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Stages of development

� Neonatal period
- from birth till 3rd-4th week 

� Weaning period 
- from period when puppy or kitten able to 
walk and urinate alone (3rd week) until weaned 
of the dam (8th week)

� Adolescent period 
- ending with puberty
-> dogs: 6 months in toy breeds

12-15 months in giant breeds
-> cats: 6 months

� Pediatric refers to animals between 2 weeks 
and 6 months of age.

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life
McMichael , 2005



Timing of significant events in development

Kustritz, 2011



Physical examination



Physical examination 

Kustritz, 2011
Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

� Body temperature
� Large surface area to body mass

� Lack of insulating body fat

� Shivering mechanism not developed in 
neonates

� In the 1st week of life 35.6 ± 0.7°C

� 2nd – 3rd week of life – 37.0-38.2°C

� At later age approaches the temperature 
of adults



Physical examination 

Kustritz, 2011
McMichael , 2005
Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

� Cardiovascular system
� Greater heart rate, cardiac output, plasma volume and 
CVP

� Low stroke volume, peripheral resistance and low 
blood pressure

� Heart murmurs can be functional (I-III/VI) 

� Synus arrhytmia not commonly reported in neonates

� Low blood pressure (mean BP 20-40 mmHg lower than 
in adults)



Physical examination 

Kustritz, 2011
McMichael , 2005
Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

� Respiratory system
� Twofold to threefold higher tissue oxygen body demand per 
BW compared to adults

� The work of breathing increased (narrow airway passages)

� Diagnostic imaging -> mild interstitial pattern in puppies can 
be normal!

� Overinterpretation of thymus and brown fat deposits in cranial 
mediastinum (CT and MRI useful in interpretation of mediastinal 
structures)



Mistakes in evaluating hydration status in 
neonates

� Do not asses hydration status in the same 
manner as in adults!

� Skin turgor unreliable in neonates

� Tachycardia unreliable

� Mucous membranes often remain moist 
until dehydration is severe

� Urine concentration unreliable

� Hkt only stable by 8 weeks of age can be 
used for evaluation only in adolescents 



How do we make it right?

Kustritz, 2011; McMichael , 2005; Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

� Ventral abdomen is best place to evaluate hydration status

� Mucous membrane color and capillary refill time are good 
indicators of perfusion in neonates

� Pale mucous membranes and slow capillary refill time (> 
1.5 sec) =  severe dehydration enough to cause hypovolemic 
shock



Physical examination 

Kustritz, 2011
McMichael , 2005
Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

� GI tract / abdomen

� Examination of oral cavity and teeth -> 
check for a cleft palate

� Check for umbilical hernia

� Some abdominal fluid can be present in 
normal pediatric patient 

� Spleen and margins of liver lobes should not 
be palpable -> suggestive of enlargment



Physical examination 

Kustritz, 2011
McMichael , 2005
Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

� Skin and haircoat
� Check for fleas and dermatophytosis

� Littermates suckling on each other’s appendices

� Neurologic examination
� Possible when neurologic functions mature (6-8 weeks)

� Postural reactions only develop fully at 6-8 weeks (front limbs first)

� Musculoskeletal system
� Evaluation of movement and palpation of bones and joints

� Locomotion is present by 3 weeks of age -> assessment of gait and 
muscle tone



Laboratory data



Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life

Puppy



Kitten

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life



Kitten

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life



Fluid therapy



Recommended fluid rates

� Pediatric patients have HIGHER FLUID 
requirements than adults due to:

� Higher percentage of total body water

� Greater surface area–to–body weight ratio

� Higher metabolic rate 

� Decreased renal concentrating ability

� Decreased body fat



Current recommendations of fluid rates in 
dehydrated pediatric patients

� Fluid bolus of 30 to 40 mL/kg in moderately dehydrated neonates, followed by CRI of 
warm crystalloids at a rate of 80 to 100 mL/kg/d (McMichael 2005, McMichael 2011)

� 1 mL per 30 g of body weight (30–45 mL/kg) by slow i.v. push over 5 to 10 minutes
followed by fluid therapy at a rate of 80 to 120 mL/kg/d (MacIntire, 2008)

� Maintenance requirements 2-3x higher than for adult animals (120–180 mL/kg/d)
(MacIntire, 2008)

� Severely dehydrated or hypovolemic patients bolus of 40 – 45 ml/kg (puppies) or 25 – 30 
ml/kg (kittens) followed by CRI of warm crystalloids at a rate of 80 to 100 mL/kg/d
(Silverstein)

� 13 to 22 ml/100 g/ day requirement; maintenance fluid rate 3-6 ml/kg/hour (von 
Heimndahl ppt.presentation- http://www.bvna.org.uk)

Always recalculate maintenance plus replacement of losses
(hint -> 2 tbsp of diarrhea = 30 ml of fluids)



� Ideally fluids used should be warmed!

� Delivered intravenously or intraosseus in emergency 
patients

� Crystalloids as a first choice:

� Lactated Ringer’s solution -> lactate also a prefered fuel in neonates 
in time of hypoglycemia

� Hartmann’s solution (similar though not identical to LRS)

Current recommendations of types of fluids used in 
pediatric patients

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; Silverstein & Hopper: Small Animal critical medicine, 2008



Not suitable in emergency cases but still good to 
know

Intraperitoneal

� Colostrum, whole blood, or crystalloid fluids can be administered 
intraperitoneally

� Blood given intraperitoneally is not absorbed for 48 to 72 hours

� Instillation of warm fluids into the peritoneal cavity can be a useful 
for treating hypothermia and increasing core body temperature –
warm fluids max. 2°C higher as core body temperature

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; MacIntire, 2008;



Not suitable in emergency cases but still good to 
know

Subcutaneous fluids

� Only suitable for treatment of mild to 
moderate dehydration where normal 
perfusion is maintained

� Dextrose should not be added to isotonic fluids

� If dextrose supplementation is desired 0.45% 
NaCl with 2.5% dextrose can be administered 

www.escapets.com

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; MacIntire, 2008;



Not suitable in emergency cases but still good to 
know

Oral fluids
� Only suitable for patients that are not 
hypothermic, hypoglycemic, or dehydrated

� Effective method of providing hydration and 
nutrition to neonates that cannot suckle 
from the dam

� 5- to 8-Fr feeding tube is used

� Tube is passed down the left side of the 
mouth to the stomach

� The stomach capacity of the neonate is 
approximately 50 mL/kg

MacIntire, 2008

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; MacIntire, 2008;



Glycemic control



Resolving hypoglycemia in pediatric patients

� Clinical signs of hypoglycemia usually not seen!

� Any dextrose bolus should be followed by a CRI that is 
supplemented with glucose due to risk of rebound
hypoglycemia

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; Silverstein & Hopper: Small Animal critical medicine, 2008



Control of the body temperature



Resolving hypothermia

� Symptoms associated with hypothermia include :

� cardiovascular alterations (bradycardia, hypotension, 

decreased cardiac output, and arrhythmias),

� prolonged recovery times and drug metabolism

� increased infection rate

� decreased wound healing

� Use of techniques that minimize the heat loss

� Active rewarming should be used
� water blankets, warm air, warming lamps, warm fluids etc. 

� Heat sources must be safe, effective, and easily monitored

� Ideally incubators

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; Silverstein & Hopper: Small Animal critical medicine, 2008



Pharmacokinetic alterations 
and pharmacology



Pharmacokinetic Alterations in Neonates

� Primary pharmacokinetic parameters: absorption, 
distribution, biotransformation (metabolism) and 
elimination

� Handling of drugs from week to week may be 
significantly different

� Differences depend on the condition treated and/or 
the therapeutic index of the drug



Drugs used for resuscitation

� Atropine - generally not recommended because bradycardia in 
newborns likely secondary to direct myocardial depression, not vagally 
mediated.

� Doxapram - for respiratory stimulation may increase ventilatory 
efforts of the newborn after they have started, but its duration of effect 
is very short

� Epinephrine - for cardiac arrest; adult dosages (0.2 mg/kg) may yield 
the best results, but increase the risk of significant hypertension. 
Intravenous or intraosseous administration, if available, generally 
preferred.



Current recomendation in use of inotropes in 
pediatric patients

� Contractile elements make up a smaller portion of the fetal 
myocardium (30%) compared to the adult myocardium (60%)

� Maturation of the autonomic nervous system does not occur until after 
8 weeks of age in puppies

� Immaturity of the muscular component of the arterial wall

� Neonatal kidneys unable of autoregulation



Current recomendation in use of inotropes in 
pediatric patients

� Heart rate elevation and response to dopamine, 
dobutamine, norepinephrine cannot be predicted until 9-10 
weeks of age!

� No clear recommendation of which positive inotrope 
prefered as oppose to other!

� Individual approach adviced!

Peterson & Kutzler, 2011: Small Animal Pediatrics: First 12 months of life; McMichael, 2005; Silverstein & Hopper: Small Animal critical medicine, 2008



Antibiotics

� Every antibiotic carries some risk in this patients

� No antibiotic is absolutely contraindicated

� If the only antibiotic that shows activity is one to “avoid” be 
preapred to use it in life threatening situations

� Beta-lactam antibiotic considered the safest (penicillins, 
cefalosporins)

� In G- infections broad-spectral coverage required

� Avoid PO and IM dosing in seriously ill neonates



Summary

� One should understandt pediatric patient’s unique physiologic system

� One should understand the key differences in areas of diagnosis, 
monitoring, and treatment

� One should understand that hemodynamic parameters, drug dosages, 
laboratory data, and diagnostic imaging differ significantly compared 
with those of adults of the same species



Questions & suggestions 


