


February 10, 2022CAHFS  Final Version  1  Accession #  S2110265 

  2b. Pleural fibrosis/plaque, focal, mild

  2c. Hemosiderosis, subpleural, focal, minimal

  2d. Venous remodeling, multifocal, mild

3. Spleen: Congestion, diffuse, severe

4. Multiple organs (see Gross Observations & Histology): Congestion, petechiae, microscopic hemorrhages 

Musculoskeletal examination of limbs (per Dr. M. Samol):

1. Fetlocks and elbows: Mild to moderate degenerative joint disease

Ancillary test results:

1. No aerobic bacteria isolated; liver, lung

2. Negative Salmonella sp screen; liver

3. No parasite eggs detected; feces

4. Negative anticoagulant rodenticides screen; liver

5. Negative GCMS & LCMS screen; liver

6. Mineral concentrations within acceptable/non-diagnostic ranges; liver

7. T4 (thyroxine) - immulite, <0.05 ug/dL [RI 1-3]; blood (per Cornell Univ. AHDC; see attached report)

8. Furosemide and Omeprazole Sulfide detected at screening; blood, urine (per EACL; see attached report)

12-07-21: The cause of death of this horse was not evident on gross examination. Main necropsy findings were swollen and wet 

lungs, abundant foam in the trachea, splenomegaly, and congestion and petechiae in several locations. These findings are 

common in racehorses with sudden death, and are compatible with, but not specific for, cardiac failure. Histology will also help 

to determine if there is a degree of pulmonary hemorrhage. A comprehensive diagnostic work up is ongoing. More results will 

follow in subsequent versions of this report. Please, do not hesitate to contact us if you have any question about this case.

02-01-22: The definitive cause of death of this horse was not determined after post-mortem examination and extensive laboratory 

testing.

The most remarkable gross and microscopic changes were pulmonary congestion and edema, with milder hemorrhage. There 

were also congestion and small hemorrhages in multiple organs.  No significant evidence of prior episodes of pulmonary 

hemorrhage other than a single and mild focus of hemosiderosis was observed. 

Detailed microscopic examination of the heart revealed minimal changes in the myocardium (hypercontraction bands). Although 

the significance of this finding remains undetermined, it is likely incidental because of the limited extension and severity, and 

also because similar changes have been seen before in horses dying of non-cardiac related causes (e.g. euthanasia). In 

addition, mild remodeling (thickening of the adventitia) of the intra-pulmonary veins was observed. This is also likely an incidental 

finding. 

Extensive toxicologic testing using multiple samples obtained at necropsy was unrewarding.

Considered altogether, the results of the post-mortem examination, histopathology, and ancillary testing, are supportive of a 

sudden cardiorespiratory arrest as it may occur with acute cardiac failure. A defect in the cardiac conduction system should be 

considered as a possible cause of cardiac failure. 

The four legs were also fully examined and revealed mild to moderate degenerative joint disease of the four fetlocks and both 

elbows. These changes are considered incidental and unrelated to the cause of death of this horse.

A set of samples (left ventricle myocardium and hair roots) were sent to the Veterinary Genetics Laboratory of UC Davis and to 

the University of Minnesota (per CHRB request) for research purposes.   

This concludes testing in this case. 

References

-Diab SS, Poppenga R, Uzal FA. Sudden death in racehorses: postmortem examination protocol. J Vet Diagn Invest. 2017 

Jul;29:442-449. doi: 10.1177/1040638716687004

02-10-22: Case materials were sent for peer review to Drs. Grant Maxie (University of Guelph) and Laura Kennedy (University of 

Kentucky) on 02-01-22. Their review reports (attached) concurred with our findings.

C a s e   S u m m a r y

Sudden death while working.

C l i n i c a l  H i s t o r y
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G r o s s  O b s e r v a t i o n s

Necropsy of a 525 kg, bay, Thoroughbred cryptorchid colt with microchip # , no lip tattoo, a right hind limb white 

pastern that is higher in the back, and a small star on the forehead, began at 11.45 am, December 6, 2021. 

Carcass is in good nutritional condition, with scant fat reserves and prominent musculature, and in mild state of postmortem 

decomposition. 

There are blue stained tape bandages at the level of both fetlock joints. The distal end of the four limbs is soiled with dirt. There 

are scant, soft feces oozing from the anus. There are multifocal, 1 to 3 cm scratches on the upper left eyelid and the adjacent 

skin of the forehead. The skin of the left side of the head and neck is abraded and with dry blood. 

Lungs are diffusely swollen, wet, and rubbery, and there are multifocal pleural to subpleural petechiae on all lung lobes. There is 

a regionally extensive, ~6 cm area of mild pleural fibrosis on the cranioventral aspect of the left caudal lung lobe. The dorsal 

aspect of both caudal lobes is diffusely gray. At cut section, the pulmonary parenchyma oozes scant blood and foam. There is 

abundant, pinkish, stable foam in the trachea. The tracheobronchial lymph nodes have dark-red discoloration. There is a 

prominent thymic remnant with multifocal petechiae. The heart is examined and sampled for histological evaluation as per 

cardiac necropsy protocol (Diab et al, 2017), and there are no gross abnormalities other than a few petechiae on the epicardium.

The spleen is markedly enlarged, meaty, and oozes thick blood at cut section. There are rare, fibrous tags on the capsule of the 

diaphragmatic aspect of the right lobe of the liver.  The kidneys have marked, bilateral, corticomedullary dark-red discoloration 

(congestion). The urinary bladder contains ~ 250 mL of yellowish urine with very scant, sandy sludge. There is an atrophic, 

undescended testicle in the retroperitoneal space. Stomach contains moist grain and forage, and the mucosa of the glandular 

portion is mildly congested. Intestinal contents range from watery and light brown in the small intestine, to greenish, soft and with 

grain and forage in the colon and cecum; mucosal surfaces are unremarkable. There is a moderate amount of soft feces in the 

small colon and rectum.

The head is sagitally sectioned for brain extraction and skull and brain examination. There are no gross abnormalities to note.

All else is unremarkable*

  *The vertebral column and four limbs have been saved for examination at a later stage.

Addendum (12-8-21): The entire vertebral column is sagitally sectioned for spinal cord extraction and spinal canal and vetebrae 

examination. There are no significant gross changes to note. See musculoskeletal examination of the limbs below at "CHRB 

Musculoskeletal".

Addendum (1-23-22): The fetlock joints with the blue bandages referred to above were the hindlimbs fetlock joints.

Addendum (1-25-22): A set of gross photos is provided at the end of the report.

C H R B   M u s c u l o s k e l e t a l

Musculoskeletal examination per Monika A Samol, DVM, MRCVS, Musculoskeletal Pathology Fellow

All 4 limbs were removed and fully examined. The following changes were noted:

LEFT FORELIMB

A- ELBOW

1. Severe scoring lines of distal articular surface of humerus and proximal articular surface of radius 

2. Linear defect of the cartilage of the humeral lateral condyle/capitulum - the sagittal defect is approximately 0.7 cm long, and it 

is located roughly adjacent the trochlea in the cranial third of the articular surface

B- FETLOCK

a) Proximal sesamoid bones (PSBs)
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1. Moderate to severe, biaxial apical enthesophytosis accompanied by dark blue-/grey-tinged discoloration of the cartilage- the 

lateral PSB is slightly more affected than the medial 

2. Mild, biaxial basilar enthesophytosis accompanied by dark blue-/grey-tinged discoloration of the cartilage along the basilar 

articular margin

3. Mild, biaxial, focally extensive dark blue-/grey-tinged discoloration of the cartilage along the abaxial articular margins

b) 3rd Metacarpus (MCIII)

1. Moderate, biaxial palmar osteochondral disease (POD) with focally extensive cartilage fibrillation, flattening, and subchondral 

bone discoloration visible through the cartilage as a dark blue, ellipsoidal focus

c) Soft tissues

1. Moderate synovial thickening accompanied by red discoloration suggestive of proliferative synovitis

RIGHT FORELIMB

A- ELBOW

1. Mild to moderate scoring lines of distal articular surface of humerus and proximal articular surface of radius 

2. Linear defect of the cartilage of the humeral lateral condyle/capitulum - the sagittal defect is superficial, approximately 1 cm 

long, and it is located roughly adjacent the trochlea in the cranial third of the articular surface. The surrounding cartilage is 

discolored (pink), its surface is slightly irregular, and the superficial layer feels soft on palpation

B- FETLOCK

a) PSBs

1. Mild to moderate, biaxial apical enthesophytosis accompanied by dark blue-/grey-tinged discoloration of the cartilage- the 

lateral PSB is slightly more affected than the medial 

2. Mild, biaxial basilar enthesophytosis accompanied by dark blue-/grey-tinged discoloration of the cartilage along the basilar 

articular margin

3. Mild, biaxial, focally extensive dark blue-/grey-tinged discoloration of the cartilage along the abaxial articular margins

b) MCIII

1. Moderate, biaxial POD with focally extensive cartilage fibrillation, flattening, and subchondral bone discoloration visible through 

the cartilage as a dark blue, ellipsoidal focus

c) Soft tissues

1. Moderate synovial thickening accompanied by red discoloration (interpreted as proliferative synovitis)

LEFT AND RIGHT HINDLIMBS

A- FETLOCKS

a) PSBs

1. Moderate biaxial basilar and apical enthesophytosis accompanied by dark blue-/grey-tinged discoloration of the cartilage along 

the basilar articular margin

2. Mild, biaxial, focally extensive dark blue-/grey-tinged cartilage discoloration with superficial cartilage loss within the abaxial 

articular margin of the medial PSB

b) 3rd Metatarsus (MTIII)

1. Moderate, biaxial plantar osteochondral disease (POD) with subchondral bone discoloration visible through slightly flattened 
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cartilage as a dark blue round focus (medial condyles are more severely affected)- the cross sections of affected region in medial 

condyles revealed distinct focus of yellow discoloration in the subchondral bone surrounded by brown and dark red rim

c) Proximal phalanx - P1

1. Mild, focal, superficial cartilage loss of the dorsomedial margin of the proximal articular surface 

2. Mild to moderate, focal, dark blue discoloration of the intermediate groove cartilage (plantar aspect)

d) Soft tissues

1. Mild to moderate synovial thickening accompanied by red discoloration suggestive of proliferative synovitis

For better visualization of the findings described above please refer to attached photographs.

No other gross lesions/ abnormalities were identified in other examined structures of the limbs.

B a c t e r i o l o g y

Animal/Source Specimen Specimen Type

BACTERIAL AEROBIC CULTURE

Results

Medina Spirit Liver SwabMedina Spirit No growth after 48 hours 

Medina Spirit Lung SwabMedina Spirit No growth after 48 hours 

Animal/Source Specimen Specimen Type

Salmonella RT PCR Screen & culture

Results

Medina Spirit Liver SwabMedina Spirit Negative 

H i s t o l o g y

Sections of heart (15 sections from 11 different regions per cardiac necropsy protocol [Diab et al, 2017] including: 1. Right 

ventricular free wall, with the right atrial wall, the right coronary artery, and the parietal cusp of the tricuspid valve; 2. Pulmonay 

artery semilunar valve with the right ventricular outflow tract and the pulmonary artery; 3. Right atrial appendage; 4. Sinoatrial 

node region [three sections, A-C]; 5. Left atrial appendage; 6. Left ventricular free wall, left atrial wall, left coronary artery, and the 

parietal cusp of the left atrioventricular valve; 7. Left ventricular papillary muscle 1/2 [examined also with PTAH stain for 

highlighting hypercontraction bands] ; 8. Left ventricular papillary muscle 2/2 [examined also with PTAH stain for highlighting 

hypercontraction bands]; 9. Atrioventricular node region [three sections, A-C]; 10. Interventricular septum; and 11. Aortic 

semilunar valve, aorta, and left ventricular outflow tract), lungs (5 sections examined, including the four lung lobes and one 

additional section [region of focal pleural fibrosis detected grossly]; sections examined also with Masson trichrome for collagen, 

Verhoeff for elastic fibers, Perls Prussian blue for iron, PAS for mucus, and PTAH for fibrin stains), fat, lymph nodes (several), 

thymus, liver, pancreas, thyroid gland, testicles (scrotal and undescended), skeletal muscle, diaphragm, epiglottis, adrenal 

gland, tongue, esophagus, urinary bladder, abdominal aorta, spleen, kidneys, deferent ducts, stomach, small intestine, colon, 

cecum, haired skin, trachea, and brain (10 sections including basal nuclei, frontal cortex, thalamus and hypothalamus, 

hippocampus, choroid plexus, parietal cortex, midbrain, cerebellum, pons, and medulla), pituitary gland, and spinal cord (9 cross 

and longitudinal representative sections of cervical, thoracic and lumbosacral segments) are examined with changes summarized 

(slides were reviewed by two pathologists: Javier Asin Ros, DVM, PhD, Dipl ECVP & Francisco A. Uzal, DVM, MSc, PhD, 

DACVP): 

HEART

-Right coronary artery (region 1): There are minimal hemorrhages in the outer media and adventitia. There are two minimal 

aggregates of lymphocytes and plasma cells close to some small nerve bundles in the epicardial fat. 

-Myocardium close to the sinoatrial node (region 4, section B): There is a minimal, loose aggregate of lymphocytes, histiocytes, 

and rare neutrophils in the interstitium.

-Left atrial appendage (region 5): There is a minimal perivascular aggregate of lymphocytes, histiocytes, and plasma cells. 

-Left ventricular papillary muscles (regions 7 and 8): There are minimal, eosinophilic hypercontraction bands in a few, 

immediately subendocardial cardiomyocytes.

-Aorta (region 11): There are regionally extensive, moderate hemorrhages in the outer media and adventitia that spread to the 

adjacent fat and small nerve bundles. 
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LUNG

There is diffuse and marked congestion of the septal capillaries and medium sized vessels in all the sections examined, 

multifocal areas of alveolar edema, and less, multifocal to coalescing areas of alveolar hemorrhage. The lumen of small- to 

medium-sized airways contains rare aggregates of mucus, sloughed cells, faintly eosinophilic globules, and rare erythrocytes. 

There is one section where the alveolar lumina are regionally and mildly overinflated and the septal vessels are less congested 

and contain rare, eosinophilic globules (PTAH negative, slightly PAS positive). Multifocally, small- and medium-sized vessels 

close to the bronchioles (bronchial and pulmonary arteries) are surrounded by loose collagen; rarely, there are small-caliber, 

thin-walled, congested vessels embedded in this collagen and adjacent to the adventitia of the mentioned vessels. The pulmonary 

veins within the parenchyma have mild thickening of the adventitia. The interlobular septa are occasionally expanded with dilated, 

blood-filled lymphatics, which also seem to occur below the pleura and adjacent to the airways in some sections. There is a 

focus with aggregates of hemosiderophages around some vessels and below the pleura. The pleura is regionally expanded by 

mild fibrosis, with small-caliber, thin-walled vessels just beneath. 

THYMUS

There is diffuse congestion and multifocal cortical and medullary hemorrhages.

PANCREAS

There are rare hemorrhages in the interstitium.

LIVER

There is diffuse and moderate congestion in several sections and rare, random, minimal aggregates of lymphocytes, plasma 

cells, and histiocytes in the sinusoids. There is a small region of capsular fibrosis in one of the sections. In one of the sections, 

there is a region with rare, lightly eosinophilic globules in the sinusoids. 

LYMPH NODES

-Tracheobronchial: There is marked, diffuse congestion and extravased erythrocytes in the sinuses.

-Others: There are rare foci of hemorrhage and mild to moderate lymphoid hyperplasia. 

ADRENAL GLAND

There is marked cortical congestion, especially at the level of the zona reticularis. 

SPLEEN

There is diffuse and severe congestion of the red pulp that partially effaces the lymphoid follicles of the white pulp.

KIDNEY

There is marked and diffuse cortical and medullary congestion of the interstitial vessels, and rare, minimal interstitial aggregates 

of lymphocytes and plasma cells. There are rare (<5%) tubules with hypereosinophilic and mildly fragmented epithelial cells in 

the corticomedullary junction. Diffusely and globally, glomerular capillaries are markedly congested. Focally, less than 10% of 

the glomeruli have small numbers of lightly eosinophilic globules in the Bowman's space. 

STOMACH

There is mild to moderate congestion of the vessels in the lamina propria of the glandular region.  

SMALL INTESTINE AND COLON

Small vessels in the lamina propria and submucosa are moderately congested. There are scattered eosinophils in the lamina 

propria and submucosa of some sections of colon. There are rare ciliated protozoa in the lumen of the colon. 

TESTICLES

In the undescended testicle, spermatic tubules are hypocellular and there is no spermatogenesis. There are rare groups of 

interstitial cells (less numerous compared with the scrotal testicle), and multifocal, small but dense infiltrates of lymphocytes, 

histiocytes, and less plasma cells in the interstitium. There is a minimal hemorrhage in the interstitium of the scrotal testicle.

SKELETAL MUSCLE

There are rare, minimal hemorrhages in the endomysium and perimysium. 

BRAIN

There are rare hemorrhages in the neuropil of the gray matter at the level of the medulla, and one minimal perivascular aggregate 

of lymphocytes and histiocytes in the choroid plexus.
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PITUITARY GLAND

There are rare, loose, minimal, perivascular aggregates of lymphocytes and histiocytes in the neurohypophysis.

SPINAL CORD

There are minimally and unevenly dilated myelin sheaths in the dorsal, ventral, and lateral funiculi of several sections of cervical, 

thoracic, and lumbosacral spinal cord. In the white matter of the thoracic spinal cord, there is a small vessel packed with 

intraluminal/circulating lymphocytes, plasma cells, and less neutrophils. 

All else is unremarkable.

P a r a s i t o l o g y

Test Specific Comments

FECAL EXAM - FLOTATION

< 10 per slide in a concentration method is consistent with very few eggs present in the sample.   >= 10 per 

slide in a concentration method is consistent with a notable presence of eggs in the sample.

*

Fecal flotation requires at least 1g to provide accurate results.  It is a qualitative method that concentrates eggs 

present in the sample to maximize their detection.  A Modified McMasters exam, which requires at least 3 g, is 

recommended for semi-quantitative information about the number of eggs present per gram of feces, which may 

aid in clinical assessment and treatment decisions.  If <3 g is available, a flotation exam is performed.

*

Animal/Source Specimen Specimen Type

FECAL EXAM - FLOTATION

Results

Medina Spirit FecesMedina Spirit No parasite eggs detected

T o x i c o l o g y

Reporting Limit (Rep. Limit): The lowest routinely quantified concentration of an analyte in a sample. The analyte may be 

detected, but not quantified, at concentrations below the reporting limit. Sample volumes less than requested might result in 

reporting limits that are higher than those listed.

The detected liver mineral results are within acceptable or non-diagnostic ranges for this species.

The submitted specimen contained none of the listed anticoagulant rodenticides in a concentration greater than the stated 

reporting limits.

No compounds of interest were detected in the tested specimen(s) by our gas chromatography - mass spectrometry (GC/MS) 

and liquid chromatography - mass spectrometry (LC/MS) organic chemical screens. The screens are designed to potentially 

detect a large number of organic compounds belonging to diverse chemical classes (pesticides, environmental contaminants, 

drugs and natural products). Control matrices were obtained to compare analytical results with those obtained from the tested 

specimen. It is important to point out that identifications of compounds by the screens should be considered unconfirmed (they 

are most likely present as identified, but additional analysis using pure standards would be necessary for confirmation and, when 

appropriate, quantification).  It is also important to know that a negative result does not necessarily preclude the presence of a 

chemical of concern since the screens are not considered to be comprehensive (there is no single test that can completely rule 

out the presence of a toxic compound in a tested sample).

Within the limits of the samples tested and the analytical procedures performed, a toxic cause for the described problem was not 

evident in this case.

Animal/Source Specimen Specimen Type

Anticoagulants Screen – Quantitated

Medina Spirit Liver TissueMedina Spirit

Analyte Result Units Rep. Limit Units

Brodifacoum ppb20ppbNot Detected

Bromadiolone ppb20ppbNot Detected

Chlorophacinone ppb20ppbNot Detected

Coumachlor ppb20ppbNot Detected
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Necropsy gross photos (per J.A.R.)





























Musculoskeletal exam gross photos (per M.A.S)
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M. Grant Maxie, DVM, PhD, Diplomate ACVP 

University of Guelph (retired) 

 

Puslinch, Ontario N0B 2J0 Canada 

  

H:  

C:  

 

Subject: Review of autopsy report for CAHFS Accession S2110265 

I was asked by Dr. John Pascoe to review the autopsy report on case S2110265, Medina Spirit, and I am 

pleased to do so. 

I was provided with preliminary version 3 of the case report, including ancillary test reports and gross 

photographs. As well, I received a file of 76 Olympus digital images of histology slides for review. 

The gross images are excellent, as are the scanned images of the histology slides. 

I reviewed the preliminary case report and the digital histologic images. The samples taken, tests 

conducted, and interpretations are appropriate. The histologic observations are accurate, and I have 

nothing to add. 

Cases of sudden unexpected death in racehorses are frustrating to deal with, and frequently remain 

unresolved, as in this case. Without monitoring of cardiac rhythm in vivo (e.g., by Holter monitoring), 

cardiac electrical activity remains unknown. Minor lesions of myocarditis (“very rare mononuclear 

infiltrates” in this case) or fibrosis (as in the Swale syndrome) may be the source of electrical instability 

and dysrhythmia, but such comments are speculative in postmortem cases. Marked acute pulmonary 

congestion and edema in this case is consistent with acute heart failure. Various other lesions noted are 

incidental. 

I agree with the final diagnosis of “Cause of death: undetermined; sudden cardiorespiratory arrest/ 

cardiac failure suspected.” 

 

G. Maxie 

February 9, 2022 






