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[HIgh Risk Pregnancy,
Recurrent Problems

Premature placental separation
Recurrent dystocia

Premature termination off pregnancy.
o Abortion: or premature; birth

Prolenged Pregnancies
Past uterine artery hemorrhage
Past neonatal isoerythrolysis foals




High Risk Pregnancy
Current Problems

Premature; udder development
Placentitis

Twins

Premature; placental separation

Overdue
 Fescue toxicity:




[HIgh Risk Pregnancy,
Current problems

Muscular skeletal problem
Endetoxemia

Recent hypotension/hypoxemia
Recent abdeminal surgicall incisions
Neurologic disease

Hydreps; allantois/amnion

Pituitary hyperplasia

Tlumors
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What isithe threat to the fetus/mEonate?
How can the threat'be eliminated?




Iden'tify the fetal problem
Direct therapy at the problem S source
Support the fetus — fetal resuscitation




Eetall Envirenment

Fetls dependent on mare
o Everythingl Comes fem mare
o No communication off changing needs

Insufificient resources delivered

s Survival depends;on redistribution off limited resources
Sophisticated compensatory responses
Response to challenges

[Fetus appreaching term

s Metabolic demands at limit off placenta’s ability
o Any disruption - devastating results




[High Risk Pregnancy
hreats ter FetaliWell=being
Laek of placental perfusion
l.ackeef O, delivery
Nutritional threats
Placentitis/placental dysfunction ;«*_;",4 -

Loss of fetal/maternal
coordination

[atrogenic factors
Presence of a twin

Idiopathic insults
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Ilihreats to Fetall Well-being
Lack of Placental Perfusion

|late term fetus
* High oxygen demand
» Must receive constant perfusion
o Margin off safiety. in late pregnancy. small

Vaternal compromise
o Dehydration/SNock
o [Decreased perfiusion for any: reason

Placental response limited

Compromised placental circulation
o HypoxiC ischemic insult




Tihreats to Fetal Well-being
Unigue Aspects Placental Blood Flow

Fetal Foal
s Placental blood flow = 50% ofi the dam's: filow

Other Fetal Species
o Placentall bleod flow - 75% of the dam's flow

Eetall Eoal Under anesthesia

s Dramatic decrease in! fetal placental blood filow
38% of maternal flow

o No significant: change in maternal placental blood filow




Fetal Resuscitation
Maintenance of Placental Perfilsion

Aggressively: treat

ypovoelemial in dam

Aggressively: treat

nypotension in the dam

Avoid anesthesia

in late term mares




Threats to Fetall Well-being
lLlack: off O Delivery

Maternal threats

s Materna
s Materna
s Materna

dhnémia
ypoxemia
decrease in perfusion

fFetal response

s Unigue aspect off placentation

s Placentall oxygen transport mechanisms
o FFetal physiologic adjustments




Historicall Investigations
ofi the Equine Placenta

From: Turner (1876)
L ectures on the Comparative

Anatomy of the Placenta From: Ruini (1598) Anatomiadel Cavallo




Placentation




Placental Circulation
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Equine Placentation

Crerioalla Horse
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Effect of

Maternal Oxygen Therapy.
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Fig. 4. The relationship between F, in maternal arterial blood (log scale)
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Effect of Placental Circulation
Pattern on etall Poy

Counter current
circulation

Other circulation

Nermal Conditions

P05 48-54; torT

PO, 50-54 tor

Maternal hypoxia

lll ietal Pe

l ietal Py
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Fetal Resuscitation
Lack of O2 Delivery

Materna
fFetal hy

Anemia - blood transfusions

poxemia = supplementwith INO5

o [ake advantage of the countercurrent system

o' Eveni i normallPao; inimare; foal may: benefit

s Could be iImportant with' placental edema




Ilihreats to Fetall Well-being
Nutritional Threats

Chreonic malnutrition off the dam
o | ack of intake

s Malabsorption

o [Umor cachexia

Acute fasting of the dam
s [Forced fasting
o Capricious appetite - late gestation




Placental Functions
Glucese liransport

Predominant: source of energy. for fietus

Fetal:maternal glucese ratior B8
s Man & Rabbits} 70-80%0

s Horse 50-60%

» Pigs 40-50%

o Ruminants 20-50%




Placental Eunctions
Glucose; Utilization

he placenta
o Actively: metabolic tissue
» High glucese utilization by’ placental in horse
s Glucose; fior placentaralsorcomes! firom fetus

Maternal distress — less glucose
s More glucose; delivered! firom fetus
o Can lead to negative net glucese transport to fetus




IUGR
Intrauterine Growth Restriction




Tihreats to Fetall Well-being
Nutritional Threat of Acute Fasting

Easting the mare, fior 30-48; hr:

s Decreased glucose delivery.

e Riseiin plasmal FFA

s Increased PGS in uterine and fetall tissues

Increased risk of preterm delivery.

o Withinione week of ending the fast
Associated with myometrial sensitivity: ter hermoenes

Prevent by intravenous dextrose infusion




Fetal Resuscitation
Nutritional Threats

Suppert the mare's nutrtional needs
s Enteral supplementation

s Parenterall supplementation

s Encourageral nign plain: ef nutrtion

Avoid acute fasting
s Aveid elective procedures: requiring fasting
s Encourade anorexic late term mares) to eat
s Supplement with' intravenous glicose therapy.

Consider flunixin meglumine therapy




Ilihreats to Fetall Well-being
Placentitis/Placentall Dysiunction

Premature placental separation
Infiection

Inflammation

PDegeneration

Edema

Hydrops




Ihreats to Fetall Well-being
Placentitis

Percentage; ol abnormal placenta
» \Not a predictor of fietal outcome

Presence of abnormall placental tissue

s [S enough to calise serious problems







lihreats to Fetall Well- belng
Placentitis

Fetall foals bern with placentitis
o NO preparttims treatment
90% are; abnermal

s [reated mares
50% are abnormal




Ilihreats to Fetall Well-being
Effect of Placentitis on Foal

Neonatal Encephalepathy:— 75%
o Neonatal Maladjustment: Syndrome

NeonatalfNephropatay— 67%
Neonatal Gastroenteropatiy’ — 61%
Sepsis — 6i1%

Bacteremia — 56%

Survival rate = 73%
e Overall survival — 84%







Fetal Resuscitation
Placentitis - Therapy

Antimicrenials
s [irimethoprim potentiated sulfa drugs

NSAID

o Flunixinmeglumine

Pregestin: therapy
o Altrenogest (ReguMate)

Oxygen therapy.
Vitamin E

Pentoxifiylline




Placentitis — TTherapy
What Protects the Neonate?

Antimicrobials
o p = 0.002, OR 0.04

NSTAVED)
s p = 0.004;, OR 0.05

Pregestin therapy:
e p=0.003, OR 0.03




_Fetal Monitoring

,.Bciophysical Profile

Fetal Heart Rate Monitoring .«



Early Udder Development
Precocious; Lactation

Most reliable sign of fetal distress

-




Fetal Monitoring

Means ofi insuring fetal well-being

Detect fetal physiclogic responses

o \When normal are reassuring

o \When abrnermallcouldijustify’ active intervention
» Fetal resuscitation

IHYPOXIC Ischemic asphyxial insult

s Most likely iatal threat to) fetaliwell-being

s Fetal menitering isidesigned ter detect

Other prenatal insuits

o [ntrautering inflammation

o Important in pathogenesis of neonatal diseases




Fetal Respoense to Hypoxia

Hypoxemia

L7 Ja 4

Carotid body Chemoreceptors Brain, heart, adrenal

1 |

Medull ary Cardiac Center | ocal response
Medullary Vasomotor Center 1

/ \ Vasodiilation

Vasoconstriction Bradycardia 1
Maintan O, delivery




Fetal Adaptation to
Hypoxia/Stress

Other changes
s Decreased activity

fFeta
fFeta
fFeta

activity stops
preathing| steps
swallowing steps

s [Decreased! growth
50% O, consumption




Fetal Physiologic
Response to) Hypoxia Ischemia

Insult becomes severe
s Peripheral tisstes prolonged nypoxia

s [ actic acidesis
Central, myocardium depression

Compensation: will-fail

s [lack intact CNS-adrenergic response
Loss of vascular control

» Bradycardiaiwill' become;ar tachycardia
o [lerminal bradycardia

s Hyperactive fetus
Escapes from central suppression




Fetal Response Hypoxemia
FHR

Hypoxial stressed fetus with compensation
o Will'have slow’ FHR

o Will' have fewer EHR accelerations

[DECOPEnSation

s WillFloese centrall adrenergic reSponse
» Develop persistent: tachycardia

s [lerminall bradycardia
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Eetal heart rate measurements

Fetal ECG

FHR = 48- 52 MHR =60

iR:  —-———  BPM . SpO0Z2: ——= > , Ee;p[ OFF




Fetal Foal Transabdominal
Ultrasound

Usefiul merphometric
Variables

o Fetal aortic diameter
s Fetal breathing movements

s [Fetal actvity.

s [Fetal tene

o Fetal fluid depths
Survey: for placental
abnermalities

» Uteroplacental thickness
o Uteroplacental integrity.

Note fetal positioning
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Fetal activity
Fetal heart rate

Amniotic/allantoic fetajjJu cl depth

<> Fetal-aortic-diameter === iy TR
-#~Uteroplacental thickness .
Uteroplacental conta e




Fetal Monitoring

[Fetal assessments using fetall monitoring technigues
s [empered by whole clinical picture

» Not takenras a defininglassessment

Jireat the fetus and mare

¢ Not the test results

Wheni nen-reassuring findings are consistent

o FEetal resuscitation Interventions arel indicated

Eetall death raté’ > neonatal death rate?

o Abnormal uterine envirenment > success than Intensive care




Delivery Is only indicated

If extrauterine survival

is more:likely than
continued intrautering

survival
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Neonatal
Problems







The High Risk Pregnancy Mare

Jon Palmer, VMD, DACVIM
Chief, Neonatal Intensive Care Service
Director of Neonatal/Perinatal Programs
Graham French Neonatal Section, Connelly Intensive Care Unit
New Bolton Center, University of Pennsylvania

Gravid dams are considered at high-risk of a poor outcome to their gestation when they have a
history of problems during past pregnancies or have developed a new problem during the current
pregnancy. Problems in past gestations most often resulting in classification as a high-risk
pregnancy include placentitis, premature placental separation, recurrent dystocia, premature
termination of pregnancy due to abortion or premature birth, prolonged pregnancies resulting in
abnormal foals and uterine artery hemorrhage. Current problems often resulting in classification
of high-risk pregnancy include precocious udder development, development of placentitis,
discovery of twin pregnancy, detection of premature placental separation on ultrasound
examination, over-term gestation relative to past gestations, muscul oskeletal problems such as
fractures, laminitisand lameness, development of endotoxemia such as with colic or colitis,
development of hypotension or hypoxemia, recent abdominal surgical incision, development of a
body wall hernia, neurologic disease marked by ataxia, weakness or seizures, development of
hydrops alantois or hydrops amnion, symptomatic pituitary hyperplasia, granulomatous
intestinal disease, lymphosarcoma, melanomas in the pelvic canal, recent hemorrhage and
innumerable other problems. The list of possible problems leading to risk of gestational
problemsisendless. Although it isuseful to recognize the presence of these predisposing
problems, if the aim isto actively intervene to decrease therisk to the fetal foal, thisis not
enough. Rather the mare's problem should be viewed in terms of how it threatens fetal or
neonatal well-being. After understanding the threat, then a plan to minimize or eliminate the

threat can be made and carried out.

The mother has total control of the fetal environment. The fetus is dependent on and must
receive everything from the mother. Thereis no means for the fetus to directly communicate its
changing needs to the dam and if insufficient resources are delivered from the dam, the fetal foal
can only surviveif it can effectively redistribute the limited substrates present. The fetus hasa
number of sophisticated compensatory responses in response to the challenges brought about by



disturbances in maternal homeostasis. Despite this it should be realized that as the fetus
approaches term, its metabolic demands are close to exceeding the ability of the placentato

deliver substrates, so any disruption in placental function can have devastating results.

Threatsto fetal well-being which | will discussincludelack of placental perfusion, lack of
oxygen delivery despite adequate perfusion, nutritional threats, placentitis/placental dysfunction,
loss of fetal/maternal coordination of maturation, interaction with other fetuses (multiple
pregnancy), iatrogenic factors such as drugs or other substances given to the mother or early

termination of pregnancy (e.g. induction).

Lack of placental perfusion: Maternal cardiac output during pregnancy increases 30 to

50%. This may be one reason asignificant percentage of |ate term mares have resting heart rates
in the 50’s and 60’ s without apparent discomfort. Only 50% of thisincreased cardiac output is
directed to thegravid uterus with the remainder directed to the skin, Gl tract and kidneys to
compensate for the increased demands of pregnancy. During the last trimester of pregnancy
thereis adramatic increase in blood flow to the placentain parallel with fetal growth. The late
term fetus has a very high oxygen demand requiring a high rate of placental perfusion to deliver
the needed oxygen. Any compromise of placenta perfusion places the fetus at risk. The fetus
can compensate for poor placental perfusion on the short term through redistribution of fetal
blood flow but the margin of safety in late pregnancy is small. Whenever maternal perfusionis
compromised, placental circulation and oxygen delivery may be compromised resulting in a
significant threat to the fetus Maternal hypovolemia must be treated aggressively to prevent
fetal distress.

Lack of oxygen delivery to the fetus. Lack of oxygen delivery to the fetus may be aresult
of decreased placental perfusion, as noted above, maternal anemiaor materna hypoxemia
secondary to poor pulmonary gas exchange. Survival of the fetus depends on efficient oxygen
transport which is determined by unique aspects of placentation in combination with placenta
oxygen transport mechanisms. Placental gas transport iscompletely flow dependent and not
significantly affected by factors affecting diffusion. Thereisno significant loss of transport in
the face of adiffusion barrier such as edemauntil flow patterns are affected. It istheflow



pattern of maternal and fetal blood as determined by the alignment of placental vessels which
determines the efficacy of gas transport. In the horse, aignment of fetal and maternal vessels
results in a countercurrent flow pattern. The vessels are paralld to each other and the flows are
opposite. The venous side of the fetal capillary bed is aigned with the arteria side of the
materna capillary bed so that the gradient of oxygen and other nutrientsis the highest possible
resulting in efficient diffusion. The countercurrent circulatory pattern resultsin a much higher
fetal Pao, than other placental blood flow patternsfound in most species. Similarly, transport of
other nutrients and removal of waste products occurs to a greater extent because of the
juxtaposition of the vessels But despite these transport advantages there are negative
consequences of countercurrent flow pattern. Maternal Pao, has a dominant effect on fetal Po,.

Changesin maternal Pgo2 significantly change fetal Po,. Maternal hypoxemia may have a

profound effect on the fetal foal by predisposing the foal to hypoxic ischemic asphyxia disease.
Species which do not have countercurrent flow have devel oped aids to oxygen transport such as
fetal hemoglobin so sufficient oxygen transport occurs despite equilibration with the low Poy of
materna venous blood. In the fetal foal, without such aids, maternal hypoxemiawill result in

insufficient oxygen transport causing hypoxic disease of the fetus and frequent neonatal disease.

Therapeutically, we can take advantage of the unique properties of the countercurrent circulatory
system by increasing maternal Pao, resulting in more oxygen transport. This can easily be done
by placing the mare on intranasal oxygen. Even if the mare's Pao, on room air is normal, the
increase (usually to 115-125 torr with an intranasal oxygen flow rate of 10-15 Ipm) will
significantly aid oxygen transport in perfused areas of the placenta. Serious consideration should
also be given to blood transfusion therapy in anemic dams to prevent fetal hypoxemia. However,
giving blood transfusions to a brood mare may predispose her to produce antibodies against

blood groups resulting in neonatal isoerythrolysisin future foas.

Nutritional Threatsto Fetal Well-being: The mare's nutritional state may directly affect
the fetal foal's well-being. Chronic maternal malnutrition caused by lack of intake (because of
lack of opportunity), malabsorption, tumor cachexiaor other conditionswill cause significant

fetal malnutrition resulting in intrauterine growth restriction (IUGR). Acute fastingin the late



term mare such as for elective surgical procedures or when the mare has colic or because of a
capricious appetiteas is common in late gestation can cause serious problemsiif it is complete
and lasts 30-48 hrs.  The fetus can compensate for the acute lack of calories through induction of
glucogenic enzymes resulting in mobilization of its own resources. The major problem caused
by acute fasting is the mare’s metabolic response to starvation. With decreased oral nutrition and
falling blood glucose levels the mare begins to mobilize her fat stores and plasma free fatty
acidslevelsincrease. Thereis an associated increase in prostaglandin production resulting in a
rise of plasmaand perhaps placental prostaglandin levels. Thisincrease appears to be
responsible for a cascade of responses resulting in early delivery of aweak foal which isnot
ready for birth about a week after the fasting episode. Thisrise in prostaglandins and the early
delivery can be prevented by treating the mare with intravenous glucose at arate that will
suppress fat mobilization (the glucose delivered does not need to meet the mare’ s nutrition

needs). Allowing the mareto eat will also prevent the process.

It isimportant to support the mare's nutritional needs at the end of gestation and encourage her to
stay on a high plane of nutrition. Acute fasting should be avoided. If the mare has to be fasted
or becomes compl etely anorexic, intravenous glucose supplementation (0.5-1 mg/kg/min) should
be given. Itisimportant that late term colic mares denied oral nutrition be supplemented with
glucose in their fluids but care needs to be taken in delivery rate and blood glucose monitored
since late term mare’ s have poor tolerance to intravenous glucose. When periodically anorexic
mares are refractory to encouragement to eat, treatment with flunixin meglumine (0.25 mg/kg
TID) should be given.

Placentitis/placental dysfunction: Placental disease isthe most common cause of fetal
morbidity in late term mares. The most common placenta problemsinclude placental infection
resulting in placentitis, premature placental separation, non-infectious inflammation, placental
degeneration, idiopathic placental edema and hydrops allantois/amnion. Infectious placentitisis
often caused by ascending bacterial or fungal pathogens but can involve hematogenous spread of
viral, bacterial, ehrlichial or fungal pathogens. Percentage of placenta affected by inflammation
is not a predictor of thefetal insult. A foal born with widespread placental lesions may be better

off than afoal with afocal placental lesion. The presence of placentitis, no matter how



extensive, is enough to predict a serious problem. Approximately 80% of foals born with
placentitis are abnormal. Whether this abnormality is manifested by avery compromised
neonate, an asymptomatic neonate with laboratory indications of SIRS or as a neonate with
precocious maturation with SIRS depends on the nature of the placentitis and the duration before
parturition. All casesof placentitis should be treated as bacteria placentitis until proven
otherwise. The treatment regime which | use consists of an antimicrobia (usually trimethoprim
potentiated sulfadrugs), an antiprostaglandin drug (flunixin meglumine) and hormone
supplementation (altrenogest) for its anti-inflammatory properties. Some clinicians use other
antimediator drugs, but | usually don’t find this necessary.

Other Problems: Other problemsinclude loss of fetal/maternal coordination of readiness for
birth, iatrogenic mishaps, presence of twins and idiopathic occurrences. Normal timing of
parturition is decided cooperatively between the fetus, the mare and the placenta. There are
important maternal events, fetal events and placental eventswhich must occur in preparation for
parturition. Thereisa dynamic interaction between these three distinct forces Loss of

coordination will result in a premature foal or adysmaturefoal or a postmature foal.

There are alarge number of possible iatrogenic mishaps which may affect the outcome of
pregnancy. Themagjor one is poor timing of induction of delivery. This may occur when
delivery istimed based on the calendar or convenience. It may also occur when delivery istimed
based on emergency considerations for the mare such as a gastrointestinal accident requiring
euthanasia. Maternal drug therapy can affect the fetusin a variety of ways. Tranquilizersand
anal gesics such as detomidine or butorphanol have immediate (seconds) and profound effects on
the fetal cardiovascular system. Although drugs clearly indicated for the mare should be given,
their effects on the foal and possible alternative should be considered.

The mare is somewhat unique in her inability to support multiple fetuses. The reason for thisis
not entirely clear. It is often state that thisis because of lack of ability to support more than one
fetus. Other species solve this problem by splitting resources between smaller twins and indeed,
in most cases the sum of the weight of full term foal twins usually equals that expected from a

singleton from that mare. Equine twins compete with each other in amanner detrimental



probably because of inflammation associated with competing aggressive placentation. One twin
suffering from fetal distress may initiate early parturition. The presence of twinsincreasesthe

risk of dystocia.

Many foals born with hypoxic ischemic asphyxial disease have no history of abnormalities
occurring during gestation or parturition. Although it is attractive to blame problems during
parturition, most these problems occur during the antepartum period.

Fetal Monitoring

Equine veterinarians, in parallel with physicians, have been searching for areliable means of
insuring fetal well-being for at least the past 40 years. Most techniques attempt to detect fetal
physiologic responses which when normal are reassuring and when abnormal could justify active
intervention. Fetal monitoring takes advantage of physiologic responsesusing gross body
movements as predicative of fetal health. When activity that normally arises from a given brain
center is observed (e.g. fetal breathing) then that regulatory center is assumed to have adequate
oxygenation and normal metabolism. Thus observing movement provides insight into fetal CNS
integrity. The brain is among the most oxygen dependent tissues and among the first to sense
deficits and responds by orchestrating compensatory reactions. Failure to observe a response
within a prescribed period of time suggests hypoxemia as a possible cause. But in clinical
practice, fetal hypoxemiaisthe least likely cause of the absence of a given acute fetal

biophysical response. In most cases, the failure to observe the activity is aresult of normal

periodicity of the variable or the effect of the normal rest/activity cycles of the fetus.

Taking advantage of these fetal physiologic responses, Manning, a pioneer in the area, devel oped
a Fetal Biophysical Profile scoring system for the human fetusin 1980 to predict the presence or
absence of fetal asphyxia. The profile used in human medicine consists of 4 ultrasound derived
observations (presence of fetal breathing movements, gross body movements, genera body tone,
and amniotic fluid volume) and result of fetal heart rate responses to fetal movements (nonstress
test). Inthe 25 years since it was developed, evaluation of over 150,000 tests have validated this
scoring system. A normal scoreisareliableindicator that the fetusis unlikely to die during the 7
days after the test.



Both transabdominal and transrectal ultrasound have an important place in evaluating the health
and well-being of the late term fetal foal. A number of transabdominal ultrasound observations
have been related to fetal health. Fetal heart rate and rhythm, fetal aortic diameter, fetal
breathing movements, fetal activity, fetal tone, fetal fluid depths, uteroplacental thickness and
integrity and fetal positioning all have been utilize. The skilled ultrasonographer can obtained
useful morphometric variables, survey fetal morphology, note fetal positioning, survey for
placental abnormalitiesin the ventral viewable areas and search for twins quite efficiently.
Unfortunately, there is a significant learning curve for the neophyte in obtaining accurate and
repeatable observations. Assessment of the uteroplacental unit is avery important part of
transabdominal ultrasound assessment of fetal health. Although it isrelatively easy to measure
the uteroplacenta unit since the borders are distinct, avoiding areas near the nonfetal hornisvery
important. The uteroplacental unit is quite thick (up to 4 cm) in the nonfetal horn and the areas
adjacent to it and gradually decreased as the gravid areas of the uterus are approached. This can
cause considerable confusion in uteroplacental unit thickness measurement. With all the
opportunity for error in morphometric measurements and subjective evaluations necessary,
transabdominal ultrasound might better be considered an art most efficient learned through

apprenticeship and experience rather than a science that can easily be reproduced by rote.

Attempts have been made to produce an equine biophysical profile. Unfortunately, the
predictive value of anormal test is not as uniformly accurate asit isin human medicine and
clinical experience seems to indicate that the predictive value of an abnormal test fall short of the
ideal. The most recent version of the equine biophysical profile include transabdominal
ultrasound measurements of the fetal aortic diameter in relationship to the mare's weight,
uteroplacental thickness, maximum amniotic and allantoic fetal fluid depth, uteroplacental
contact, fetal activity level and heart rate. The lack of sensitivity and specificity of the profile
may have to do with the selection of parameters measured. In development of the profile for
human fetusis, Manning selected parameters that would reflect an acute hypoxia (fetal
movement and tone, fetal heart rate and amniotic fluid volume). The equine biophysical profile
has amix of parameters resulting from acute or chronic hypoxia. The equine biophysical profile

shows promise but still requires refinement.



Over the past decade | have spent considerable time observing fetal heart rate patternsin our
high risk pregnancy population. Although our understanding of changing patternsis certainly
rudimentary, observations can be helpful in gauging fetal health. Fetal heart rate wasfirst heard
and described in 17th-century France and first proposed as a measure fetal distressin the mid-
19th century. Thefirst electronic FHR recording was in 1906, the first continuous as fetal ECG
in 1958 and in 1960 the first technique for recording equine fetal ECGs was published. Since
then there have been numerous publications with occasional reference to relating fetal heart rate
patterns to fetal foal health.

When recording fetal heart rate (FHR) patterns both beat-to-beat variations and changesin
baseline heart rate levels with periodic accelerations areimportant. Periodic accelerations are
generally associated with fetal activity and suggest fetal health. Persistent tachycardia, on the
other hand, suggests fetal distress. Fetal bradycardia may be present as a normal adaptive heart
rate pattern suggesting either efficiency or early adaptation to hypoxia. Extreme fetal
bradycardia may occur during terminal stages of fetal distress. So the usual pattern of fetal heart
rate changes seen with fetal distress would be aninitial bradycardia dropping below the baseline
heart rate without periodic accelerations during early compensation followed by a persistent fetal
tachycardiawithout periods of return to baseline levels because of fetal decompensation and
finally terminal bradycardia

The presence of significant beat-to-beat variation suggests intact sympathetic/parasympathetic
tone and central control suggesting normal CNS responsiveness and normal local metabolic
environment reflecting fetal health. The disappearance of beat-to-beat variation is an ominous
sign. Maternal medications such as detomidine or butorphenol reduce fetal heart rate variability

transiently.

Other changes that may be noted on FHR ECG tracings include two distinct fetal patterns
associated with twins, changes in complex orientation associated with fetal movements, changes
in complex high associated with changesin fetal fluid volumes and fetal arrhythmias.

Extrasystoles are an occasional finding which generally have little consequence if they arerare.



The most common feta arrhythmiaisatria fibrillation. This pattern is usually transient and seen
in fetal foals that subsequently have some degree of indications of fetal compromise. Very rarely
paroxysma tachycardia or a wide complex tachycardia may be identified which suggests
extreme fetal distress.

Any ECG recorder that can print atracing can be used to measure FHR. The electrical signa
from the fetal heart has alow amplitude necessitating placement of the electrodes as close to the
fetus as possible. Electrodes are placed in the pattern that produces the best amplitude in fetal
complexes. In general, one electrode is placed in the lumbosacral area of the mare and the other
two in the mid flank region. If asingle daily observation is made, it should be over a minimum
of 10 minutes with periodic recordings. | routinely use atelemetry which allows periodic

inspection of the heart rate throughout a 12-hour period while the mare is stabled at night.

During the last weeks of pregnancy fetal foals usually have a baseline heart rate between 75-60
with alow heart rate in the range of 75-40 bpm (80% will have alow feta heart rate < 70, 55%
low FHR < 60, 14% low FHR < 50) and the high FHR in the range of 83-250 bpm (86% will
have a high fetal heart rate > 100, 50% high FHR > 120, 20% high FHR > 200). Asindicated,
transient low heart rates <60 bpm are very common and should not be considered ominous
unless they are consistent with no accelerations. Also, FHR transiently may be > 200 bpm.
Transient FHR > 120 bpm are not ominous unless they are consistently in that range and do not
dropped to baseline levels. In either case, when FHR are <60 or greater than 120 throughout an
observation period, repeat assessment within 24 hours or lessisindicated. Beat-to-best
variability generally ranges from 0.5-4 mm with most in the range of 1 mm. The finding of no
beat-to-beat variation in the absence of maternal drugs that many sedate the fetus is an ominous
sign and repeat observations are indicated.

All fetal assessments using fetal monitoring techniques must be tempered by the whole clinical
picture and not taken as a defining assessment. The goal isto treat the fetus and mare and not
the test results. When non-reassuring findings are consistent, fetal resuscitation interventions are
indicated. If the neonatal death rateis likely to exceed the fetal death rate the fetal foal should be
left whereitis. Even an abnormal uterine environment is often more successful at maintaining



the fetal foalslife than neonatal intensive careis. Delivery isonly indicated if extrauterine

survival is more likely than continued intrauterine survival.

EXIT Technique

The explosive nature of parturition in the mare makes dystocia alife threatening event for both
the mare and thefoal. The duration of Stage Il labor has an inverse relationship with foal
survival rate. | have devel oped a technique designed to support foals during a dystocia, called
EXIT (ex utero intrapartum treatment), allowing for survival of the foa during a prolongation of
Stage |1 and thus rescuing the foa, relieving the haste to correct the dystocia and allowing for
more time to safely correct the dystocia.

During adystocia, if the nose presentsin the pelvic cana and is palpable or if the nares are
external, intubation should be attempted. Placement of the tube can be checked by passing the
hand to the level of the cranial esophagus and insuring that the tube has not been inadvertently
placed in the esophagus. Once ventilation isinitiated using a self inflating bag-value device, a
capnograph can be utilized to monitor cardiac output ensuring that the foal isalive.

The EXIT technique was a natural evolution of early birth resuscitation. During adystocia, if the
fetusis found viable through successful EXIT, then fetal manipulations can be performed with
less haste since EXIT will support fetal life until delivery. Another advantage of EXIT in
situations where general anesthesiais necessary to correct the dystociais the redirection of
placental blood flow to the lungs. Once EXIT initiates pulmonary ventilation, there is a decrease
in placental blood flow. The advantage of reduced placental blood flow is decrease transfer of
anesthetic agents and other drugs from maternal circulation to the fetus. Although difficult to
guantitate, antidotal experience shows aremarkable reduction in neonatal depression after
delivery by cesarean section when EXIT is performed throughout the surgery. EXIT isonly
possible if the nares are palpable in the birth canal and intubation is successful, which excludes a
percentage of dystocia cases. EXIT procedures provide the luxury of time to correct the
dystocia, ameans to assess fetal viability and a meansto rescue fetal foals during dystocia.
During equine dystocia the use of EXIT should be considered.



