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Summary

This report descdbes a case of sevdmgpophosphataemessociated witthe
management-of:hyperlipaemia in a miniature pony folloveilgc surgery Clinical signs
attributed.tohypophosphataemia included obtatidn, anorexia, tachycardia, tachypnoea
andgeneralised'muscle fasciculatfollyperlipaemia wasnanaged with enterand partial
parenteral nutritioninsulin was also administered control hyperglycaemiafter the
initiation of caloric support.Specifictherapyfor hypophosphataemi@nsisted oparenteral
potassium‘phosphate ab8@ mmol/kgbwt/h (i.v.). The ponymade a full recoverwithout
further complicationsHypophosphataemia may be an under-recognised clinical problem in

certain poplations of critically ill equidssuch as those with hyperlipaemia and receiving
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Introduction

Hyperlipaemia is a welllescribed condition of miniature equine breeds that enter a
negative energy balanagdue to the high hepatic efficienoy this species the synthesis and
releag oftriglycerides (TG) into the circulatiofHugheset al. 2004;McKenzie2011).
Conditions thatiincrease energy demand or limit energy intageding recent colic surgery,
are risk factors for hyperlipaemia (Jeffcott and Field 198hest al. 2003. Differences
in glucose) insulin‘and lipid dynamics, and the high incidence of obesiyalsoexplain
theespecially frequent occurrenoghyperlipaemia irminiatureponies and donkey&@ay et
al. 1978; Burderet al. 2011).

Various terminologies have been used to describe the degree of hypertriglycexridaemi

in equids includinghyperlipidaemia, severe hypertriglyceridaemia hyperlipaemia
(McKenzie2011).Hyperlipaemia is useddhenTG concentrationgxceeds.7 mmol/I(500
mg/dl), the plasma becomegossy lipaemc and clinical signs of diseasge present
Conversely, hyperlipidaemia used when TG concentratioasebetween 1.0 and 5.7
mmol/l, the.plasmaemainsclear and clinical signs of diseaae absenSevere
hypertriglyceridaemia is usually reserved to describe TG concentrations greateirthan 5
mmol/l in l[argebreed horsethat aretypically asymptomati¢€Dunkel and McKenzie 2003).
Eatly reports of equids with hyperlipaemia suggested that the prognosis was poor,
with survival rates as low as 8)(Watsoret al. 1992).The outine measurement of plasma
TG concentrations in predisposed individuals is now standard practice at mangliospit
Early and aggressive caloric supploais now improved the survival of individuals in which
hypertriglyceridaemia is promptly identifi¢®urham 2006; Durham and Thi@nn2015.
Hypophosphataemia is a well-recognised comorbidityrititally ill humans that is
associated with increaseubrtality whenleft untreated (Bugg and Jones 1998).
Hypophosphataemia balsobeen menbned as a potential sequétahyperlipaemia,
parenteral’nutritiond insulin therapyn equids (Magdesian 2010; Toribio 20,1&hdit may
thereforecontribute tahe morbidity or mortalityof affected animalg not recognised and
treated appropriately.olthe authors’ knowledge, there aredtiaical casedescriptionsof
acutehypophosphataemia in the equiiterature The purpose of this repostas todescribe
the clinical progression of a miniature pony with severe hypophosphataemiatsbsadih
the management of pgrlipaemiaand to highlight the importance of routine phosphate

measuremerih these cases.

Casedetails
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History and initial case management

A 10 year oldminiaturepony gelding (139 kgBCS 7 out of 9 [Henneket al. 1983)
presentedo the Universityof Melbourne’s Equine Centre with a 10 hour historynofderate
colic thathad beemnresponsive to medicenanagementThe referring veterinarian had
administered-flunixin meglumine (1.1 mg/kg bwt i.v.), xylazine hydrochloride (0.2 mg/kg
bwt i.v.) and paraffin oil (200 ml via nasogastric tullewever, colic improved only
temporarily On admission thpony wasmoderate} painful. Rertinent physical examination
findings inecluded tachycardia (&®ats/min)tachypnoe&30 breaths/min)absent
borborygmi.and abdominal dist&on. The oral mucous membranes were of normal colour
but tacky to.thetouch with a prolonged capillary refill tilAdimited rectal examination
revealed marked gas distension of the large colon. Packed cell voluvheré38rence 25
45%), plasmatotal solids 56 g/l; reference 5279 g/l), Liactate (2.3 mmol/l; reference <1.5
mmol/l) and glucose (6.9 mmol/l; reference-462Z mmol/l) concentrations were measured.
Plasma electrolyteoncentrations (sodium, potassium, chloride, ionised calcium) and venous
blood gas analyseperformed on admissiomere within normal ranges.

Based.on'the historglinical findingsand increasing level of pain, the pony was
administeredlfinixin meglumine (1.1 mg/kg bwt i.v.), procaine penicillin (22 mg/kg bwt
i.m.) and gentamicin (6.6 mg/kg bwt i.v.), andexploratory laparotomwas performedAt
surgery, marked gas distension of the large colareigeved and a faecalitemoved from
the transverse coloria anenterotomyat the pelvic flexureThe pony received a buffered
and balanced, polyionic crystalloid solutigthartmann’s) whilst under aaesthesi&l0
ml/kg bwt/h'i.v.) and for 6 hours posperatively(5 ml/kg bwt/h i.v.). Recovery from

anaesthesia was uneventful.

Post-oper ative case management

Six/hoursiafter surgery the pony warsght and alertPertinent physical examination
findings included tachycardia (60 beats/min) and reduced borborygmi. Hydration was
considered-adequate on the basis of physical examination findings, packed cell volume (32
%), plasmatotal solids(55 g/l) and Lkactate(1.2 mmol/l)concentration. Blood glucose
concentration.was.7 mmol/l, whilst pasma electrolyteoncentrations (sodium, potassium,
chloride, ionised calcium) and venous blood gaalysesvere within normatangesMild
hyperlipidaemia was identified when plasma TG concentration (2.3 mmadierefe 0.1—
1.0 mmol/l) was measured gart of theoutine monitoring protocol for miniature equids

The pony had been inappetent for approximatelii@4s at thigime.
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A seletion of fresh grass, pasture hay, lucerne chaffatiéted feedvas offered to
encourage voluntary feed intake. Intravenous fluid therapy was discontinued, with@ plan t
closely monitor hydration statasmd water intake during the next 24 hours. Flunixin
meglumine (1.1 mg/kg bwt i.v., g1Rwas administered to provide pain reliebsteperative
antimicrebial'prophylaxis consisted of procaine penicillin (22 mg/kg bwt i.m., g12h) and
gentamicin (6.6 mg/kg bwt i.v., q24h) for 3 days. The pmayntained a moderate appetite
during the'first day, although due to the many feed optitade availableactual intake was
difficult to gquantify. Hyperlipidaemia was found to have progressed 12 hours post-
operatively (TG, 4.3 mmol/l). Aditional caloric suppomvas institutedn an attempt to avert
the potential development ofinical hyperlipamia.

A pelleted feedGumnut$; 14 MJkg digestible energy, 16% protein, 8% fibrép 7
fat) was blendedvith waterto form a gruel and admistered via nasogastric tube every 4
hoursto meet estimategksting energy requemens of 100 kJ/kgpwt/d (Durham and
Thiemann 2015). However, hyperlipidaemia continued to progress and TG concentrations
were5.7 mmol/lwhen measuretl8 hours after surgenAdditional caloric supportvas
subsequently-providedith a balanced, polyionigHartmann’s) solution supplemented with
dextrose to,@oncentration of approximately 2.5% and potassium chloride to a concentration
of approximately 20 mmol/IAn initial maintenance fluid rate of 2 ml/kyvt/h (i.v.)
delivered dextrose at 1 mg/bgvt/min, providing approximately 2&J/kgbwt/d. Enteral
nutrition continued as outlined previously to provide the remainder of the estiraatied)
energy requirement. Blood glose concentrations were measuegllarly(glh for the first
6 h and g2h for the next 12 &ftercommencing the dextrose infusion (Fig 1). Significant
hyperglycaemia(13.8 mmalfleference 4.6-7.9 mmol/) wasencountered after 3 houn$
the dextrose Infusigrfor which a dose of regular insulin was administered (0./kg bwt
s.c). Blood.glucose concentratiosabsequentlgecreasedndremainedvithin acceptable
ranges thereafter (FiD.

Onthe'second day of hospitalimnand 30 hours after surgery, the pony was
obtundedandminimally responsive tatimuli. Rectal temperature (38@) was normal, but
the pony was tachycardic (60 beats/min, regular rhythm) and tachgga0dreaths/min).
Prominent generalesd muscle fasciculations, most evident in the tscepd quadriceps
muscle groupswere presentriglycerideconcentratiorwasagain highe(8.3 mmol/) and
the plasmanow appeared lipemic.Packed cell volume (85), plasma total solids (58 g/l),
and Liactate conentration (1.3 mmol/lwere within normal ranges. A complete plasma

biochemistry profile showed electrolyte concentrati@asl{um, potassium, chloridimtal
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calcium total magnesium) and markers of muscle, liver and renal functionwuathia
normalrangesHowever, pasmaphosphate concentration was extremely low (0.1 Hmo
reference 0-8..8 mmol/l).

Specific therapy to correct hypophosphatemia was initiated. Potassium phd&phate
mmol/miphesphate iongliluted in 0.9% saline solution) wasovided at a rate of 0.03
mmol/kg bwt'h (I.v.). Enteral nutrition andhe dextrose infusion continued as previously
describe. Phosphate concentration measured 8 hours after commencement of the infusion
had only improvednarginally (0.2 mmoljl andclinical signs attributed to
hypophosphataemia persisted. The infusion was continued overnight at 0.03 mmol/kg bwt/h.

On'tke third day of hospitaleionand 54 hours after surgery, the pony appeared
bright and@lert'and muscle fasciculations had ce&gaical examination findings were
unremarkable. Phosphate concentration (24 hours after commencing the infusion) had
improved to 0.6 mmol/l and hyperlipaemia had resolved THGmmol/l,transparent
plasma. The fhosphate and dextrose infusions were discontitatedthat day, because
phosphate.and TG concentrations had returned to normal ranges (Fighg pody was
eating well-The'pony was walked to grass every 4 hemall meals of chaffral pellets
were provided.every 6 hours, anayhwasre-introduced using a graduated protocol for
feeding/post-operativeolic patientsThe pony was discharged on day $o$pitalisation
andwas reported to beinically healthy 6 months later.

Discussion

Phosphate is an essential anion that must be readiliable to ced for effective
energy homeostasis (DiBartola and Willard 2012). Phosphate actively participates
glycolytic processethrough the activation of key enzymes and the phosphorylation of many
intermediatanetabolitesThe energy that is ultimately utilised by cells is stored within the
phosphate bonds of adenosine triphosphate (ATP). Phospbapdays important roles in
cell membranesstructure, adidse equilibrium, oxygen transport and gene transcription
(Toribio 2020):Most phosphoru$85%) is stored in the body as hydroxyapatite in bone, 14 to
15% is intracellilar and less than 1% is extracelluig@chropp and Kovacic 2007).
Approximately,two-thirds of circulating phosate is organic (aghospholipids and
phosphoproteins) while the remaining dhed consists of the inorganic form that is
measured by chemistry analysers.

Hypophosphataemia is likely to have the most profound effect on tissuesshigitn

metabolic requirement such as erythrocytes, skeletal muscle and the central nervous system.
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The clinical signs of hypophosphataemia in berare not well characterisduit hose
described in human patients include muscular weakness, myalgia, obtundatiorsseizu
respiratory insufficiency and cardiac arttimias (Gaasbeek and Meinders 2005). More
severe clinical signs include rhabdomyolyaigl haemolytic anaemia. In agreement with
these observationgthe ponyin this case repodemonstrated obtundation, tachycardia,
tachypnoea and generalised muscleitagations Although these clinical signs are relatively
non-specific, n'the authors’ opinion, the sevgrif obtundation and muscle fasciculations
were morespronounced than expeatgtth hyperlipaemia alone.

Hypophosphatamia can occur as the resultimhdequate intake, excessive losses or
intracellularredistribution Chronic renal failurenay be the most common cause of
hypophosphataemia in horses, although clinical problems attributed to hypophosphataemia in
these casdsave not been recognised (Schott 2007). Qthases ohypophosphataemia
include prolongedhsufficientdietary intake oabsorption, starvation argfeeding
syndrame’, parenteral nutritionnsulin therapyrespiratory alkalosidyyperparathyroidism or
therelease.of parathyroidormone-related protein by certain tumo{irsribio 2011).
Phosphatonins.such as fibroblast growth factor-23 may play a role in the development of
hypophosphataemia in critically ill humans through the induction of phosphaturia (Berndt
and Kumar 2007). Spurious results should also be considered when evaluating phosphate
concentrationshowever, the presence lgfaemiausually causeafalse increasa
phosphate concentration (Hugheesl. 2004.

The development of hypophosphataemia in this pony was attributed to an intracellular
redistribution of phosphate associated with the combination of probable insulianmesjs
short-term inappetence, hyperlipaemia, the provision of enteral and partiabparent
nutrition, and the administration of exogenous insufime intracellular movement of
phosphat@ccompaniessulinmediated glucose uptake into cells in order to sustain
glycolytic processeBugg and Jones 199&kalaemia (respiratory alkalosis, bicarbonate
administration):and catecholamine release also stimulate glycolysis and promote an
intracellular-redistribution of phosphate. Hypophosphataemia cantherexacerbated if
intracellularphosphate storbecane depleted during a period of anorexia before the
initiation of caleric support.

Insulin therapy might be a precipitating cause in some cases of hypophosphataemia,
although it is often difficult to separate this effect from coexisting risk facitisough
hypophosphataemia can occur without the administration of exogersolig, in previols

cases managed by the authors the appearance of clinical signs attributed to
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hypophosphataemia only occurrafter exogenous insuliwas given Therefore, the routen
monitoring of phosphate concentrations may be warranted in equids receiving insulin
therapy.

Anecdotally, some clinicians have experience with the managerhaatite
hypophosphataemia in equids that are being managed for hyperlipaemia (Toribio 2015).
However, hypophosphataemia was not reported as a comorbidity in any of the major clinical
case series of equine hyperlipaemia (Watt@h. 1992; Mooreet al. 1994; Mogg and
Palmer 1995; Dunkel and McKenzie 2003; Hugétest. 2003; Durham 2006; Burdehal.
2011). Itis notclear if this is because the animals studied were normophosphataem
because phosphate concentrations were not measured. The absence of phosphate from some
biochemistry panels could mean that hypophosphataemia is an under-redagjnisal
problem in"equids withyperlipaemia.

Hypophosphataemia is a relatively frequently encountered conditaitigally ill
human patientsIfgylor et al. 2004). The degree of hypophosphataemia can be defined as
mild (0.66=0.80 mmol/l), moderate (0.32—0.65 mmol/l) and severe (<0.32 mmol/l) (Gaasbeek
and Meinders.2005). Severe hypophospdmaia is associated with increased mditlgiand
mortality invhaspitalisd human patientnd there istrong evidence that targeted phosphate
replacement iproves survival (Bugg and Jones 1998). HoweVerg is conflicting
evidenceas towhether moderate hypophosphatemaquires specific treatmefdmanzadeh
and Reilly20089.

Recommendations for phosphate replacement therapy in nargebeen
extrapolated from human and small animal guidel{fiesibio 2015). Rrenterali.v.)
phosphorus replacemdnten suggested at rate0dd1 to 0.08 mmol/kg bwt/l/Afnanzadeh
and Reilly 2006 DiBartola and Willard2012).More aggressive rategp to 0.3 mmol/kg
bwt/h for 1.to 2 hourdhave also been used (Geessal. 2010).Oneapproach that has been
suggestedor.horSes igo replacethe estimated deficit over albur period (yielding aate of
up to 0.3 mmollkg bwthwith the treatment peated every 8 hours as necessary (Toribio
2015).The=extracellular phosphate deficit (mmol) can be calculated as: bwt (kg) x (desired
phosphateseoncentration [mmol/l] — current phosphate concentration [mmol/I]) x 0.3 (the
extracellularfluid coefficient)Care must be taken to avoid iatrogenic hyperphosphataemia,
although thehresholdrateat which this becomes a concémot known for horsesn the
present case cautious rate of parenteplosphate supplementation veaspirically
selected@.03 mmol/kg bwt/h), resulting in the resolution of clinical signs in 24 hours and a

gradual return to normophosphataemia in 32 hours.
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This case report highlights the importance of phosphate measurement in order to

identify hypophosphataemia in critically ill equids, such as those with hyperlipaksulin
resistanceenteral or parenteral nutrition, the administration of exogenous iredin

increased substrate phosphorylatioay result in an acute intracellular shift of phosphate.

Specific phosphate replacement therapy in cases of severe hypophosphataemia is warranted.
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320 Figure legend
321  Fig 1: Sequential measurements of glseptriglyceride and phosphatencentrations in this
322 case.Time O indicates the end of surgery.
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