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	TITLE OF CASE Do not include “a case report”

	LEAD INTOXICATION MIMICKING IDIOPATHIC EPILEPSY IN A YOUNG DOG 



	SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)

	    An 11-month-old neutered female Cocker Spaniel was referred for two generalised tonic-clonic epileptic seizures with a one-week interval of mild depression. On admission, physical and neurological examinations were unremarkable. Neurolocalisation was forebrain. Haematology, biochemistry, serology for infectious diseases, urinalysis and urine culture were unremarkable. Cerebral MRI revealed T1-weighted hyperintensity in the lentiform nuclei. CSF analysis was unremarkable. Idiopathic epilepsy was mistakenly diagnosed and phenobarbital was started. A delayed blood film examination revealed metarubricytosis, polychromasia, and basophilic stippling, raising the suspicion of lead intoxication. Abdominal radiography revealed a metallic lead foreign body (lead curtain weight), which removed endoscopically. Treatment with CaEDTA, thiamine and D-penicillamine was started. This report highlights the importance of including haematology, blood smear examination, biochemistry and urinalysis in the diagnostic work-up of acute epileptic seizures particularly in young dogs. Lead intoxication should be included in the differential diagnosis in these patients, as modern lead sources still exist in our environment. 

	BACKGROUND Why you think this case is important – why did you write it up?

	Lead is known to be toxic since the antiquity; ancient Greek physicians such as Hippocrates (4th century B.C.) and Nicander of Colophon (2nd century B.C.) had already reported the clinical signs of lead intoxication,1 whilst the first modern formal reports for both humans and animals were published in the 19th century.2 Lead intoxication (previously referred as plumbism or saturnism) can be acute or chronic. 

Lead can be found in three different forms: elemental (metal; e.g. bullets, weights etc.), inorganic (lead salt; e.g. paint, solder) or organic (tetramethyl and tetraethyl lead; e.g. leaded gasoline).3 Historical sources of lead known to have caused intoxication in dogs and cats  were leaded gasolines, linoleum, electronic equipment, roofing felt, lead arsenate pesticides, wine crock covers; soil, sand and ash near lead mines; lead-based paint, lead solder, putty and caulk; lead weights such as fishing sinkers or curtain weights; trimmings of lead-shot games; automotive batteries, bone meal supplements, ceramic glazes; plastic coating wire or lead taps.1,3-8 Additionally, a study showed that dietary factors such as a low fat – high calcium diet can double the absorption of lead in dogs.9 Lead is no longer found in many of the abovementioned objects (e.g. gasoline, paint) due to the new EU regulations10 and, as a result, the cases of lead intoxication have dramatically reduced. 

This case report describes a rare form of lead intoxication caused by a commercially available metallic lead curtain weight, covered by fabric. This case presented with epileptic seizures and lethargy, and in the absence of the typical gastrointestinal signs, it could be easily misdiagnosed as idiopathic epilepsy. In the authors’ opinion, this case is an interesting example that emphasises the importance of developing a broaden list of differential diagnoses when confronting acute epileptic seizures in young dogs. To the authors’ knowledge, this is the first report to describe the magnetic resonance imaging (MRI) findings of the brain in a canine lead encephalopathy. 

	CASE PRESENTATION Presenting features, clinical and environmental history

	An 11-month-old, client-owned, vaccinated, neutered female Cocker Spaniel was referred with a history of two acute generalised tonic-clonic seizures with a one-week interval of mild depression. No other clinical or neurological signs were reported by the owners during that week, and the appetite was normal. The epileptic seizures were characterised as generalised tonic-clonic with autonomic activity (hypersalivation), related with exercise, with a short post-ictal period of disorientation, ataxia and aggression. No recent vaccinations, known head trauma, access to intoxicant agents or foreign body ingestion were reported. 



	INVESTIGATIONS If relevant

	On admission, physical and neurological examinations were unremarkable, other than bilateral spontaneous convergent strabismus, most likely congenital. Neuroanatomical localisation was suggestive of forebrain syndrome, based on the history.
Haematological parameters were all within the reference intervals (RI). At that point, the blood smear and its interpretation were not available, as the hospital was within out-of-hours function. Biochemistry revealed mild hyperglycaemia (6.1 mmol/l, RI: 3.3-5.8 mmol/l), moderate hypercholesterolaemia (12 mmol/l, RI: 3.8-7.0 mmol/l) and mild hyperphosphataemia (1.5 mmol/l, RI: 0.60-1.40 mmol/l). The hyperglycaemia and the hyperphosphataemia were most likely stress and age-related respectively,   whilst the hypercholesterolaemia was most probably post-prandial. Bile acid stimulation test was unremarkable. Vitamin B12 and folate acid were within the reference range. Blood serology for Toxoplasma gondii (indirect immunofluorescence for IgM and IgG) and Neospora caninum (indirect immunofluorescence for IgG) were negative. Urinalysis, after cystocentesis, was unremarkable beside the presence of moderate numbers of struvite crystals. Urine culture was negative. 

A low-field MRI (Hitachi Lucente 0.4 Tesla) of the brain was performed, including T2, T2 FLAIR, T2*, T1 pre-and-post-contrast sequences, and revealed a T1-weighted hyperintesity in the lentiform nuclei and widened sulci (Figure 1). These findings have previously been described in dogs with manganese accumulation in the brain associated with portosystemic shunts.11-12In this case, in absence of clinicopathological evidence of hepatic damage and normal bile acid stimulation test, this finding was mistakenly considered as incidental. Cisternal cerebrospinal fluid analysis (CSF) was performed. The total nucleated cell count (TNCC: <1/ul, RI: 0-6/ul) and protein concentration (TP: 0.19 g/l, RI: 0.14-1.30 g/l) were within the reference range.  On cytology, low numbers of monocytes and small lymphocytes were present. Rare macrophage-like cells with moderate to abundant quantity of vacuolated cytoplasm were also observed.
At that point, a presumptive diagnosis of idiopathic epilepsy was made and antiepileptic treatment with phenobarbital 1mg/kg q12h PO (Phenoleptil, Animalcare, UK) was started. The dog was hospitalised and during that time, it remained seizure-free, with an unremarkable physical and neurological examination. On the following days the blood smear was reviewed by a clinical pathologist revealing the presence of high number of nucleated red blood cells (nRBC: 20.8x109/l, RI: 0/l) and mild polychromasia (reticulocytes:  116.0x109/l, RI: 11-110x109/l). Moderate numbers of mature erythrocytes and polychromatophils contained fine basophilic stippling (Figure 2). These findings, in absence of anaemia (HCT: 43%, RI: 37-55; Hb: 14.1g/dl, RI: 12.0-18.0) were consistent with inappropriate metarubricytosis; thus, lead intoxication was suspected.  Serum lead toxicology and radiographic investigation were therefore organised on the third day of hospitalisation. The lateral and ventrodorsal abdominal radiographs revealed a rectangular flat, metal opaque foreign body within the fundus of the stomach. Radiographic findings confirmed the presence of a metallic gastric foreign body, further supporting the presumptive diagnosis of lead intoxication. Endoscopic removal of the foreign body was performed on the same day. A 10mm flexible gastroscope (Pentax medical EG-2990i) was used and oesophagoscopy and gastroscopy were performed which revealed no abnormalities other than the foreign body, which was located in the pyloric anthrum. This was retrieved with endoscopic grasping forceps without any incidents. The foreign body was a rectangular, metallic curtain weight (2cm x 2cm) identified by the owner as lead curtain weight (Figure 3). Analysis of the metallic weight was not performed; however commercial lead weights are known to be made of lead, as the density of this element permits to a small sized object to be heavy enough for its purpose. Additionally, further communication with the manufacturer confirmed the lead consistency of the weight.
After the endoscopic removal of the foreign body, the dog had multiple episodes of diarrhoea and remained hospitalised for a few more days. Faecal serology for Giardia spp. antigen was negative, as well as were the cultures for Campylobacter spp. and Salmonella spp. Prebiotics (Pro Kolin+,Protexin, UK), ranitidine (Ranitidine, Focus Pharmaceuticals, UK) in a dose of 2mg/kg q12h PO and bland diet were started for the management of the diarrhoea and for prevention of a more generalised gastrointestinal upset. In total, the dog was hospitalised for five days and was discharged seizure and diarrhoea free. 

Serum lead toxicology results came back four days after discharge, confirming the diagnosis of lead intoxication (Pb: 1190 ug/l, toxic limit>600). 

	DIFFERENTIAL DIAGNOSIS If relevant

	Differential diagnosis for a young dog with acute epileptic seizures include inflammatory/infectious (meningoencephalitis of unknown aetiology; distemper encephalitis; toxoplasmosis), traumatic (head trauma), toxic (e.g. lead), anomalous (hydrocephalus; caudal occipital malformation syndrome), metabolic (e.g. portosystemic shunts; hepatic microvascular dysplasia), idiopathic (idiopathic epilepsy), nutritional (thiamine deficiency), neoplastic (lymphoma and other juvenile neoplasms) and degenerative (e.g. lysosomal storage disease) diseases. Toxic agents to cause acute epileptic seizures in a young dog can be pesticides (organophosphates; carbamates; pyrethrines; metaldehyde), rodenticides (bromethalin; strychnine; rotenone; zinc phosphate; vacor), herbicides, heavy metals (lead; tryethyltin; thallium), drugs, poisonous plants, mycotoxins and mushrooms (neurotoxic mushrooms), antifreeze (ethylene glycol), disinfectants (hexachlorophene), methylxanthines and street drugs.13


	TREATMENT If relevant 

	Treatment for lead intoxication was started the day after the endoscopic removal of the foreign body (day 4). Specifically, Sodium Calcium EDTA (Sodium Calcium Edetate, Animalcare, UK) was given in a dose of 25mg/kg q6h SC for two days, and Thiamine (Vitamin B1, Holland & Barrett, UK) in a dose of 100mg/dog q12h PO. The last day (day 5), the dog was discharged with Thiamine, and D-Penicillamine (Penicillamine, Mylan, UK) 10mg/kg q24h PO for two weeks,14 as well as antiepileptic and gastrointestinal medications, as mentioned above. 

	OUTCOME AND FOLLOW-UP  

	     One week after the discharge, the dog was clinically normal, with unremarkable haematology and biochemistry, and no abnormalities were detected on blood smear examination. On the same the day, Sodium Calcium EDTA 75mg/kg SC was administered to the patient. Gradual withdrawal of phenobarbital initiated within the following two weeks (first week: 0.5mg/kg q12h PO; second week 0.5mg/kg q24h PO) until discontinued.15 Due to the absence of recurrent epileptic seizures during that period, idiopathic epilepsy was ruled out. Nevertheless, the possibility of concurrent lead poisoning and idiopathic epilepsy cannot be completely excluded. Six weeks after the phenobarbital discontinuation, the dog was seizure free with a normal physical and neurological examination.  On a seven-month later phone call follow-up, the dog appeared to be healthy and seizure free. 

	DISCUSSION Include a very brief review of similar published cases 

	     Lead is primarily absorbed by the gastrointestinal tract. Most of the absorbed lead bounds with the red blood cells, whilst the rest is being distributed in a variety of organs, including the osseous tissue. Lead precipitates as insoluble salt in the bones and forms a long-term storage depot that, in case of bone remodeling or chelation, can release lead resulting in the occurrence of the clinical signs long after the original lead exposure.3 Lead, if not absorbed, is excreted in the faeces, otherwise it is excreted mostly in the urine. Lactating animals can also excrete lead in the milk.3 The pathogenesis of lead intoxication is based on its competition with calcium ions, which results in substitution for calcium in bones and alterations of calcium flux across membranes. Therefore, the levels of intracellular calcium are increased in many cell types, such in neurons, causing cell death and chronic impairment in neuronal differentiation and synaptogenesis result. The same happens in the cerebrovascular endothelium, which results in loose transcellular junctions, and thus to cerebral oedema.3  The acute toxic dose for lead is 191-1000 mg/kg; whilst the chronic cumulative toxic dose for dogs is 1.8-2.6mg/kg/day.3

In a study, dogs intoxicated by lead were predominantly young animals (60% less than 2 years old),16 and that is because of their bizarre eating habit, higher gastrointestinal absorption and poorly developed potential to detoxify and eliminate harmful substances.16-17 The increased susceptibility of juvenile animals to lead encephalopathy may be a result of the diminished ability of immature brain astrocytes to sequester lead.18 

Interestingly, the neurological signs have been reported to manifest during or after hard physical activity.19-21 however the mechanism remains unknown. The dog of the current study presented with two epileptic seizures within a week period, both manifested after exercise. 


Lead intoxication in dogs and cats can be acute or chronic; both characterised mostly by concurrent neurological and gastrointestinal signs with or without haematological abnormalities.3 Some dogs, though, can manifest either only neurological or gastrointestinal signs only.22-23 Pancreatitis,24 reproductive abnormalities,3 pathologic fractures,25 lead-induced arthropathy,26 and proximal tubular nephropathy27-28 can be uncommon manifestations of lead intoxication in dogs. Lead intoxication can also be fatal.

Lead inhibition of calcium flux is responsible for some of its multiple effects on central and peripheral neurotransmission.29 Neurologically, epileptic seizures is the most common finding, but also hysteria (referred as continuous barking and crying, aimless running in many different directions, indiscriminate biting of animate and inanimate objects, and other behavioural changes),14 aggression, pica, dementia, consciousness alterations (depression, lethargy, coma), hyperexcitability, cerebellar or vestibular ataxia, vertical nystagmus, tremors, blindness, jaw champing, tics, or hyperaesthesia can manifested.14,24 In the chronic form, the epileptic seizures can be intermittent. In the past, a lot of lead intoxications had been misdiagnosed as canine distemper encephalitis24 due to the coexistence of neurological and gastrointestinal signs. Megaoesophagus may be rarely present in cats.3 This seems to be caused by vagal neuropathy, which has also been observed in other heavy metal intoxications.24 In the current case, the dog presented with only two generalised tonic-clonic epileptic seizures with an interval of one week lethargy as the sole neurological signs. In the post-mortem gross examination of a lead intoxicated dog, the brain does not appear any gross abnormality.24,30 Histopathologically, lead intoxication in dogs can cause mostly polioencephalomalacia (cerebrocortical necrosis) and extensive cerebrovascular damage.24 However, necrosis in the hippocampus, the brainstem, or the cerebellar Purkinje cells can also be present.24,30 Polyneuritis,24 sciatic neuropathy30 and necrotizing myelopathy24 have been also reported.

Lead-induced alterations in synaptic transmission at the neuromuscular junction of visceral smooth muscle can lead to altered intestinal motility and tone (spasmodic contractions of the intestinal wall) leading to abdominal pain, the so called ‘lead colic’.3 Other common signs are anorexia, hypersalivation, vomiting and diarrhoea.3,31-32 In the chronic form, weight loss can be present.3 The dog of the present study developed mild diarrhoea after the endoscopy, that might be late-onset lead-associated reaction or an incidental viral enteritis. Lead also binds to the enzymes involved in haeme synthesis, resulting in red blood cells (RBCs) abnormalities and (rarely seen) anaemia.3 Damage to the membrane-associated sodium-potassium pumps results in RBCs fragility, which in combination with the excessive haemosiderosis and erythrofagocytosis, result in a shortened life span of the RBCs.3,24 Due to that, compensatory bone marrow hyperplasia and extramedullary haemopoesis, polychromasia and nucleation of the RBCs may happen.24 Specifically in bone marrow, chronic lead intoxication can cause increase in segmented neutrophils and myeloid series cells, as well as increased myeloid:erythroid ratios.33  The basophilic stippling of RBCs is caused by accumulated ribosomal RNA aggregates.3,34-35 Lead intoxication hallmark in the blood smear examination is the presence of metarubricytosis, polychromasia and basophilic stippling in the RBCs, in the absence of anaemia.34 Metarubricytosis can also be present in the absence of polychromasia and anaemia (inappropriate metarubricytosis).  Other causes of inappropriate metarubricytosis in dogs include bone marrow disease, heat stroke, malignant hyperthermia, slenectomy and splenic disease.35-36In case of the rare nephropathy, hyponatremia, hypokalemia, hypochloremia, hypophosphataemia and metabolic acidosis can be manifested, as well as glucosuria and proteinuria. Therefore, blood gases, urinalysis, urine:protein ratio and urine culture are necessary for the evaluation of the renal function in case of lead intoxication.28 Radiographic investigation of the abdomen and the long bones (such as the radius) for “lead particles” in the gastrointestinal tract and “lead lines” in the bone respectively, was used in the past but revealed to be of doubtful usefulness.24,37 The most useful investigation at that case would be an exploratory radiograph of the abdomen to rule in or out a possible radiopaque metallic foreign body in the gastrointestinal tract (e.g. weights etc.). Magnetic resonance imaging of the brain in this case revealed T1-weighted hyperintensity in the lentiform nuclei. As already mentioned before, symmetric lentiform nuclei T1-weighted hyperintensity has been correlated with portosystemic shunts and associated manganese accumulation in the brain in dogs.11-12 Nevertheless, symmetrical T2-weighted hyperintensities in the lentiform nuclei have been associated with lead encephalopathy in several cases in humans,38-39 whilst T2-weighted hyperintensity with T1-weighted hypointensity of lentiform nuclei has been associated with methanol intoxication in humans.40 Thus, symmetric lentiform nuclei lesions in the MRI may represent a toxic or metabolic encephalopathy. This report is the first to describe symmetrical lentiform nuclei MRI lesions in lead encephalopathy of dogs. The fact that the metallic lead foreign body was not attracted to the MRI device can be explained due to low-field magnetic properties of the MRI device, as well as to the fact that lead is diamagnetic and thus is weakly attracted by an externally applied magnetic field.
Cerebrospinal fluid analysis is usually normal;22,41 in the current case CSF analysis was normal, with the presence of some monocytoid cells in the cytology that have been reported to be a normal finding.42 Blood lead level test is also a valuable diagnostic tool. Nevertheless, especially in the chronic toxicity, some patients tend to have lead levels lower than the toxic doses due to removal of the lead source or mild chronic intoxication, which may confuse the diagnostic picture.23 Whole blood in a heparinised or EDTA-containing tube is preferred for the toxicological analysis.14 

Treatment included surgical removal of metallic foreign body, supportive antiepileptic treatment, and chelation (bonding of ions and molecules to metal ions) drugs such as Calcium Sodium EDTA for a five-day course. D-penicillamine can be given as a chelator for a home-based follow-up therapy. Thiamine hydrochloride may be beneficial due to the suspected polioencephalomalacia, but no studies have proven that.14

	LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field

	     This case report emphasizes the importance of developing a broaden list of differential diagnoses in young dogs with acute onset of epileptic seizures. Lead, although not widely available due to EU regulations, can still be found in several objects such as curtain weights, fishing sinkers, taps and bullets. A thorough history together with clinicopathological findings can provide useful information essential to reach the correct diagnosis. In the present case, in which the haematological parameters and biochemistry panel were unremarkable, the blood smear examination was the key-point of the final diagnosis.
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