45]. Bancalari et al. conducted an RCT including 84 vigorous
term newborns delivered by C-section (n = 42 per treatment arm)
and found a small difference in HR after the first minute after
birth in newborns receiving ONPS (148 + 13/min) versus those
that did not (137 + 25/min, p = 0.02) [47]. In a further RCT
including 170 term newborns delivered through clear amniotic
fluid, ONPS had no effect on HR [48].

S8 of S59

Journal of Veterinary Emergency and Critical Care, 2025

95U8017 SUOWILWIOD SAIE81D) 3l dde 8y} Aq pauienoB a1e S391Le YO ‘8SN JO'S3|NJ J0) Akelq 1 8UlUO AS|IA LO (SUONIPUOD-PUE-SWLIS)L0D AS 1M ARRIq 1 )BUIUO//:SANY) SUO IPUOD PUe SIS | 84} 89S *[GZ02/0T/¥0] Uo AriqiauliuO AS|IM ‘ZTO0L 99ATTTT OT/I0p/Wod A3 | Alelq Ul juoy/:Sciy Wod pepeojumod ‘TS ‘G202 ‘TEVYI.LYT



For the important outcome of hospital length of stay, we identified
3 clinical trials in newborn infants (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness,
and imprecision) [36-38]. These studies, all evaluating the effects
of ETS, documented no statistically significant differences in
hospital length of stay in infants born through meconium-stained
amniotic fluid who underwent suctioning compared to those that
did not. No studies were identified that evaluated this outcome for
ONPS.

4.2.3 | Treatment Recommendations

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 (weak
recommendation, expert opinion).

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 (weak recommendation, expert opinion).

For newborn puppies and kittens that are nonvigorous with
excessive oropharyngeal fluid (clear or meconium-stained), we
suggest against the routine use of ETS (weak recommendation,
very low quality of evidence).

4.2.4 | Justification of Treatment Recommendation

We made the above recommendation on airway suctioning in
newborn dogs and cats based on very low quality of evidence and
expert opinion, keeping feasibility in mind. There is no doubt that
the establishment of a patent airway is a key objective early after
birth, as it is essential for aeration of the lungs.

Freeing the newborn puppy or kitten from fetal membranes is
the first step if the dam is not able to accomplish this; this step
is so obviously benefitial that, to our knowledge, no research has
been performed in any species to study the efficacy of this action.
Next, the question arises for the rescuer team on whether it is
advisable to routinely remove airway fluid by ONPS, ETS, or both,
and how the quantity of amniotic fluid, its quality (i.e., clear or
meconium stained), and the newborn’s strength (i.e., vigorous
versus nonvigorous) influence decision-making. We considered
these factors when making treatment recommendations.

Fluid in the upper airways is typically cleared naturally and
rapidly in vigorous, vocalizing newborns [49]. For this reason,
no active suction of the nasopharynx or oropharynx is required
in most vigorous newborns, regardless of whether the kitten or
puppy is born through clear or meconium-stained amniotic fluid.
Standard care in this scenario includes drying and stimulation,
as well as removing fluid around the nostrils and mouth with a
clean, dry cloth.

We could not identify any evidence in dogs and cats, however,
that addresses the topic of airway clearance in newborns, and the
recommendations are solely based on expert opinion and studies

conducted in a human healthcare setting. The preponderance of
studies in term, healthy newborn infants, whether born vaginally
or by C-section, did not identify any benefit of ONPS concerning
the outcomes we examined [44-48, 50, 51]. In addition, we found
relevant evidence addressing outcomes other than the ones we
initially defined. An RCT examining respiratory mechanics as pri-
mary outcome in human, healthy, term newborns with or without
ONPS (n = 20 per study arm) showed no significant benefit (or
harm) of suctioning [51]. However, studies that evaluated the
time until SaO, exceeded 92% in vigorous term newborn babies
born vaginally or by C-section identified that ONPS delayed the
increase in oxygenation [45, 46, 50]. In 2 studies by Gungor et al.
that included 280 infants, all newborns reached an SaO, of 92%
by 6 min after birth with standard care (i.e., stimulation, drying),
but none of the newborns in the ONPS groups reached the target
within that time frame [45, 46]. A large RCT including more
than 2000 newborn infants born through meconium-stained
amniotic fluid did not show a higher risk of death or meconium
aspiration syndrome if no ONPS was performed at birth [40].
Taken together, there is no evidence that routine suctioning
in vigorous newborns born through clear or meconium-stained
amniotic fluid is beneficial; however, it might interfere with
aeration of lungs. Our recommendation is in line with that of the
International Liaison Committee on Resuscitation (ILCOR) that
recommends against routine ONPS for vigorous newborn infants
with clear or meconium-stained amniotic fluid [8]. We suggest
the use of a dry, clean cloth to wipe excessive fluid off the surface
of the slightly lowered newborn’s face, nostrils, and muzzle, as
this will minimally interfere with spontaneous breathing and
with aeration of the airways and lungs in these vigorous newborn
puppies and kittens. Wiping was a common component of the
control group interventions in the studies listed above, alongside
stimulation, drying, and warming. In addition, the equivalence
of wiping to ONPS is supported by 1 study in people, including
488 vigorous or nonvigorous newborns born by vaginal birth or
C-section through clear amniotic fluid [52].

In nonvigorous newborns that are apneic, abnormally breathing,
or bradycardic, the focus is on early institution of PPV [8].
The use of ONPS alone in these nonvigorous newborns has
not been well studied in people or in veterinary species, with
clinical research in people and experimental research focused on
the utility of removing airway obstruction by a combination of
ONPS and ETS. In the absence of any evidence supporting the
benefit of routine use of ONPS alone in nonvigorous newborn
animals, the primary concern of this intervention is the associated
delay in PPV. However, we also acknowledge that PPV through
a large amount of oropharyngeal fluid, especially if thick and
meconium stained, might compromise its efficacy. We therefore
suggest a gentle, single, short ONPS intervention in nonvigorous
newborns in which excessive upper airway fluid is present,
followed immediately by PPV. The ONPS can be accomplished
with a bulb syringe, a DeLee aspirator, or other aspiration device
in a way that avoids pharyngeal and laryngeal injury or exposure
to excessive negative airway pressure.

The ILCOR treatment recommendations do not recommend
routine ETS for nonvigorous newborns delivered through
meconium-stained amniotic fluid, although this might be
required in those newborns in which PPV is deemed not effective
due to airway obstruction [8]. The lack of any benefit from ETS in
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nonvigorous newborn infants is supported by a number of RCTs
and by an experimental study in newborn lambs [36-38, 42, 53].
Direct comparison to newborn puppies and kittens is challenged
by the indirectness resulting from their small airway caliber
at birth and the differences in practice settings and resources
available. In particular, ET intubation—the foundation for effec-
tive, safe ETS in people—is challenging in newborn puppies and
kittens, and suctioning through a very small endotracheal tube
(ETT) appears unfeasible at present. To our knowledge, ETS by
direct insertion of a suction catheter into the trachea has not been
studied and could lead to significant airway injury and swelling,
as well as derecruitment of previously aerated lung. In the
absence of convincing benefits of ETS in humans and considering
the significant practical challenges and potential harm of ETS
in newborn puppies and kittens, we advise against its routine
use. However, if an airway obstruction is suspected after PPV is
initiated, ET intubation and ETS could be considered if feasible.

4.2.5 | Knowledge Gaps

Currently, there is a critical lack of data in veterinary patients,
specifically newborn puppies and kittens, regarding the use
of airway clearance methodologies in vigorous or nonvigorous
animals, as well as those born through clear or meconium-stained
amniotic fluid. Studies that show the effect of ONPS in these
populations on short- and long-term survival, the duration of
PPV until breathing, and the time until HR normalizes would be
important.

4.3 | Clear Airway Secretions by Methods Other
than Suctioning—NB-10

In newborn dogs and cats that require resuscitation at birth (P),
does clearance of the upper airway by any other method (I),
compared with airway clearance with suctioning (C), improve
outcome (O)?

4.3.1 | Introduction

Newborn kittens and puppies are born with fluid in the upper
airways, particularly in the nasal passages and the oropharynx.
Part of the fluid originates from the lungs, which contain a
large amount of fluid in utero that is then expelled during
the natural birthing process and appears in the upper airways
[49]. Additional upper airway fluid might constitute aspirated
clear or meconium-stained amniotic fluid. The primary methods
to remove fluid from the upper airway are ONPS and ETS
(see NB-09), although routine removal of fluid by suctioning
is generally not recommended, unless fluid is excessive. This
question enquires about the utility of airway clearance modalities
other than suctioning, such as gravity-based procedures.

4.3.2 | Consensus on Science
We did not locate any evidence to address the outcomes of

favorable neurologic outcome, survival to discharge, oxygenation,
PaCO?, increase in HR, and hospital length of stay.

4.3.3 | Treatment Recommendations

We suggest against interventions other than suctioning to clear
excessive upper airway fluid in newborn puppies and kittens
(weak recommendation, expert opinion).

We recommend against the removal of upper airway fluid in new-
born puppies and kittens by swinging (strong recommendation,
expert opinion).

4.3.4 | Justification of Treatment Recommendation

When asking this question, we tried to identify and judge the ben-
efits and risks of any methods for the clearance of upper airway
fluids in newborn dogs and cats other than airway suctioning.
Vigorous newborn puppies or kittens will not require any routine
clearance of airway fluid by suctioning, and removal of external
fluid with a clean, dry cloth (i.e., wiping) is sufficient (see NB-
09). The equivalence of wiping to ONPS in term vigorous or
nonvigorous newborns born through clear amniotic fluid is sup-
ported by an RCT in people including 488 newborn infants [52].
An alternative to ONPS would be most relevant in nonvigorous
newborns with excessive upper airway fluid (clear or meconium-
stained) and in those in which an airway obstruction is present,
as these constitute circumstances for which we suggest upper
airway suctioning (see NB-09). For these circumstances, however,
we did not identify any studies that investigated alternatives
to ONPS. Historically, exposing the newborn to acceleration
and deceleration in a head-down position (i.e., swinging) for
airway fluid removal has been recommended in human medicine
more than 100 years ago and has been practiced in veterinary
medicine [14, 54]. Specifically, a resuscitative strategy in newborn
infants that incorporated swinging (i.e., the Schultze method)
was recommended in the late 19th century in human neonatal
resuscitation for airway clearing and as a mode of artificial
ventilation but was abandoned in the 1920s [54]. We strongly
recommend against the utilization of swinging due to the primary
concern of intracranial hemorrhage, the risk for trauma, the
possibility of stomach contents to enter the airway, as well as the
significant delay in more effective resuscitative measures such
as PPV. The only publication pertaining to the topic is a case
report by Grundy et al. in which swinging of a puppy at birth
was deemed responsible for subarachnoid bleeding that clinically
manifested as seizures [55].

An additional recommendation in the veterinary literature is to
lower the head below the body to allow for passive draining
of upper airway fluid [16]. This recommendation was based on
expert opinion by the authors, and we were unable to find
any research pertaining to this practice. We suggest against
prioritizing this practice for the clearance of airways in newborn
puppies and kittens with excessive fluid or airway obstruction
due to the lack of evidence of its efficacy and the potential for
delaying PPV in this cohort. If used in conjunction with other
airway clearance methods (i.e., suctioning), it should not delay
initiation of PPV.

4.3.5 | Knowledge Gaps

There is no prioritized need for research into alternatives to
airway suctioning.
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4.4 | Temperature Control at Birth—NB-11

In newborn dogs and cats that require resuscitation at birth (P),
how does no temperature control (I), compared with mainte-
nance of normothermia (35°C-37.2°C [95°F-99°F]) (C), improve
outcome (O)?

4.4.1 | Introduction

Newborn infants, as well as puppies and kittens, are highly
susceptible to hypothermia shortly after birth [56, 57]. Compared
to adult dogs and cats, newborns have a greater surface area-
to-volume ratio and have high evaporative losses from the skin,
predisposing them to excessive heat loss [18]. In addition, they
have a limited ability compared to adults to regulate their
body temperature due to an inability to shiver and have a very
limited capacity for metabolic thermogenesis [18, 58]. A strong
association between hypothermia and morbidity and mortality
was established in newborn infants, and guidelines recommend
taking specific measures to maintain normothermia, though
these recommendations have been based on low to moderate
quality of evidence and were predominantly generated from
studies in preterm infants [8, 9, 59, 60]. We herein examine the
question of whether active measures to maintain normothermia
should be undertaken in newborn puppies and kittens requiring
resuscitation.

4.4.2 | Consensus on Science

Many relevant articles were not captured by the literature search
strategy conducted for this PICO question. The published lit-
erature in people that pertains to this question has undergone
an extensive systematic review and has been summarized in
the treatment recommendations by ILCOR. For this reason, we
adopted the findings of ILCOR’s GRADE evaluation of the human
data from the most recent systematic review (2015) and adjusted
the quality of evidence by downgrading one step for further
indirectness due to population differences [59]. The ILCOR
treatment recommendations for management of hypothermia
at birth remained unchanged in 2020 as the conclusions from
additional studies identified in a scoping review were aligned
with the 2015 findings [8].

For the critical outcome of favorable neurologic outcome, we
identified no studies addressing the question.

For the next critical outcome of survival to discharge, the ILCOR
systematic review identified 4 clinical trials that were relevant to
the outcome (adjusted very low quality of evidence, downgraded
for very serious indirectness and serious imprecision) [59, 61-
64]. One of these trials that evaluated the effect of temperature
control measures versus no such measures found improved
survival when newborn infants were warmed [61], while 3 trials
showed no effect on this outcome [62-64]. The ILCOR treat-
ment recommendations quoted 36 observational studies relating
hypothermia to mortality in newborn infants, and we further
identified 1 observational study in newborn puppies (adjusted
moderate quality of evidence, downgraded for serious indirect-

ness, upgraded for effect size and dose—effect relationship) [59,
65]. In newborn infants, hypothermia was generally defined as
a temperature of <36°C. Taken together, the studies in people
indicated that hypothermia at admission to neonatal intensive
care units (NICUs) is associated with an increased risk of mor-
tality. Two of the observational studies suggest a dose-response
effect on mortality [66, 67]. Laptook et al. evaluated 5277 very-low-
birth-weight infants and found that 47% had a body temperature
<36°C on admission to NICU; temperature was inversely related
to mortality, with a 28% increase in mortality per 1°C decrease
in body temperature [66]. Mullany et al. evaluated 23,240 infants
in Nepal and found that adjusted risk for mortality increased
80% (95% CI, 63%-100%) per 1°C decrease in body temperature
and that mortality was strongly associated with temperatures
<35°C (95°F) [67]. In an observational study of newborn puppies
(n = 340), median rectal temperature in the first 8 h after birth
was 33.5°C (IQR, 3.2) and tended to be associated with mortality
(p = 0.058) [65].

For the important outcome of complications of hypothermia,
the ILCOR treatment recommendations specifically addressed
respiratory issues, sepsis, and hypoglycemia [59]. For respiratory
problems, 1 clinical trial including 801 preterm infants found a
reduction in pulmonary hemorrhage if temperature was ame-
liorated by occlusive wrap application immediately after birth
(adjusted very low quality of evidence, downgraded for serious
risk of bias, very serious indirectness, and imprecision) [62].
The ILCOR statement further identified 16 observational studies
in newborn infants that examined the impact of accidental
hypothermia on respiratory outcomes (adjusted very low quality
of evidence, downgraded for serious indirectness) [59]. Most
of these studies, which predominantly include preterm infants,
suggested a positive association between normalization of body
temperature at admission to NICU and respiratory outcomes such
as the need for and the duration of oxygen supplementation or
mechanical ventilation, or the occurrence of respiratory distress
syndrome. Only 2 studies identified no association between tem-
perature and respiratory outcomes [66, 68]. For the complication
of sepsis, three observational studies were identified that are
relevant to this outcome (adjusted very low quality of evidence,
downgraded for serious risk of bias and very serious indirect-
ness) [59]. Two of these studies demonstrated an association
between hypothermia at NICU admission and sepsis, while one
observational study found no association [66, 67, 69].

In animals, we identified no clinical studies that examined
the effect of hypothermia on complications such as respiratory,
cardiovascular, or infectious disease. However, we identified
three experimental animal studies in kittens, piglets, and calves
that addressed the PICO question (very low quality of evidence,
downgraded for serious risk of bias and serious indirectness)
[70-72]. In a study of 12-day-old Kkittens, oxygen consumption,
CO, production, O, saturation, and systemic arterial pressure
during hypoxia did not differ between kittens with and without
temperature control; however, cardiac index and HR were greater,
and systemic vascular resistance was lower during hypoxia in
kittens with temperature control compared to those without
[70]. There was overall concern for increased cardiac workload
during hypothermia. In a study evaluating calves during the first
24 h after birth, calves provided with radiant warming exhib-
ited increased oxygen saturation and dynamic lung compliance
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compared to controls without any temperature support [71]. In
an additional study in newborn piglets (12-72 h old), hypother-
mia (34.7°C-35.2°C, n = 11) after whole-body hypoxia did not
ameliorate organ injuries/dysfunction [72]. Moreover, signifi-
cantly more hypothermic piglets required dopamine to maintain
normotension during resuscitation than normothermic piglets.

For the important outcome of hypoglycemia, we identified no
clinical trial or any animal study that addressed the PICO
question. However, ILCOR listed seven observational studies
in newborn infants that demonstrated a significant association
between hypothermia at birth and hypoglycemia (adjusted very
low quality of evidence, downgraded for serious risk of bias and
very serious indirectness) [59]. In 2 of these studies, implementa-
tion of temperature control was associated with better glycemic
control [73, 74].

We identified no studies addressing the PICO question for the
important outcome of hospital length of stay.

4.43 | Treatment Recommendations

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

4.4.4 | Justification of Treatment Recommendation

Dozens of human studies conducted over decades have found
admission temperature of newborn non-asphyxiated infants to be
a strong predictor of mortality and morbidity at all gestational
ages, and human guidelines strongly recommend maintenance
of normothermia for newborns undergoing resuscitation in the
delivery room, based on moderate-quality evidence. While little
evidence was found in newborn puppies and kittens, the large
negative impact of hypothermia on survival in newborn infants
and its strong correlation with poor outcome in that species yield
moderate quality of evidence supporting the provision of active
temperature control to newborn puppies and kittens. In addition,
physiologic similarities across species suggest translatability of
this evidence to newborn puppies and kittens requiring resusci-
tation at birth. Therefore, we strongly recommend temperature
control in this population.

While a specific temperature target (i.e., 36.5°C-37.5°C [97.7°F-
99.5°F]) is recommended in newborn infants, and a core tempera-
ture of <36°C (<96.8°F) is considered hypothermia [59], the exact
temperature at which newborn puppies and kittens should be
maintained is less well supported by scientific data. In newborn
puppies, the rectal temperature at birth was 33.7 + 1.4°C after
C-section and 33.1 + 3.1°C with eutocia, and 35.1 + 1.8°C and
33.2 +4.7°C, respectively, after 1 h with the dam [75]. It is not clear
to what extent those measurements represent core temperature,
however. Moreover, this surprisingly low temperature might be
protective from hypoxic injury as it will reduce the metabolic
need for oxygen during the immediate post-parturient hypoxemic
period. In a different study, rectal temperature in newborn

puppies within the first 8 h after birth was reported to be
33.5°C (range, 32.0°C-35.2°C), which increased to 36.6°C (35.9°C-
37.2°C) after 24 h; temperature was also positively associated with
birth weight [65]. Normal body temperature in neonatal puppies
and kittens in the first week of life has been reported as 35.0°C-
37.2°C (95°F-99°F) [18]. Thus, we consider a rectal temperature
in that range to be a reasonable target for maintenance of nor-
mothermia. There is no evidence to recommend one temperature
control methodology over another, and we recommend using a
method of temperature management that does not interfere with
other resuscitation measures.

4.4.5 | Knowledge Gaps

The optimal temperature target for newborn puppies and kittens
undergoing resuscitation is unknown, and no methodologies to
reach and maintain temperature targets have been systematically
evaluated in these species.

4.5 | Methods to Measure HR at Birth—NB-04

In newborn dogs and cats without CPA that require resuscitation
(P), how does the use of electrocardiography (ECG) (I), compared
with any other HR assessment (e.g., pulse oximetry, apex beat
palpation, auscultation) (C), improve outcome (O)?

4.5.1 | Introduction

HR is a critically important diagnostic and prognostic metric
in newborns, and an abnormal HR dictates the need for vital
interventions during newborn resuscitation in infants and small
animals [8]. It is essential, therefore, to accurately and rapidly
determine a newborn’s HR. While auscultation has traditionally
been used as the preferred method for HR determination in
newborn infants in the delivery room, pulse oximetry has also
been utilized as an adjunctive tool [59]. However, given inaccu-
racies with auscultation, pulse palpation, and pulse oximetry in
newborns, ECG monitoring has more recently emerged as the
preferred method for assessing HR in human guidelines [8]. As
in people, escalation of care during resuscitation of newborn
puppies and kittens is guided by HR. This question addresses how
to best assess the HR in these species immediately after birth.

4.5.2 | Consensus on Science

For the most critical outcome of favorable neurologic outcome, we
identified no studies addressing the PICO question.

For the next most critical outcome of survival to discharge,
we found 1 observational study investigating the use of ECG
monitoring in newborn infants (very low quality of evidence,
downgraded for serious risk of bias, serious indirectness, and
imprecision) [76]. This study included newborns requiring PPV
in the delivery room. A retrospective cohort (calendar year 2015)
of 263 newborns monitored with standard practice of auscultation
and pulse oximetry was compared to a prospective cohort (calen-
dar year 2017) of 369 newborns in which HR was determined with
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standard practice plus ECG. There was no difference in mortality
when an ECG was used in addition to standard practice (8.4%),
compared to standard practice alone (8.8%; p = 0.879).

For the important outcome of detection of accurate HR, we
identified 1 clinical trial (low quality of evidence, downgraded for
serious risk of bias, and serious indirectness) [77], 8observational
studies (very low quality of evidence, downgraded for serious
risk of bias, serious indirectness, and imprecision) [78-85], and 2
experimental studies (very low quality of evidence, downgraded
for serious risk of bias, serious indirectness, and imprecision)
[86, 87] that addressed the PICO question. Observational studies
in people have demonstrated that HR established by auscultation
or palpation of the umbilical cord pulse may be inaccurate or
unreliable [78, 82]. In these studies, the physical examination
techniques generally underestimated the ECG-reported HR
by approximately 5-10/min. Kamlin et al. also showed that
healthcare providers could not reliably palpate the umbilical
cord pulse in live newborns [82]. For these reasons, pulse
oximetry and ECG were considered as additional modalities to
evaluate HR. Pulse oximetry was found to underestimate the HR
when compared to ECG [77, 80, 85]. Importantly, 2 observational
studies in human newborns demonstrated that pulse oximetry
failed to detect an HR in bradycardic infants 10% and 69% of the
time, respectively [80, 88].

Other methods of HR detection have been investigated as well.
An audible Doppler ultrasound probe placed over the sternum in
stable, term newborn infants resulted in HR values equivalent to
those determined by ECG in 2 observational studies (r = 0.94 to
0.98, respectively) [79, 84], but not in a third (r = 0.54) in newborn
infants delivered by C-section [81]. In a single experimental
study using a porcine newborn asphyxia model, Doppler HR was
comparable to ECG HR (mean difference: 1.5/min; 95% limits of
agreement: —16 to 19/min), but signal quality was influenced by
movement, PPV, lower HR, and blood flow [86].

The concern remains that a detectable ECG reading does not
always indicate the presence of a heartbeat. An experimental
newborn piglet model showed that in cases of pulseless electrical
activity, ECG displayed an HR despite the absence of carotid
blood flow [87]. In addition, most of these observational studies
in people are complicated by the lack of a gold standard for
measurement of HR because methods are either compared to
each other or ECG is considered the gold standard.

For the important outcome of time to detection of accurate HR,
we found 1 clinical trial (low quality of evidence, downgraded
for serious risk of bias, and serious indirectness) [77] and 10
observational studies (very low quality of evidence, downgraded
for serious risk of bias, serious indirectness, and imprecision) [78-
81, 83-85, 89-91] that addressed the question. One clinical trial
and 5 observational studies in newborn infants demonstrated that
ECG can display a reliable HR faster than pulse oximetry [77,
78, 80, 83, 85, 90]. Reported median or mean time intervals from
birth to reliable HR measurement using ECG or pulse oximeter
ranged from 24 to 82 s and 48 to 122 s, respectively. Compared
to pulse oximetry, ECG was more likely to detect a newborn’s
HR during the first minute of life (56% pulse oximetry vs. 96%
ECG) [83]. Despite evidence of rapid, reliable HR detection by
ECG, a human clinical trial revealed no difference in the timing

of clinical interventions with or without a displayed ECG [77].
Murphy et al. reported that the median (IQR) HR acquisition time
was shorter by auscultation (14 s [IQR 8]) than it was using ECG
(24 s [19-39]) or pulse oximeter (48 s [36-48], p < 0.001) [78].
One observational study in newborn infants showed that portable
Doppler ultrasound was significantly faster for acquiring an audi-
ble HR (76 s, IQR 40 ) compared to ECG (97 s, IQR 44 ), though
the time difference was considered clinically negligible [81].

For the important outcome of length of hospital stay, we found
one observational study in newborn infants (very low qual-
ity of evidence, downgraded for serious risk of bias, serious
indirectness, and imprecision) [76]. In this study of newborns
requiring PPV in the delivery room, there was no difference in
hospitalization length between a retrospective cohort monitored
with auscultation and pulse oximetry and a prospective cohort
that also included ECG.

4.5.3 | Treatment Recommendations

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 a Doppler
ultrasound probe applied to the thorax (weak recommendation,
very low quality of evidence).

In newborn dogs and cats requiring resuscitation, we recommend
against the use of pulse oximetry as the only method to evaluate
the HR (strong recommendation, very low quality of evidence).

4.5.4 | Justification of Treatment Recommendation

Evidence is lacking in dogs and cats regarding the best method
to assess HR in newborns requiring resuscitation, and our
recommendations are based on indirect deduction from studies
in newborn infants and considerations of feasibility in the
veterinary context. Human data generally support the use of ECG
in newborns immediately after birth, with evidence suggesting
acceptable accuracy and time to detection of an HR. While
earlier detection of an accurate HR confers theoretical benefit,
the difference in obtained HR across techniques is small, and
there is no evidence that HR detection by ECG improves initiation
of resuscitation interventions, neurologic outcome, or mortality.
Furthermore, we have concerns about the limited scalability
of ECG measurement and the effort to apply an ECG to each
distressed newborn, given a litter size of five puppies and four
kittens on average [92, 93]. However, if an individual newborn
puppy or kitten is not responding to initial resuscitation measures
and escalation of care is required, continuous HR monitoring by
ECG is reasonable. Adhesive ECG electrodes are preferred over
ECG clips to mitigate the risk of skin injury.

As auscultation is used frequently in clinical settings in dogs
and cats, we believe that this monitoring method is a reasonable
alternative to ECG, with no known harm in newborn puppies
or kittens and with feasibility across a wide range of practice
settings. The above evidence suggests, however, a tendency
toward underestimation of HR by auscultation in the human
healthcare setting [78, 82].
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Regarding other methods of HR monitoring, portable Doppler
ultrasound has shown good correlation with ECG in newborn
infants, though data are limited, equipment is less accessible
in veterinary medicine, and additional training would likely
be required. Due to concerns regarding the accuracy of pulse
oximetry in human newborns and the time required to obtain
HRs by pulse oximetry, we recommend against the use of a pulse
oximeter as a first-line monitor for HR determination in newborn
puppies and kittens.

4.5.5 | Knowledge Gaps

Studies regarding the best approach to determine HR in newborn
puppies and kittens during resuscitation are lacking. It would
be important to conduct studies determining the reliability,
feasibility, and time until the first accurate HR measurement
when utilizing physical examination modalities (i.e., auscultation
and apex beat palpation), Doppler ultrasound, and ECG in these
populations. In addition, it would be important to determine
whether there is any impact of the use of various HR monitoring
modalities on time to initiation of critical interventions (e.g., PPV)
and survival.

4.6 | Initiation of Respiratory Support—NB-01

In newborn puppies and kittens that require resuscitation (with
or without CPA) (P), how does initiating PPV at any other HR
target (I), compared with HR less than 100/min (C), improve
outcome (O)?

4.6.1 | Introduction

HR is an important vital sign used to determine both the need
for and the response to resuscitation measures in newborn
infants at birth [8]. Bradycardia in newborns results from hypoxia
through a combination of vagal and nonvagal mechanisms [94].
Transitional newborn puppies and Kkittens that both remain
severely bradycardic and are not adequately breathing despite
initial resuscitation steps will require PPV to support clearance
of lung fluid, establishment of functional residual capacity,
and improvement of oxygenation and ventilation [49]. The
current recommendation in human newborn resuscitation is
based on expert opinion and is to institute PPV when HR is
<100/min or the newborn is gasping or apneic [8]. On the
other hand, PPV adds technical complexity to the resuscitation
procedure and can be challenging in dogs and cats because
they are multiparous species, with the potential for several
newborns requiring resuscitation concurrently. An HR cutoff that
is too high might unnecessarily divert resuscitation efforts from
other newborns in need, while a cutoff that is too low could
delay administration of critical PPV and negatively impact the
outcome.

4.6.2 | Consensus on Science

We found no relevant evidence addressing this PICO question for
any of the outcomes.

4.6.3 | Treatment Recommendations

We recommend initiating PPV in nonvigorous newborn puppies
and kittens with cleared upper airways that are bradycardic
(strong recommendation, expert opinion).

We suggest using an HR below 120/min as the threshold for
initiating PPV in nonvigorous newborn puppies and kittens with
cleared upper airways (weak recommendation, expert opinion).

We recommend starting PPV as early as possible in nonvigorous
newborn puppies and Kkittens that are gasping or are apneic,
regardless of the HR (strong recommendation, expert opinion).

4.6.4 | Justification of Treatment Recommendation

All newborns are expected to experience hypoxia during tran-
sition. In newborn full-term infants, the median initial SpO,
value at 1 min after birth was found to be 65% and the majority
of newborns did not surpass an SpO, of >90% until 10 min
after birth [95]. Consequently, a low HR is commonly present
immediately after birth. In newborn infants, the average HR 2 s
after birth was around 120/min and highly variable, but increased
to 149 + 33/min within the first 40 s of birth [96]. In newborn
puppies at birth (n = 94), Groppetti et al. reported an average
HR of 129 + 50/min that increases to 210 + 21/min over the first
24 h [97]. Apgar scores developed for puppies indicate an HR
of at least 180/min as normal; however, the first Apgar scores
are typically taken within the first 5 min and not immediately
after birth [98, 99]. Thus, we believe that a low HR immediately
after birth is of little concern if the newborn puppy or kitten is
vigorous (i.e., breathing, crying, and with good muscle tone), and
the HR is expected to increase markedly over the next 1-2 min.
However, in animals that are nonvigorous (i.e., low or absent
muscle tone, apneic, or gasping), a low HR indicates the need
for PPV as early as possible within the first minute after birth.
As we were unable to identify any evidence to support a specific
HR cutoff for initiation of PPV, we decided, based on the high
normal HR in fully transitioned puppies or kittens, to set the HR
threshold at 120/min. Regardless of HR, we acknowledge that
the delivery of effective ventilation is a critical support measure
for animals with inadequate transition. We therefore recommend
PPV be initiated within the first minute after birth in apneic or
gasping newborns, independent of the HR, if clearing the airway
and tactile stimulation do not immediately lead to a response.
With effective PPV, a gradual increase in HR over 15-60 s may
be expected [100].

4.6.5 | Knowledge Gaps

The HR below which to institute PPV in newborn puppies and
kittens with hypoxia-related bradycardia is not known but is
difficult to study as it likely changes with the time that elapsed
since birth. Thus, it would be first important to fully describe
the time course of HR change in normally transitioning puppies
and kittens from the moment of birth and over the first few
minutes, ideally capturing these HRs in 10-s intervals. In addition,
the temporal course of HR in response to early PPV in newborn
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puppies and kittens and its impact on outcome have not been
described.

4.7 | PPV Technique—NB-06

In newborn dogs and cats that require resuscitation with PPV
(P), how does the administration of longer inspiratory times,
higher inflation pressures, and positive end-expiratory pressure
(PEEP) (I), compared with an inspiratory time of 1 s and a peak
inspiratory pressure (PIP) of 20 cm H, 0, affect outcome?

4.7.1 | Introduction

The optimal combination of inflation pressures and times to
produce adequate expiratory tidal volumes during initial resusci-
tation in newborn puppies and kittens has not been determined.
While resuscitation guidelines for adult dogs and cats recom-
mend targeting an inspiratory time of 1 s at an inspiratory pressure
adequate to produce a visible chest rise, it is unknown whether
these recommendations are appropriate for newborn puppies and
kittens in transition from intra- to extrauterine life [11]. We expect
that the appropriate ventilation strategy for newborns with apnea,
respiratory distress, or bradycardia (i.e., those requiring PPV) may
differ from the strategy in adults, as newborns have fluid-filled
lungs and have yet to inhale adequate gas to generate functional
residual capacity.

4.7.2 | Consensus on Science

For the most critical outcome of survival to discharge, we iden-
tified 3 clinical trials (very low quality of evidence, downgraded
for serious risk of bias and very serious indirectness), all in
preterm infants, that addressed the PICO question [101-103].
In the Sustained Aeration for Infant Lungs (“SAIL”) study of
426 extremely preterm infants by Kirpalani et al., newborns
making inadequate breathing efforts or with an HR of <100/min
were randomized to either standard care or a noninvasive PPV
strategy with sustained inflation (SI) of 20 cm H,O for 15 s
(repeated once at 25 cm H,O if inadequate response) [101]. The
ST strategy showed no survival difference compared to standard
care; however, this study was discontinued before reaching its
predetermined enrollment target due to the suggestion of harm
(early death) in the SI group. Jiravisitkul et al. studied 81 preterm
infants at birth and compared the effects of SI versus standard
resuscitation; as a secondary outcome, there was no difference
in survival between the two groups [102]. Finally, Lista et al.
prospectively studied the impact of SI on 89 preterm infants with
respiratory distress at birth compared to a historical control group
of 119 preterm infants treated with standard care. No survival
difference was noted between the SI group and the standard care
group [103]. Thus, no study identified a survival benefit to SI
compared to routine PPV management in preterm human infants
requiring resuscitation.

For the critical outcome of favorable neurologic outcome, no
studies were identified that addressed the PICO question.

For the critical outcome of oxygenation, we identified 1 CT (very
low quality of evidence, downgraded for very serious indirectness
and imprecision) that addressed the PICO question [102]. Jiravis-
itkul et al. compared the effects of SI versus standard resuscitation
on physiologic responses in 81 preterm human infants during
resuscitation and found no difference in SpO, between those
treated with SI and those treated with standard resuscitation mea-
sures [102]. We identified 1 observational study (very low quality
of evidence, downgraded for serious risk of bias, very serious
indirectness, and imprecision) that addressed the PICO question
[104]. Van Vonderen et al. evaluated the clinical effect of an initial
SIof10 s at an airway pressure of 25 cm H,O in 70 preterm infants
at birth and found SpO, to be no different when infants were
treated with SI compared to standard care [104]. We identified 4
experimental studies (very low quality of evidence, downgraded
for very serious indirectness, imprecision, and inconsistency), all
in lambs, that addressed the PICO question [105-108]. Tingay
et al. studied 109 steroid-exposed, preterm lambs and found no
difference in oxygenation using lung recruitment strategies (SI at
35 cm H, O to effect or a 3-min dynamic stepwise PEEP strategy)
compared to no recruitment maneuver (PPV with 7 mL/kg tidal
volume at PEEP 8 cm H,0) at birth [105]. Klingenberg et al.
studied 18 near-term lambs delivered by C-section and found
improved PaO, with a 30-s SI compared to lambs not treated with
SI (conventional ventilation or 5 inflations of 3 s duration with
1-min expiratory times; all peak inflation pressures 35 cm H,O,
all PEEP 5 cm H,0, all FiO, 0.21) [106]. Tingay et al. studied 24
preterm lambs and found that a 20 s SI at 40 cm H,0O improved
oxygenation compared to a gradual increase in tidal volume over
5 min; however, the tested SI strategy conferred no benefit when
compared to consistent PPV with 7 mL/kg tidal volumes. PEEP
was identical (5 cm H,0) across the 3 groups [107]. Finally,
Probyn et al. investigated the effects of variable degrees of PEEP
during transitional resuscitation of 19 extremely preterm lambs
and found improved oxygenation when 4, 8, or 12 cm H,O of
PEEP were applied compared to no PEEP; however, all 4 lambs
exposed to a PEEP of 12 cm H, O experienced pneumothorax and
died during the experiment, while no lambs assigned to 0, 4, or
8 cm H,O PEEP died or experienced pneumothorax [108].

For the important outcome of PaCO,, we identified 3 experimen-
tal studies (very low quality of evidence, downgraded for very
serious indirectness and imprecision), all in transitional lambs,
that addressed the PICO question [106-108]. All these studies,
with their interventions already detailed above in the oxygenation
outcome section, found no effect of SI or PEEP on PaCO,.

For the important outcome of hospital length of stay, we identified
1 clinical trial (very low quality of evidence, downgraded for
serious risk of bias and very serious indirectness) that addressed
the PICO question [103]. Lista et al. prospectively studied 89
preterm infants with respiratory distress at birth treated with
SI and compared their outcome to a historical control group of
119 preterm infants treated with standard resuscitation care (see
further details above, under survival to discharge outcome). No
difference was found between the SI group and the historical
control group in length of hospital stay.

For the important outcome of increase in HR, we identified 2
clinical trials (very low quality of evidence, downgraded for very
serious indirectness and inconsistency), both in preterm infants,
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that addressed the PICO question [101, 102]. Details of both
studies are listed above, in the survival to discharge outcome. The
SAIL study of 426 extremely preterm infants reports that HR was
lower (worse) in infants treated with SI, with an adjusted relative
risk increase of 24.7% (95% CI 12%-37.5%; p < 0.001) for an HR
of <60/min when treated with SI [101]. Jiravisitkul et al. found
no difference in HR for infants treated with SI versus without
[102]. We identified 1 experimental study (low quality of evidence,
downgraded for serious indirectness and imprecision, upgraded
for large effect) in near-term, near-asphyxiated lambs delivered by
C-section that addressed the PICO question [106]. Details of the
ventilatory strategies across treatment groups are provided above
in the oxygenation outcome section. Klingenberg et al. found that
lambs treated at birth with 30 s of SI experienced a faster increase
in HR to >120/minute (median 8 s [IQR 6]) compared to lambs
exposed to five inflations of 3 s each (median 38 s [IQR 114]) or
those treated with standard care of 0.5s inflations at a rate of
60/min (median 64 s [IQR 75]; p < 0.05) [106].

4.7.3 | Treatment Recommendations

In newborn puppies and kittens that require resuscitation with
PPV, we suggest administering PPV with an inspiratory time of
1s and a PIP of 20-25 cm H,0 (weak recommendation, very low
quality of evidence).

In newborn puppies and kittens that require resuscitation with
PPV, we suggest applying at least 4 and no more than 8 cm H,O
of PEEP (weak recommendation, very low quality of evidence).

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 PIP of 20-25 cm H,0,
we suggest giving a single 30 s SI at 30-35 cm H,O, followed by
continued standard PPV if indicated (weak recommendation, low
quality of evidence).

4.7.4 | Justification of Treatment Recommendation

No evidence in either target species was available to inform
our recommendations regarding ventilatory strategy in newborn
puppies and kittens requiring PPV at birth. The evidence available
did not suggest a survival or neurologic functional benefit with SI
in newborns; however, all clinical trials and many experimental
studies were conducted in extremely preterm newborn infants or
lambs whose pulmonary tissues are underdeveloped compared to
the target population of full-term newborn puppies and kittens.
While no studies evaluating neurologic outcome were identified,
two studies in preterm infants reported no difference in the
incidence of intraventricular hemorrhage when SI was applied
in the delivery room versus standard resuscitation [109, 110]. The
relevance of intraventricular hemorrhage as a complication of
ventilatory strategy in full-term newborn puppies and kittens,
however, is unknown. One study showed marked benefit of 30 s
of ST at 35 cm H,O on oxygenation and HR in the most direct
population studied: near-asphyxiated, near-term lambs delivered
by C-section in an experimental setting [106]. No study found
clear harm associated with SI or with PEEP at 4-8 cm H,O in
newborns with inadequate breathing efforts. Finally, guidelines
for resuscitation of newborn infants recommend that standard

PPV be used routinely [8, 9]. Neither of these guidelines makes
specific recommendations for SI or PEEP in full-term infants
requiring resuscitation due to a lack of evidence in that patient
cohort [8, 9]. Unfortunately, the dedicated respiratory support
equipment available in the human delivery room and in an
experimental setting, such as airway manometers and newborn
face masks with integrated PEEP valves, is not widely available
in the delivery areas of most veterinary clinics. Lack of this
specialized equipment to ensure adequate patient care and to
limit harm due to very high airway pressures limits the applica-
bility of these techniques to newborn puppies and kittens. The
indirectness (and some inconsistency) of the identified evidence,
in combination with the technical challenges of accomplishing
precise airway pressure measurements in newborn puppies and
kittens, limits our ability to create a strong recommendation for a
specific airway inflation pressure and PEEP value.

4.7.5 | Knowledge Gaps

Whether full- or near-term newborn puppies and kittens that
require resuscitation with PPV would benefit from augmented
ventilatory strategies (e.g., application of PEEP, SI) is unknown.
Considering the potential benefits to oxygenation and HR in this
setting, answering this question with clinical trial(s) in target
species is considered a high-priority knowledge gap. Develop-
ment of equipment to measure airway pressures and provide
PEEP in newborn puppies and kittens undergoing noninvasive
PPV, such as purpose-designed face masks, should be considered.

4.8 | Reversals—NB-20

In newborn dogs and cats that require resuscitation after
Cesarean birth (with or without CPA) (P), how does no admin-
istration of antagonists (e.g., naloxone) to sedatives given to the
dam (I), compared with parenteral administration of antagonists
(C), improve outcome (O)?

4.8.1 | Introduction

Perioperative analgesia is important for animals undergoing C-
sections to reduce the requirement of induction and maintenance
doses of cardiovascular-depressing general anesthetics, to allow
postoperative interaction with the offspring, and on animal
welfare grounds. However, the vast majority of anesthetics are
expected to cross the placental barrier, are taken up into the
fetal circulation, and exert a pharmacological effect on the fetus
[111]. This PICO question aims to determine whether reversal
drugs should be administered to newborn puppies and kittens
requiring resuscitation at birth after intrauterine exposure to
opioids, a2-adrenoceptor agonists, or benzodiazepines.

4.8.2 | Consensus on Science
For the critical outcomes of favorable neurologic outcome and

survival to discharge, and the important outcomes of hospital
length of stay and histopathologic or other surrogate injury, we
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identified no studies addressing the question of exposure to any
opioid, a,-adrenoceptor agonist, or benzodiazepine.

For the important outcome of respiration (PaCO, and oxygena-
tion, combined), we identified 7 clinical trials (very low quality
of evidence, downgraded for serious risk of bias and very serious
indirectness) [112-118] and 1 observational study in newborn
infants (very low quality of evidence, downgraded for serious risk
of bias and very serious indirectness) that addressed the PICO
question [119]. All studies evaluated the reversal of opioids using
naloxone, and none explored the use of benzodiazepine or o,-
adrenoceptor antagonists. All seven clinical trials, all in newborn
infants, were conducted shortly after naloxone was released
on the market in the early 1970s; they were generally small,
with 289 subjects enrolled across all studies, and while patient
allocation was randomized, the authors provided no indication
of concealment of group allocation or blinding. In addition, the
studies excluded newborns with the very population character-
istics that this question is asking for (i.e., newborns born by
C-section requiring resuscitation) and only included term infants
that were born vaginally and were vigorous at birth. The majority
of the studies showed that naloxone administered in the first
minute after birth reduced EtCO, or PaCO,, increased minute
ventilation, or affected other measures of alveolar ventilation,
suggesting increased ventilatory function [112, 114-118], with only
one study showing no such effect [113]. However, metrics of
ventilation in these studies were within normal limits reported
for newborns, even without naloxone. Only one study evaluated
oxygenation and found no effect of naloxone [114]. Naloxone
doses ranged from 0.01 to 0.04 mg/kg, and all were injected
into the umbilical vein, except in 1 study where a much higher
dose (0.2 mg/kg) was administered IM [117]. Infants receiving
IM naloxone displayed greater CO, elimination and alveolar
ventilation for 48 h compared to controls that did not receive
naloxone.

The observational study involved 670 newborn infants born by
vaginal birth, where the mother received an opioid during labor.
It compared the frequency and effect of naloxone administra-
tion prior to an internal guideline change that recommended
against the routine administration of naloxone (i.e., retrospective
cohort) with those after the release of that guideline (prospective
cohort) [119]. Of 236 retrospective deliveries, 26 (11%) received
naloxone, but only 1 (0.2%) of 434 deliveries in the prospective
group received naloxone. In the latter group, no increase in the
incidence of respiratory symptoms was noted (p = 0.85), and none
of the infants required resuscitation.

None of the identified studies contained information regarding
the administration of reversal agents for benzodiazepines or o,-
adrenoceptor antagonists.

4.8.3 | Treatment Recommendations

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 (strong recom-
mendation, very low quality of evidence).

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

4.8.4 | Justification of Treatment Recommendation

Medications that cross the blood-brain barrier, including most
centrally acting sedatives and analgesics, are expected to cross
the placental barrier. The extent and speed by which placental
transfer occurs are influenced by compound properties such as
molecular weight, lipid solubility, and degrees of ionization and
protein binding, with highly lipid-soluble, less protein-bound
drugs transferring more readily [111]. Analgesics and sedatives
(e.g., opioids, a,-adrenoceptor agonists, benzodiazepines) that are
used during C-sections widely vary regarding these properties
[120, 121]. Thus, specific opioids or other analgesics and sedatives
administered to the dam may variably impact newborn kittens
and puppies.

We did not identify any studies that directly address the PICO
question, with population indirectness being the most severe
concern. The studies cited in the consensus on science statement
all examined naloxone administration in the first hour after birth
and included only newborn infants who were vigorous, with ven-
tilatory parameters within normal range and all surviving without
receiving any resuscitative measures. Thus, there is no evidence to
suggest a difference in the effectiveness of standard resuscitative
measures, including HR-directed provision of ventilatory support
with PPV, when naloxone is or is not administered. In fact, the
observational study suggested that a more restrictive approach
to naloxone administration to infants whose mothers received an
opioid during labor may not worsen newborn outcomes [119]. In
addition, naloxone alone did not alleviate asphyxiation-induced
respiratory depression unrelated to exogenous opioids, contrary
to what was speculated earlier [122, 123]. Furthermore, there
is experimental evidence in animals, albeit limited, to suggest
potential harm of naloxone administration to newborns, includ-
ing endogenous epinephrine release and sustained hyperalgesia
[124, 125]. Considering this information, human guidelines
recommend since 2010 against the initial use of naloxone in
newborns with respiratory depression and instead prioritize early
effective ventilation and airway support [126]. We decided to
recommend the use of naloxone in nonvigorous newborn puppies
and kittens after C-section if the dam received opioids during the
perioperative period. This is in part based on the small but consis-
tently positive effect of naloxone on quantitative measurements
of ventilation in opioid-exposed newborn infants. Additionally,
the target population (newborn puppies and kittens that require
resuscitation after C-section) is very different in species, degree
of illness, and delivery method compared to the populations
studied in the identified evidence. Despite the lack of direct
evidence, we consider it reasonable to believe that the potential
for more pronounced benefit of naloxone is realistic in newborn
puppies and kittens that are nonvigorous and require PPV, and
that harm is minimal. In the resource-restricted environment
of veterinary medicine, we therefore recommend administration
of naloxone in newborns requiring resuscitation after C-section

S17 of S59

95U8017 SUOWILWIOD SAIE81D) 3l dde 8y} Aq pauienoB a1e S391Le YO ‘8SN JO'S3|NJ J0) Akelq 1 8UlUO AS|IA LO (SUONIPUOD-PUE-SWLIS)L0D AS 1M ARRIq 1 )BUIUO//:SANY) SUO IPUOD PUe SIS | 84} 89S *[GZ02/0T/¥0] Uo AriqiauliuO AS|IM ‘ZTO0L 99ATTTT OT/I0p/Wod A3 | Alelq Ul juoy/:Sciy Wod pepeojumod ‘TS ‘G202 ‘TEVYI.LYT



but emphasize that such administration should not compromise
other immediately effective resuscitation measures such as PPV,
oxygen supplementation, and chest compressions as applicable.

There is very limited evidence to determine the risk-benefit
ratio of routine reversal of a,-adrenoceptor agonists or benzodi-
azepines, and none of the studies identified in the initial search
regarding these drugs qualified to be included in the GRADE
process because they are all studies without control groups (i.e.,
case reports or case series). For the use of benzodiazepine antago-
nists, we found three case reports in newborn infants that pertain
to the topic [127-129]. The lack of research inquiring into these
drugs might be related to the fact that periparturient diazepam is
generally not recommended in people, as floppy baby syndrome,
lethargy, and apnea after delivery have been described [130]. The
case reports, in which diazepam was administered in a variety
of special circumstances, demonstrated the risk for severe and
protracted sedation and apnea in newborn infants, with clinical
signs readily reversed with flumazenil administration [127-129].
In addition, Mandelli et al. described extensive placental transfer
of diazepam and a long elimination half-life of 31 + 2h in newborn
infants, indicative of the newborn infant’s limited capacity to
eliminate the drug [131]. We were unable to locate any reports
on newborn puppies and Kkittens. Despite this uncertainty, we
recommend administering flumazenil to nonvigorous newborn
puppies and kittens born after C-section if the dam received a
benzodiazepine.

For the use of a,-adrenoceptor antagonists, we identified two
observational studies that pertain to the topic but that did not
meet inclusion criteria for the formal evidence evaluation as the
study designs did not involve control groups [132, 133]. De Cramer
et al. retrospectively evaluated a specific perioperative manage-
ment protocol for C-sections in dogs that included medetomidine
(7 pg/kg 1IV) for premedication [132]. The study involved 2232
puppies from 292 C-sections. Atipamezole was administered to
all puppies (50 pg/kg SQ) immediately after delivery, regardless
of the need for resuscitation, and to the bitches (20 pg/kg IV)
immediately after surgery. Since all of the puppies received
atipamezole, it was not possible to evaluate whether there
was an outcome difference between neonates receiving or not
receiving an a,-adrenoceptor antagonist. However, this routine
administration of atipamezole led to survival rates similar to other
anesthetic protocols, not including medetomidine [134]. Survival
varied depending on breed from 94% to 98% at birth and from
87% to 92% at 7 days. In a second observational study of dogs, also
without a control group, Groppetti and colleagues described the
use of preoperative administration of dexmedetomidine (2 pg/kg
IV) in nine bitches undergoing C-section [133]. Puppies would
only receive atipamezole if resuscitation efforts of >5 min were
required. Of the 54 puppies born, 78% were vigorous at birth
and none required atipamezole administration. Thus, there is no
convincing evidence to suggest the need for routine administra-
tion of atipamezole to newborns when the dam received a small
dose of medetomidine or dexmedetomidine for premedication,
but there is also no evidence of harm. For the same pragmatic
reason as noted for naloxone, and to form a single uniform
guideline across all reversal drugs, we decided to recommend
the administration of atipamezole to nonvigorous newborns after
C-section if the dam received an a,-adrenoceptor agonist for
premedication.

Suggested dosing and routes for administration of reversal med-
ications reflect those used in the above studies or are based
on expert opinion and pharmacokinetic considerations. For
naloxone, 10-40 pg/kg should be given preferentially IV, with IM
and SQ also described, or a higher dose (e.g., 100 pyg/newborn
puppy or kitten) for sublingual transmucosal administration [112-
118, 135]. For atipamezole, dosing of 50 ug/kg IV, IM, or SQ
has been suggested, and a two to three times higher dose for
sublingual transmucosal administration is reasonable, given a
mucosal bioavailability of 33% compared to IV administration
[132, 135, 136]. Flumazenil has been used in newborn infants
at 10-20 pg/kg IV or IM, and due to the prolonged effect of
benzodiazepines in this population, it is reasonable to continue it
as a constant rate infusion (CRI) (10 ug/kg/h IV) or by repeating
the initial reversal dose every hour or as clinically indicated
[127-129]. As the transmucosal absorption of flumazenil is close
to 100%, the same dose given IV/IM can be administered by
the sublingual transmucosal route and is expected to lead to an
effective flumazenil serum concentration in 2-4 min [137].

4.8.5 | Knowledge Gaps

Controlled trials studying the effect of naloxone and atipamezole
in nonvigorous newborn puppies and Kkittens are required to
improve the certainty of the clinical recommendations on reversal
drugs, including studies to explore more clinically feasible routes
of drug administration compared to injections into the umbilical
vein.

4.9 | Atropine for Bradycardia—NB-23

In newborn dogs and cats that require resuscitation and are
bradycardic (P), how does routine parenteral administration of
atropine (I), compared with no atropine administration (C),
improve outcome (O)?

49.1 | Introduction

Severe bradycardia is a potentially life-threatening problem in
newborns at birth. Hypoxemia is the cause of bradycardia in
fetal mammals and in newborns that struggle to transition to
extrauterine oxygenation (i.e., fail to adequately aerate the lungs)
[8, 94, 138, 139]. It has been shown that bradycardia can result
from parasympathetic (i.e., “vagal”) influence in late-term fetuses
and newborns [140, 141], and that the bradycardia of hypoxemia
is at least partially vagally mediated [94, 139]. However, the
main treatment for bradycardia in transitional newborn infants
is respiratory support in the form of PPV to reverse hypoxemia,
rather than treatment with a vagolytic drug such as atropine [8].
It is unknown whether newborn, transitional puppies and kittens
that are severely bradycardic at birth would achieve improved
survival, neurologic function, or other important benefits from
the administration of atropine.

4.9.2 | Consensus on Science

For the most critical outcomes of survival to discharge and favor-
able neurologic outcome, and the important outcome of hospital
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length of stay, no studies were identified that addressed the PICO
question.

For the important outcome of surrogate markers of perfusion,
we identified one clinical trial (very low quality of evidence,
downgraded for very serious risk of bias, serious indirectness,
and imprecision) and 2 experimental studies (very low quality of
evidence, downgraded for very serious indirectness and impreci-
sion) that addressed the PICO question [94, 139, 142]. Balikci et al.
studied the effects of atropine compared to caffeine or doxapram
on vital parameters, acid-base status, and blood gas variables in
3 groups (n = 8 in each group) of live, newborn, asphyxiated
calves and found that atropine had a less favorable effect on
HR, arterial pH, PaCO,, and PaO, than did doxapram. In this
study, atropine exerted no different effect on rectal temperature,
arterial HCO;, or arterial base excess than caffeine or doxapram.
The study did not include a control group with a placebo [142].
Giussani et al. studied 26 preterm, fetal lambs and showed
that atropine prevented hypoxemia-induced bradycardia and
supported femoral blood flow in this condition compared to saline
control [94]. Finally, Walker et al. found that hypoxemia caused
bradycardia in late-term fetal lambs and that this bradycardia
was obliterated with atropine administration [139]. No studies in
newborn animals of any species were identified that compared
atropine to a placebo or to a lack of intervention.

For the important outcome of histopathologic damage, no studies
were identified.

493 | Treatment Recommendations

In newborn puppies and kittens that require resuscitation and
that are bradycardic, we suggest against routine atropine admin-
istration (weak recommendation, expert opinion).

4.9.4 | Justification of Treatment Recommendation

No direct evidence, and very little, seriously indirect evidence
addressing less important outcomes, was found to address the
question of whether bradycardic newborn puppies and kittens
should receive atropine during resuscitation. However, brady-
cardia in transitional newborns is nearly always caused by
hypoxemia. Thus, the mainstays of treatment for bradycardia in
transitional newborns include progressively advanced methods
to support lung aeration (i.e., from tactile stimulation to PPV
with a tight-fitting face mask to ET intubation for PPV, when
feasible) to improve oxygenation until the HR improves. No
evidence was identified to suggest that time and resources should
be directed away from these vital respiratory support measures
to administer a vagolytic drug to the bradycardic newborn. The
2 experimental lamb studies both suggest that the bradycardia
associated with hypoxemia is likely vagally mediated and thus
could probably be reversed with atropine [94, 139], although
experimental data suggest that responsiveness to atropine might
generally be blunted in newborn puppies compared to mature
dogs [143]. However, methods to increase the HR in the absence of
lung aeration serve only to circulate blood of progressively poorer
oxygen saturation. Increasing HR in the presence of progressive

hypoxemia is not only physiologically counterproductive, but it
could predispose to more severe myocardial hypoxia and thus
myocyte injury with resultant cardiac arrhythmias and dysfunc-
tion. In addition, administration of atropine might disconnect HR
from hypoxemia and pose a challenge to rescuers using HR for
making informed resuscitation decisions. Moreover, the 3 most
recent resuscitation guidelines for newborn infants, spanning the
last 15 years, recommend PPV to support transitional infants with
bradycardia and do not recommend the use of atropine or other
medication in this setting [8, 59, 126]. We thus suggest against the
routine use of atropine to treat bradycardia in newborn puppies
and Kkittens, so that time and resources can be dedicated to
treating hypoxemia by aerating the lungs as the top priority.

4.9.5 | Knowledge Gaps

Whether specific bradyarrhythmias (i.e., diagnosed by ECG) in
the transitional newborn may benefit from vagolytic therapy is
unknown.

In transitional puppies and kittens in which a vagolytic may be
indicated, the preferred drug, dose and route of administration
are unknown.

5 | Resuscitative Measures After the First Minute
of Birth

The initial goal after the first minute of supportive measures is
to assess the effectiveness of these actions and to either escalate
or deescalate the intensity of resuscitative measures accordingly.
Next to determining the animal’s vigor (muscle tone, movement)
and its respiratory effort (apnea, bradypnea, strong with vocal-
ization), the newborn’s HR is an important metric to determine
the progression or resolution of hypoxemia. In the absence of a
positive response of the newborn puppy or kitten to PPV alone,
for example, if the newborn is experiencing continued severe
bradycardia, ET intubation (NB-05) and oxygen supplementation
(NB-03) alongside PPV are options moving forward.

5.1 | PPVvia ETT—NB-05

In newborn dogs and cats without CPA that require resuscitation
and with the need for intermittent PPV (P), how does ventilation
via ET intubation (I), compared with using a tight-fitting face
mask (C), improve outcome (O)?

5.1.1 | Introduction

There are no evidence-based recommendations regarding tech-
niques of respiratory support during resuscitation of newborn
puppies and kittens without CPA that require PPV. ET intubation
in newborn puppies and kittens can be technically challenging,
and ETTs sized to fit most of these animals are cuffless, com-
promising attempts at PPV. Thus, we endeavored to evaluate
the impact of a tight-fitting face mask for the delivery of PPV
compared to ETT on outcomes for live newborn puppies and
kittens making inadequate breathing efforts.
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5.1.2 | Consensus on Science

For the most critical outcome of survival to discharge, we iden-
tified one observational study (very low quality of evidence,
downgraded for serious risk of bias and very serious indirectness)
that addressed the PICO question [144]. This study retrospectively
evaluated the association between respiratory support method
(standard care, noninvasive PPV, or ET intubation) in the delivery
room and a variety of outcomes in 439 preterm newborn infants
requiring resuscitation. Of 188 newborns receiving noninvasive
PPV, 182 (97%) survived, while 185 of 229 (81%) receiving ET
intubation survived (p < 0.0001); this finding is difficult to inter-
pret since sicker infants are more likely to be intubated. Indeed,
when adjusting for a variety of baseline characteristics, the OR
of noninvasive PPV methods (such as bag-mask or T-piece-mask
ventilation with or without continuous positive airway pressure
[CPAP]) for “death” was 0.45 (95% CI, 0.16-1.25, p > 0.05) when
compared to the use of ETT. Ultimately, therefore, no treatment
advantage was noted for one method compared to the other;
however, the risk of confounding by indication and other bias is
inherently high in any retrospective comparison of treatments,
despite investigators’ attempts to adjust for differences in illness
severity. Time and circumstances of death (in delivery room vs.
neonatal ICU vs. prior to discharge; all-cause vs. specific-cause
mortality) were not specified.

For the critical outcome of favorable neurologic outcome, we
identified no studies addressing the PICO question.

For the important outcomes of oxygenation/PaO, and
ventilation/PaCO,, we identified 1 clinical trial (very low
quality of evidence, downgraded for serious risk of bias and very
serious indirectness) [145] and a single experimental study (very
low quality of evidence, downgraded for serious risk of bias, very
serious indirectness, and imprecision) [146] that addressed the
PICO question. Zhu et al. studied 369 infants (gestational age >34
weeks, expected birth weight >2.0 kg) requiring PPV at birth.
They assigned infants requiring respiratory support who were
born on odd dates to be treated with bag-mask ventilation (BMV,
n =164) and those born on even dates to laryngeal mask airway
(LMA, n = 205). Investigators found no difference in oxygenation
or PaCO, for newborns treated with BMV versus LMA in this
study [145]. Armstrong et al. anesthetized seven healthy, 2-
to 11-day-old calves with alfaxalone, inducing hypercapnia.
Calves were then ventilated using either an LMA (generally
applied first) or using BMV (generally administered second,
after washout period); both methods improved oxygenation and
PaCO,, though the 2 methods were not compared to 1 another
since LMA usually preceded BMV, which increased the risk of
bias [146]. ET intubation was not investigated in either study,
which introduces one element of indirectness for this PICO;
however, since LMA delivers gas directly to the airway, avoiding
the esophagus (similar to an ETT), it was considered a reasonable
surrogate for ETT.

For the outcome of hospital length of stay, we identified 1
observational study (very low quality of evidence, downgraded for
serious risk of bias and very serious indirectness) that addressed
the PICO question [144]. Study details appear above (see outcome
survival to discharge). In this study, the median (IQR) length of
stay for 188 infants undergoing noninvasive PPV method(s) was

48 days (IQR 30), and for 229 infants receiving ET intubation,
it was 62 days (IQR 52). The length of stay difference was not
compared directly for the two treatment groups, but there was
a difference in length of stay found among those undergoing
routine care (no ventilatory support), those receiving noninvasive
PPV measures, and those intubated with an ETT (p < 0.0001)
[144]. Additionally, “length of stay” was not defined in this study
(e.g., stay in the neonatal ICU vs hospital vs including external
care facilities), leading to uncertainty on the directness of the
outcome.

For the outcome of histopathologic damage, we identified no
studies addressing the PICO question.

5.1.3 | Treatment Recommendations

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

In newborn puppies and kittens without CPA undergoing PPV
by face mask that fail to respond within 60 s (e.g., HR remains
<120/min despite intervention), we suggest ET intubation where
feasible for continued PPV (weak recommendation, expert
opinion).

5.1.4 | Justification of Treatment Recommendation

Very little evidence was available to inform the treatment rec-
ommendation, and no studies involved newborn puppies or
kittens. None of the three studies identified showed a clear
advantage to more invasive airway management (e.g., ETT, LMA)
in newborns requiring resuscitation for any outcome studied
when compared to less invasive, simpler methods (e.g., bag-
mask or T-piece-mask ventilation). Particularly considering most
ETTs that fit newborn puppies and Kkittens are uncuffed and
thus compromised for delivery of PPV, BMV using a tight-
fitting face mask seems a reasonable first choice in newborn
puppies and kittens not in CPA that require ventilatory support
in transition. Additionally, ET intubation in newborn puppies
and kittens is challenging due to their very small size compared
to standard equipment size and rescuers’ fingers, and the fact
that their fleshy tongues compromise laryngeal visualization. ET
intubation in these circumstances may carry an increased risk
of patient injury associated with difficult intubation. However, if
PPV by face mask is not leading to a significant improvement of
the newborn’s condition (e.g., no change or a worsening in HR),
then ventilation by ETT is reasonable, if skilled personnel and
adequate equipment are available. When intubation is required,
options may include Cole-style ETTs or cone-shaped devices
intended for intubating rodents.

These treatment recommendations are in alignment with the
recommendations in newborn infants, in whom less invasive,
tight-fitting face masks are generally recommended first, followed
by LMA or ET intubation if BMV or T-piece-mask ventilation
fails [9].
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5.1.5 | Knowledge Gaps

To date, there are no randomized controlled clinical trials investi-
gating the outcomes of different methods of respiratory support
in transitional newborns in any species and no information in
newborn puppies and kittens without CPA that need intermittent
PPV. Important investigations could include sizes and shapes
of masks that allow for appropriate fit across multiple muzzle
sizes and shapes, and equipment designed for expedient, safe ET
intubation of newborn puppies and kittens.

5.2 | Oxygen Supplementation With PPV—NB-03

In newborn dogs and cats that require resuscitation with PPV
(P), how does any other concentration of inspired oxygen (I),
compared with 100% oxygen (C), improve outcome (O)?

5.2.1 | Introduction

Newborn puppies and kittens have been historically resuscitated
with 100% oxygen, as asphyxiation is the predominant concern
[16]; this approach was in line with the recommendations for
resuscitation of newborn infants in the early 2000s [34]. However,
the scientific evidence supporting the administration of 100%
oxygen has not been established in newborn puppies and kittens.
In addition, there is concern that delivery of high inspiratory
oxygen concentrations and the associated hyperoxemia may lead
to oxidative injury and could lead to harm [147]. Conversely,
inadequate oxygen supplementation and subsequent hypoxia can
be harmful as well. Thus, there is a need to determine whether
newborn puppies and kittens requiring resuscitation should be
resuscitated with an inspiratory oxygen concentration other than
100%. This question concerns the initial administration of oxygen
in newborn puppies and kittens requiring PPV immediately
after birth. These animals are typically nonvigorous (i.e., low
muscle tone, apneic/bradypneic, or severely bradycardic [e.g.,
HR < 120/min]). The question regarding oxygen supplementation
in newborns requiring chest compressions is addressed elsewhere
(see NB-18).

5.2.2 | Consensus on Science

For the critical outcome of survival to discharge, we located
4 clinical trials that addressed the PICO question (very low
quality of evidence, downgraded for serious risk of bias, serious
indirectness, and imprecision) [20-23]. No relevant observational
or experimental studies were identified. Saugstad et al. evaluated,
in the Resair-2 trial, the survival of asphyxiated term newborn
infants that were ventilated with either room air (n = 267) or
100% O, (n = 294) immediately after birth [20]. If cyanosis or
bradycardia persisted after 90 s of ventilation with room air, the
inspired gas was changed to 100% oxygen. The mode of ventilation
was bag-mask in most cases, while 25% of newborns in either
group were intubated. Room air administration did not lead to
a significant difference in mortality (RR = 0.76, 95% CI = 0.53-
1.10). The remaining RCTs showed similar results. All data taken
together (n = 1280) demonstrated a 23% relative risk reduction in
mortality with initial room air administration compared to 100%

oxygen in term newborn infants requiring PPV (RR = 0.77, 95%
CI = 0.59-0.99).

For the critical outcome of favorable neurologic outcome, we
located the same 4 clinical trials (very low quality of evidence,
downgraded for serious risk of bias, serious indirectness, and
imprecision) as reported above [20-23]. These articles report
neurological outcomes as the presence or absence of hypoxic—
ischemic encephalopathy (HIE) based on a commonly used
scoring system (Sarnat Stage II or IIT) [148]. While a single study
including 418 asphyxiated newborns showed some benefit of
room air over 100% oxygen (RR = 0.66, 95% CI = 0.44-0.98) [22],
the pooled data from all studies showed no significant impact on
HIE (RR = 0.82, 95% CI = 0.63-1.10). Importantly, there was no
evidence that initial PPV with room air worsened neurological
outcome. Two experimental studies (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness,
and imprecision) involving swine and rat models of newborn
asphyxiation showed neither benefit nor harm of PPV with room
air on neurological recovery when compared to 100% oxygen [149,
150].

For the important outcome of oxygenation (PaO,), 3 clinical
trials directly evaluated PaO,, SpO,, or SaO, in intrapartum
asphyxiated newborn infants resuscitated with either room air
or 100% oxygen (very low quality of evidence, downgraded for
serious risk of bias, serious indirectness, and imprecision) [20,
151, 152]. Saugstad et al. found no difference in PaO, in newborn
infants resuscitated with room air or 100% oxygen during the first
10 min of life [20]. These findings contrasted with Vento et al.,
who documented mild hyperoxemia (Pa0O,, 126.3 + 21.8 mm Hg)
in infants resuscitated with 100% oxygen compared to room air
(Pa0,, 72.2 + 6.8 mm Hg, p < 0.01) in the first 10 min after birth
[152]. Note that in this study, the PaO, at birth in non-asphyxiated
newborns was also very low (PaO,, 30.3 + 4.5 mm Hg) and not
different from asphyxiated newborns (PaO,, 27.8 + 5.2 mm Hg
in the room air group; 30.0 + 6.8 mm Hg in the 100% oxygen
group). A third study, including 134 term newborns requiring
PPV, demonstrated mild hyperoxemia in infants resuscitated with
100% O, at 5 min of PPV (157 + 27 mm Hg) compared to those
ventilated with room air (88 + 9 mm Hg, p < 0.001) [151].
Numerous experimental studies in newborn piglets and lambs
compared the effects of FiO, on PaO, and PaCO,. The majority
were excluded as these studies did not evaluate oxygenation and
ventilation in newborns during transition but in neonatal animals
that were several days old [153-162]. Only one experimental study
(very low quality of evidence, downgraded for serious risk of bias,
serious indirectness, and imprecision) was identified that utilized
a transitional newborn lamb model, in which the animals were
asphyxiated by cord clamping while in utero, followed by delivery
and PPV with room air or 100% oxygen [163]. Ventilation with
100% oxygen led to marked hyperoxemia (PaO,, 454 + 33 mm Hg)
compared to resuscitation with room air (PaO,, 68 + 15 mm Hg)
after 5 min of PPV.

For the important outcome of ventilation (PaCO,), the same
human clinical trials mentioned above provided data (very
low quality of evidence, downgraded for serious risk of bias,
serious indirectness, and imprecision) pertaining to this PICO
question [20, 151, 152]. They all showed no significant impact
of the inspiratory oxygen concentration on ventilation. The
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same was true for an experimental study in newborn lambs
[163].

There were no studies identified that evaluated the impact of
inspiratory oxygen concentration on hospital length of stay.

For the important outcome of histopathologic damage, we iden-
tified 1 clinical trial (low quality of evidence, downgraded for
serious indirectness, and imprecision) [147] and 27 experimental
studies (very low quality of evidence, downgraded for serious risk
of bias and serious indirectness) relevant to the PICO question
[149, 150, 153, 155, 158, 162-183]. While we included studies
reporting markers of tissue injury, such as indicators of oxidative
injury or matrix metalloproteinase (MMP) activity as outcomes,
we excluded animal models that studied reoxygenation after CPR.

Vento and colleagues reported circulating markers of oxidative
injury (reduced glutathione [GSH], oxidized glutathione [GSSG],
superoxide dismutase [SOD]) and myocardial (cardiac troponin
T [cTNT]) and kidney injury (N-acetyl-glycosaminidase [NAG])
in severely asphyxiated newborn infants randomized to resuscita-
tion with room air (n =17) or 100% oxygen (n = 22) [147]. Oxidative
injury and increases in NAG and cTNT concentrations were
present in both groups compared to non-asphyxiated controls but
were more severe in newborns resuscitated with 100% O,.

Among the 27 experimental studies, only 2 of them involved
newborn animals in transition [163, 166], and all other studies
included neonatal animals that were at least 12-h old and had
fully (and normally) transitioned. Species represented were swine
(22 studies) [149, 153, 155, 158, 162, 164, 167-174, 176-183], sheep
(2 studies) [163, 166], rabbits (1 study) [165], and rats (2 studies)
[150, 175], but not dogs or cats. Most commonly, asphyxiation was
induced by exposing animals to a low inspiratory oxygen concen-
tration for a defined duration or until either a hemodynamic (e.g.,
MAP < 20 mm Hg) or metabolic (e.g., BE < —20 mmol/L) goal was
achieved. Animals were then allocated to resuscitation with room
air or 100% oxygen, followed by variable lengths of observation
time. Reported outcomes included oxidative, histopathologic, or
circulatory markers of tissue injury in the brain [150, 153, 162, 165,
167-170, 175, 177, 180, 183], heart [149, 164, 171, 172, 181, 182], lung
[163, 166,179, 182], kidney [149, 182], liver [158, 182], adrenals [176],
and small intestines [155], as well as systemic markers of oxidative
injury [166-169, 173, 174, 178, 183]. Taken together, the studies
either showed no difference in outcome between resuscitation
with 21% oxygen compared to 100% oxygen or demonstrated a
benefit of resuscitation with room air. No study reported worse
outcomes with room air resuscitation.

5.2.3 | Treatment Recommendations

We suggest the use of room air (21% oxygen) over 100% oxygen
during early assisted ventilation of newborn puppies and kittens
(weak recommendation, very low quality of evidence).

We suggest the use of 100% oxygen in newborn puppies or kittens
in which the HR fails to increase despite 1-2 min of PPV (weak
recommendation, expert opinion).

5.2.4 | Justification of Treatment Recommendation

While there are no clinical data on the optimal selection of the
inspiratory oxygen concentration in newborn puppies and kittens
requiring PPV, the above-cited evidence suggests that room air
is as effective as 100% oxygen and that oxygen might do harm.
This has been a consistent finding in clinical and experimental
studies and across multiple species and populations. Many
studies suggest harm associated with PPV with high inspiratory
oxygen concentrations, including evidence of increased mortality
in newborn infants, increased oxidative injury in newborn infants
and newborn animal models, and tissue injury in various organs.
Until differing evidence emerges, we suggest using room air to
initiate PPV in newborn puppies and kittens.

A transition to a higher inspiratory concentration of oxygen
might be beneficial in some newborn puppies and Kkittens, if
clinical signs of severe hypoxemia (e.g., severe bradycardia)
persist despite adequate PPV. No studies have systematically
evaluated when to best switch from room air to 100% oxygen, but
we propose a transition guided by HR. HR is invariably decreased
with perinatal asphyxiation, and an increase in HR in response
to PPV is considered an indicator of the resolution of hypoxemia
[184, 185]. Studies in newborn children and experimental animals
suggest that the time course with which HR increases after
initiation of effective PPV is variable and can be instantaneous
or gradual, and accordingly may take as little as 10-20 s or as long
as several minutes [100, 185, 186]. Balancing benefit against risk,
we therefore suggest switching from room air to 100% oxygen if
no marked increase in HR is observed after 1 - 2 min of PPV.

5.2.5 | Knowledge Gaps

There is a lack of clinical studies in animals to address the issue
of supplemental oxygen administration in transitional newborn
puppies and Kkittens in general and in those requiring PPV
specifically.

6 | Cardiopulmonary Resuscitation

We expect that CPR—the combined administration of PPV and
chest compressions—will only be required in a small subset of
newborn puppies and kittens that need support at birth. However,
there is currently no epidemiological information available to
substantiate that anecdotal impression. Equivalent data in peo-
ple, however, indicate that 85% of term newborn infants take their
first breath within seconds of birth, a further 10% do so after
drying/tactile stimulation, 5%-10% receive PPV, and only 0.1%-
0.3% require chest compressions [8, 187-189]. If no heartbeat is
identified at birth or at any time during resuscitation, CPR should
be started immediately. However, as in newborn resuscitation
guidelines in people, initiation of chest compressions could also
be considered with bradycardia severe enough to lead to critical
compromise of cardiac output and thereby exacerbation of tissue
hypoxia [8]. The PICO questions below inquire whether there
is a particular HR below which to initiate chest compressions
(NB-02). We further attempt to address how to best deliver
chest compressions in newborn puppies and Kkittens, including
compression rate (NB-12) and depth (NB-17), animal position
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and compression point (NB-16), whether to synchronize breaths
with chest compressions (NB-14) by alternating compressions
and breaths at a certain compression:ventilation ratio (NB-13),
whether oxygen supplementation is of benefit (NB-18), and
whether there is support for the use of epinephrine (NB-21, NB-
22) and atropine (NB-24). We finally pose the important question
of whether there is a particular duration of CPR after which the
resuscitation effort should be terminated due to futility (NB-25).

6.1 | HR and When to Start CC—NB-02

In newborn dogs and cats that require resuscitation in which
PPV has been initiated (P), how does starting chest compressions
below any other HR (I), compared with less than 60/min (C),
improve outcome (O)?

6.1.1 | Introduction

Intrapartum fetal asphyxiation leads to a reduction in HR at birth,
and this bradycardia can further exacerbate vital organ hypoxia
[190]. PPV and oxygen administration are expected to increase HR
in many cases, but where these interventions fail to increase the
HR above a critical threshold, chest compressions might increase
tissue blood flow and tissue oxygen delivery. However, once
effective PPV and oxygen supplementation have been started in
newborn puppies or kittens, the ideal HR below which to initiate
chest compressions is unknown. The current recommendation in
newborn infants is to initiate chest compressions if the HR drops
below 60/min [8].

6.1.2 | Consensus on Science

We found no evidence relevant to this PICO question for the
outcomes of favorable neurologic outcome, survival to discharge,
surrogate markers of perfusion, hospital length of stay, and
histopathologic damage.

6.1.3 | Treatment Recommendations

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 (strong
recommendation, expert opinion).

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 recommendation, expert opinion).

6.1.4 | Justification of Treatment Recommendation

As in human medicine, we identified no studies that investigate
the HR threshold at which to initiate chest compressions in
asphyxiated newborn puppies and kittens; thus, there is consid-
erable uncertainty regarding below which HR to initiate chest
compression [191, 192]. During asphyxiation in newborns, the

HR decreases and cardiac output declines [193]. While this is
initially compensated for by counterregulatory mechanisms to
maintain blood flow to the heart and brain, severe global tissue
hypoxia and end-organ injury, including HIE, eventually ensue
[190]. Although we did not identify any direct evidence to inform
at which HR chest compressions should be initiated in any
species, a reduction to a median HR of 46/min in an experimental
asphyxia model in newborn lambs demonstrated a reduction in
cerebral blood flow to 25% of baseline, with a linear correlation
between reduction of cerebral blood flow and HR [194]. Another
study in asphyxiated newborn lambs found no improvement of
cerebral and coronary blood flow when chest compressions were
administered during bradycardia with an HR of 63 + 8/min [195].
There are some physiological concerns that chest compressions in
newborns with bradycardia could be harmful [196]. In addition,
the concurrent administration of chest compressions and PPV
is challenging and may distract the rescuer from effectively
providing PPV, which is likely the most beneficial intervention in
asphyxiated newborns. Given that compressions started at an HR
of approximately 60/min did not improve cerebral and coronary
blood flow and that an HR of approximately 46/min led to a
severe reduction in cerebral blood flow, we suggest starting chest
compression only when the HR falls below 50/min. Below that
HR, vital organ blood flow is likely less than what is generated by
chest compressions. With effective PPV, experimental evidence
from asphyxiated piglets suggests that the HR will start to increase
with PPV alone after 15-30 s in those animals that are able to
respond [100]. We therefore considered PPV for 30 s to be a
reasonable first step before escalating resuscitation to include
chest compressions if the HR fails to increase during that time.
We suggest that chest compressions be administered when the
HR remains below 50/min after 30 s of effective PPV and oxygen
administration. If there is no heartbeat identified (i.e., as with
asystole or pulseless electrical activity), CPR should be started
immediately with concurrent initiation of chest compressions
and PPV.

6.1.5 | Knowledge Gaps

There is no clinical or experimental evidence to assess harm or
benefit for chest compressions in newborn puppies and kittens
when initiated at any HR cutoff. An initial study could explore
whether in newborn puppies and kittens with severe bradycardia
(HR < 50/min), chest compression and PPV versus PPV alone are
associated with improved outcome. It would also be important to
determine how fast an increase in HR can be expected with PPV
alone.

6.2 | Chest Compression Rate—NB-12

In newborn dogs and cats with CPA (P), how does any other
specific rate for external chest compressions (I), compared with
a compression rate of 120/minute (C), improve outcome (O)?

6.2.1 | Introduction

Chest compressions are of key importance in pediatric and adult
CPR and an essential part of basic life support (BLS) [11]. In

S23 of S59

95U8017 SUOWILWIOD SAIE81D) 3l dde 8y} Aq pauienoB a1e S391Le YO ‘8SN JO'S3|NJ J0) Akelq 1 8UlUO AS|IA LO (SUONIPUOD-PUE-SWLIS)L0D AS 1M ARRIq 1 )BUIUO//:SANY) SUO IPUOD PUe SIS | 84} 89S *[GZ02/0T/¥0] Uo AriqiauliuO AS|IM ‘ZTO0L 99ATTTT OT/I0p/Wod A3 | Alelq Ul juoy/:Sciy Wod pepeojumod ‘TS ‘G202 ‘TEVYI.LYT



contrast, respiratory support is of primary concern in transi-
tional newborns requiring resuscitation. Enhancing circulation
by means of chest compression is a late intervention for select
newborns that fail to respond to respiratory support measures
alone and in which myocardial hypoxia has resulted in CPA.
In human newborn resuscitation in the delivery room, a chest
compression rate of 120/min is currently recommended [8]. Due
to the much smaller size of newborn kittens (approximately 100 g)
and puppies (80-800 g depending on breed) when compared
to newborn infants, mathematical modeling suggests that a
compression rate higher than 120/min might be of benefit in these
species [197].

6.2.2 | Consensus on Science

We did not identify evidence for the most critical outcome
of favorable neurologic outcome and the important outcome of
duration of hospitalization.

For the critical outcome of survival to discharge, we identified 3
experimental studies in neonatal, post-transitional piglets (very
low quality of evidence, downgraded for serious bias, very serious
indirectness and imprecision) that address the PICO question
[198-200]. In these studies that together included 68 piglets of 1-
14 days of age and weighing at least 2 kg, a reduction of chest
compression rate to below 120/min (i.e., 90-100/min) did not
impact mortality (RR = 1.5; 95% CI, 0.8-2.6) compared to 120/min
or higher. However, these experimental studies reported survival
as return of spontaneous circulation (ROSC) of more than 20 min
or survival to 4 h after ROSC, rather than the more clinically
relevant outcome of survival to discharge.

For the important outcome of surrogate marker(s) of perfusion, we
identified 4 experimental studies in piglets (very low quality of
evidence, downgraded for serious bias, very serious indirectness,
and imprecision) that addressed the question [198-201]. An
experimental study of 16 piglets (2 kg body weight) found no
significant advantage of a chest compression rate of 120/min over
90/min on hemodynamic metrics such as cerebral oxygenation or
coronary blood flow [198]. A further experimental study including
28 piglets (3-4 kg body weight) in which the compression rate
was adjusted to optimize EtCO, revealed that diastolic and
mean blood pressures, systemic perfusion pressure, and cerebral
perfusion pressure were higher for the EtCO,-guided group
(compression rate: 143 + 10/min) when compared to the standard
group (compression rate: 102 + 2/min) [199]. A third experimental
study including 24 piglets (2 kg body weight) identified no effect of
investigated compression rates (120/min compared to 90/min or
100/min) on intra-arrest hemodynamics but improved postarrest
circulatory function in animals receiving chest compressions at
the highest rate studied (i.e., 120/min) [200]. A final study in
newborn piglets (2 kg body weight) with asphyxial CPA, which
received chest compressions at a rate of either 60/min, 90/min,
120/min, 150/min, or 180/min, found that the highest cardiac
output and arterial blood pressure were achieved at 150/min and
180/min [201].

For the important outcome of histopathological damage, we
identified 2 experimental studies in piglets (very low quality of

evidence, downgraded for serious bias, very serious indirectness,
and imprecision) that addressed the question [199, 200]. Animal
injury such as epicardial hemorrhage and hemothorax only
occurred in the aforementioned EtCO,-guided chest compression
group with high compression rates and not in the control group
with standard of care, although the authors indicate technical
reasons (pacing leads) to be responsible [199]. Patel et al. reported
reduced concentrations of proinflammatory cytokines in the
frontal cortices of piglets resuscitated at compression rates of
120/min compared to 90/min or 100/min [200].

Of note, the piglets in the above-cited studies had already passed
the transition phase, were 1-14 days old, and weighed 2-4 kg,
which is dissimilar to newborn puppies and kittens requiring
chest compressions immediately after delivery.

6.2.3 | Treatment Recommendations

We suggest delivering chest compressions in newborn pup-
pies and kittens at 120-150 compressions per minute (weak
recommendation, very low quality of evidence).

6.2.4 | Justification of Treatment Recommendation

There is no direct evidence on the optimal chest compression
rates in small mammals of 100-800 g, and none in transitional
newborns of any size where the lungs are not yet aerated
and remain fluid filled. Thus, the certainty with which any
recommendation can be given is very low, and the optimal
chest compression rates in newborn puppies and kittens remain
unknown. Very low-quality evidence from the piglet models cited
above suggests some benefit of a compression rate of at least
120/min. Mathematical modeling furthermore suggests that the
combination of small flow distances and volumes involved in
very small animals results in the optimal chest compression rate
to be higher than in larger animals and in excess of 120/min
[197]. 1t is standard to resuscitate rats of similar body weight
of approximately 350 g in experimental CPA models with chest
compressions delivered at rates of 200-300/min, although no
studies have been performed to establish the optimal chest
compression rate in this setting either [202, 203]. We also believe
that delivering chest compressions at 120-150/min is feasible in
newborn puppies and kittens without excessive rescuer fatigue,
given the associated small compression depth of 1-2 cm and
the low compression force required; however, this assumption
awaits testing in newborn puppies and kittens. Taken together,
we suggest administering chest compressions at a higher rate in
newborn puppies and kittens (120-150/min) than in adult dogs
and cats (100-120/min) [11, 204].

6.2.5 | Knowledge Gaps

There is significant uncertainty regarding the optimal chest
compression rate in newborn puppies and kittens. Furthermore,
rescuer performance over time, including rescuer fatigue, at these
higher compression rates has not been studied.
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6.3 | Chest Compression Point—NB-16

In newborn dogs and cats receiving chest compressions (P),
how does the administration of ventrodorsal chest compressions
(i.e., over the sternum) (I), compared with laterolateral chest
compressions (C), improve outcome (O)?

6.3.1 | Introduction

Effective chest compressions are essential for circulatory support
during CPR. Patient position and compression point are factors
that may significantly affect the efficacy of chest compressions.
In newborn infants, current guidelines recommend perform-
ing chest compressions over the sternum using a two-thumb
technique with fingers encircling the chest [8]. In experimental
CPR models of swine and rodents, chest compressions are also
uniformly recommended to be performed over the sternum with
the subjects positioned in dorsal recumbency [202, 205]. In adult
dogs and cats, chest compressions are most commonly performed
in lateral recumbency, but almost no studies have evaluated the
question of optimal positioning [11]. No information regarding
this topic is available for newborn puppies and kittens.

6.3.2 | Consensus on Science

For the critical outcomes of survival to discharge and favor-
able neurologic outcome, as well as the important outcomes
of surrogate markers of perfusion, hospital length of stay, and
histopathologic damage, we identified no studies addressing the
question in newborn puppies and kittens.

6.3.3 | Treatment Recommendations

In newborn puppies and kittens requiring chest compressions,
we suggest application of chest compressions in the laterolateral
direction (weak recommendation, expert opinion).

In newborn puppies and kittens requiring chest compressions,
we suggest ventrodorsal (sternal) chest compressions when addi-
tional resuscitation measures (e.g., umbilical cord cannulation,
monitoring modalities) are facilitated by dorsal recumbency
(weak recommendation, expert opinion).

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

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

6.3.4 | Justification of Treatment Recommendation

For newborn puppies and kittens, there is insufficient evidence
to provide a treatment recommendation regarding the adminis-
tration of ventrodorsal versus laterolateral chest compressions.
We believe, however, that factors other than chest compressions
themselves impact the preferred body position during CPR.
Effective bag-mask ventilation, a critical component of newborn
resuscitation, is presumed to be compromised in supine newborn
puppies and kittens as the large, fleshy tongue might increase
upper airway resistance when muscle tone is absent [206]. In
addition, dorsal positioning precludes the placement and main-
tenance of an intraosseous (I0) cannula. And finally, veterinary
professionals are generally more familiar with a laterolateral
approach to chest compressions, as this is the recommended
technique for most adult dogs and cats [11].

Unlike newborn infants that typically weigh 2-4 kg at birth, even
newborn puppies of giant breeds weigh less than 800 g [207, 208]
such that chest compression techniques used in human newborns
may not translate into newborn puppies and kittens.

6.3.5 | Knowledge Gaps

There is no evidence in newborn puppies and kittens evaluating
outcomes of chest compressions in lateral or dorsal recumbency.
It is not known what the most common practices are in animal
and finger positioning during CPR in newborn cats and dogs.

6.4 | Chest Compression Depth—NB-17

In newborn dogs and cats receiving chest compressions (P), how
does another chest compression depth (I), compared with 1/3 of
chest width (C), improve outcome (O)?

6.4.1 | Introduction

Chest compression depth is a factor that may alter cardiac
output and perfusion to vital organs during CPR, with veterinary
guidelines identifying adequate compression depth as critical for
optimizing blood flow in dogs and cats during closed-chest CPR
[11, 204]. Ideal compression depth may vary depending on patient
conformation and position, intracardiac volume, and other
parameters. Compressions that are too shallow may result in
inadequate cardiac output, while excessive force and depth may
result in mechanical injury to underlying thoracic or abdominal
structures. In newborn infants, the American Heart Association
and the Neonatal Resuscitation Program recommend a sternal
compression depth of one-third of the anterior-posterior (AP)
diameter of the chest, though these guidelines are based on very
limited data [8]. Identifying a compression depth target for new-
born puppies and kittens undergoing CPR is investigated here.

6.4.2 | Consensus on Science

For the critical outcomes of favorable neurologic outcome and
survival to discharge, we identified no studies addressing the PICO
question.
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For the important outcome of surrogate markers of perfusion,
we identified 2 observational human studies that address the
question (very low quality of evidence, downgraded for very
serious risk of bias, very serious indirectness, and inconsistency)
[209, 210]. In a retrospective cohort study of 6 infants requir-
ing cardiac surgery and subsequent CPR, the depth of chest
compressions was initiated at approximately one-third of the
AP chest diameter and then increased to one-half of the AP
chest diameter if systolic blood pressure remained <60 mm Hg
[209]. The mean systolic blood pressure was 52 mm Hg for
the one-third diameter approach and 83 mm Hg for the one-
half diameter approach (p < 0.001), representing a 62% increase
in systolic blood pressure. Other outcomes were not measured,
however, and only one of the six patients survived to hospital
discharge with a favorable neurologic outcome. In another ret-
rospective observational study, images from 54 neonatal chest CT
scans were analyzed to compare theoretical compression depths
of one-fourth, one-third, and one-half the AP chest diameter
[210]. Ejection fraction (normal value of 69%) was estimated
with mathematical modeling and increased incrementally with
increasing chest compression depth (51% with one-fourth AP
chest compression depth, 69% with one-third depth, and 106%
with one-half depth, p < 0.001). Undercompression (defined as
compression inadequate to obtain an ejection fraction of at least
50%) was predicted to occur in 54% of infants receiving chest
compression with a depth of one-fourth of the AP diameter but
in none resuscitated with other compression depths (p < 0.001).
Overcompression (defined as lack of adequate residual chest
depth) was predicted in 91% of infants in which the chest was
compressed to one-half its AP diameter but not in other groups
(p < 0.001). The authors concluded, based on mathematical
modeling, that one-third AP chest compression depth should be
more effective than one-fourth depth and safer than one-half
depth.

For the important outcomes of hospital length of stay and
histopathologic damage, we identified no studies addressing the
question in newborns.

6.4.3 | Treatment Recommendations

In newborn puppies and kittens receiving chest compressions, we
suggest a compression depth of one-third to one-half the width of
the chest for laterolateral compressions (weak recommendation,
very low quality of evidence).

In newborn puppies and kittens receiving chest compressions,
we suggest a compression depth of one-third the AP diameter
of the chest for ventrodorsal (i.e., sternal) compressions (weak
recommendation, very low quality of evidence).

6.4.4 | Justification of Treatment Recommendation

There is very limited and no direct evidence to answer this
question in newborn puppies and kittens. While one very small
observational study in human infants demonstrated improved
blood pressure with compression by one-half compared to one-
third of the AP chest diameter, another study using mathematical

modeling on neonatal CTs estimated adequate ejection fraction
in the group with compression of one-third of the AP chest
diameter and overcompression with one-half of the AP chest
diameter. Human newborn guidelines typically recommend a
sternal compression depth of one-third of the AP diameter of the
chest; however, newborn puppies and kittens have different chest
conformations, and the use of laterolateral chest compressions
is likely more common. It is reasonable to target a compression
depth of one-third to one-half the width of the chest with
laterolateral chest compressions, as in adult dogs and cats, though
caution must be exercised to avoid overcompression of the
highly compliant newborn chests. With sternal compression, a
proportion of the AP chest diameter is occupied by the vertebral
column, diminishing the compressible portion of the chest cavity.
We therefore suggest a compression depth of one-third the AP
diameter of the chest when delivering sternal compressions.

6.4.5 | Knowledge Gaps

The optimal compression depth in newborn puppies and kittens
in any position has not been established, and further research is
needed in this area. Specifically, it is unclear whether rescuers
can note the difference between one-half and one-third of chest
width during compressions, given that this might constitute as
little as a 2-3 mm difference in compression distance. Further-
more, CT studies might provide some initial direction regarding
the intrathoracic location of the heart in laterally recumbent
or supine newborn kittens and puppies and the appropriate
compression depth and compression point.

6.5 | C:V Ratioin Nonintubated Animals During
CPR—NB-13

In newborn dogs and cats receiving chest compressions (P), how
do other compression-to-ventilation ratios (e.g., 30:2; 15:2, 9:3,
5:1) (I), compared with a compression:ventilation ratio of 3:1 (C),
improve outcome (O)?

6.5.1 | Introduction

Ventilation is of higher importance during resuscitation of
transitional newborns than post-transitional newborn, pediatric,
or adult animals undergoing CPR, as the respiratory transition
from fluid-filled to aerated lungs is a key process at birth and
its failure is the main cause of CPA at the time of delivery
[2]. Current guidelines in newborn infants, based on expert
opinion, suggest synchronized administration of compressions
and ventilation at a ratio (i.e., C:V ratio) of 3:1 given at a rate
to allow 90 compressions and 30 breaths to be delivered per
minute [8]. The interruption of chest compressions to deliver
a breath is expected to optimize lung aeration when compared
to concurrently administered ventilations and compressions, but
this has not been conclusively evaluated (see NB-14). Moreover,
in newborn puppies and kittens that are most often nonintubated
during CPR, concurrent ventilations and compressions are not
recommended due to the presumed lack of efficacy of breaths
delivered during chest compressions in this setting and the risk
for severe gastric insufflation, regurgitation, and aspiration [211].
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A lower C:V ratio (e.g., 3:1) is generally expected to deliver more
breaths per minute and favor ventilation, while a higher C:V ratio
(e.g., 15:2) will lead to more compressions per minute and favor
circulation.

We herein ask whether in newborn puppies and kittens under-
going CPR with compressions alternating with ventilations at a
particular ratio (C:V ratio), resuscitators should target a C:V ratio
of 3:1 as recommended for newborn infants, or whether another
C:V ratio is preferable.

6.5.2 | Consensus on Science

For the critical outcome of favorable neurologic outcome, we
identified no studies addressing the question.

For the next most critical outcome of survival to discharge, we
identified 3 experimental neonatal piglet studies that addressed
the question (very low quality of evidence, downgraded for
serious risk of bias, very serious indirectness, and imprecision)
[212-214]. All the studies involved post-transitional piglets of
12-96 h of age in which asphyxial arrest was induced by a
combination of a hypercarbic/hypoxic inspiratory gas mixture
and ETT clamping. Resuscitation included a 30-s ventilation-
only period, followed by ventilation and chest compressions
synchronized such that chest compressions were alternating with
breaths at a certain ratio. Specifically, C:V ratios of 2:1, 4:1, 9:3,
and 15:2 were compared to a C:V ratio of 3:1. No differences in
survival to 4 h after ROSC emerged between any of the C:V ratios
examined. Pooled analysis showed no difference between those
piglets resuscitated with a C:V ratio of 3:1 (n = 40), compared
to other C:V ratios (n = 48) (RR = 0.97, 95% CI 0.85-1.10,
p=0.63).

For the important outcome of hospital length of stay, we identified
no studies addressing the question.

For the important outcome of respiratory function (oxygena-
tion and ventilation), we identified 8 experimental studies that
addressed the question (very low quality of evidence, downgraded
for serious risk of bias, very serious indirectness, and impre-
cision), 4 of which included neonatal piglets [212-215], and 4
were manikin studies [216-219]. All piglet studies were again
utilizing post-transitional piglets of 1-4 days of age that under-
went asphyxial arrest, and all studies compared resuscitation with
a C:V ratio of 3:1 with other compression-to-ventilation ratios,
including 2:1, 4:1, 9:3, and 15:2. No significant differences were
identified between 3:1 groups and any of the other groups in
EtCO, during resuscitation or PaCO, or SpO, values immediately
after ROSC [212-214]. Pasquin et al. found that median tidal
volumes were higher in the 2:1 group (27 mL, IQR 12) than in
the 4:1 group (14 mL, IQR 7; p = 0.02), with intermediary values
resulting from the 3:1 approach (22 mL, IQR 6) [214]. Dannevig
etal. compared the effect of 3:1 and 9:3 compression-to-ventilation
ratios on markers of lung injury (e.g., TNF, ICAM-1, and MMP2/9)
and found no differences between the studied C:V ratios [215].
The 4 studies conducted in newborn infant manikins indicated
that the lower C:V ratio of 3:1, compared to 5:1, 9:3, 10:2, or 15:2,
leads to higher minute ventilation [216, 218, 219] and tidal volume

[217-219] and leads to more effective breaths based on chest rise
[219].

For the important outcome of surrogate markers of perfusion,
we identified 3 experimental studies in neonatal piglets that
addressed the question (very low quality of evidence, downgraded
for serious risk of bias, very serious indirectness, and imprecision)
[212-214]. These studies were those already discussed above. They
found hemodynamic outcomes (i.e., MAP, lactate) immediately
after ROSC were comparable among different C:V groups in all
studies.

6.5.3 | Treatment Recommendations

In newborn puppies and kittens receiving chest compressions
and synchronized PPV, we suggest a C:V ratio of 4:1 (weak
recommendation, expert opinion).

6.5.4 | Justification of Treatment Recommendation

In making this recommendation, we acknowledge there is insuf-
ficient published information to arrive at an evidence-based
recommendation for the preferred ventilation and compression
strategy in newborn puppies and kittens requiring chest com-
pressions. We consider ET intubation of the very small newborn
puppies and kittens not routinely feasible due to technical
difficulties and the fact that often several newborns require
attention concurrently. Without ET intubation, the delivery of
PPV without concurrent compressions is highly important for
breath efficacy, and effective ventilations are a higher priority in
transitional newborns. The studies above suggested lower C:V
ratio will support higher TV and higher efficacy of breaths [214,
217-219]. However, lower C:V ratios will also lead to reduced chest
compressions delivered per minute, which could compromise
blood flow and thus oxygen delivery to vital organs. To balance
the need for a low C:V ratio to optimize ventilation with the need
for an adequate number of compressions per minute, we suggesta
C:V ratio of 4:1, while the chest compressions should be delivered
at 150 compressions per minute. Mathematical modeling suggests
that a higher compression rate than in adult dogs and cats is
preferable in newborns (100-800 g bodyweight) (see NB-12) [197].
In addition, newborn puppies and kittens are markedly smaller
than the piglets (>2 kg body weight) included in the study by
Pasquin and colleagues [214]. The time required to deliver an
adequate tidal volume is therefore shorter. We suggest delivering
150 actions per minute: 4 chest compressions followed by 1 breath
(C:V = 4:1), repeated 30 times per minute (i.e., rounds of 4 chest
compressions + 1 breath every 2 s). Over the course of 1 min,
this will cumulatively amount to 120 compressions delivered at
a tempo of 150/min and to 30 breaths.

6.5.5 | Knowledge Gaps

There is a need to determine (1) whether one C:V ratio is
better than another in newborn puppies and kittens; (2) whether
rescuers can administer compressions at a rate of 150/min; and
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(3) how many rounds of 4:1 CPR and in extension ventilations per
minute are actually delivered with this strategy.

6.6 | Synchronization of Ventilation With
Intubated PPV—NB-14

In newborn dogs and cats receiving chest compressions and PPV
via ETT (P), how does pausing chest compressions to administer
breaths (I), compared with simultaneous ventilations and chest
compressions (C), improve outcome (O)?

6.6.1 | Introduction

Asphyxia is the main reason transitional newborns require PPV
and CPR [220]. Transitioning from liquid- to air-filled lungs is the
key objective early after birth, and therefore, effective ventilation
plays a much larger role in the resuscitation of newborns at
birth compared to adult animals [221]. For this reason, venti-
lation is prioritized in newborn CPR to facilitate aeration of
the lungs and pulmonary gas exchange. Current resuscitation
guidelines in people suggest a compression:ventilation (C:V) ratio
of 3:1, synchronized such that compressions and ventilation are
separated to ensure adequate tidal volume delivery; however,
this constitutes a weak recommendation supported by very low
quality of evidence [8, 191]. This PICO question asked on whether
asimilar approach in which chest compressions are interrupted to
deliver breaths (i.e., synchronous ventilation) is beneficial in intu-
bated newborn puppies and kittens, or whether breaths should
be administered without interrupting chest compressions (i.e.,
chest compressions with simultaneous, asynchronous ventilation
[CCaV]), in much the same way as is recommended for adult dogs
and cats [11].

6.6.2 | Consensus on Science

For the most critical outcome of favorable neurologic outcome, we
identified no studies addressing the question.

For the next most critical outcome of survival to discharge, we
identified 3 experimental neonatal piglet studies that addressed
the question (very low quality of evidence, downgraded for
serious risk of bias, very serious indirectness, and imprecision)
[222-224]. All studies included post-transitional piglets that were
1-4 days old and thus animals that had aerated lungs and a closed
ductus arteriosus. Asphyxiation was induced by clamping of the
ETT. Piglets were randomized to receive resuscitation with either
standard CPR (i.e., C:V ratio of 3:1, 90 compressions/min, 30
ventilations/min, n = 28 across the three studies) or CCaV with
90-120 compressions/min and 30 ventilations/min. Breaths were
administered via a cuffed ETT. Survival rates to the end of the
study period were reported, which varied between 2 and 4 h
following ROSC, with a lower mortality noticed in the piglets
resuscitated with CCaV (RR = 0.38, 95% CI 0.16-0.94). Survival
to discharge as a clinical outcome was not directly assessed in
any of these experimental animal studies, and none of the studies
included transitional newborns.

For the important outcome of surrogate markers of perfusion,
5 experimental studies in piglets and 1 experimental study in
newborn lambs were identified that addressed the question (very
low quality of evidence, downgraded for serious risk of bias,
very serious indirectness, imprecision, and inconsistency) [222—
227]. All 5asphyxial arrests were induced by clamping the ETT
or administering potassium chloride. They compared the effect
of CPR delivered at a C:V ratio of 3:1 (90 compressions/min and
30 ventilations/min) or CCaV on a variety of circulatory metrics,
including arterial blood pressure, carotid blood flow, carotid
oxygen delivery, or lactate concentration. In the CCaV group, all
studies used a compression rate of 120/min except 1 in which the
compression rate was the same as in the synchronized ventilation
group (90/min). Schmolzer et al. identified similar cardiac output,
mean systemic and pulmonary arterial pressures, and regional
blood flows between groups [222]. Mendler et al. found no differ-
ence between groups in lactate concentrations or mean arterial
blood pressures during resuscitation or immediately after ROSC
[223, 226]. In a fourth experimental piglet study, hemodynamic
metrics immediately after ROSC (i.e., HR, arterial blood pressure,
carotid blood flow) were also similar between groups [227]. In
contrast to these studies, Aggelina et al. found improved hemody-
namics with CCaV compared to 3:1 CV, including diastolic blood
pressure (51 = 18 mm Hg vs. 26 + 6 mm Hg, p < 0.001) and
coronary perfusion pressure (46 + 17 mm Hg vs. 22 + 6 mm Hg)
during resuscitation [224]. Unlike the studies in swine, Vali et al.
included near-term lambs (n = 22) that were asphyxiated during
transition at birth by concurrently clamping the ETT and ligating
the umbilical cord [225]. Animals in the CCaV group received 120
compressions/min, while those in the 3:1 C:V group received 90
compressions/min. No significant differences were found during
CPR in diastolic blood pressure or lactate concentration, but
CCaV was associated with significantly higher carotid blood
flow (7.5 + 3.1 mL/kg/min vs. 4.2 + 2.6 mL/kg/min, p < 0.01)
and cerebral oxygen delivery (0.40 + 0.15 mL O,/kg/min vs.
0.13 + 0.07 mL O,/kg/min, p < 0.01) compared to synchronized
ventilations/compressions.

For the important outcome of oxygenation, we identified 3
experimental studies in neonatal piglets and 1 experimental study
in newborn lambs (very low quality of evidence, downgraded for
serious risk of bias, very serious indirectness, and imprecision)
[223, 225-227]. Synchronized administration of breaths (i.e., C:V
ratio of 3:1) did not alter measures of arterial oxygenation (i.e.,
Pa0O,, Sa0,) when compared to CCaV in any of the piglet
studies either during resuscitation [226, 227] or immediately
after ROSC [223, 227], nor was there any significant impact
on cerebral oxygenation [227]. As previously mentioned, the
studies in piglets were conducted in anesthetized, intubated, post-
transitional animals at least 1 day old. The study by Vali et al. in
newborn, transitional lambs showed significant improvement in
Sa0, and PaO, during resuscitation of animals (n = 11) with CCaV
(Sa0, = 33 + 11%; PaO, = 22 + 5.3 mm Hg) versus the synchro-
nized group (n = 11; Sa0, =19 + 7.5%; PaO, = 15 + 3.5 mm Hg;
p < 0.01) [225].

For the important outcome of ventilation, we identified 6 exper-
imental studies (4 in neonatal piglets, 1 in newborn lambs,
and 1 manikin study) that addressed the question (very low
quality of evidence, downgraded for serious risk of bias, very
serious indirectness, and imprecision) [218, 222, 223, 225-227].
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The piglets involved were post-transitional, anesthetized, and
intubated animals of at least 1 day of age [222, 223, 226, 227],
while a single study in newborn lambs examined the question
in transitional animals taking their first breaths [225]. In these
studies, tidal volume or minute ventilation was not different
between synchronized ventilation (C:V ratio of 3:1) and CCaV.
In contrast, the median tidal volumes measured in a simulation-
based study involving newborn infant manikins were higher
when CPR was administered with synchronized ventilation (C:V
ratio of 3:1) compared to CCaV (22.3 mL [IQR 1.9] vs. 19.7 mL [IQR
2.4], p = 0.002) [218].

Multiple animal studies reported PaCO, as an outcome [222,
223, 225, 226]. Schmolzer et al. found in a post-transitional
piglet model of newborn CPR that the PaCO, values imme-
diately after ROSC were lower with synchronous ventilation
(n =6, PaCO, = 55 + 10 mm Hg), compared to CCaV (n = 5,
PaCO, = 81 + 25 mm Hg, p < 0.05) [222]. In another post-
transitional piglet study involving 10 animals per group, median
PaCO, values trended in the opposite direction: with synchronous
(C:V = 3:1) ventilation, the PaCO, values were 100.8 mm Hg
(IQR 25) compared to CCaV (74.1 mm Hg; IQR 14.6), though
the difference did not reach significance (p = 0.077) [226]. In
the study including transitional lambs, which is most direct to
the population of newborn puppies and kittens relevant to this
question, the PaCO, values were similar in animals receiving
synchronous ventilation (n = 11, 119 + 14 mm Hg) and those
undergoing CCaV (n = 11, 112 + 20 mm Hg, p = 0.38) [225].
Furthermore, no difference in PaCO, immediately after ROSC
was found in post-transitional piglets undergoing synchronous or
asynchronous ventilation during CPR [223, 227].

For the important outcome of hospital length of stay, we identified
no studies addressing the question.

6.6.3 | Treatment Recommendations

In newborn puppies and kittens receiving chest compressions and
PPV with a cuffed ETT in place, we suggest delivering breaths
concurrently to chest compressions (asynchronized ventilation)
(weak recommendation, very low quality of evidence).

In newborn puppies and kittens receiving chest compressions and
PPV that are not intubated with a cuffed ETT, we recommend syn-
chronized ventilation by pausing chest compressions to deliver
breaths (strong recommendation, expert opinion).

6.6.4 | Justification of Treatment Recommendation

In adult dogs and cats undergoing chest compressions that
are intubated, current guidelines recommend continuous chest
compressions with asynchronous (simultaneous) ventilation [11].
However, there are no data in human literature and very limited
information from experimental animal models addressing the
question of ideal timing and delivery of breaths in newborns.
In addition, none of the piglets used in the animal research
were transitional newborns but 1-10 days old with aerated lungs
and breathing spontaneously prior to induction of cardiac arrest

[222-224, 226, 227]. As such, very serious indirectness limits the
confidence with which the findings of these studies can be applied
to our PICO question. While we found CCaV improved short-
term survival (to 2-4 h after ROSC) in the pooled data from the 3
piglet studies (n = 28 per group), it is uncertain how this applies to
survival in a clinical environment for newborn, transitional pup-
pies and kittens [222-224]. A single study in newborn, transitional
lambs did not show any difference in ROSC rates or time to ROSC
between synchronized compressions/ventilation and CCaV (91%
in each group), but a post-ROSC observation period was not
reported in this study [225]. Likewise, ROSC rates and time to
ROSC reported in 4 of the aforementioned piglet studies were
similar with a synchronized approach (C:V = 3:1) or with CCaV
[222-224, 227]. However, both surrogate markers of perfusion
and oxygenation were improved by CCaV in transitional lambs
compared to a synchronized approach to compressions and
ventilation [225]. Taken together, we decided to suggest CCaV
over synchronized compressions and ventilation during CPR of
newborn puppies and kittens with a cuffed ETT in place.

Recent experimental studies in animals and 2 small clinical trials
in newborn infants have also explored alternative methods of
ventilation during CPR, specifically the so-called SI [228-233].
With SI, the lungs are inflated to a peak pressure of 20-30 cm H, O,
and this inflation is maintained for 20-30 s, followed by deflations
of 1-s duration, another SI, and so forth. Chest compressions are
delivered concurrently. The preponderance of the study results
thus far showed a faster return to ROSC with SI, compared to
the synchronized C:V = 3:1 approach, but no significant impact
on ROSC rates or survival. However, many of these studies were
very small and thus underpowered so that data are preliminary
and further investigations are required. Moreover, a cuffed ETT is
required for SI to avoid excessive leakage from the airway, which
is unfeasible in most newborn puppies and kittens.

While we suggest CCaV for newborns that are intubated with
a cuffed ETT, we provide a strong recommendation for the
use of synchronized ventilation and compressions in newborns
undergoing CPR that are not intubated with a cuffed ETT (i.e.,
uncuffed or no ETT). While we could not locate any evidence
to support this treatment recommendation, it is based on the
premise that breaths delivered by bag and mask during ongoing
chest compressions may not lead to adequate lung expansion and
thus could fail to achieve critically important lung aeration in
newborn puppies and kittens with asphyxial cardiac arrest.

6.6.5 | Knowledge Gaps

The optimal ventilation strategy in intubated newborn puppies
and kittens undergoing CPR is uncertain, with very few experi-
mental animal studies and no clinical studies in people examining
this question in transitional newborns.

6.7 | Epinephrine During CPR—NB-21

In newborn dogs and cats with very low HR (e.g., HR < 50/min)
despite adequate PPV and chest compressions (P), how does rou-
tine parenteral administration of no epinephrine (I), compared
with epinephrine administration (C), improve outcome (O)?
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6.7.1 | Introduction

Epinephrine is recommended for adult dogs and cats undergoing
chest compressions with asphyxial (nonshockable rhythm) CPA
[11], and asphyxia is the main reason transitional newborns
require PPV and in some cases CPR [220]. It is unknown whether
transitional puppies and kittens receiving chest compressions for
persistent, severe bradycardia (i.e., HR < 50/min) or cardiac arrest
benefit from routine parenteral administration of epinephrine.

6.7.2 | Consensus on Science

No studies reporting were identified in the initial literature search
that addressed any of the critical and important outcomes of this
PICO question.

A Medline search performed on November 24, 2024, using
the following search term strategy: “(((epineph*[Title/Abstract]
OR adren*(Title/Abstract])) AND (pupp*[Title/Abstract] OR
kitten[Title/Abstract])) AND ((CPR[Title/Abstract] OR chest
compress*|Title/Abstract])),” returned 2 articles, neither relevant
to the PICO question [234, 235]. Searches for other Newborn
PICO questions yielded many relevant experimental studies in
transitional lambs. Thus, on November 29, 2024, a Medline
search was performed using the following search term strategy:
“(((epineph*|Title/Abstract] OR adren*|Title/Abstract])) AND
(lamb*|[Title/Abstract])) AND ((CPR|[Title/Abstract] OR chest
compres*|Title/Abstract])),” which returned 22 articles, all exper-
imental studies in lambs.

Eight identified experimental transitional lamb studies (mod-
erate quality of evidence, downgraded for serious indirectness
and imprecision, upgraded for large effect and dose-response
relationship) were relevant to the PICO question [236-243].

Two of these studies investigated parenteral epinephrine com-
pared to saline placebo during chest compressions and PPV in
asphyxiated, transitional, term lambs [239, 242]. Polglase et al.
showed that 9 out of 9 lambs treated with IV epinephrine at
0.02 mg/kg achieved ROSC versus only 1 out of 6 lambs treated
with saline placebo (p < 0.01); allocation of animals to the saline
placebo group was stopped short of the target of nine subjects
because investigators felt it unethical to continue to allocate
animals to placebo [239]. Songstad et al. found IV epinephrine
(50 pg, ~0.012 mg/kg; six lambs) led to faster ROSC (mean
2.4 + SEM 0.4 min) than did IV saline placebo (11.2 + 1.2 min, five
lambs; p < 0.05) [242]. Thus, both of these studies support the use
of epinephrine in transitional newborns undergoing CPR.

One of the studies compared epinephrine to vasopressin. A study
by Rawat et al. found no difference in ROSC incidence or time to
ROSC when lambs were treated with 0.03 mg/kg epinephrine IV
(7/10 achieved ROSC in 8 + 2 min) versus 0.4 U/kg vasopressin
IV (3/9 achieved ROSC in 13 + 6 min) [240].

Seven studies in asphyxiated, transitional, term lambs compared
various parenteral routes of epinephrine during PPV and chest
compressions and their impact on ROSC [236-239, 241-243].
Roberts et al. studied the effect of IO epinephrine compared to IV
epinephrine on the incidence of and time to ROSC in asphyxiated,
transitional, near-term lambs. This study found no difference in

ROSC incidence when lambs were treated with epinephrine IV
(10/12) versus 10 (7/9); similarly, there was no difference in the
number of epinephrine doses required or time to ROSC between
the 2 groups. [Epinephrine],, was similar at all studied time points
between the 2 groups [241]. Thus, this study supports the use of IO
epinephrine if IV access is difficult or not possible. Four studies
using similar asphyxiated, transitional, term lamb resuscitation
models evaluated IV epinephrine (doses 0.01-0.03 mg/kg) versus
ET epinephrine at 0.1 mg/kg [237, 239, 242, 243]. All 4 studies
showed more rapid achievement or higher incidence of ROSC
with standard (0.01-0.03 mg/kg) IV epinephrine doses compared
to 0.1 mg/kg epinephrine given endotracheally. Some of these
studies also evaluated [epinephrine], and found significantly
lower and/or delayed increases in [epinephrine], in lambs
treated with ET epinephrine compared to those treated IV
[237, 243]. These 4 studies uniformly found ET epinephrine at
0.1 mg/kg inferior to standard dose IV epinephrine for achieving
ROSC in asphyxiated transitional lambs. The Polglase study
allocated 1 group (9 lambs) to receive high-dose (1 mg/kg) ET
epinephrine and found no difference in ROSC incidence between
the high-dose ET epinephrine group (7/9) compared to the
group of lambs that received epinephrine 0.02 mg/kg IV (9/9);
however, epinephrine 1 mg/kg ET led to delayed ROSC compared
to 0.02 mg/kg IV epinephrine (p < 0.001). Also, high-dose ET
epinephrine was associated with more cerebral microbleeds than
the standard IV epinephrine group in this study [239]. Finally,
Nair et al. showed peak [epinephrine], was lower in transitional
lambs compared to post-natal lambs when epinephrine was given
by the ET route [238]. Two studies evaluated intranasal (IN)
epinephrine compared to standard IV administration [237, 242].
Songstad et al. allocated IN epinephrine (0.125 mg/kg) and IV
epinephrine (0.0125 mg/kg) to 6 asphyxiated, transitional, term
lambs and found that lambs randomized to IV epinephrine
achieved ROSC faster (mean 2.4 + SEM 0.4 min) than lambs
that received IN epinephrine (9.2 + 2.2 min; p < 0.05). Lambs
allocated to IN epinephrine also received a significantly larger
total dose of epinephrine to achieve ROSC than those that
received epinephrine IV [242]. Similarly, de Jager et al. found time
to ROSC was significantly shorter in eight lambs treated with
0.02 mg/kg epinephrine IV (173 + SD 32 s) compared to seven
lambs given 0.1 mg/kg epinephrine IN (401 + 175 s; p < 0.05). This
study also found lower, delayed [epinephrine], in lambs treated
with IN compared to IV epinephrine [237]. The effect of IM
administration of epinephrine was examined by Berkelhamer and
colleagues, who administered epinephrine 0.1 mg/kg IM (deltoid
muscle) to four asphyxiated, transitional, term lambs during PPV
and chest compressions and found no increase in [epinephrine],,
with IM epinephrine administration until after ROSC [236].

6.7.3 | Treatment Recommendations

In newborn puppies and kittens with very low HR (i.e.,
HR < 50/min) despite 60 s of adequate PPV and chest compres-
sions, we recommend the administration of epinephrine (strong
recommendation, moderate quality of evidence).

In newborn puppies and kittens with very low HR (i.e,
HR < 50/min) despite 60 s of adequate PPV and chest compres-
sions, we recommend IV or IO administration of epinephrine
over intratracheal or IN administration (strong recommendation,
moderate quality of evidence).
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In newborn puppies and kittens with very low HR (i.e.,
HR < 50 bpm) despite adequate PPV and chest compressions,
we suggest against IM administration of epinephrine (including
intralingual IM administration) (weak recommendation, very
low quality of evidence).

6.7.4 | Justification of Treatment Recommendation

While no clinical trials were identified that compared
epinephrine using various doses (including placebo) or routes
during resuscitation of transitional newborns in any species,
the experimental data are reasonably convincing that parenteral
epinephrine improves ROSC rates in asphyxiated, transitional
lambs. Additionally, given that the studied population of
asphyxiated, term, transitional lambs varies from transitional
puppies and kittens only in species, and the high conservation
of adrenoreceptors across species, it is likely that the findings
of these studies apply to newborn puppies and kittens. The
dose-response relationship of [epinephrine], with ROSC rate
across the studies further supports the usefulness of epinephrine
in this setting. Thus, we recommend parenteral epinephrine in
newborn puppies and kittens undergoing CPR. The transitional
lamb models on which this recommendation is based all
included a period of PPV alone, followed by the institution of
chest compressions for 30-120 s before drug administration;
some lambs were resuscitated with only PPV and/or chest
compressions prior to randomization (i.e., without medication).
Therefore, we recommend epinephrine administration in
transitional puppies and kittens only if HR remains <50/min
despite 1 min of PPV and chest compressions. Regarding the
route of epinephrine, the transitional lamb studies evaluated
here consistently showed better outcome (faster ROSC) with IV
epinephrine compared to other routes (ET, IN) [237, 239, 242,
243], though in 1 study, higher dose (1 mg/kg) of ET epinephrine
was found efficacious at the cost of more cerebral microbleeds
[239]. Similarly, IN epinephrine was associated with delayed
ROSC in two studies [237, 242] and a higher total epinephrine
dose [242] than IV epinephrine. Meanwhile, 10 epinephrine
was found noninferior to IV epinephrine [241]. Intramuscular
epinephrine administration failed to increase [epinephrine], in
4 asphyxiated transitional lambs, and thus, there are inadequate
data to support the use of epinephrine via the IM route in this
setting [236]. There is no evidence to suggest sublingual IM
injection of epinephrine has a different effect. Therefore, we
recommend IV or IO epinephrine, with ET or IN administration
reserved for cases in which IV or IO access is not possible or
significantly delayed. However, we emphasize the fact that ET
administration is challenging given the small patient size, and
the risk of harm due to upper airway injury must be carefully
balanced against the benefit.

These recommendations align with guidelines for resuscitation of
newborn infants, which recommend epinephrine IV or IO if CPR
alone does not increase the HR above the threshold for instituting
chest compressions [8]. If IV or IO access is not available,
human guidelines recommend ET epinephrine administration at
a higher dose (approximately 10 times) in newborn infants [8].
These human guidelines base their recommendations largely on
2 observational studies in a total of 97 infants whose findings align

with those of the lamb studies evaluated here [244, 245]. Specific
epinephrine dosage and administration interval are addressed in
NB-22.

Comparison of epinephrine with other vasoconstrictor(s) in
transitional newborns requiring chest compressions and PPV for
severe bradycardia was outside the scope of this PICO question;
thus, investigations regarding other vasopressors would not have
been reliably identified by the searches performed. Therefore, no
recommendation can be made regarding other vasoconstrictors
in this population.

6.7.5 | Knowledge Gaps

No studies regarding the use of epinephrine in transitional
puppies and kittens requiring chest compressions and PPV are
available. However, based on the strong experimental evidence
of epinephrine’s utility in lambs in similar conditions, we do not
believe a comparison of epinephrine to placebo in newborn pup-
pies and Kkittens is justified. Rather, comparison of epinephrine
to other vasopressor(s), evaluation of varying vasopressor doses,
and comparison of various administration routes in transitional
puppies and kittens requiring chest compressions and PPV are
warranted.

6.8 | Epinephrine Dose During CPR—NB-22

In newborn dogs and cats with a very low HR (i.e., HR < 50/min)
despite adequate PPV and chest compressions (P), does a different
dose of IV/IO epinephrine (I), compared with 0.01 mg/kg IV/IO
(C), improve outcome (O)?

6.8.1 | Introduction

In human newborn resuscitation, the administration of chest
compressions and epinephrine in the delivery room is uncommon
and affects only 2% of newborn infants receiving PPV [246, 247].
This is because newborn resuscitative measures are administered
in most cases at a time when a heartbeat is still detectable, and
the primary goal of care is to improve pulmonary gas exchange
to reverse asphyxiation. It is anticipated that the circulation
will improve once oxygenation has normalized. However, when
the HR is very low (e.g., <50/min in puppies and kittens) and
chest compressions are administered, epinephrine might increase
coronary and cerebral blood flow in this situation as it does in the
adult animals (see NB-02 and NB-21). In adult dogs and cats, high-
dose epinephrine (i.e., 0.1 mg/kg IV/IO) is not recommended as
it could compromise outcome [248]. In newborn puppies and
kittens with an HR of <50/min despite adequate PPV and chest
compressions, it is unknown whether a standard 0.01 mg/kg
epinephrine IV/IO dose is optimal, or whether a different dose
may lead to better outcomes.

6.8.2 | Consensus on Science

For the critical outcome of favorable neurologic outcome, we iden-
tified 1 experimental study in 3-month-old pigs with asphyxial
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CPA (very low quality of evidence, downgraded for very serious
indirectness and imprecision) that addressed the PICO question
[249]. This study demonstrated no benefit or harm of epinephrine
at 0.1 mg/kg IV compared to epinephrine at 0.01 mg/kg IV
on functional outcome. All animals had severe neurological
deficits at the end of the study, 24 h after ROSC. Of note,
the preplanned search did not identify any studies that directly
evaluated epinephrine dosing in transitional newborns of any
species. Consequently, the quality of evidence as in the study
above is compromised by very serious indirectness.

For the critical outcome of survival to discharge, we found 2
clinical trials in human pediatric patients [250, 251] (very low
quality of evidence, downgraded for very serious indirectness
and imprecision) and 1 study in adolescent swine [249] (very
low quality of evidence, downgraded for very serious indirectness
and imprecision) that addressed the PICO question. Two of these
studies showed no survival benefit of high-dose epinephrine
(0.1 mg/kg or higher) when compared to standard dosing [249,
251]. Perhaps most concerning, in 1 study, none of the children
in the subgroup with asphyxial cardiac arrest survived after high-
dose (0.1 mg/kg) epinephrine, while a survival rate of 21% was
noted in children receiving low-dose epinephrine only (p = 0.02)
[250]. In addition, the aforementioned swine study by Berg
and colleagues suggested a potentially harmful effect of high-
dose epinephrine on post-resuscitation morbidity, with 4 of 15
animals not surviving 2 h after ROSC, while all animals in the
low-dose group survived [249]. However, at 24 h after ROSC,
there was no difference, with 3 of 15 animals surviving in each

group.

For the important outcome of hospital length of stay, we identified
no studies addressing the PICO question.

We identified 2 experimental studies reporting hemodynamic
surrogate measures (very low quality of evidence, downgraded
for very serious indirectness and imprecision) that addressed the
PICO question [249, 252]. In newborn lambs with asphyxiation-
induced severe bradycardia and circulatory compromise but not
CPA, an epinephrine dose of 0.1 mg/kg IV led to increased
afterload and reduced cardiac output compared to any lower dose
[252]. In adolescent swine with asphyxial cardiac arrest undergo-
ing CPR, intra-arrest high-dose but not low-dose epinephrine was
associated with post-cardiac arrest tachyarrhythmias [249].

For the important outcome of histopathologic damage, we identi-
fied no studies addressing the PICO question.

Searches for other newborn PICO questions yielded many
experimental studies in transitional lambs that reported
outcomes not considered above, including ROSC. Thus, on
November 29, 2024, a Medline search was performed using the
following search term strategy: “(((epineph*[Title/Abstract] OR
adren*|Title/Abstract])) AND (lamb*[Title/Abstract])) AND
((CPR[Title/Abstract] OR chest compres*[Title/Abstract])),”
which returned 22 articles, all experimental studies in lambs. Of
the 22 studies identified, two experimental, term, transitional
lamb studies (very low quality of evidence, downgraded for very
serious indirectness and imprecision) were relevant to the PICO
question [239, 253]. Sankaran et al. compared ROSC in 28 term,

asphyxiated, transitional lambs randomized to four different
IV epinephrine treatment groups: either 0.01 or 0.03 mg/kg IV
epinephrine, followed by either 1 mL total volume or 3 mL/kg IV
saline flush. Nine of 9 lambs in the group receiving 0.03 mg/kg
epinephrine followed by 3 mL/kg saline flush achieved ROSC,
whereas 5 of 7 that received 0.03 mg/kg epinephrine IV followed
by 1 mL total volume saline flush achieved ROSC, and only 2
of 6 and 3 of 6 receiving 0.01 mg/kg epinephrine followed by 1
or 3 mL/kg saline flush, respectively, achieved ROSC [253]. In
this study, asphyxiated transitional lambs receiving 0.03 mg/kg
epinephrine IV had improved ROSC compared to those that
received 0.01 mg/kg epinephrine IV (p = 0.04), regardless of
flush volume. Both 0.03 mg/kg epinephrine dose (p = 0.005) and
higher flush volume (p = 0.02) were associated with faster ROSC
[253]. Polglase et al. studied 33 term transitional lambs using an
asphyxiation model of arrest. Nine of 9 lambs in the reference
group receiving 0.02 mg/kg epinephrine IV achieved ROSC. Of
the lambs that received 0.1 mg/kg epinephrine via ET route, none
achieved ROSC (0/9; p < 0.0001 vs. IV epinephrine 0.02 mg/kg).
However, when lambs were treated with a higher dose of 1 mg/kg
epinephrine ET, ROSC rates were comparable to the group
that received IV epinephrine 0.02 mg/kg (7/9 lambs; p > 0.05
compared to IV epinephrine group) and were higher than ROSC
rates in lambs that received only 0.1 mg/kg epinephrine ET
(p < 0.001 vs. standard-dose ET epi). Lambs receiving 1 mg/kg
epinephrine ET experienced more cerebral microbleeds than
those receiving epinephrine using other doses and routes
[239].

6.8.3 | Treatment Recommendations

In newborn puppies and Kkittens that remain very severely
bradycardic (i.e., HR < 50/min) despite 60 s of PPV and chest com-
pressions, we recommend 0.01-0.03 mg/kg epinephrine IV/IO
(strong recommendation, very low quality of evidence).

In newborn puppies and kittens that remain vseverely brady-
cardic (i.e., HR < 50/min) despite 60 s of PPV and chest
compressions, we recommend against high-dose epinephrine
(0.1 mg/kg IV/10) (strong recommendation, very low quality of
evidence).

In newborn puppies and Kkittens that remain very severely
bradycardic (i.e., HR < 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 (weak recommendation,
very low quality of evidence).

6.8.4 | Justification of Treatment Recommendation

No studies regarding the use of epinephrine in transitional
puppies and kittens requiring chest compressions and PPV are
available. However, 1 experimental study in asphyxiated, term,
transitional lambs showed improved ROSC when 0.03 mg/kg
IV epinephrine was administered compared to 0.01 mg/kg
IV [253]. As this was a single study in a nontarget species,
the direct applicability of this finding is uncertain, and thus,
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evidence is considered of very low quality for this PICO. Given
the reports of harm with epinephrine doses of more than
0.05 mg/kg epinephrine IV/IO [249, 250], we suggest avoiding
these higher IV/IO epinephrine doses until more direct evidence
becomes available. We have some concern that different dose
recommendations in newborns (i.e., 0.03 mg/kg IV in newborns
vs 0.01 mg/kg IV in adults) may confuse rescuers. Thus, we
elected to recommend an acceptable range of 0.01-0.03 mg/kg
epinephrine IV/IO in newborn puppies and kittens with a very
low HR (i.e., HR < 50/min) despite 60 s of PPV and chest compres-
sions. The IO route appears in the treatment recommendation
as an equivalent choice because a study evaluating for NB-21
found that IO epinephrine was noninferior to IV epinephrine
in asphyxiated, term, transitional lambs [241]. Our IV/IO dosing
recommendation for epinephrine mirrors the recommendation in
human newborns undergoing CPR [8].

When IV/IO access is not possible or significantly delayed, ET
epinephrine administration may be a viable option (see NB-21).
One experimental study in asphyxiated, term, transitional lambs
found 0.1 mg/kg epinephrine ET was inferior to 0.02 mg/kg
epinephrine IV for achieving ROSC [239]. This study also found
that when lambs were treated with a higher dose of 1 mg/kg
epinephrine ET, ROSC rates were comparable to the group that
received IV epinephrine 0.02 mg/kg at the expense of more
cerebral microbleeds. Considering the paucity of clear evidence
even in this indirect population, we elected to mirror the human
newborn recommendation of 0.05-0.1 mg/kg ET epinephrine in
newborn puppies and kittens undergoing CPR when IV/I0 access
is not possible or severely delayed [8].

6.8.5 | Knowledge Gaps

There is currently no evidence that explores the question of
epinephrine dosing in transitional newborn puppies and Kkit-
tens, and such information is critically important to inform a
recommendation with higher certainty.

6.9 | Atropine During CPR—NB-24

In newborn dogs and cats that require resuscitation that are in
CPA (P), how does routine parenteral administration of atropine
(I), compared with no atropine administration (C), improve
outcome (O)?

6.9.1 | Introduction

Atropine, a parasympatholytic, is recommended to prevent CPA
in adult animals with bradycardia secondary to high vagal tone.
However, atropine has been removed from human CPR guide-
lines due to lack of evidence for its benefit. The 2024 RECOVER
CPR Guidelines suggest that atropine may be administered once
and early during CPR in adult dogs and cats with nonshockable
arrest rhythms, especially if CPA was preceded by vagally medi-
ated bradycardia [11, 248]. This question investigates whether
newborn puppies and kittens requiring resuscitation with chest
compressions would benefit from the routine administration of
atropine.

6.9.2 | Consensus on Science

For the most critical and important outcomes of survival to
discharge, favorable neurologic outcome, hospital length of stay,
surrogate markers of perfusion, and histopathologic damage, no
studies were identified.

6.9.3 | Treatment Recommendations

In newborn puppies and kittens that require resuscitation that are
in CPA, we suggest against the routine administration of atropine
during CPR (weak recommendation, expert opinion).

6.9.4 | Justification of Treatment Recommendation

We did not identify any evidence in any direct population
for species (dog or cat), life stage (transitional newborn), and
circumstance (CPA) to inform the treatment recommendation. In
puppies or kittens born free of overt fatal defects (e.g., anasarca,
gastroschisis), the most likely reversible cause of CPA is hypox-
emia associated with acute peri-parturient events. Hypoxemia
causes severe bradycardia in fetuses and newborns, which can be
so severe and prolonged that it leads to CPA.

CPA in the newborn puppy or kitten may be due to asys-
tole progressing from severe bradycardia; hypoxemia-induced
bradycardia has been shown to be vagally mediated in near-
term lamb models [94, 139]. Additionally, late fetal or newborn
canine, ovine, and human cardiac myocytes experiencing vagally
mediated bradycardia have the capacity to respond to atropine
[94, 140, 141]. That said, the priority during resuscitation of the
newborn in distress is support of the transition from intrauterine
to extrauterine physiology with aeration of the lungs; in other
words, the priority lies in support of the respiratory system. While
newborn puppies and kittens in CPA or with severe bradycardia
(i.e., HR < 50/min) should receive chest compressions to facilitate
circulation, the primary focus lies on lung aeration with PPV
rather than on the administration of medications.

While there is no evidence that a single parenteral dose of
atropine would itself harm a newborn puppy or kitten in CPA, we
believe time and resources are best directed to respiratory support
with PPV and chest compressions to aid in the delivery of oxygen
to hypoxic tissues, including the myocardium.

6.9.5 | Knowledge Gaps

Whether routine parenteral atropine administration in newborn
puppies or kittens would improve outcomes is unknown. This
knowledge gap is currently considered of low priority, consider-
ing the lack of evidence that atropine administration is associated
with improved survival for dogs and cats in CPA at any life
stage. Additionally, the overwhelming majority of newborns
with reversible-cause CPA have experienced CPA due to severe
hypoxemia, a problem not improved using parasympatholytic
drugs.
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6.10 | Oxygen Supplementation During
CPR—NB-18

In newborn dogs and cats receiving chest compressions (P),
how does ventilation with any other oxygen concentration (I),
compared with 100% oxygen (C), improve outcome (O)?

6.10.1 | Introduction

Oxygen supplementation has been an integral part of resuscita-
tion in newborn puppies and kittens, and was recommended in
people until the turn of this century [34]. However, PPV with 100%
oxygen and the associated hyperoxemia were found in experimen-
tal animal studies and clinical research in newborn infants to lead
to a number of injurious effects including inflammatory changes
to the heart, lung, and brain; kidney and myocardial injury;
oxidative stress; lower Apgar scores; and other harmful effects
without concurrent benefit [254]. On the flip side, sustained
hypoxia can be harmful as well, in particular leading to worsening
of HIE. Based on current evidence, we suggest using room air for
the first 1-2 min of PPV in newborn puppies and kittens that do
not require chest compressions. Administration of 100% oxygen
is only suggested if the HR continues to be low despite 1-2 min of
PPV (see NB-03). The current question specifically interrogates
what oxygen treatment strategy to use in those newborn puppies
and kittens that require chest compressions. These are newborns
that either have no detectable HR at birth or have maintained or
developed severe bradycardia (i.e., HR < 50/min) or cardiac arrest
despite initial PPV. As such, only literature pertaining directly to
oxygen administration during newborn CPR was examined, and
research studying oxygen treatment strategies during PPV only
without chest compressions was reviewed elsewhere (see NB-03).

6.10.2 | Consensus on Science

For the most critical outcome of survival to discharge, we located
5 experimental studies that addressed the PICO question (very
low quality of evidence, downgraded for serious risk of bias, very
serious indirectness, and imprecision) [160, 161, 215, 255, 256].
These studies were all conducted in post-transitional piglets of 14—
72 h of age, with one study including animals up to 23 days of age.
As these populations differ from transitional newborn puppies
and kittens, we considered the information obtained from these
studies compromised by very serious indirectness. Regardless,
all studies revealed no difference in short-term survival rates
(i.e., to the end of the study at 4 h after ROSC) when PPV
was administered with room air versus 100% oxygen during
chest compressions, both when analyzed individually and when
pooling the data (RR = 0.96, 95% CI 0.78-1.19, p = 0.70) [160, 161,
215, 255, 256).

For the critical outcome of favorable neurologic outcome, we
identified no studies addressing the question.

For the important outcome of oxygenation, we located 4 exper-
imental studies that addressed the PICO question (very low
quality of evidence, downgraded for serious risk of bias, very
serious indirectness, and serious imprecision) [160, 161, 257, 258].

Solevag et al. reported in 2 different studies involving an asphyxial
cardiac arrest model of post-transitional piglets (age 14-72 h) the
impact of FiO, (i.e., 0.21 vs. 1.0) on metrics of oxygenation [160,
161]. These oxygenation metrics, including SpO, and cerebral
and renal oxygenation measured by near-infrared spectroscopy
(NIRS), were obtained not during chest compressions but imme-
diately after ROSC. At that time, no significant effect of FiO, on
brain or kidney NIRS was identified [161], although SpO, was
found to be higher in the 100% O, group (SpO, = 95 + 10%)
compared to the room air group (SpO, = 83 + 6%, p = 0.029)
[160]. Continued ventilation with 100% oxygen after ROSC led
to higher than baseline SpO, and supranormal cerebral oxygen
saturation when compared to room air [160]. A single study by
Sankaran et al. evaluated the effect of inspiratory oxygen concen-
tration on oxygenation metrics in a near-term transitional lamb
resuscitation model [258]. In this study, lambs were exteriorized
via C-section, followed by asphyxiation to asystole by umbilical
cord occlusion and ETT clamping. Animals were then delivered,
the umbilical cord was ligated, and resuscitation was started after
5 min of asystole. Animals were randomized to receive CPR with
PPV at an FiO, of 0.21 (n = 6) or 1.0 (n = 13). After ROSC, FiO,
in the pure oxygen group was either abruptly (n = 6) or gradually
(n="7)reduced to meet preductal SpO, targets during the 1-h post-
cardiac arrest observation period. During chest compressions, the
PaO, values were similar in animals resuscitated with room air
(10.7 + 4.3 mm Hg) and 100% oxygen (18.5 + 5.5 mm Hg gradual
group; 13.7 + 11.0 mm Hg abrupt group) but were remarkably
low. Fetal PaO, pre-asphyxiation varied between 20 + 8 mm Hg
and 25 + 3 mm Hg. Likewise, the cerebral oxygen delivery
during chest compressions was similar across groups (room air:
0.06 + 0.02 mL/kg/min; 100% O, groups: 0.07 + 0.07 mL/kg/min
to 0.08 + 0.07 mL/kg/min) and was a fraction of fetal values
prior to asphyxiation (room air: 3.0 + 1.3 mL/kg/min; 100% O,
groups: 2.9 + 0.7 to 2.7 = 11 mL/kg/min). Rawat et al. used
a similar transitional lamb model and reported similar PaO,
values during chest compression and ventilation (C:V = 3:1)
with either 100% oxygen (n = 16, 23.9 + 6.8 mm Hg) or room
air (n = 6, 21.6 + 1.6 mm Hg, p = 0.16) [257]. This study also
documented very low average cerebral oxygen deliveries during
CPR regardless of oxygen supplementation (100% oxygen group:
0.11 + 0.09 mL/kg/min; air group: 0.05 + 0.06 mL/kg/min; pre-
asphyxia: 2.1 + 0.3 mL/kg/min); however, maximum oxygen
delivery at high peak flow during the chest compression phase of
3:1 CPR was markedly higher in the 100% group (1.4 mL/kg/min,
IQR 0.35 ) compared to the room air group (0.08 mL/kg/min,
IQR 0.2, p < 0.0001). Immediately after ROSC, PaO, increased to
hyperoxemic concentrations at almost 200 mm Hg if 100% oxygen
was administered, and cerebral oxygen delivery was significantly
higher with 100% oxygen (5 + 2 mL/kg/min) compared to room
air (3 + 3 mL/kg/min).

For the important outcome of hospital length of stay, we identified
no studies addressing the question.

For the important outcome of histopathologic damage including
markers of tissue injury, we located seven experimental studies
that addressed the PICO question (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness, and
imprecision) [160, 161, 215, 255, 256, 258-260]. Six of these studies
were conducted using the aforementioned post-transitional
piglet models. In a series of experimental studies, Solevag and
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colleagues reported higher concentrations of myocardial
GSSG:GSH ratio, a marker of oxidative stress, in 1 study when
animals received 100% oxygen during chest compressions
[255]; however, no effects on markers of oxidative injury (i.e.,
GSSG:GSH ratio in brain or heart) or tissue inflammation
(IL-1B, IL-6, IL-8, and TNF-« in brain; IL-13, IL-13, MMP-2, and
MMP-9 in heart) were found in most of the studies [160, 161,
255]. Dannevig and colleagues conducted two post-transitional
piglet studies comparing the effect of ventilation with 100%
and 21% oxygen during CPR on various metrics of brain (S100,
MMP-2, MMP-9, IL-6, TNF-a, ICAM-1, and Caspase 3) and
lung (IL-8, TNFa, ICAM-1, MMP-2, and MMP-9) injury and
found no significant effects on these markers [215, 260]. Nyame
et al. in their asphyxial arrest model using more mature piglets
(20-23 days old) also did not find any effect of PPV with 100%
during CPR on the GSSG:GSH ratio in the brain (p = 0.39),
heart (p = 0.32), or lung (p = 0.07) 30 min after ROSC [256].
Finally, Sankaran et al. in a transitional asphyxiation model in
lambs did not find any difference in markers of oxidative injury
(hypoxanthine/xanthine ratio, methionine sulfoxide/methionine
ratio) in the plasma or brain, although the study may have been
underpowered for these outcomes [258].

6.10.3 | Treatment Recommendations

In newborn puppies and kittens receiving chest compressions, we
suggest PPV with 100% oxygen (weak recommendation, very low
quality of evidence).

6.10.4 | Justification of Treatment Recommendation

When making this recommendation, we considered the fact that
at the time when chest compressions are initiated, the newborn
puppy or kitten will already have received a period of PPV with
room air and then 100% oxygen, yet still does not respond to
these interventions. We therefore considered it reasonable to
continue PPV with pure oxygen whilst chest compressions are
initiated. This recommendation is made despite the majority
of experimental studies in piglets indicating equipoise between
PPV with room air and 100% oxygen during CPR [160, 161,
215, 255, 256, 260]. However, all these studies were conducted
in post-transitional, healthy piglets with fully aerated lungs in
which pulmonary gas exchange deficits are of minor concern.
In contrast, the 2 studies in transitional animals, specifically
lambs, suggest severe hypoxemia with PPV with room air, and
in 1 study, resuscitation with 100% led to improved, although not
normalized, cerebral oxygen delivery [257, 258]. If hyperoxemia
occurred, then this was a post-cardiac arrest phenomenon, and
evidence suggests it is reasonable to reduce the FiO, once ROSC is
established, which might be the most effective strategy to prevent
oxidative injury [257, 258]. The importance of post-resuscitation
regulation of FiO, has also been demonstrated in a near-term
lamb model by a different group of investigators [261].

Clinical studies are needed to provide more clarity on the benefits
or harms of a high FiO, during CPR. The fact that we did not find
any clinical studies conducted in the field is a testament to the
legal and procedural difficulties of conducting clinical trials in

newborn infants [233]. In addition, while around 5% of newborn
infants require resuscitation with PPV in the delivery room, only
around 2% of these progress to require chest compressions, and
obtaining an adequate sample size is therefore challenging [246,
247]. Until clinical studies are available to provide more certainty
in what oxygen strategy is optimal, we consider it prudent to
provide PPV with 100% oxygen during CPR to minimize the risk
of hypoxemia; following ROSC, it is reasonable to reduce FiO, if
feasible to attenuate oxidative injury while avoiding hypoxemia.

6.10.5 | Knowledge Gaps

There are no clinical studies that directly examine the effect
of ventilation with 100% versus 21% oxygen during CPR in
transitional newborn puppies or kittens, or infants.

6.11 | Discontinuation of CPR—NB-25

In newborn dogs and cats receiving chest compressions (P), how
does continuation of well-executed chest compressions beyond
10 min (I), compared with discontinuation of chest compressions
after 10 min (C), improve outcome (O)?

6.11.1 | Introduction

Many newborns born without a heartbeat have experienced an
indeterminate period of ischemia prior to birth and initiation of
CPR. This potential for extended periods of a hypoxic-ischemic
state prior to initiation of resuscitative efforts introduces vari-
ability and uncertainty regarding the usefulness of CPR efforts
in newborns as a group. Certainly, there is a group of newborns
for which the intrauterine period of hypoxia is brief enough that
resuscitation at birth can lead to good outcomes, and so initiating
CPR on individuals born without a heartbeat is reasonable in
many cases. In addition, the rescuer does typically not know
which newborns have potential for a good outcome at birth.
Additionally, longer periods of the low-flow state experienced
during CPR are associated with worse outcomes due to lack of
adequate oxygen delivery to vital tissues such as the brain and
heart.

Historically, ILCOR recommendations have stated it is reasonable
to consider stopping resuscitative measures if a newborn’s heart-
beat remains undetectable for >10 min after birth [126]. However,
more recent information shows that some individuals survive
with good neurologic function if high-quality resuscitative mea-
sures continue despite remaining pulseless at >10 min, and
updated human guidelines suggest individualizing the decision of
when to terminate resuscitation if the newborn remains pulseless
at >10 min [8, 59]. The prognosis for survival with a favorable
neurologic outcome in newborn puppies and kittens undergoing
CPR for more than 10 min at birth is unknown.

6.11.2 | Consensus on Science

For the most critical outcome of survival to discharge, we
identified 5 observational studies (very low quality of evidence,
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downgraded for very serious risk of bias, serious indirectness, and
imprecision) that addressed the PICO question [262-266]. Steiner
et al. reported a single-center case series of 22 newborn infants
with perinatal arrest, 14 of which occurred in the delivery room
setting; 3 of these 14 infants underwent CPR for >10 min, and 2
survived beyond 1 and 2.5 years of age, respectively [262]. Sproat
and others reported a series of 87 newborn infants with no audible
heartbeat for the first 10 min of life (median time to heartbeat
16 min, range 10-35 min). Of the 87 infants, eight (9%) were alive
at 2 years of age [265].

The 3 other studies suffer from a very serious risk of bias for
this outcome based on selection criteria because only newborns
who achieved ROSC were included; the survival results follow
here. Patel et al. presented a case series of 29 full-term newborn
infants with Apgar 0 (no detectable heartbeat) from birth to
>10 min of life; median time to heartbeat was 15 min (range 11-
40 min), and all cases included were successfully resuscitated
at their birth hospital and were then presented at 1 of the
study group’s tertiary referral facilities. Therefore, overall survival
cannot be determined from this study, but of the 29 infants
included, 9 (31%) survived to hospital discharge [263]. Kasdorf
et al. compiled cases from 4 prior clinical trials (n = 81) and
added 9 author institution cases of newborns with an Apgar score
of 0 at 10 min that either were (n = 56) or were not (n = 34)
managed with therapeutic hypothermia (TH). With hypothermia
being the study intervention, all included newborn infants had
achieved ROSC to be enrolled in the TH trials. Overall mortality
for babies with an Apgar score of 0 at 10 min who also lived to
participate in the cooling trials was 50% (45/90) at 18 months of
age [264]. Finally, a study by Shibasaki et al. in term newborn
infants (n = 28) that had experienced an Apgar of 0 at 10 min
after birth and were enrolled in a cooling study reported a survival
rate of 68% (19/28) at >18 months of age [266]. These three studies
would all overestimate the likelihood of survival in newborns
with Apgar 0 at 10 min of age because only babies who achieved
ROSC were included.

For the critical outcome of favorable neurologic outcome, we
identified 5 observational studies (very low quality of evidence,
downgraded for serious risk of bias, serious indirectness, and
imprecision) that addressed the PICO question [262-266]. These
were the same studies already cited for the outcome of survival
to hospital discharge. In the study by Steiner et al., the newborn
infants who did survive did so with good neurologic outcomes
beyond 1 and 2.5 years of age [262]. In the study by Sproat
and colleagues that included 87 newborn infants who had no
detectable heartbeat for at least 10 min after birth, 5 of the
9 surviving infants were neurodevelopmentally normal at ~2
years of age [265]. In the study by Patel et al., eight of the 9
surviving infants (89%) experienced severe disability, and 1 (11%)
had moderate disability [263]. Kasdorf et al. found that of 90
newborn infants enrolled in the study, 27% (15/56) of those treated
with hypothermia and 21% (7/34) in the normothermia group
were neurologically normal at 18-24 months. Thus, overall, 22 out
of 90 (24%) newborns that achieved ROSC following >10 min of
CPR achieved a good long-term neurologic outcome [264]. The
study by Shibasaki et al. found that of the 19 infants that survived
to >18 months of age, 16 (84%) had severe disability based on
psychological, motor, and intelligence scales, while 3 (16%) had
normal neurologic outcome [266].

For the important outcomes of length of hospital stay and
histopathologic damage, no studies were identified.

6.11.3 | Treatment Recommendations

In newborn puppies and kittens receiving chest compressions,
we suggest continuation of CPR for at least 15 min before
abandoning resuscitation efforts, as long as such efforts do
not detract from necessary care of littermates with a bet-
ter prognosis (weak recommendation, very low quality of
evidence).

6.11.4 | Justification of Treatment Recommendation

Case series in newborn infants have shown that survival with
a good neurologic outcome is possible even in babies with
no heartbeat for 10 or more minutes after birth. Particularly
considering the relatively lesser executive function expected from
dogs and cats compared to people, survival with the opportunity
to achieve adequate neurologic function was considered the
most critical outcome. Reported numbers in the less biased
populations are small: 2 out of 3 newborns survived in 1 small
case series published in 1975 [262], while 8 out of 87 (9%)
survived in another [265]. Such survival likelihood is similar to
that for CPR in adult small animals, so it seems reasonable to
pursue.

No evidence was found in newborn puppies and kittens, and
many studies were biased because cases were selected from post-
resuscitation study populations, which likely biases the results
of those studies toward survival. Indeed, for infants who lived
long enough to be enrolled in a cooling trial, survival to discharge
was found to be 31% in 1 trial, and the 2 studies that followed
babies to >18 months found survival of 50% and 68%. These
high survival frequencies are unlikely in the general population
of newborn puppies and kittens requiring resuscitation because
every newborn infant enrolled in these studies had already
achieved ROSC.

Moreover, we chose to suggest continuing CPR efforts in newborn
puppies and kittens without spontaneous circulation for at least
15 min after birth, as long as such efforts do not detract from
necessary care of littermates with a better prognosis. Other
factors may influence the decision to perform CPR and its
duration, including the presence of an obvious, severe congenital
abnormality or clear signs of death (e.g., anasarca, depilation). As
in newborn infants [8], the decision to discontinue resuscitative
efforts after 15 min should be undertaken with both the clinical
team’s and the pet owner’s goals in mind.

6.11.5 | Knowledge Gaps

It is important to better delineate what the survival rate, func-
tional outcome, and level of post-resuscitation care requirements
are in newborn puppies and kittens that undergo incremental
durations of CPR.
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7 | Additional Interventions During Newborn
Resuscitation

The final 6 PICO questions concern interventions considered
adjunctive measures that have been recommended in the vet-
erinary literature to support respiration (doxapram [NB-07] and
GV 26 stimulation [NB-08]) or for metabolic support during and
after resuscitation (glucose [NB-21 and NB-26]), or that have been
shown to have a modulatory effect on HIE in newborn infants (TH
[NB27] and rewarming rate [NB-28]) [16, 267].

7.1 | Doxapram—NB-07

In newborn dogs and cats that do not demonstrate adequate
spontaneous ventilation efforts at birth (P), does administration
of doxapram (I), compared with no administration of doxapram
(C), improve outcome (O)?

7.1.1 | Introduction

Doxapram is an analeptic drug that can act as a respiratory
stimulant through effects on peripheral (i.e., carotid and aortic
chemoreceptors) and central (i.e., brainstem respiratory control
center) sites [268]. The drug has historically been recommended
and used to stimulate breathing in newborn puppies and kittens
with apnea after delivery, with the first report in veterinary
medicine published more than 50 years ago [269-271]. However,
data supporting this intervention in transitional newborns are
lacking and adverse effects might be a concern, though the
clinical relevance of side effects is uncertain [268, 272]. This
PICO question was asked to determine whether doxapram
improves critical outcomes in newborn puppies and kittens that
do not demonstrate adequate spontaneous ventilation efforts at
birth.

7.1.2 | Consensus on Science

For the most critical outcome of survival to discharge, we iden-
tified 1 clinical trial (very low quality of evidence, downgraded
for serious risk of bias and very serious indirectness) and one
observational study (very low quality of evidence, downgraded for
serious risk of bias and very serious indirectness) that addressed
the PICO question [273, 274]. The clinical trial in preterm
infants with apnea of prematurity found that doxapram decreased
infants’ apnea episodes when using the infants’ pretreatment
period as their own controls [274]. This study also found that
survival was better in infants treated with both methylxanthines
and doxapram compared to survival in control infants in whom
doxapram was not used either because they did not have apnea
or because their apnea responded to methylxanthines alone.
After the literature search and evidence evaluation process were
complete for this PICO question, another relevant clinical trial
was published (moderate quality of evidence downgraded for
serious indirectness) [275]. This study evaluated 7-day survival in
171 puppies delivered by elective C-section, randomized to receive
either doxapram (~10.7 mg/kg) or placebo by intralingual injec-

tion at birth; all puppies for which investigators had time to assess
Apgar scores were randomized, regardless of Apgar score. No
difference was found in 7-day survival between puppies receiving
doxapram (79/86, 92%) and those receiving placebo (80/85, 94%;
p = 0.634) [275]. An observational study found a decreased risk
of death or neurodevelopmental delay (combined outcome) in
preterm infants treated with doxapram for persistent apnea of
prematurity compared to those not treated with doxapram, even
though those not receiving doxapram were less severely ill [273].
Overall, these 3 studies suggest doxapram may have a positive
impact on survival in preterm infants with apnea of prematurity,
and there is no evidence of survival benefit when doxapram is
given indiscriminately to every puppy at birth.

For the critical outcome of favorable neurologic outcome, we
identified 3 observational studies (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness,
and inconsistency) that addressed the PICO question [273, 276,
277]. Czaba-Hnizdo et al. evaluated electroencephalography in
preterm infants and found doxapram treatment was associated
with a greater percentage of time in continuous activity, more
electrographic evidence of seizure activity, and less sleep-wake
cycling, suggesting possible harm in preterm infants [276].
Sreenan et al. investigated factors associated with isolated mental
delay in infants weighing <1250 g at birth and showed that
isolated mental delay was associated with total dosage and dura-
tion of doxapram therapy for severe apnea of prematurity [277].
However, authors acknowledge that confounding by indication
makes it impossible to determine causality. Conversely, Ten Hove
et al. showed that doxapram-treated preterm infants with apnea
of prematurity had a lower risk of death or neurodevelopmental
delay (combined outcome) after adjusting for confounding factors
[273]. Thus, these 3 observational studies yielded conflicting
information regarding the association of doxapram and neuro-
logic outcomes, and all studies included preterm infants treated
for apnea of prematurity in NICUs rather than newborn puppies
or kittens treated at birth.

For the important outcome of oxygenation, we identified 3
clinical trials (very low quality of evidence, downgraded for very
serious indirectness and imprecision) and three experimental
studies (very low quality of evidence, downgraded for very
serious indirectness and imprecision) that addressed the PICO
question [142, 278-282]. A randomized controlled clinical trial
of 24 newborn calves with neonatal asphyxia by Balikci et al.
found that doxapram treatment led to higher PaO, compared to
atropine or caffeine treatment (no placebo group) [142]. In a very
small clinical trial of seven premature infants, Flint et al. found
SpO, and HR increased, and that the number of desaturation
events and time spent below SpO, 80% decreased after initiating
doxapram treatment for a duration of at least 36 h [282]. Poets
et al. evaluated the effects of doxapram on hypoxemia in 15
preterm infants with apnea of prematurity and documented that
doxapram decreased the frequency of hypoxemic events within
1 day of treatment, an effect that was sustained for 6 days
[280]. In an experimental study in 5-day-old rats with bilateral
carotid artery occlusion, Uehara et al. showed PaO, increased
significantly (no p-value provided) to 53.9 + 8.9 mm Hg at 15 min,
52.4 + 9.9 mm Hg at 60 min, and 56.0 + 5.4 mm Hg at 90 min
following doxapram injection [281]. Bleul et al. documented that
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doxapram administration to calves at birth led to increased PaO,
compared to baseline [278, 279].

For the important outcome of ventilation (PaCO,), we identified 4
clinical trials (very low quality of evidence, downgraded for very
serious indirectness and imprecision), 2 observational studies
(very low quality of evidence, downgraded for very serious
indirectness and imprecision), and 5 experimental studies (very
low quality of evidence, downgraded for very serious indirectness,
imprecision, and inconsistency) that address the PICO question
[142, 278, 279, 281, 283-289]. Barrington et al. documented a
correlation between increasing doxapram dose and an increase
in minute ventilation and a decrease in PaCO, in preterm infants
with apnea of prematurity refractory to therapeutic levels of
aminophylline; mean postnatal age in this study was 25 days
[284]. Two very small clinical trials (combined total of 21 infants
with a mean age of 4 and 9 days, respectively) with apnea of
prematurity found that doxapram caused a decrease in PaCO,
compared to baseline [283, 285]. A randomized controlled clinical
trial including 24 newborn calves with neonatal asphyxia found
that doxapram treatment (40 mg IV) at birth led to a small but
statistically significant reduction in PaCO, compared to atropine
or caffeine treatment (no placebo group) [142].

An observational study by Sagi et al. showed a reduction in PaCO,
from baseline in five preterm infants with apnea of prematurity
when receiving a doxapram infusion [289]. Similarly, Giguére
et al. evaluated eight foals with HIE treated with doxapram and
found a significant decrease in PaCO, compared to baseline [288].

In an experimental study of 5-day-old rats, Uehara et al. doc-
umented a significant reduction in PaCO, from the baseline
(51.83 + 2.84 mm Hg) at 15 min (41.17 + 7.61 mm Hg), 30 min
(40.97 + 3.32 mm Hg), and 90 min (45.00 = 5.96 mm Hg)
after doxapram injection [281]. Similarly, Giguére et al. showed
doxapram administration led to a significant, dose-dependent
decrease in PaCO, in healthy, anesthetized, 1- to 3-day-old foals
with iatrogenic respiratory acidosis [287]. Bleul et al. documented
that doxapram administration caused a decrease in PaCO, com-
pared to baseline in healthy newborn calves [278, 279]. In contrast
to these studies, Coté et al. found no change in PaCO, following
doxapram administration in sleeping 7-day-old swine [286].

For the next important outcome of duration of hospital stay, we
identified 1 observational study (very low quality of evidence,
downgraded for very serious indirectness) that addressed the
PICO question [290]. In this study, Prins et al. found the response
to doxapram was associated with a significantly shorter neonatal
ICU stay in 122 infants with apnea of prematurity [290]. Length
of hospitalization in general was not evaluated.

For the next important outcome of increase in HR, we identified 3
clinical trials (very low quality of evidence, downgraded for very
serious indirectness and imprecision), 1 observational study (very
low quality of evidence, downgraded for very serious indirect-
ness), and 2 experimental studies (very low quality of evidence,
downgraded for very serious indirectness and imprecision) that
addressed the PICO question [142, 280, 282, 286, 291, 292]. Balikci
et al. found in the study of 24 newborn calves with neonatal
asphyxia mentioned above that doxapram treatment (n = 8)
increased HR compared to baseline and yielded a significantly

higher HR than atropine (n = 8) [142]. Poets et al. found that
doxapram administration significantly reduced the frequency of
bradycardia in preterm infants with caffeine-resistant apnea of
prematurity [280]. Flint et al. studied the effects of doxapram
in seven preterm infants and found HR increased after the
institution of doxapram treatment [282].

In a population of 47 infants with apnea of prematurity, Finer
et al. found that doxapram treatment was associated with a
smaller proportion of apnea episodes being accompanied by
bradycardia. Doxapram was also associated with a less severe
decrease in HR during periods of apnea compared to theophylline
or no treatment [291].

An early toxicologic study of doxapram that included dogs and
cats showed doxapram treatment was associated with “simple
tachycardia” on ECG in dogs; details are not provided, and
it is unclear what effect was noted on the HR in cats [292].
Interestingly, Coté et al. showed HR decreased slightly but
significantly following doxapram therapy in seven sleeping 7-day-
old piglets [286]. The authors postulate that the increases in HR
and respiratory parameters seen with doxapram in other studies
are due only to its stimulant effects, which are abolished when
the drug is given during sleep.

7.1.3 | Treatment Recommendations

We recommend against the routine administration of doxapram
in newborn puppies and kittens undergoing resuscitation (strong
recommendation, moderate quality of evidence).

In apneic or gasping newborn puppies and kittens that are not
responding to PPV, we suggest doxapram administration (weak
recommendation, very low quality of evidence).

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 recommendation, very low
quality of evidence).

7.1.4 | Justification of Treatment Recommendation

Clinical trials in preterm infants with apnea of prematurity and
in newborn calves with asphyxia at birth suggest that doxapram
improves critical outcomes such as survival, oxygenation, and
ventilation in neonates and newborns without clear evidence of
harm. Also, a systematic review of doxapram for the treatment
of apnea in premature infants found evidence to suggest the
use of doxapram in this population [293]. However, apnea of
prematurity in neonatal infants is a distinct syndrome that occurs
hours to days after birth in the neonatal ICU, and doxapram
in such cases is administered over an extended period of time.
Apnea of prematurity is not a problem that arises in the delivery
room, which is the target setting for this PICO question. Indeed,
nearly all clinical evidence identified regarding doxapram was
highly indirect in species and life stage. Only Balikci’s study in
calves mirrored the conditions relevant to the PICO question, but
species and comparator were still indirect [142].
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While no evidence was identified regarding doxapram in the
target population (i.e., newborn puppies and kittens that do not
demonstrate adequate spontaneous ventilation efforts at birth),
studies involving newborn kittens have shown increased carotid
chemoreceptor response to doxapram, which is promising for
efficacy when apnea occurs in this target species [294, 295]. Until
more scientific data in the target population becomes available,
we therefore suggest the use of doxapram in transitional puppies
and kittens with respiratory compromise that do not respond
to standard measures of support, foremost PPV. The intention
of this recommendation is to first direct rescuer focus to other
interventions for which there is less uncertainty of a positive
effect before considering doxapram. This is particularly true for
apneic or gasping newborns in which PPV is the most important
intervention. In apneic newborns, we considered by consensus a
reasonable nonresponse time to be 10 min. This delay could be
shorter in those newborns who are breathing but not well (i.e.,
bradypnea). A respiratory rate of <15/min at birth was considered
bradypnea, although much higher respiratory rates were reported
with normal birth (e.g., >40/min in puppies and >70/min in
kittens) [99, 296, 297].

We do not recommend doxapram be used indiscriminately for
every puppy and kitten receiving assistance at birth, which is a
statement based on the results of an adequately powered, ran-
domized, placebo-controlled clinical trial including transitional
puppies born by scheduled C-section [275].

7.1.5 | Knowledge Gaps

The benefit of doxapram administration in newborn kittens
or puppies that do not demonstrate adequate spontaneous
ventilation efforts at birth is unknown.

7.2 | GV 26 Stimulation—NB-08

In newborn dogs and cats that do not demonstrate adequate
spontaneous ventilation efforts at birth (P), how does no needle
stimulation (I), compared with insertion of a needle in the nasal
philtrum (GV 26) (C), improve outcome (O)?

7.2.1 | Introduction

GV 26, also known as Renzhong or JenChung, is an acupuncture
point found on the philtrum (the vertical line on the upper lip)
at the lower edge of the nares [298]. Needle stimulation of this
point has been suggested as an option to stimulate breathing of
newborn puppies and kittens based on clinical experience [13,
16]. This question examines the evidence on the effect of GV 26
acupuncture on important outcomes in newborn puppies and
kittens with inadequate respiratory efforts at birth.

7.2.2 | Consensus on Science

No relevant evidence was identified for any of the 6 outcomes
during the initial literature search.

An additional literature search conducted in Medline (October 9,
2024) using the term [GV 26 veterinary] revealed 2 experimental
studies, 1 in ponies and 1 in dogs (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness, and
imprecision) [299, 300].

Dill et al. studied 7 healthy adult ponies that underwent 2
episodes of halothane anesthesia. Ponies were treated with either
electroacupuncture or moxibustion at GV 26, or with electrical or
heat stimulation of non-acupuncture points on the lateral muzzle
area as a control. This study found no differences in cardiac
output, arterial blood pressure, or HR when GV 26 stimulation
was compared to control points for either electroacupuncture
or moxibustion [299]. Graboschii et al. studied 20 healthy adult
female dogs undergoing ovariohysterectomy under ketamine-
midazolam anesthesia; half of the animals received GV 26
acupuncture and half served as a control group that did not
undergo needle stimulation at any location. HR and “amplitude of
chest cage” were both greater in dogs that received acupuncture
at GV 26 compared to controls. Respiratory rate, capillary refill
time, and body temperature were the same in dogs that received
acupuncture and those that did not [300]. Considering there was
no stimulation applied to the non-acupuncture dogs, it is unclear
whether the changes in HR and chest wall movement were due
to GV 26 stimulation specifically, or if these changes may have
reflected general stimulation due to needle insertion.

A search using the term [GV 26 acupuncture] revealed six
potentially relevant experimental studies in the English language,
all of which were subsequently found to involve acupuncture
after reperfusion from an ischemic event and were therefore
deemed irrelevant to the PICO question. A search using [GV 26
acupressure] did not yield any studies.

7.2.3 | Treatment Recommendations

Consensus was not reached on whether to suggest for or
against GV 26 stimulation in newborn puppies and kittens with
inadequate spontaneous ventilation at birth.

7.2.4 | Justification of Treatment Recommendation

There are currently no data available to support the use of GV
26 acupuncture in newborn kittens and puppies with inadequate
breathing at birth. While a single case series has been published
that included 3 apneic newborn Kkittens, 2 of which survived
after receiving GV 26 stimulation in addition to other supportive
measures, the study design does not allow for drawing any
conclusion regarding cause and effect [301]. The remaining data
in adult ponies and dogs suggest no benefit but also no overt
negative impact in the studied populations. However, GV 26
stimulation could delay or prevent rescuers from instituting
recommended respiratory support measures such as PPV, which
in most cases is initiated with a tight-fitting face mask. Thus,
Domain Chairs and Co-Chairs initially suggested against the
use of GV 26 stimulation. However, a subset of subject matter
experts very strongly advocated for the use of GV 26 stimulation
in puppies and kittens that are nonvigorous and not adequately
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breathing at birth and cited extensive personal experience and the
absence of direct harm when performed expeditiously. However,
they also acknowledged the lack of scientific evidence and the
urgent need to execute high-quality clinical trials to address this
question. Until then, we agreed to not provide a recommendation
for or against the use of GV 26 in the target population. We,
however, uniformly emphasized that if rescuers elect to use GV
26 stimulation in the absence of a clear directive, the intervention
should be brief (i.e., 2-3 s) and not compromise timely initiation
or quality of PPV.

7.2.5 | Knowledge Gaps

Currently, there are no studies evaluating the efficacy of acupunc-
ture at GV 26 in newborns with inadequate spontaneous breath-
ing efforts at birth. While other methods of newborn resuscitation
show clear promise for respiratory support in newborn puppies
and kittens, foremost PPV, GV 26 stimulation is widely employed
in clinical veterinary practice, and there is an urgent need to
conduct trial(s) on the effectiveness of GV 26 needle stimulation
in the clinical setting in newborn puppies and kittens.

7.3 | Glucose Management During
Resuscitation—NB-19

In newborn dogs and cats that require resuscitation (with or
without CPA) (P), how does routine parenteral administration of
dextrose (I), compared with targeted administration of dextrose
(C), change outcome (0)?

7.3.1 | Introduction

When newborn puppies and kittens require resuscitation (with
or without CPR), it is unknown how routine or standard-dose
parenteral dextrose administration compares to dextrose admin-
istration targeted to a specific blood glucose (BG) concentration.
It is established that hypoglycemia is associated with brain injury
in human infants during the transition from intrauterine to
extrauterine life [302].

Hypoglycemic puppies become lethargic with decreased mobility
and progressively lose righting, sucking, and withdrawal reflexes;
severe hypoglycemia in puppies causes seizures and death [303].
Hypoglycemia may occur in distressed newborn puppies and
kittens due to a lack of glycogen stores and delayed nursing, and
hypoglycemia independently predicts nonsurvival in neonatal
puppies [65]. Additionally, it has been established that hyper-
glycemia exacerbates brain injury in newborn piglets after a
period of hypoxia-ischemia; therefore, dextrose administration
cannot be considered safe at every dose [304]. Recent human
guidelines state it is reasonable to administer 0.25 g/kg dextrose
to transitional infants during prolonged resuscitation [9]. This
PICO question was designed to determine whether standard-dose
dextrose (e.g., 0.25-0.5 g/kg) should be supplemented routinely to
all transitional newborn puppies and kittens during resuscitation
or whether dextrose should be given to target a specific BG
concentration.

7.3.2 | Consensus on Science

For the most critical outcome of favorable neurologic outcome, we
identified four experimental studies (very low quality of evidence,
downgraded for very serious indirectness and imprecision) that
addressed the PICO question [305-308]. All 4 experimental
studies were conducted in 4-day-old rats undergoing a standard-
ized hypoxemic event and assignment to receive treatment with
glucose, oxygen, and/or epinephrine. All animals underwent a 30
min period of hypoxemia, with some rats randomized to receive
0.5 g/kg intraperitoneal (IP) dextrose at the initiation of hypox-
emia, and others to receive, in addition to dextrose, 30 min of FiO,
1.0 following the hypoxic-ischemic event. Other treatment arms
included sham (no hypoxemic period), 100% oxygen only, and
combinations that included epinephrine injection. Rats subjected
to 30 min of hypoxemia that received dextrose during hypoxemia
were found to maintain neurologic function similar to controls
1 month later, whereas those that did not receive dextrose or
that received epinephrine, in addition to dextrose, fared worse.
No measurements of BG concentration were made, and a single
dextrose dose was used (no tailored treatments were evaluated).
These studies favor dextrose support during resuscitation, though
species (rodents), age (4 days vs. transitional), and condition
(pure hypoxemia vs. newborn resuscitation) differed for each
population, and the comparator was not targeted but rather was
a lack of dextrose administration.

For the critical outcome of survival to discharge, we identified 1
clinical trial (very low quality of evidence, downgraded for serious
risk of bias, very serious indirectness, and imprecision) that
addressed the PICO question [309]. In this study, 41 nonvigorous,
newborn triplet lambs were randomized to either dextrose gel or
placebo gel application to buccal mucosa; the primary outcome
was survival at 3 h. Application of dextrose gel did not improve
3-h survival compared to placebo; however, no posttreatment
BG concentration measurements were reported; therefore, it
is unclear whether the gel was absorbed systemically. Thus,
species (sheep), intervention (parenteral vs. enteral dextrose), and
comparator (not targeted dextrose treatment but rather “yes/no”)
were indirect, and lack of BG concentration measurements to
ensure systemic absorption of dextrose introduces a risk of bias
as pertains to this PICO question.

For the important outcomes of hospital length of stay, surrogate
markers of perfusion, and hypoglycemia, we identified no studies
that addressed the PICO question.

For the important outcome of histopathologic damage, we identi-
fied 6 experimental studies (very low quality of evidence, down-
graded for very serious indirectness, imprecision, and incon-
sistency) that addressed the PICO question [305-308, 310, 311].
Four of these studies (discussed above in Outcome 1: Favorable
neurologic outcome) showed improved brain histopathologic
outcomes when dextrose (0.5 g/kg IP) was administered at the
initiation of hypoxemia [305-308]. However, a different study in
7-day-old rats showed that administration of a very high dose of
dextrose (2.5 g/kg) IP following 2.5 h of normothermic hypoxia
resulted in more severe histopathologic brain lesions compared
to rats treated with placebo; BG concentration was measured in
this study, which showed dextrose-administered rats achieved
BG concentrations of 200-240 mg/dL (11.1-13.3 mmol/L), while
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those receiving saline placebo were severely hypoglycemic (20-
40 mg/dL [1.1-2.2 mmol/L]) [310]. Finally, a study in 3- to
5-day-old puppies showed that treatment with a very high dose
of dextrose (2.5 g/kg IV to achieve a BG concentration of
~600 mg/dL [33.3 mmol/L]) prior to KCl-induced, hypothermic
CPA of 1.75-h duration worsened histopathologic damage to
the caudate and amygdaloid nuclei and brainstem [311]. Other
studies identified for this PICO were not summarized here, as
treatment recommendations could be made based on these 6
studies combined with evidence evaluated for a higher priority
outcome (favorable neurologic outcome).

7.3.3 | Treatment Recommendations

In newborn puppies and kittens that require prolonged resus-
citation, we suggest measuring a BG concentration (weak
recommendation, expert opinion).

In hypoglycemic newborn puppies and kittens that require
resuscitation (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
(strong recommendation, very low quality of evidence).

In hypoglycemic newborn puppies and kittens in which IV/IO or
IP access 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) (weak recommendation, expert opinion).

In newborn puppies and kittens undergoing prolonged resuscita-
tion (e.g., >10 min) that are not responding to standard measures
(e.g., PPV, rewarming, stimulation) and in which BG concentra-
tions cannot be measured, we suggest dextrose supplementation
(weak recommendation, expert opinion).

7.3.4 | Justification of Treatment Recommendation

No literature was found to answer the PICO question regarding
routine (standard) versus targeted parenteral dextrose adminis-
tration in newborn puppies and kittens that require resuscitation
(with or without CPA). All evidence was highly indirect, often in
population (species, life stage, condition requiring resuscitation),
and always in intervention and comparator. Thus, treatment
recommendations were developed based on information known
under these indirect circumstances in combination with expert
opinion.

Itis known in infants with HIE that hypoglycemia is an important
risk factor for brain injury with long-term effects [312-314].
Neonatal hypoglycemia is independently associated with death
in puppies [65], in piglets [315], and in foals [316]. These findings
suggest hypoglycemia should be avoided in newborn puppies
and kittens requiring resuscitation. However, studies using very
large doses of dextrose (~2.5 g/kg) caused hyperglycemia that
was shown to be detrimental in neonatal rats and dogs [310, 311].
Hyperglycemia has also been associated with poor neurologic
outcomes in piglets [315]; both hyperglycemia and wide fluctu-
ations in BG concentration have been associated with poorer

neurologic outcomes in human infants with encephalopathy [314,
317]. Thus, given the limited information available, we believe the
optimal strategy for dextrose treatment in newborn puppies and
kittens requiring resuscitation is one that provides some, but not
excessive, dextrose support to avoid wide fluctuations in BG con-
centration. Hypoglycemia should be considered a contributing
factor where the newborn remains nonvigorous despite at least
5-10 min of resuscitation. To target dextrose administration to
hypoglycemic newborns specifically, and to avoid hyperglycemia,
we suggest determining BG concentration by paw pad puncture,
which is feasible in many clinical contexts [318]. It is unclear
what constitutes clinically significant hypoglycemia in newborn
puppies and kittens, and there was variability among Domain
Chairs, Co-Chairs, and subject matter experts regarding a BG
concentration below which to administer dextrose. However, the
majority indicated a cutoff of 3.0 mmol/L (54 mg/dL), with a
BG concentration of <2.2 mmol/l (<40 mg/dL) interpreted as
life-threatening hypoglycemia. As CRIs are not feasible in most
contexts during resuscitation of newborn puppies and kittens, we
recommend a slow bolus of 0.25 g/kg dextrose IV or IO, or less
preferably IP. The IP route is used commonly by some subject
matter experts and is considered practical, effective, and safe if
executed correctly, which includes maintenance of strict asepsis.
Where parenteral administration cannot be accomplished, oral
administration of 0.5 g/kg dextrose (e.g., 0.1 mL/100 g of 50%
dextrose) serves as an alternative. Oral administration can be
executed as a topical sublingual mucosal application of dextrose,
although some uncertainty regarding the efficacy of this route
exists, and an increase in BG concentration will typically occur
after >15 min of treatment [319]. It is, therefore, best suited
for mild hypoglycemia, while IV/IO dextrose is required for
life-threatening, clinical (tremors, seizures) hypoglycemia.

7.3.5 | Knowledge Gaps

Blood glucose concentrations in newborn dogs and cats receiving
resuscitative measures at birth are unknown, and thus, the
value of BG concentration measurement in this population is
unknown. The optimal strategy for dextrose supplementation in
newborn puppies and kittens requiring resuscitation has not been
examined.

7.4 | Glucose Management After
Resuscitation—NB-26

In newborn dogs and cats after ROSC (P), how does routine
parenteral administration of glucose (I), compared with targeted
administration of glucose (C), improve outcome (O)?

7.4.1 | Introduction

When newborn puppies and kittens that have experienced CPA
achieve ROSC, it is unknown how routine or standard-dose
parenteral dextrose administration compares to dextrose admin-
istration targeted to a specific BG concentration. Hypoglycemia
may occur in distressed newborn puppies and kittens due to
lack of glycogen stores and delayed nursing, and hypoglycemia
independently predicts nonsurvival in neonatal puppies [65].
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Additionally, it has been established that hyperglycemia may
cause brain injury in newborn piglets after a period of hypoxia-
ischemia, so dextrose administration cannot be considered safe
at every dose [304]. Following newborn resuscitation, recent
human guidelines recommend monitoring BG concentration,
avoiding hypo- and hyperglycemia, avoiding wide variation in
BG concentration, and having protocols in place to manage
unstable BG concentration [9]; additionally, one may consider
dextrose administration by CRI to avoid hypoglycemia [8, 9]. This
PICO question was designed to determine whether standard-dose
dextrose (i.e., 0.25-0.5 g/kg) should be supplemented routinely
to all newborn puppies and kittens following ROSC, or whether
dextrose should be given to target a specific BG concentration.

7.4.2 | Consensus on Science

For the most critical outcome of favorable neurologic outcome, we
identified one experimental study (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness,
and imprecision) that addressed the PICO question [320]. In
this study, 43 piglets, aged 0-3 days, were subjected to hypoxic
brain injury through a combination of carotid artery clamp-
ing, controlled hemorrhage, and decreased FiO,. All piglets
had been pretreated with 2 U/kg insulin to prevent stress-
related hyperglycemia. After 30 min of cerebral hypoxia, the
carotid arteries were unclamped, removed blood was reinfused,
and piglets received oxygen at FiO, 1.0. Following brain re-
oxygenation, piglets were randomized to receive either dextrose
1 g/kg IV bolus followed by 1 g/kg/h IV for 2 more hours or
an equal volume of saline. Dextrose-treated piglets experienced
marked hyperglycemia, while placebo-treated piglets appeared
to experience euglycemia to mild hypoglycemia. No difference
was found between the 2 groups’ neurologic examination scores
1 day later. This study suggests no effect of routine dextrose
administration following resuscitation of neonatal pigs, though
the dextrose dose was higher than those commonly used in small
animal veterinary practice.

For the critical outcome of survival to discharge and the important
outcomes of hospital length of stay and complications, no studies
pertaining to the PICO question were identified.

For the important outcome of histopathologic damage, we iden-
tified three experimental studies (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness,
imprecision, and inconsistency) that addressed the PICO ques-
tion [310, 320, 321]. The study from LeBlanc et al., already
summarized in the paragraph above, evaluated the effect of
routine dextrose administration following 30 min of cerebral
hypoxia in newborn piglets (age: 0-3 days) and found no
difference in brain section pathological examination scores for
those treated with dextrose compared with those that received
placebo [320]. Sheldon et al. studied the effect of a high dose of
dextrose (2.5 g/kg IP) following 2.5 h of normothermic hypoxia on
histopathologic brain lesions in 7-day-old rats and revealed more
severe neuronal damage in the brains of dextrose-treated rats
compared to those treated with placebo [310]. However, another
experimental study in 7-day-old rats undergoing 1 h of cerebral
hypoxia-ischemia (ligated left carotid artery, 1 h at FiO, 0.08)

found that animals treated immediately following the hypoxic
period with dextrose IP showed less widespread and less severe
histopathologic brain damage at sacrifice 72 h later than rats
treated with 0.9% NaCl placebo [321]. These 3Hypoxic-ischemic
encephalopathy studies reveal contradictory information regard-
ing histopathologic outcomes in animals treated with dextrose
versus placebo immediately following reoxygenation; no study
identified evaluated the effect of routine dextrose versus BG-
targeted dextrose administration following ROSC in any species.

7.4.3 | Treatment Recommendations

In newborn puppies and kittens that are nonvigorous and not
nursing after ROSC, we suggest measuring a BG concentration
(weak recommendation, expert opinion).

In hypoglycemic newborn puppies and kittens after ROSC, we
suggest supplementing dextrose by CRI (e.g., 2.5% dextrose in
isotonic crystalloid fluids given at a physiologic rate IV or 10)
rather than by bolus injection (weak recommendation, very low
quality of evidence).

In hypoglycemic newborn puppies and kittens after ROSC, 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, if an IV or IO CRI is not feasible (strong
recommendation, very low quality of evidence).

In hypoglycemic newborn puppies and kittens after ROSC in
which IV, IO, or IP administration are not possible, we suggest
oral administration of dextrose at 0.5 g/kg (e.g., 0.1 mL/100 g of
50% dextrose solution) (weak recommendation, expert opinion).

In newborn puppies and kittens that are nonvigorous and not
nursing after resuscitation and in which BG concentrations
cannot be measured, we suggest dextrose supplementation (weak
recommendation, expert opinion).

7.4.4 | Justification of Treatment Recommendation

No literature was found to answer the PICO question regarding
routine (standard) versus targeted parenteral dextrose adminis-
tration in newborn puppies and kittens after ROSC. All evidence
was highly indirect in population (species, life stage, scenario),
intervention, and comparator. Thus, treatment recommendations
were developed based on information known under these indirect
circumstances in combination with expert opinion.

Hypoglycemia is an important risk factor for brain injury with
long-term effects in newborn infants with HIE [312-314]. It was
shown to be independently associated with death in several
species, including puppies [65], piglets [315], and foals [322]. Thus,
hypoglycemia should be avoided in newborn puppies and kittens
following ROSC. Hyperglycemia was also shown to be detrimen-
tal in studies where very large doses of dextrose (~2.5 g/kg) were
given to newborn rats and puppies [310, 311]. High BG concentra-
tion has also been associated with poor neurologic outcomes in
piglets [315]. In newborn infants with HIE, both hyperglycemia
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and wide fluctuations in BG concentration have been associated
with worse neurologic outcome [314, 317]. Thus, given the limited
information available, we believe a safe and effective strategy
for dextrose treatment in newborn puppies and kittens following
ROSC is founded in first determining the BG concentration.
A blood sample can be feasibly obtained by puncture of the
paw pad in most newborns [318]. If the animal is hypoglycemic
(i.e., BG < 3.0 mmol/L; <5 mg/dL), a sensible strategy is one
that provides some, but not excessive, dextrose support as a
CRI to avoid wide fluctuations in BG concentration. If a CRI is
not possible, we recommend 0.25 g/kg dextrose IV/IO by slow
bolus administration with the intention to avoid life-threatening
hypoglycemia (e.g., BG < 2.2 mmol/L; <40 mg/dL) and marked
iatrogenic hyperglycemia (e.g., BG > 11 mmol/L; >200 mg/dL).
While IV/IO is the preferred route, some subject matter experts
routinely administer an isotonic dextrose solution IP. Adequate
technique to avoid organ injury and septic peritonitis is required
to use this route. The frequency of intermittent administration
may be determined by serial BG concentration sampling or by
clinical response. In clinical contexts where parenteral adminis-
tration of dextrose is not possible, we suggest oral administration.
Dextrose (50%) can be applied topically on the sublingual mucosa,
although absorption will be slow [319, 323]. Dextrose administra-
tion by orogastric tube is another possibility after ROSC as long
as it is performed by skilled personnel to minimize the risk of
injury to the newborn [318]. Alert newborns can be encouraged
to swallow the dextrose solution by syringe administration. We
generally suggest against routine dextrose administration with-
out documented hypoglycemia; however, if the animal remains
nonvigorous and not nursing after resuscitation (e.g., newborn
with now adequate ventilation and circulation), hypoglycemia
could contribute to the newborn’s impairment, and we agreed
that empirical administration of dextrose is reasonable under
these circumstances.

7.4.5 | Knowledge Gaps

The optimal strategy for dextrose supplementation, including
the range of acceptable BG concentration, in newborn puppies
and kittens following ROSC, is unknown. The reference interval
for BG concentration and cutoff point(s) for clinically relevant
hypoglycemia at birth in newborn puppies and kittens are
uncertain.

7.5 | Temperature Management of Newborns
With Signs of HIE—NB-27

In newborn dogs and cats with ROSC that remain comatose (P),
how does permissive hypothermia to maintain core temperature
below normal (I), compared with active warming to maintain or
achieve normothermia (C), improve outcome (O)?

7.51 | Introduction

Hypoxic-ischemic encephalopathy in the newborn occurs as a
consequence of ante-, peri-, or postpartum asphyxiation and can
lead to severe short- and long-term neurological dysfunction
[267]. Criteria to identify HIE are not specifically described for

newborn puppies and kittens but have been well delineated in
infants and foals [324, 325]. Clinical signs vary with severity
and 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. The diagnosis of HIE in newborn infants is made
based on the identification of a sentinel event (e.g., prolapse of
the umbilical cord), perinatal bradycardia, need for resuscitation
at birth, severe acidosis, very low Apgar score 10 min after
birth, and the development of the above clinical signs suggestive
of encephalopathy shortly after birth [267]. As the underlying
brain injury progresses, there is a critical window of opportunity
shortly after the hypoxic insult to influence the neurological out-
come through timely intervention (i.e., neuroprotection) [326].
Temperature management, including deliberate maintenance of
hypothermia, is a suggested intervention in adult people, dogs,
and cats that remain comatose after resuscitation from CPA,
owing to its multiple beneficial neuroprotective effects [12, 327,
328]. TH (33°C-34°C for 72 h, started within 6 h of birth) has
been recommended for newborn infants with moderate to severe
HIE for more than 15 years [126]. We herein examine the question
of whether temperature management, specifically permissive
hypothermia, should be practiced in newborn puppies and kittens
with signs of HIE.

7.5.2 | Consensus on Science

For the most critical outcome of favorable neurologic outcome, we
located 8 clinical trials (very low quality of evidence, downgraded
for serious risk of bias and very serious indirectness) [329-
336] and 4 experimental studies (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness,
and imprecision) that addressed the PICO question [337-340].
The downgrading originated from a lack of blinding, species
other than dogs and cats, and studies evaluating the effect of
active cooling methodologies in a neonatal intensive care setting
rather than permissive hypothermia in a veterinary setting. The
clinical trials are all RCTs including newborn, near-term, or
term infants with moderate to severe HIE that were randomized
within 6 h of birth to treatment with TH or to standard care
with normothermia. Hypothermia was implemented as selective
head cooling in 2 studies [331, 335] and global hypothermia in the
remaining 6 trials [329, 330, 332-334, 336]. A rectal temperature
of 34°C-35°C and 33°C-34°C was targeted during selective head
cooling and global hypothermia, respectively. The duration of
hypothermia was 72 h in all but one study (48 h) [330]. The
majority (5/8) of studies demonstrated a significant benefit of
cooling on the composite outcome of death or severe neurological
disability [329, 330, 333-335], while 2 studies showed a trend
toward benefit [331, 332]. These 7 studies taken together include
1313 infants and suggest an overall benefit of TH to reduce the
risk of poor functional outcome (death or severe disability) (RR
0.75, 95% CI 0.68-0.83); also, infants with moderate HIE benefited
more than those with severe HIE. While these studies were all
conducted in high-income countries, one more recent multicen-
ter RCT was conducted in low- and middle-income countries
[336]. This study, including 394 term infants with moderate
to severe HIE, found no reduction in the incidence of death
or severe disability with TH when compared to normothermia
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(RR 1.06, 95% CI 0.87-1.3), indicating that TH might not have
the same effect in a resource-restricted environment. Importantly,
the intensity of care that was delivered to the infants in this
study was still far superior to what is currently accomplished in
a clinical veterinary setting. Four experimental animal studies
using a variety of asphyxial models in rats, mice, and piglets
showed either improved neurological function with HT or no
effect compared to normothermia [337-340].

For the critical outcome of survival to discharge, we identified 10
clinical trials (low quality of evidence, downgraded for serious
risk of bias and serious indirectness) [329-336, 341, 342] and 2
experimental studies (very low quality of evidence, downgraded
for serious risk of bias, very serious indirectness, and imprecision)
[337,343]. Most of the clinical trials are the same as those listed for
favorable neurologic outcome, and data for survival to discharge
were available for all but one study. While only 2 trials showed
an increase in survival to discharge with TH [329, 334], when
considering the data pooled from all studies (n = 1983), cooling
led to a small but significant improvement in survival (TH:
73%, normothermia: 68%; RR 1.01, 95% CI 1.01-1.13). However,
the largest study by Thayyil et al., a multicenter RCT including
cases from several low- and middle-income countries (n = 408),
demonstrated a reduction in survival to discharge with TH (64%)
compared to normothermia (76%) (RR 0.84, 95% CI 0.74-0.96)
[336]. Survival data from 2 experimental studies, none in target
species and with significant indirectness in model and outcome,
suggested no effect of cooling on survival to the study endpoint in
one study and increased mortality with TH in another [337, 343].

For the important outcome of complications associated with
TH, we located 8 clinical trials (very low quality of evidence,
downgraded for serious risk of bias, very serious indirectness, and
inconsistency) [329, 332-336, 341, 342], 4 observational studies
(very low quality of evidence, downgraded for serious risk of
bias and very serious indirectness) [344-347], and 1 experimental
study (very low quality of evidence, downgraded for serious risk
of bias, serious indirectness, and imprecision) [348]. The majority
of the clinical trials either showed a protective effect of TH on
markers of kidney [341] and cardiac injury [342] or revealed
similar incidence of adverse events (e.g., hypotension, prolonged
coagulation times, thrombocytopenia, intracranial bleeding, lung
injury, GI and hepatic dysfunction, arrhythmias, or sepsis) when
TH was instituted compared to normothermia [329, 332-335].
Moreover, complications were common in both TH and nor-
mothermia, with persistent hypotension, prolonged coagulation
times, and thrombocytopenia occurring in 40%-80% of infants
[332]. In contrast to these studies, the RCT conducted in low-
and middle-income countries demonstrated consistently higher
incidence of adverse events with TH, including coagulopathy,
thrombocytopenia, hypotension, cardiac arrhythmias, and persis-
tent acidosis [336]. Multiple small observational studies including
near-term or term infants reported adverse events associated with
TH, including prolonged bleeding times and bradycardia, but also
found a reduction in kidney injury or no association with organ
or metabolic dysfunction when compared to normothermia [344-
347]. A single experimental study involving 1-day-old asphyxiated
piglets did not reveal any significant hematological or biochem-
ical changes aside from the need for more dextrose and oxygen
administration during TH compared to normothermic controls
[348].

For the important outcome of seizure reduction with TH, we
located 1 clinical trial (very low quality of evidence, down-
graded for serious risk of bias, very serious indirectness, and
imprecision) [329], 1 observational study (very low quality of
evidence, downgraded for serious risk of bias, serious indirect-
ness, and imprecision) [349], and 4 experimental studies (very
low quality of evidence, downgraded for serious risk of bias,
serious indirectness, imprecision, and inconsistency) [338, 343,
350, 351]. In term infants (n = 111) with moderate to severe HIE,
TH at 33.5°C for 72 h led to a significant reduction in seizure
activity during the intervention period (n = 17, 27%) compared to
standard care with normothermia (n = 31, 49%, p = 0.004) [329].
Similarly, the findings in a small observational study (n = 69) of
newborn infants with moderate HIE demonstrated an association
between seizure reduction and TH, while no such association
was noted in infants with severe HIE [349]. The impact of TH
on seizure reduction was tested in multiple animal studies with
mixed results, which may be ascribed to the vastly different
animal models employed. One of the studies utilizing a fetal
sheep model showed that post-asphyxial TH for 48 h significantly
reduced the seizure burden (70 + 39 min of seizures) compared
to normothermia (300 = 199 min, p < 0.05) over the study period
[350]. The remaining studies in newborn piglets and mouse pups
did not identify any effect of TH on seizure mitigation [338, 343,
350, 351].

For the important outcome of hospital length of stay, we located
4 clinical trials (very low quality of evidence, downgraded for
serious risk of bias and very serious indirectness) [330, 332, 333,
336] and 1 observational study (very low quality of evidence,
downgraded for serious risk of bias, serious indirectness, and
imprecision) [346]. In the three RCTs conducted in high-income
countries that together encompassed 595 infants, the duration
of hospitalization was similar in TH and normothermia groups
and averaged 2-3 weeks [330, 332, 333], while TH led to longer
hospitalization (i.e., 2 days more) in the RCT in low- and
middle-income countries [336]. Likewise, in a small observational
study (n = 38) conducted in Marrakech, hospital length of stay
was longer in infants undergoing TH (mean, 12.4 days) versus
normothermia (mean, 6.7 days) [346].

For the important outcome of histopathologic damage, we located
13 experimental studies (very low quality of evidence, down-
graded for serious risk of bias and very serious indirectness)
pertinent to the PICO question [338-340, 348, 350-358]. Across
multiple asphyxial models encompassing several species, the
preponderance of studies suggests a reduction in tissue injury
with TH, specifically in the brain [339, 340, 350, 352, 353, 355-358]
and the heart [354], while others found no protective effect of TH
but also no harm [338, 348, 351]. Histologically apparent heart,
liver, lung, kidney, and gastrointestinal pathology was common
regardless of temperature management strategy [348].

7.5.3 | Treatment Recommendations

In newborn puppies and kittens with signs of acute HIE, we sug-
gest 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 (weak recommendation, expert opinion).
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7.5.4 | Justification of Treatment Recommendation

While we did not identify any evidence to address the PICO
question directly in newborn puppies and Kkittens, the evidence
we did find consistently suggested that HIE is modifiable and that
TH is beneficial in improving outcomes from HIE in clinical and
experimental studies across multiple settings and species. Taken
together, there is adequate certainty that hypothermia of suffi-
cient depth (i.e., 33°C-35°C), initiated early in the evolution of
HIE and maintained for a sufficient duration (typically 48-72 h),
is beneficial in newborn infants with HIE. As this applies to any
HIE of the newborn and not just to those that underwent CPR, we
removed the term “ROSC” from the treatment recommendation
and generalized this recommendation to newborn puppies and
kittens with clinical signs of HIE.

Evidence from human RCTs has shown that infants with moder-
ate HIE benefit more from TH than infants with mild or severe
HIE [329, 331, 333-335]. In newborn infants, clinical signs of
moderate HIE include lethargy, reduced but present activity,
hypotonia, weak but present sucking reflex, bradycardia, and
irregular (but present) spontaneous breathing [359]. Because
HIE has not been defined clinically for newborn puppies and
kittens, we suggest applying this treatment recommendation to
any newborn puppy or kitten with clinical signs consistent with
HIE in newborn infants.

Additionally, TH is unlikely to be effective in cases of HIE
due to longer durations of hypoxia, such as from antenatal or
chronic intrauterine hypoxia, and thus is preferentially applied
to newborn infants with acute perinatal hypoxic insult. For this
reason, we included the term “acute” in the current treatment
recommendations’ population description, though the acuteness
is often unknown. The high proportion of prenatal insults (as
opposed to acute periparturient hypoxic events) in the trial by
Thayyil et al., which was conducted in low- and middle-income
countries, was considered the reason for the lack of benefit of
TH in this cohort [336]. TH is recommended for newborn infants
with moderate to severe evolving HIE in low- and middle-income
countries based on data from multiple RCTs not included in our
evidence analysis [327]. However, ILCOR warns that the adoption
of TH without close monitoring, following of treatment protocols,
and access to comprehensive neonatal intensive care may be
associated with harm [327].

While TH is the standard of care in newborn infants with HIE,
several challenges exist in implementing TH in small animal
veterinary practice. The management of newborns with TH is
resource intensive and highly technical, in part due to the cooling
itself and in part due to the severity of illness of HIE patients,
who often experience pulmonary, cardiac, kidney, hematologic,
and metabolic instability [360]. In human medicine, a neonatal
ICU is a precondition for successful implementation of TH,
since a high percentage of these infants are critically ill, are
mechanically ventilated, receive EEG and MRI monitoring, and
are hospitalized for 2 or more weeks [327, 360, 361]. To our
knowledge, such resources are not available for newborn puppies
and kittens in the veterinary setting. In addition, newborn
puppies and kittens have a need distinct from human infants
for early passive transfer of immunoglobulins through colostrum
(ideally in the first 8 h after birth) to avoid short- and long-term

immune system compromise that would require additional inten-
sive management in colostrum-deprived newborns [362, 363].
However, we believe that allowing newborn puppies and kittens
to sustain the naturally present low body temperature at birth
without aggressive rewarming, while preventing more significant
hypothermia (i.e., <34°C) and its associated adverse effects (i.e.,
hypoglycemia), is reasonable and feasible to support those with
signs of acute HIE. In newborn puppies, the rectal temperature
at birth was 33.7 + 1.4°C after C-section and 33.1 + 3.1°C with
eutocia; was 35.1 + 1.8°C and 33.2 + 4.7°C, respectively, after 1 h;
and increased to a median temperature of 36.6°C (range, 35.9°C-
37.2°C) after 24 h [18, 75]. We therefore decided on a target rectal
temperature of approximately 35°C.

Taken together, there is a complex interaction between the
severity of HIE, time to cooling, degree of cooling, and duration of
TH [364]. In animals with more severe HIE, longer duration of TH
is associated with increased preservation of neurological integrity
[365, 366]; however, animal studies also provide evidence for a
neuroprotective effect after cooling periods of 24 h or less [367-
369]. Given the limited resources available in veterinary medicine
that restrict care to newborn puppies and kittens with low severity
of HIE, 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.

7.5.5 | Knowledge Gaps

There are no criteria in place to identify and categorize the
severity of HIE in newborn puppies and kittens. There are no
studies in newborn puppies or kittens regarding the effect of TH
or permissive hypothermia on survival, ideal case selection for TH
or permissive hypothermia, optimal temperature and duration, or
the feasibility of permissive hypothermia in the resource-limited
veterinary environment. There are no studies on the adverse
effects of permissive hypothermia in newborn puppies or kittens.

7.6 | Rewarming Rate of Newborns With and
Without Signs of HIE—NB-28

In newborn dogs and cats with ROSC that are spontaneously
hypothermic (P), how does rewarming at a rate greater than 1°C/h
(I), compared with rewarming at a rate of <1°C/h (C), improve
outcome (O)?

7.6.1 | Introduction

Newborn puppies and kittens are commonly hypothermic after
birth (i.e., in puppies: 33.7 + 1.4°C after C-section and 33.1 + 3.1°C
with eutocia) and thus they might be particularly vulnerable
to low body temperature if undergoing resuscitative measures
[75]. Establishing normothermia (35.0°C-37.2°C; 95°F-99°F for
newborns) by utilizing passive and active temperature control
measures is recommended during resuscitation of newborn
puppies and kittens (see NB-1I) and infants [8]. However, after
a hypoxic-ischemic insult, evidence suggests that hypother-
mia is neuroprotective and that it should be maintained by
active cooling (i.e., TH) or permissively in newborns with HIE
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(see NB-27) [8, 327]. The current RECOVER treatment recom-
mendation in adult dogs and cats with ROSC suggests slow
rewarming (0.25°C/h to 0.5°C/h) and recommends against fast
rewarming (e.g., >1°C/h) [12, 370]. This question asks whether
slow rewarming is beneficial over fast rewarming (e.g., >1°C)
in newborn puppies and Kkittens that experienced a signifi-
cant hypoxic-ischemic insult at birth (e.g., CPA) and that are
hypothermic.

7.6.2 | Consensus on Science

We identified no studies addressing the question for the critical
outcome of favorable neurologic outcome and survival to discharge
and the important outcome of surrogate markers of perfusion.

For the important outcome of complications, we identified 1
experimental study (very low quality of evidence, downgraded
for very serious indirectness and imprecision) pertinent to the
PICO question [371]. In an HIE model in near-term fetal lambs,
cerebral ischemia of 30 min was followed by 48 h of hypothermia
and either fast (5°C/h, n = 8) or slow (0.2°C/h, n = 8) rewarming.
While seizure activity was extensive during ischemia and effec-
tively suppressed during hypothermia, rapid rewarming resulted
in no significant effect on EEG-documented seizure burden (e.g.,
no rebound seizures) [371].

For the important outcome of histopathologic damage, we iden-
tified 5 experimental studies (very low quality of evidence,
downgraded for very serious indirectness and imprecision) per-
tinent to the PICO question [371-375]. The same near-term fetal
HIE model described above was used in 3 studies examining
the effect of slow (0.2°C/h to 0.5°C/h) versus fast rewarming
(4°C/h to 5°C/h) on neuronal cell death and apoptosis as well
as white matter changes (oligodendrocyte reduction, astrocytosis,
microgliosis) [371, 374, 375]. For the majority of outcomes, slow
rewarming had no protective effect over fast rewarming. Only
1 study found a reduction in astrocyte proliferation, a marker
of brain injury, with slow rewarming [374]. It remains open
whether this was a direct benefit of slow rewarming itself or
due to the associated extension of hypothermia. Two studies
were conducted using the same newborn swine asphyxial cardiac
arrest model with animals undergoing CPR, 18 h of hypothermia,
and rewarming at either 0.5°C/h (slow, n = 8) or 4°C/h (fast,
n = 8)[372, 373]. Fast rewarming did not lead to any differences in
neuronal cell death but was associated with increased apoptosis
in the cortex but not in subcortical white matter [372, 373].

7.6.3 | Treatment Recommendations

In newborn puppies and kittens that are hypothermic at birth
and have evidence of H, 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 (weak recommendation,
very low quality of evidence).

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 (weak recommendation, expert
opinion).

7.6.4 | Justification of Treatment Recommendation

There are 2 scenarios in which rewarming is relevant in the
context of newborn resuscitation of puppies and kittens. One
concerns those animals with unintended hypothermia at birth
that otherwise transition normally and for which establishing
normothermia is important (see NB-1I). The other scenario
concerns animals with acute signs of HIE that are deliberately
treated with permissive hypothermia for a period of time and
might require rewarming by external heat administration at the
end of that period to achieve normothermia (see NB-27). The
current PICO question primarily relates to the latter scenario. The
studies identified report only lower priority outcomes, and the
study findings do not demonstrate consistent, if any, benefit of
slow over fast rewarming on the outcomes that were examined.
This lack of differential effect occurred despite a 10- to 20-
fold difference between slow and fast rewarming rates [371-375].
Moreover, slower rewarming will lead to longer exposure to
hypothermia, which could be the reason for the beneficial effects
observed in some studies [371, 374]. Studies that did not qualify
for inclusion in the evidence evaluation here, 1 case report
and 1 observational study without a control group, reported a
risk of hypotension with rapid rewarming and the possibility
for rebound seizure activity during rewarming [376, 377]. In
addition, multiple experimental animal studies of HIE for other
reasons than periparturient asphyxiation demonstrate harm with
fast (i.e., >1°C/h) rewarming rates [378-383]. For precautionary
reasons, the recommendation for newborn infants undergoing
TH is to rewarm over at least 4 h, or at a rate of 0.5°C/h
or less, which was the case in most clinical TH trials [126,
327, 330, 332-334, 336]. Fast rewarming rates through external
heat administration also carry the theoretical risk of overshoot
hyperthermia. All taken together, we believe that it is prudent
to avoid rapid rewarming of hypothermic newborn puppies and
kittens with signs of acute HIE and thus suggest a rewarming rate
of 1°C/h or less.

We did not systematically review the evidence on optimal
rewarming rates for newborn puppies and kittens that are
unintentionally hypothermic at birth but are otherwise normal
or require only low levels of support. The most recent treat-
ment recommendation for temperature management of newborn
hypothermic infants emphasizes the need for establishing nor-
mothermia but does not stipulate any specific rewarming rate
due to a lack of evidence [8]. Observational and interventional
studies in newborn infants involving very-low-birthweight to
normal full-term infants and rewarming rates ranging from
0.1°C/h to 5°C/h did not document an association between
rewarming rate and a variety of outcomes, including mortality
[384-388]. One observational study identified an association
between higher rewarming rates and the risk of hyperthermia
[387]. We did not identify any studies in newborn puppies and
kittens pertaining to the topic. Thus, we recommend establishing
normothermia over a few hours (e.g., 1-2 h) and maintaining
normothermia (see NB-11). Avoidance of hyperthermia with expo-
sure to external heat sources through appropriate monitoring
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is of central importance, as temperature overshoot is likely the
biggest risk with rapid rewarming rates and can be detrimental
[389].

7.6.5 | Knowledge Gaps

The benefits and risks of fast versus slow rewarming after
intended hypothermia in newborn puppies and kittens with
HIE have not been studied, and no safe protocols have been
established. Concerns of particular interest are the occurrence of
hypoglycemia with prolonged hypothermia and slow rewarming,
as well as the risk of seizure activity or overshoot hyperthermia
with faster rewarming strategies.

8 | Discussion

This article describes the development, substance, and rationale
of the first evidence- and consensus-based treatment recommen-
dations for resuscitation of newborn puppies and kittens and is
an addition to the series of RECOVER CPR guidelines for adult
dogs and cats [11, 17, 204, 248, 390]. This series of guidelines is an
important element in the pathway from scientific knowledge to
clinical decision-making, which spans from generating evidence
from research, synthesizing that evidence to generate guidelines,
and finally applying the guidelines in practice to inform clinical
decisions.

In this process, we extracted a large amount of scientific informa-
tion from the peer-reviewed literature to address a prioritized list
of clinical questions pertaining to the resuscitation of newborn
puppies and Kkittens. The resulting treatment recommendations
can serve as the foundation for uniform training of the veterinary
community in resuscitation of newborn puppies and kittens
and, as such, can lead to a positive clinical impact. To increase
accessibility of this information to veterinary professionals in the
clinic, a concise summary is important; such a clinical reference
is available in a companion article, the RECOVER Newborn
Resuscitation Guidelines [19].

We used a similar methodology to develop the current treatment
recommendations as was previously employed to generate the
most recent RECOVER CPR guidelines for adult dogs and cats,
with the exception of an added consensus step [17]. This addi-
tional consensus step included a group of subject matter experts
in the field of small animal theriogenology and reproduction
medicine, as the RECOVER Initiative expected to identify very
low quality of evidence or no evidence regarding many of the
PICO questions. Indeed, 47% (n = 28) of all recommendations
were developed based on expert opinion, and 44% (n = 26) were
based on very low quality of evidence. We identified significant
knowledge gaps for nearly all PICO questions. The writing group
also depended moderately on expert opinion during the evidence
evaluation process for the CPR treatment recommendations in
adult dogs and cats for both the 2012 and 2024 RECOVER
guidelines [204, 248, 370, 390-394]. Much of the uncertainty in
the evidence was the consequence of the very serious indirectness
of species, and in fact, we only located 1Dr RCT in transitional
newborn puppies [275]. This staggering lack of research data
in newborn puppies and kittens needs urgent addressing if

higher certainty treatment recommendations are to be devised
for this patient set. Until then, most clinical decision-making
in newborn puppies and kittens will continue to originate from
clinical trials in newborn infants and experimental animal studies
using transitional newborn models [205]. It is our hope that the
many knowledge gaps that emerged in the process will serve
as a basis for broad, collaborative clinical research initiatives to
gather evidence in the field of veterinary newborn resuscitation.
It is expected that the RECOVER Newborn Resuscitation treat-
ment recommendations will be updated once significant new
information becomes available.

Despite the lack of evidence in many cases, we provide treatment
recommendations because of the need for clear, consistent stan-
dards for resuscitative measures in newborn puppies and kittens.
The uncertainty that plagues almost all treatment recommen-
dations is reflected in their wording as weak recommendations
(i.e., to “suggest” for or against an intervention) and as such is
clearly identifiable to the reader. While the strength of a recom-
mendation typically echoes the quality of evidence (i.e., a weak
recommendation for low or very low quality of evidence; a strong
recommendation for high or moderate quality of evidence), we
allowed deviations where deemed appropriate and provided rea-
soning for this in the justification section of each PICO question.
An example is the emphasis on PPV with severe bradycardia
that is founded on the knowledge of asphyxiation as the source
problem for low HR in transitional newborns. However, there
are no clinical trials or experimental studies directly comparing
PPV to placebo in nonvigorous, bradycardic newborns that are
apneic or gasping, and such studies would not be considered
ethical. There are also no studies that compare specific HR cutoffs
as triggers to escalate or deescalate interventions. To provide
recommendations that are clinically actionable, we provided
cutoff values reasoned by physiologic scientific knowledge and
validated the cutoffs by consensus. Moreover, the feasibility of an
intervention in the veterinary clinical context also influenced the
wording of recommendations. ET intubation, for example, while
alleviating many issues associated with bag-mask ventilation
such as gastric inflation and inadequacy of minute ventilation, is
technically challenging and can cause severe upper airway injury.
In addition, the intubation process precludes concurrent PPV and
might distract rescuers from conducting other interventions, all
of which can expose the newborn to additional harm. Because
of these tangible clinical concerns, we suggest ET intubation in
animals that are not responding to at least 60 s of PPV with
bag-mask ventilation only if it is feasible in the context of a
particular resuscitation environment. If we raised significant
concerns about the undesirable effects of an intervention, we
recommended against or suggested against that intervention. For
example, we suggest against the use of atropine in bradycardic
newborns at birth and also in those undergoing CPR, as there
is significant concern about increasing the HR in the face of
severe hypoxemia [395]; a low heart rate is likely protective of
the myocardium byreducing myocardial oxygen consumption,
and vital organ blood flow is maintained through compensatory
mechanisms unless bradycardia is extreme and prolonged [196].
This should, however, not preclude clinicians from administering
atropine in special circumstances where they perceive that
atropine may be beneficial. To emphasize this point, we typically
recommended or suggested against “routine” administration of
an intervention.
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The broad strokes of the treatment recommendations herein are
in line with previously published clinical guides on newborn
resuscitation in puppies and kittens [13, 16]. These publications
similarly recommend tactile stimulation, maintenance of nor-
mothermia, consideration of bradycardia for decision-making,
and prioritization of airway management and PPV with a tight-
fitting mask, and suggest the administration of drugs (e.g.,
epinephrine, doxapram, reversal drugs) or advise against them
(atropine). Where the RECOVER treatment recommendations
differ is in the cutoffs for timelines (e.g., time intervals from
PPV to expected response of newborn until next action), the
delineation of a clear sequence from birth to PPV to chest
compressions, the inclusion of clear operational definitions for
HR changes to guide action (e.g., HR < 50/min to start chest
compressions), the de-emphasis of routine administration of
doxapram, reversals and GV 26 stimulation, and some changes
in dosing (e.g., lower dose of epinephrine).

We were not able to consider all topics relevant to the resuscita-
tion of newborn puppies and kittens due to the limited resources
available for this extended and complex evidence evaluation
process. For example, the administration of caffeine might be
used by some clinicians in nonvigorous, bradypneic newborns
instead of doxapram. Umbilical cord milking with delayed cord
clamping might be practiced by some veterinary surgeons during
C-section and is recommended in term newborn infants not
expected to require resuscitation [327]. As more direct veterinary
evidence is published to address these and other questions,
integrating such topics in future rounds of evidence evaluation
is warranted.

Currently, significant uncertainty remains regarding most resus-
citative interventions in newborn puppies and Kkittens at birth.
However, through a comprehensive evaluation of the evidence
and a consensus process that included considerations of feasi-
bility, the treatment recommendations herein lay the foundation
for clear, actionable guidance in small animal newborn resusci-
tation. In addition, a list of prioritized knowledge gaps emerged
from this project and can serve to guide collaborative clinical
research to overcome the lack of veterinary scientific data at
present.
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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)

S65 of S85

95U8017 SUOWILWIOD SAIE81D) 3l dde 8y} Aq pauienoB a1e S991Le YO ‘8SN JO'S3|NJ 40} Akl 8UlUO AS|IA UO (SUONIPUOD-PUE-SWLIS)L0D AB 1M ARRIq 1 )BUIUO//:SANY) SUOIPUOD PUe SIS | 84} 89S *[GZ02/0T/¥0] Uo AiqiauliuO A8|IM ‘STO0L 99ATTTT OT/I0p/W0d A3 | Aleiq Ul |uoy/:Sciy Wod pepeojumod ‘TS ‘G202 ‘TEVYI.LYT



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.
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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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Expert opinion

Expert opinion

Very low

Moderate

Moderate

NB-16

NB-16

NB-16

NB-16

NB-12

NB-17

NB-17

NB-14

NB-14

NB-13

NB-18

NB-21
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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.

Very low

Very low

Very low

Very low

Expert opinion

Expert opinion

Very low

Expert opinion

Expert opinion

Very low

Expert opinion

Very low

Expert opinion

NB-21

NB-22

NB-22

NB-22

NB-24

NB-19

NB-19

NB-19

NB-19

NB-25

NB-27

NB-28

NB-26
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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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Newborn Resuscitation Algorithm {
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© 2025 The RECOVER Initiative. All rights reserved.

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

S71 of S85

95U8017 SUOWILWIOD SAIE81D) 3l dde 8y} Aq pauienoB a1e S991Le YO ‘8SN JO'S3|NJ 40} Akl 8UlUO AS|IA UO (SUONIPUOD-PUE-SWLIS)L0D AB 1M ARRIq 1 )BUIUO//:SANY) SUOIPUOD PUe SIS | 84} 89S *[GZ02/0T/¥0] Uo AiqiauliuO A8|IM ‘STO0L 99ATTTT OT/I0p/W0d A3 | Aleiq Ul |uoy/:Sciy Wod pepeojumod ‘TS ‘G202 ‘TEVYI.LYT



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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