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Preface


The fourth edition of Equine Emergencies: Treatment and Procedures continues to build on the foundation started in 1998 with the publication of the first edition. This edition is an expanded and thoroughly updated volume that provides our colleagues with a comprehensive and detailed resource for the most “common” and “not so common” procedures and treatments needed to manage any equine emergency. The information is the most detailed of any of the previous editions, while offering a point-by-point checklist of “what to do” and “what not to do” when caring for the horse emergency. Our goal is to continue to provide the most current, in-depth information for essentially every equine emergency, and this edition has been reviewed to include every step in most procedures, as well as recommendations and selection of medications. The format is similar to the third edition, but is more precise in illustrations, protocols, procedures, and treatments, clearly differentiating it from other equine emergency texts currently available.


We recognize that there is more than one way to diagnose and treat an equine emergency patient or to perform a procedure, and to that extent this text is not a maxim but the compilation of experienced clinicians from both academia and private practice writing about emergency procedures and treatments in their own specialty areas. There are 18 new chapters, with every part updated and comprised of feedback from our colleagues, friends, and mentors who regularly treat equine emergencies.


Here are some of the highlights of the fourth edition:




• Every page was planned, reviewed, and reorganized in an easy-to-understand format.


• Many new figures have been added to this edition, and the existing figures have been redrawn for clarity and usability to aid in illustrating key points.


• 18 new chapters include topics covering hyperbaric oxygen therapy, venous cut-down, critical care monitoring, quick reference treatment protocols for the most common emergency conditions, newer imaging techniques, emergency foaling, problems unique to the draft horse, caring for the down horse, flood injuries, racing athlete emergencies, snake envenomation, managing the starved horse, and alternative therapies.


• Appendices have been expanded with access to essential information in a format that reduces the risk of error. Two good examples are the “equine emergency drugs” and “quick reference protocols for emergency conditions” for any clinical crisis.


• The number of equine emergency diseases, diagnostic procedures, and treatments has grown considerably since the first edition of the book was published, which has necessitated an increased number of pages for each edition. In order to keep the fourth edition of the book “manageable” as your emergency companion, references for each chapter have been placed on the companion website at www.equine-emergencies.com. The website also provides us with the ability to add updates.


• This edition is also available as an e-book publication. This should prove invaluable as the book will now be available in a searchable format, “anywhere and anytime.”





The ability to find information easily and by clinical complaint has been enhanced by Elsevier's superb publishing team, addressing the concerns that you shared with us from previous editions. We believe we have succeeded in meeting your expectations with a dependable and durable resource for all your equine emergencies. We know that all reference books have limitations and that “best practices” come from past and repeated experiences; we hope that this textbook provides you with the information you need on a daily basis. After you have had a chance to become “comfortable” with this edition and see and read the revisions and new changes, please share with us your comments. Thanks to everybody who has spoken, written, or e-mailed us and to all who have contributed in a large or small way to the fourth edition.


James A. Orsini


Thomas J. Divers
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Chapter 1


Blood Collection


Olivia Lorello and James A. Orsini







Blood collection from a vein is a routine procedure commonly performed during patient evaluation. Many diagnostic tests require whole blood or serum. Often, specific additives are necessary in blood collection tubes to prevent coagulation (Table 1-1).




Table 1-1


Blood Tubes for Diagnostic Procedures








	Color of Top of Vacutainer Tube

	Additive

	Analysis Possible










	Red or red/black

	None

	Chemistry studies; viral antibody studies; crossmatch*; hormones; bile acids






	Purple

	Na EDTA

	Hematologic studies: CBC and platelet counts; bone marrow analysis; immunohematology; Coombs test; fluid cytology; crossmatch,* PCR






	Green

	Na heparin

	Chemistry studies (i-STAT); blood gases; therapeutic drugs; lymphocyte typing






	Yellow

	Acid citrate

	Crossmatch*; blood typing, dextrose, PRP






	Blue

	Na citrate

	Coagulation studies: fibrinogen, PT, PTT, AT; bone marrow supernatant






	Gray

	Na fluoride/ K oxylate†


	Glucose measurement when submission to lab will be delayed









AT, Antithrombin; CBC, complete blood cell count; EDTA, ethylenediaminetetraacetic acid; K, potassium; Na, sodium; PCR, polymerase chain reaction; PRP, platelet rich plasma; PT, prothrombin time; PTT, partial thromboplastin time; SDH, sorbitol dehydrogenase.


*Both red or red/black and purple are required.


†May cause some hemolysis.











Venipuncture of the External Jugular Vein


The external jugular vein is most accessible and is found easily within the jugular groove along the ventral aspect of the neck. The vein can be safely accessed in the cranial half of the neck where muscle (omohyoideus muscle) interposes between the vein and the underlying carotid sheath containing the carotid artery. The vein fills most rapidly if distended by digital pressure just below the intended venipuncture site. Stroking the vein distally causes motion waves higher up, which is helpful if the distended vein is not readily visible.








Equipment







• 18- to 20-gauge, 1- to 1½-inch (2.54- to 3.75-cm) Vacutainer1 needle (or a 10-mL syringe and 20-gauge needle for fractious patients)


• Vacutainer cuff


• Appropriate Vacutainer tube or tubes




















Procedure







• Screw the protected, short end of the needle into the Vacutainer cuff.


• Distend the vein, and swab the venipuncture site with alcohol.


• Align the needle parallel with the vein, opposite the direction of the blood flow.


• Insert the needle through the skin at a 45-degree angle, and then redirect it in a parallel direction once the vein lumen has been entered.


• Attach the Vacutainer tube by pushing the cover of the tube onto the short, protected needle in the Vacutainer cuff. The vacuum draws blood into the tube to the appropriate level. If additional tubes are needed, switch tubes while leaving the needle and cuff in place.























Venipuncture of the Transverse Facial Vein


The transverse facial vein in the head is commonly used in adults or nonfractious patients to sample small volumes of blood for a packed cell volume or total solids determination. Practice Tip: Up to 35 mL can be taken from this site at one time. The vein runs ventral to the facial crest and parallel to the transverse facial artery (Fig. 1-1, A).




[image: image]


Figure 1-1 Veins and arteries used for blood collection. A, Veins and arteries accessible in the head; B, alternate sites for vein and artery sampling.














Equipment







• 22- to 25-gauge, 1- to 1½-inch (2.5- to 3.75-cm) needle


• 3-mL syringe


• Appropriate Vacutainer or hematocrit tube or tubes

















Procedure







• Swab the area beneath the facial crest with alcohol.


• Align the needle perpendicular to the skin beneath the facial crest, at the level of or just rostral to the medial canthus, and push the needle through the skin until bone is encountered. Attach the syringe, if not already attached, and withdraw the needle while aspirating until the needle is in the vein lumen.


• A Vacutainer needle and tube may be used to collect blood.























Alternate Sites for Venipuncture


Fig. 1-1, B, illustrates other venipuncture sites:




• The superficial thoracic vein in the cranial and ventral third of the thorax caudal to the point of the elbow


• The cephalic vein on the medial aspect of the forelimb


• The medial saphenous vein on the medial aspect of the hind limb





If the sample is collected in a syringe, immediately transfer the sample to a Vacutainer tube because the sample begins to clot as soon as it is drawn. Push the needle through the cover of the Vacutainer tube and let the vacuum draw the blood from the syringe. Practice Tip: Actively pushing blood into the tube damages the blood cells. Mix the anticoagulant into the sample by gently rotating the tube upside down several times. The sample should last for several hours if properly mixed and kept cool (4° C/39.2° F). To prevent hemolysis, serum should be separated from whole blood by means of centrifugation if the sample is to sit for longer than several hours. Practice Tip: Hemolysis has a significant effect on many values, such as: calcium (increased), sodium (decreased), chloride (decreased), creatinine (increased), alkaline phosphatase (increased), potassium (increased), magnesium (increased), alanine aminotransferase (increased), and lactate dehydrogenase (increased). Glucose is artifactually low after 60 minutes because of red cell glycolysis. Slides for a differential are best made soon after the sample is obtained.








Complications


A hematoma often forms if a large-gauge needle is used or if the vein is excessively traumatized and blood continues to escape from the venipuncture site. Hematoma formation or excessive bleeding from a venipuncture site may indicate a coagulopathy in a critically ill patient. Keeping the head elevated and applying direct pressure to the puncture site may minimize this complication. If a hematoma occurs, warm compresses, topical anti-inflammatories (diclofenac sodium) and a compression bandage may expedite healing.


Thrombosis of the vein is an uncommon complication that can occur if the vascular endothelium is damaged from repeated venipuncture. Septic thrombophlebitis can occur if the site becomes infected.




















Arterial Puncture


Arterial puncture is most commonly performed for arterial blood gas analysis, which is an excellent indicator of respiratory and metabolic conditions. Several arteries are suitable for sampling (see Fig. 1-1). In the adult horse, arterial blood samples can be taken from the transverse facial artery, facial artery, caudal auricular artery, and in tractable patients, from the dorsal metatarsal artery. The carotid artery may be used in the adult horse, but this artery is often associated with significant hematoma formation, and contamination with venous blood is possible. In foals, arterial blood gas samples are usually taken from the dorsal metatarsal artery, located along the plantar lateral aspect of the third metatarsus, or the brachial artery, accessible on the medial aspect of the humerus.








Equipment







• 20- or 25-gauge, 1- to 1½-inch (2.54- to 3.75-cm) needle


• Heparinized plastic syringe or prepared arterial blood gas syringe2


• Gauze sponges soaked in alcohol




















Procedure


The transverse facial artery can be palpated caudal to the lateral canthus of the eye, running roughly parallel to the zygomatic arch (see Fig. 1-1, A). The facial artery can also be palpated as it courses from that location to the mandible and can be accessed at any palpable point along this path. Carefully palpate the pulse before arterial puncture. When using a commercially prepared syringe designed for arterial sampling, withdraw the plunger of the syringe to the volume of blood needed for arterial sample. The procedure is as follows:




• Clean the area thoroughly with alcohol gauze sponges. While palpating the pulse, puncture the artery with the needle. If the artery has been punctured, provided the patient has appropriate arterial blood pressure, bright red blood flows into the syringe, filling the syringe until the plunger is reached. If a conventional syringe is used, withdraw the syringe plunger to allow arterial blood to fill the heparinized syringe.


• Remove any air from the syringe immediately. Important: Blood gas analysis should be performed within minutes of sampling to obtain the most accurate results. If values other than blood gases are to be analyzed, the sample can be placed into a heparinized tube (green top tube) and cooled.


• As soon as the needle is withdrawn, apply digital pressure over the puncture site with a gauze sponge for several minutes.

















Complications







• As with venipuncture, the most common complication is hematoma formation. Use the smallest-gauge needle possible to minimize vessel trauma, and apply pressure to the artery until bleeding stops.


• Local skin infiltration of 2% local anesthetic directly over the site for needle puncture improves patient compliance and may decrease injury to the vessel wall.



























1Vacutainer needles, cuffs, and blood tubes (Becton-Dickinson Vacutainer Systems, Rutherford, New Jersey).


2MICRO A.B.G., Arterial Blood Sampler (Marquest Medical Products, Inc., Englewood, Colorado).













Chapter 2


Medication Administration and Alternative Methods of Drug Administration


Olivia Lorello, Barbara Dallap Schaer and James A. Orsini







Multiple routes of administration exist for equine pharmaceuticals. Route of administration profoundly affects the pharmacokinetics of a drug. The pharmaceutical package insert describes the acceptable routes of administration and is a valuable source of information. Before administering any medication, it is appropriate to consult the package insert regarding any risks that might be associated with the actual handling of the drug. Directions for medication handling should be followed strictly. Table 2-1 gives an overview of the most common routes of medication administration.




Table 2-1


Medication Administration Methods








	Route

	Advantages

	Disadvantages










	Oral

	Less technical

	Incomplete dose, drug bioavailability






	Intramuscular

	Less technical

	Muscle soreness






	Intravenous

	Immediate and predictable blood concentration of drug; controlled infusion rate

	Need venous access






	Topical (intrauterine, intramammary, intracystic, ophthalmic)

	Local drug delivery

	Varied technicality






	Inhaled

	Fewer systemic side effects

	Requires equipment


















Oral Drug Administration


The oral route is the most convenient route of administration and is associated with the fewest complications. This route is ideal for client/owner drug administration. Drugs designed for oral administration are prepared as tablets, granules, powders, suspensions, and pastes.


Many horses eat powders, granules, and crushed tablets mixed with a palatable food (sweet feed, pellets, chopped apples, and applesauce).


For difficult or anorectic patients, medications can be mixed or dissolved in water and administered using a dose syringe.1 Adding molasses, corn syrup, apple sauce, gelatin such as Jell-O, or other palatable substances encourages acceptance by the patient. Medications in paste or suspension form should be administered as follows:







• Properly restrain the head.


• Make sure the mouth is cleared of food.


• Place a hand over the bridge of the nose, and place a thumb at the corner of the mouth in the interdental space to facilitate dose syringe placement. Carefully place the dose syringe between the buccal mucosa and the molars, and angle it over the tongue.


• Spread the medicine evenly over the back of the tongue and dispense slowly to encourage swallowing.





Administration of medication through a nasogastric tube is useful for individuals who refuse oral dosing or who need a large volume of medication delivered. Nasogastric tubing also ensures that the entire dose is delivered:




• See Nasogastric Tube Placement (Chapter 18, p. 157).


• Medication is delivered easily with a large, 400-mL dose syringe2 that fits on the end of most nasogastric tubes.


• After administering the medication, deliver a dose syringeful of water and then air to ensure that all of the drug has cleared the tube.


• Leave the syringe attached or kink the tube when removing it to reduce the risk of aspiration.














Complications


The complete dose often is not delivered unless it is administered through a nasogastric tube.


Practice Tip: Some drugs are inactivated in the stomach of herbivores, so check to be sure that the drug is intended for oral use in horses. Modifying the drug formulation by crushing and combining with other medicines and vehicles can adversely affect the pharmacokinetics of the prescribed drug(s).


Use of the oral route may result in high drug levels/concentrations in the gastrointestinal tract, which can cause gastrointestinal irritation and inflammation and potentially alter normal bacterial flora, resulting in diarrhea and colic.




















Intramuscular Administration


Intramuscular administration typically results in slower absorption and comparably lower peak blood levels than the intravenous route. Because of this, frequency of administration of medications intramuscularly is usually lower. As with oral administration, many owners are comfortable administering drugs intramuscularly. Several large muscle masses are suitable for drug administration (Fig. 2-1). Consider the following:




[image: image]


Figure 2-1 Sites for intramuscular drug delivery (shaded areas). A, Lateral view. B, Posterior view.










• Small volumes (10 mL or less) may be administered in the neck in the indented triangular space that lies above the cervical vertebrae, below the nuchal ligament, and a handbreadth in front of the cranial border of the scapula.


• The lower halves of the semitendinosus and semimembranosus muscles are suitable for large volumes. Proper restraint of the horse is needed, and the person dispensing the drug should stand as close to the horse's side as possible to avoid personal injury.


• Large volumes also may be administered in the pectoral muscles (pectoralis descendens) between the front limbs.











Procedure







• Clean the site with an alcohol- or chlorhexidine-soaked swab until the gross dirt is removed.


• Use a 1½-inch, 22-, 20-, 19-, or 18-gauge needle, depending on the viscosity of the medicine to be delivered.


• Quickly stick the needle through the skin up to the hub.


• Attach the drug-filled syringe to the needle and aspirate to ensure that the needle is not in a vessel.


• Ideally, inject no more than 5 to 10 mL in any one site. For large volumes, the needle may be redirected without pulling out of the skin after injecting each 5- to 10-mL aliquot.


• When dosing must be repeated, rotate between muscle groups to avoid repeated injury to any one muscle.

















Complications


Abscess formation is an occasional complication. Clean the skin thoroughly before injecting, and choose a site that is easily drained if this complication occurs.


Clostridial myositis has been associated with the intramuscular administration of flunixin meglumine and should be avoided (see p. 618).


Muscle soreness, specifically neck soreness, is fairly common and is related to drug irritation and associated inflammation, the volume administered, and the site of administration. Injection sites in high-motion areas should be avoided. Avoid repeated intramuscular injection in foals.


Severe drug reactions can occur if certain drugs (e.g., procaine penicillin G) are inadvertently injected in a vessel (see Chapter 22, p. 374).




















Intravenous Administration


Use of the intravenous route provides immediate blood levels of the drug but typically requires more frequent administration. Medication must be administered slowly (at a rate of approximately 1 mL per 5 seconds) or diluted in sterile water or saline solution, especially if the particular drug is known to cause any type of adverse reaction.


The external jugular vein is most commonly used for medication delivery. Venipuncture should be only in the cranial third of the neck. See Fig. 1-1 for the location of venipuncture sites.








Equipment







• Alcohol-soaked gauze


• 18-, 19-, or 20-gauge 1½-inch (3.75-cm) needle


• Syringe with medication

















Procedure







• Clean site with an alcohol wipe until gross dirt is removed.


• Ideally, detach the syringe from the needle. While holding off the vein below the venipuncture site, align the needle directly over the vein, opposite the blood flow. Experienced clinicians may prefer to leave the syringe attached to the needle.


• Push the needle through the skin and enter the vein; blood fills the hub of the needle if the needle is in the vein. If blood is pulsing from the hub of the needle, an artery may have been entered accidentally, and the needle must be redirected. Venipuncture is commonly performed with the syringe and needle attached; however, experience is needed to ensure that medication is not administered accidentally into an artery.


• Once the needle has been properly placed, advance the needle to the hub, confirm correct placement, and attach the syringe to the needle without changing the needle position. Always check correct placement of the needle by drawing back on the syringe and confirming a flashback of blood in the syringe before injecting the solution. Recheck the position of the needle between injections of each 5 mL.


• Frequent and long-term administration of intravenous drugs requires an indwelling catheter to reduce injury to the vein and improve patient cooperation. See intravenous catheter placement (Chapter 3, pp. 9-11).

















Complications


Caution: Accidental intraarterial injection is life-threatening with most substances and may result in rapid seizure activity (see Chapter 22, p. 374). Using a large-bore needle and entering the vein with the needle detached increase the likelihood of detecting arterial puncture.


Accidental delivery of a caustic substance (e.g., phenylbutazone) outside the vein (perivascular) can result in necrosis and sloughing of the surrounding skin.


Thrombosis and infection of the vein are uncommon. The risk increases with frequent venipuncture, especially if the medication is known to be irritating to the vessel lumen.




















Topical Administration


Medication may be administered topically using the skin, eyes, and mucous membranes and within body cavities (intravaginal, intrauterine, intracystic, intramammary, and intrarectal) for a direct local effect. Drugs approved for topical use are special preparations in ointments, creams, pastes, sprays, and powders. Possible whole-body effects should be considered because in many cases, the drugs are absorbed systemically. Certain oral medications (e.g., metronidazole/aspirin) may be made into solution and delivered per rectum in patients who are not able to receive medications by mouth.














Rectal Administration


Rectal administration of drugs is used to produce local or systemic effects. Absorption is inconsistent but can be useful in patients unable to take medications, intended for systemic use, by mouth (e.g., postoperatively).


Drugs can be suspended in 1 to 2 oz (30 to 60 mL) of water and introduced rectally through a soft feeding tube and 60-mL syringe. Caution must be taken during rectal administration of any drug. The patient should be restrained appropriately and adequate lubrication should be used.














Inhalation/Nebulization


Local delivery methods of aerosolized medications to the respiratory tract of horses include:




• Nebulizers


• Metered-dose inhalers (MDIS)


• Dry powder inhalers





These types of drug delivery methods allow a higher concentration of drug to reach the target site while minimizing side effects.


These methods are used primarily to treat recurrent airway obstruction (RAO) and inflammatory airway disease (IAD) through bronchodilation and by reducing inflammation and can also be used in treating respiratory distress. Drugs commonly administered this way include:




• β2-adrenergic agonists


• Glucocorticoids

















Transdermal/Cutaneous Administration


Use of the transdermal or cutaneous dosage form, in which the drug is incorporated in a stick-on patch and is applied to an area of thin, clipped or shaved skin, is increasingly more common in clinical practice. As opposed to topical delivery, in which rate of delivery is controlled by absorption through the skin, the rate of drug absorption is also controlled by the delivery system (patch). Drugs administered by this route include:




• Fentanyl3


• Nitroglycerin3


• Scopolamine


• Estrogen





Note: Absorption may be erratic!

















Intrasynovial Administration


The decision to administer drugs intraarticularly should be made after considering the potential complications of altering the intraarticular environment. Direct intrasynovial administration naturally produces much higher drug levels in a joint than does use of the systemic route and is commonly used to treat degenerative joint disease and infectious arthritis. Medications to be injected intraarticularly should be considered carefully for their potential to cause irritation or inflammation. Use of drugs specifically labeled for intraarticular use is the safest. Certain acid or basic drugs may be modified by the addition of a buffering solution before intrasynovial injection. Sites for intraarticular injection and the relevant anatomic features are described in Chapter 21.














Intrathecal Administration


The intrathecal route of drug administration is used only to achieve direct spinal analgesia, perform myelography, or treat meningoencephalitis. Medication is administered directly into the subarachnoid space. See Chapter 22, p. 339; medication must be nontoxic, of normal pH, and preservative free.














Epidural Administration


Epidural drug administration is used for anesthesia for urogenital surgery and pain management (see Chapter 49, p. 760). Medications injected into the epidural space include:




• Local anesthetics (lidocaine, mepivacaine, and bupivacaine)


• α2-adrenergic agonists (xylazine, detomidine)


• Narcotics (morphine)





The sacrococcygeal interspace or the first and second coccygeal interspaces (more common) are sites for epidural injection.








Equipment







• Stocks for restraint


• Twitch, sedation, or both (detomidine/xylazine and butorphanol tartrate)


• Clippers


• Material for sterile scrub


• Sterile gloves


• 2% local anesthetic; 5-mL syringe; 22-gauge, 1-inch needle


• 18-gauge, 10.2-cm, thick-walled Tuohy needle; 18-gauge Teflon epidural catheter with stylet or 18-gauge, 1½-inch (3.75-cm) needle


• 12-mL syringe (sterile)

















Procedure







• Restrain the patient in stocks. Sedate using xylazine, 0.2 to 1.1 mg/kg IV, and butorphanol, 0.01 to 0.1 mg/kg IV to effect.


• Clip and aseptically prepare an area over the first coccygeal interspace. The first coccygeal interspace (Co1-Co2) is the first palpable depression on the midline caudal to the sacrum.


• Subcutaneously inject 1 to 2 mL of 2% mepivacaine (Carbocaine4) to desensitize the skin.


• Make a stab incision through the skin to facilitate passage of the epidural needle. An 18-gauge (Periflex5) Tuohy needle is inserted on the midline into the interspace and is directed cranially and ventrally at a 45-degree angle to the rump. Entrance into the epidural space is confirmed by a loss of resistance to passage of the needle; correct placement of the needle is confirmed by the ability to inject 5 to 10 mL of air without resistance.


• Thread an 18-gauge, polyethylene epidural catheter (Accu-Bloc Periflex) through the Tuohy needle into the epidural space, and secure it to the skin for repeated drug administration.


• If an 18-gauge, 1½-inch (3.75-cm) hypodermic needle is used for the procedure, a stab incision is not required.




















Complications


Incomplete block can be caused by the presence of congenital membranes, adhesions from previous epidural procedures, location of the epidural catheter or needle in the ventral epidural space, or escape of the epidural catheter tip through the intervertebral foramen.




















Alternative Routes of Drug Administration


Some of the less common routes of drug administration may be useful in emergent situations where intravenous access is difficult, intramuscular administration is dangerous, oral drug administration is too slow acting, or alternative and less common methods have higher efficacy. Table 2-2 describes unique routes of administration and common indications.




Table 2-2


Alternative Routes of Medication in Emergent Situations










	Route

	Drug

	Indication

	Dose










	Tracheal Mucosa

	Epinephrine

	Anaphylaxis, asystole

	0.1-0.2 mg/kg (anaphylaxis)
0.3-0.5 mg/kg (asystole)






	Sublingual

	Detomidine hydrochloride

	Sedation*


	40 µg/kg






	Intraosseous

	Fluids

	Lack of venous access†


	20 mL/kg crystalloid then reassess






	Intranasal

	Phenylephrine hydrochloride

	Nasal/pharyngeal edema

	10 mg diluted to 10 mL






	Intracardiac

	Potassium chloride

	Ventricular fibrillation‡


	225 mL






	Nebulization

	Aminophylline

	Respiratory distress, pulmonary edema

	5 mg/kg






	Inhaler

	Albuterol

	Bronchospasm

	720 µg














[image: image]





*When IV access is not available. Larger dose may be needed in excited horses. Do not get medication in administrator's eye or mouth!


†Foals only.


‡If electrical defibrillation is not available.





















1Dose syringe with catheter tip (35 or 60 mL), Monoject (Sherwood Medical, St. Louis, Missouri).


2A 400-mL nylon dose syringe (J.A. Webster, Inc., Sterling, Massachusetts).


3Drugs with pharmacologic transdermal absorption studies in horses.


4Carbocaine-V (Pharmacia-Upjohn Co., Division of Pfizer, Inc., New York).


5Burrow Accu-Bloc Periflex, 18-gauge polyethylene epidural catheter (Burrow Medical, Inc., Bethlehem, Pennsylvania).
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Placement of Intravenous Catheter







• Intravenous catheters are used for:




• Administration of large volumes of fluids


• Maintenance of continuous fluid therapy


• Intravenous medications


• Parenteral nutrition


• Blood sampling





• The size and catheter type needed depend on the intended use (Table 3-1).




Table 3-1


Commonly Used Catheters and Their Clinical Indications*










	Brand/Material

	Length

	Design

	Gauge

	Indications










	Angiocath†/FEP polymer

	5-inch (12.5 cm)

	Over-the-needle

	14, 12, 10

	Short-term use (up to 3 days)
Fluid resuscitation






	16

	Short-term use (up to 3 days)






	Milacath‡/Polyurethane§


	5.25-inch (13 cm)

	Over-the-needle

	14, 12

	Long-term use (3-4 weeks)
Fluid resuscitation, septic/critically ill






	16

	Long-term use (3-4 weeks)
Foals, septic/critically ill






	Milacath‡/Polyurethane

	8-inch (20 cm)

	Over-the-wire, available with multiple lumens

	14 or 16

	Long-term use (3-4 weeks)
Lateral thoracic catheterization, foals, parenteral nutrition, septic/critically ill






	Arrow[image: image]/Polyurethane

	28-inch (70 cm)

	Over-the-wire

	16

	Central venous pressure measurements














[image: image]





FEP, Fluorinated ethylene propylene.


*NOTE: This table references common examples, but numerous appropriate products are available.


†BD Angiocath (Becton, Dickinson and Company, Franklin Lakes, New Jersey).


‡Milacath polyurethane catheter-over-needle (Mila International, Inc., Florence, Kentucky).


§Polyurethane is less thrombogenic than FEP—the first choice for septic and critically ill patients.


[image: image]Guidewire catheters (14- or 16-gauge, 8-inch; Mila International, Inc.). Single- and double-lumen styles are available. Central venous catheter (14- or 16-gauge, 8-inch; Arrow International, Inc., Reading, Pennsylvania).





• Large-gauge, 5-inch (12.5-cm) catheters (14-, 12-, or 10-gauge) are used to administer intravenous fluids rapidly to adult patients in need of shock fluid volume boluses.


• Practice Tip: Bilateral jugular venous catheters may be used for rapid, large-volume fluid replacement in the treatment of severely dehydrated patients. Important: Large-bore catheters are more likely to cause thrombophlebitis, cellulitis, or both.


• A 16-gauge, 5-inch catheter is recommended if frequent intravenous access is required for administration of medications only or in foals. Such a catheter is NOT typically suitable for intravenous fluid administration in an adult horse.


• Catheters are available for short-term1 and long-term2 use. In patients that are critically ill, long-term catheters made of polyurethane are commonly used. Short-term catheters, often made of fluorinated ethylene propylene polymer, are typically only left in for a maximum of 3 days, whereas long-term catheters can be maintained for several weeks. The jugular vein is most accessible for catheter placement.


• Practice Tip: If the jugular vein cannot be used, the cephalic and superficial (lateral) thoracic veins are suitable alternatives for catheters (see Fig. 1-1).


    Note: Most veterinarians refer to this vein as the lateral thoracic, but as in Fig. 1-1, its proper name is superficial thoracic vein.


• Note: The following technique applies to simple over-the-needle catheter placement. Guidewire catheters3 are available in longer lengths and for long-term use. Instructions for placement accompany each catheter, but similar preparation and techniques should be followed.














Equipment







• Material for aseptic preparation of catheter site


• Clippers


• Sterile gloves


• Appropriate over-the-needle catheter


• Heparin saline flush (2000 units of heparin in 500 mL of saline solution)


• 2-0 nonabsorbable suture


• Rapid-acting glue (cyanoacrylate) optional


• 20- or 35-mL syringe


• Extension set4 filled with heparinized saline solution


• Intermittent injection cap5


• Elasticon roll6 (optional)

















Procedure







• Choose an area in the cranial third of the jugular groove for catheter placement. Superficial (lateral) thoracic catheters should enter the vein at the yellow circle in Fig. 4-1.


• Clip the area for aseptic preparation, making sure that the area is large enough to facilitate aseptic placement of the catheter.


• Aseptically prepare the entire clipped area for catheter placement. Don sterile gloves to minimize contamination of the catheter and site.


• Remove the protective sleeve on the catheter, and loosen the cap on the stylet. The catheter should be handled only at the hub.


• Distend the jugular vein by placing three fingers (or knuckles) in the jugular groove on the cardiac side to the proposed catheter site.


• Position the catheter so that it is parallel to the jugular groove and directed with the flow of blood in the vein.


• Enter percutaneously at a 45-degree angle, and advance the catheter and stylet until blood appears at the catheter hub.


• When the catheter is within the vein lumen, angle the catheter parallel to the jugular groove and advance the catheter and stylet slightly, confirming that the catheter is still appropriately placed.


• Stabilizing the stylet, slide the catheter down the vein lumen. The catheter should advance without resistance. Remove the stylet.


• Attach the extension set tubing and injection cap.


• Confirm catheter placement in the vein by aspirating blood into the extension set. Blood should flash back easily. Flush the catheter with heparinized saline solution.


• Use cyanoacrylate adhesive to anchor the catheter hub to the skin (optional).


• Secure the catheter hub to the skin using suture, taking care not to kink the catheter or puncture the jugular vein. Additionally secure the extension set to the skin in several places.


• The extension set is usually left exposed for ease of inspection for catheter-associated problems, or it can be covered by a sterile dressing and an Elasticon bandage placed around the neck.


• Bandages should be used to protect the catheter and insertion site in down patients such as foals to minimize catheter disruption and contamination.


• To deliver fluids, remove the injection cap and attach the extension set to an intravenous administration set.7


























Catheter Use and Maintenance







• Injection caps should be replaced daily or as needed.


• The injection port should be wiped with an alcohol swab before each needle insertion.


• All catheters need to be flushed with 5 to 7 mL of heparinized saline solution every 4 to 6 hours to maintain patency.


• Patency should be checked each time the catheter is flushed and before administration of any medications.


• Check patency by attaching a syringe filled with heparinized saline solution and aspirating to achieve a flashback of blood; slowly inject in 5 to 7 mL of heparinized saline solution.


• Failure to achieve a flashback may be due to the following:




• Clotted blood in the catheter


• Kinking of the catheter or extension set


• Loose attachment of the injection cap or extension set


• Positional effect of the patient's head or neck





• If no flashback is seen, gently inject 5 to 7 mL of heparinized saline solution into the catheter and draw back. The catheter may need to be replaced if a flashback is not confirmed.


• When administering medication through a catheter, choose an injection port close to the catheter; clamp off any fluids that are flowing through the catheter, and check for a flashback, followed by injecting 5 mL of heparinized saline solution before the first drug, between each drug, and after the last drug is administered.


• Important: Certain drugs precipitate when mixed. Flushing sufficient heparinized saline solution to clear the extension set and catheter between each drug administered minimizes this complication. If any precipitation is seen, immediately stop medication administration and attempt to retrieve precipitate from the catheter by directly attaching a syringe to the catheter and withdrawing the injected contents.


• Drugs should be administered slowly. Medications known to cause adverse systemic reactions should be administered even more slowly and should be diluted.


• When replacing a catheter, use an alternate vein to minimize phlebitis.


• If possible, do not catheterize the same venipuncture site until the venipuncture site is healed.


• Use a long-term over the wire catheter if venous access is required for more than 6 days to avoid injury to the vein.


• Practice Tip: If inserted and maintained properly, long-term catheters can, in many cases, be left in place for weeks.











Complications







• Thrombophlebitis, phlebitis, or local cellulitis is a complication of long-term and, on rare occasion, short-term venous access (catheterization).


• Examine the catheter site twice daily for swelling, heat, and pain.


• A small circle of reactive skin at the site of skin puncture is not unusual, but thickening—induration—at this site and any associated heat or pain are abnormal and require immediate removal of the catheter.


• Careful palpation of the entire vein, paying particular attention to the location of the tip of the catheter within the vein, should also be performed twice daily.


• Important: Phlebitis can be a cause of fever and an increase or decrease in nucleated cell count.


• Phlebitis usually is responsive to local therapy (hot packing, topical dimethyl sulfoxide with or without antimicrobial agent, and/or topical 1% diclofenac sodium) but must be monitored closely because continued progression of serious complications such as septic thrombus or abscess would necessitate more aggressive treatment.


• Important: Antimicrobial treatment should be directed against Staphylococcus spp. pending culture and susceptibility results.


• If an ultrasound examination demonstrates fibrin strands in the vein and when infection is suspected in the perivascular area, systemic antibiotics should be used.


• Embolization of the catheter can occur if the catheter is severed accidentally or breaks off. This is an uncommon occurrence if the catheter is examined frequently and is replaced as needed.


• Thoracic radiography, sonography, or fluoroscopy can be used to locate the catheter. Interventional radiographic techniques are sometimes successful for catheter retrieval and may be more likely to be tried if the catheter is located in the heart and is imaged easily.


• Note: An embolized catheter that “travels” to the lung and is left there generally does not cause any long-term problems.



























1BD Angiocath (Becton, Dickinson and Company, Franklin Lakes, New Jersey).


2Milacath polyurethane catheter-over-needle (Mila International, Inc., Florence, Kentucky).


3Guidewire catheters (14- or 16-gauge, 8-inch; Mila International, Inc.). Single- and double-lumen styles are available. Central venous catheter (14- or 16-gauge, 8-inch; Arrow International, Inc., Reading, Pennsylvania).


4Extension set (7-inch or 30-inch; Abbott Laboratories Inc., Abbott Park, Illinois). Large animal extension set (large-bore, 7-inch; International Win, Ltd., Kennett Square, Pennsylvania).


5Injection cap (along with Luer-Lok; Baxter Healthcare Corp., Deerfield, Illinois).


6Elasticon (Johnson and Johnson Medical, Inc., Arlington, Texas).


7Stat large animal IV set (large-bore, 10 feet long; International Win, Ltd.).













Chapter 4


Venous Access via Cutdown


James A. Orsini







Venous access via cutdown (“venous cutdown”) involves making a small skin incision over a vein to facilitate intravenous (IV) catheterization. This simple surgical procedure is used in the medical management of the seriously ill foal or adult horse when routine catheterization is not possible. It is especially useful in the severely hypotensive patient when entry into a peripheral vein is made difficult because of poor vascular filling or when large-bore catheter placement is needed for resuscitation purposes.


The cutdown technique is an excellent method of obtaining venous access in a number of emergency situations. However, caution is needed; although complications are rare, they are potentially serious. They can be prevented by using good surgical technique and removing the catheter as soon as possible after completion of the resuscitative/supportive therapy.


Although the cutdown procedure is simple to perform, it needs to be completed rapidly and effectively in an emergency situation. Therefore, a thorough understanding of the anatomy associated with the target vessel, the surgical procedure, and its potential complications are important to know well.








Indications


Venous cutdown is indicated in the critically ill patient when vascular access is essential, but a less invasive option is unsuccessful or not feasible. Examples include:




• Very small patients (e.g., a premature foal)


• Any patient in profound shock


• Patients with phlebitis, thrombosis, or fibrosis/sclerosis that renders the most favored vein or access site unusable

















Contraindications


Venous cutdown is contraindicated in the following situations:




• When a less invasive alternative is available


• When performing the procedure would cause excessive delay in resuscitation of the patient (In such cases, intraosseous infusion may be the better option; see Chapter 5, p. 17.)


• When infection is present in the region of the cutdown site


• When edema or other swelling is present over the target vein


• In the presence of injury proximal to (limb vein), caudal to (facial or jugular vein), or cranial to (lateral thoracic vein) the cutdown site (i.e., between the cutdown site and the heart)


• In the presence of a coagulation disorder


• When healing is impaired or host defense mechanisms are compromised





In every case in which venous cutdown may be indicated, the need to perform the procedure should be weighed carefully against the potential risks.














Anatomical Sites


Although venous cutdown may be used to gain access to any superficial vein, the most commonly used are the following (Fig. 4-1):
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Figure 4-1 The most commonly used anatomical sites for venous cutdown are the external jugular vein, superficial thoracic vein, facial vein, cephalic vein, and saphenous vein.










• External jugular vein


• Superficial thoracic vein


• Facial vein


• Cephalic vein


• Saphenous vein (and, less often, the lateral saphenous vein)





Patient selection is important when using any vein other than the jugular vein. Vessel size, access, and patency; restraint for the procedure; and catheter maintenance after the procedure must each be considered. For example, although the recumbent neonate's cephalic or saphenous vein may present an attractive option, maintaining a patent catheter in these vessels once the foal is mobile can be challenging.














Equipment


Because venous cutdown is performed primarily for the purpose of IV catheter placement, the items needed for catheterization must be assembled and ready for use. Taking the time to gather all needed equipment, supplies, and the fluids or medications that are to be given intravenously before starting the procedure is particularly important in the critically ill patient.


The items needed include the following:




• Materials and supplies for large-bore IV catheter placement (see Chapter 3, p. 9)


• Sterile local anesthetic solution (e.g., mepivacaine, 2%), 2 to 3 mL, with a 25-gauge, ½- to 1-inch needle


• Sterile surgical drapes (optional but recommended)


• Tourniquet (optional and only for use on a limb)


• Sterile minor surgery instrument pack, or at least a scalpel handle, curved hemostats, iris scissors, and needle holders


• Sterile scalpel blade, ideally #10, #11, or #15 (i.e., a small blade)


• Sterile surgical sponges (e.g., 4- × 4-inch gauze pads)


• Sterile monofilament suture material, such as 3-0 or 2-0 polyglactin 910 (Vicryl)1 or equivalent, if not included with the catheter equipment and appropriate skill suture


• Plastic venous dilator (optional)


• Sterile wound dressing and routine bandaging material as appropriate for the chosen site




















Procedure


Regardless of the vein to be catheterized, the cutdown procedure is essentially the same, so the following instructions generally apply to all suitable sites in the equine patient (Figs. 4-2 and 4-3). However, although the surgical approach to the vein is uniform, there are two options for seating the catheter in the vein:
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Figure 4-2 The surgical procedure for the venous cutdown is fundamentally the same for all appropriate sites in the equine patient. A, Isolating and elevating the vein; B, venotomy; C, threading the catheter into the vein.
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Figure 4-3 The use of ligatures and a curved mosquito hemostatic forceps to facilitate access to the venous lumen for catheter insertion.










• Standard cutdown


• Mini-cutdown





Most of the time, the mini-cutdown can be used. It is simpler and faster than the standard procedure, and when successful, it carries no greater risk for complications. However, when catheterization via the mini-cutdown is taking too long or is likely to damage the vein, the standard cutdown must be used without delay. It is wise to begin every venous cutdown procedure prepared to perform the standard cutdown if necessary.








Standard Cutdown


The standard cutdown procedure is performed as follows:




• Restrain the patient as appropriate for the chosen site and the patient's temperament, position, and medical condition.


• Prepare the site as directed for IV catheter placement (see Chapter 3, p. 9); if necessary, enlarge the clipped area to ensure an aseptic surgical field and catheter placement.


• Occlude the vein on the cardiac side beyond the prepped area, as for IV injection or catheter placement. If possible, apply a tourniquet proximal to the site when using the cephalic or saphenous vein, and if necessary, tuck a folded surgical swab under the tourniquet directly over the path of the vein to ensure complete occlusion. A similar approach may be used to keep the jugular vein occluded for the procedure: a thick wad of gauze or a roll of bandage is strapped tightly into the jugular groove at the base of the neck and held in place by a couple of layers of Elastikon2 wrapped snugly around the horse's neck. However, if occluding the vessel in this way takes more than about 30 seconds to perform, then simply have an assistant apply digital pressure to occlude the vein.










• Inject 2 to 3 mL of local anesthetic subcutaneously over the vein and either side of the vessel at the cutdown site, taking care to avoid injecting into the vein. (If the patient is unconscious or obtunded, skip this step.)


• Repeat the surgical prep if necessary. Don sterile gloves.


• Cover the surgical site with sterile drapes, leaving a small window (approximately 3 × 3 inches [7.5 × 7.5 cm] or as appropriate for the site) directly over the vein.


• Carefully make a small skin incision over the vein, perpendicular (at right angles) to the vein. An incision 1 to 2 inches (3 to 5 cm) in length usually is adequate. (A longitudinal incision made parallel to the vein reduces the risk of damaging the vessel and associated neurovascular structures, but it may not provide sufficient exposure.) Incise through the full thickness of the skin so that the subcutaneous tissues may be identified within the incision.


• Bluntly dissect the subcutaneous tissues from the vein by spreading them gently with a curved hemostat parallel to the course of the vein, with the tips of the hemostat pointed downward, toward the vein. Gently blot any blood as needed with a sterile surgical sponge. Bleeding is usually minimal unless the vein is inadvertently cut.





At this point, either insert the catheter into the vein (see Mini-Cutdown, later) or proceed with the standard technique.




• Isolate the vein from the adjacent tissues and mobilize it for a length of approximately ½ to 1 inch (1 to 3 cm). If necessary, use a tissue spreader or other self-retaining retractor for a wider field of view.


• Following mobilization of the vein, use a hemostat to pass a pair of sutures under the vein, proximal and distal to the catheterization site, for stabilization.


• Tie the distal ligature and leave the ends long enough to allow manipulation of the vein (Fig. 4-2). Leave the proximal ligature untied so that the vein can be moved or occluded as needed for catheter insertion and to control backflow of blood (which is achieved by simply lifting up on the suture and vein) (see Fig. 4-2, A).


• Using a hemostat placed between the two sutures, elevate the vein to flatten it. Doing so provides good visualization, immobilizes the vessel, and limits bleeding when the vessel is incised. Alternatively, place gentle traction on the proximal suture to control oozing at the venous puncture site.


• Using the tip of the scalpel blade or iris scissors, carefully make a small incision in the near wall of the vein, at a 45-degree angle to the vein and extending only one third to one half of the vessel's diameter (see Fig. 4-2, B). Practice Tip: If the venotomy is too small, the catheter may pass into the adventitia of the vein rather than into the lumen. However, if the incision is too large, the vein may tear completely. A longitudinal incision may be made in the vein instead, but it is more difficult to identify the vessel lumen using this approach; hence, the recommendation for an oblique venotomy incision.


• Carefully thread the catheter into the lumen of the vein through the venotomy incision (see Fig. 4-2, C). Threading the catheter into the vein often is the most difficult and time-consuming part of the procedure. Care is needed to correctly identify the vessel lumen and to avoid dissection of the vessel wall with the catheter tip, penetration of the far wall of the vessel (i.e., going all the way through the vein with the catheter), and lodging of the catheter tip into a venous valve. It is also important to use a catheter that is not too large for the chosen vein.


• A plastic venous dilator may be used to identify and expand the vessel lumen to facilitate catheter placement. (The dilator has a small pointed tip that opens the lumen before the catheter tip is advanced.) Practice Tip: As an alternative, a sterile 20-gauge needle, bent at a 90-degree angle, or curved mosquito hemostatic forceps (see Fig. 4-3) can serve as a dilator by elevating the near, proximal wall of the vein at the venotomy site. In most cases, a venous dilator is not needed in the adult horse.


• Once the catheter is advanced into the vessel lumen, use a syringe to remove any air from the catheter, and connect the catheter to the extension set or IV tubing.


• Secure the proximal ligature around both the vessel and the catheter to prevent the catheter from dislodging. Remove the distal ligature.


• Remove the tourniquet or other occlusive device/pressure; suture the skin incision closed, taking care not to kink or crush the catheter, and secure the catheter to the skin as for routine IV catheter placement.


• Apply a topical antimicrobial ointment and sterile dressing over the site and cover or bandage in place as appropriate for the location.

















Mini-cutdown


The mini-cutdown technique is a variation on the standard approach that is designed to preserve the integrity of the vein and avoid the time-consuming steps of mobilizing and placing sutures around the vein. It is the preferred method and in most cases is easy to do in both foals and adults.




• Follow the instructions for the standard approach, up to the point at which the vein is bluntly dissected from the subcutaneous tissues.


• Carefully insert the catheter tip through the near wall of the vessel and advance it as described in Chapter 3 for routine IV catheterization. Take particular care to seat the catheter tip within the vessel lumen before advancing it; avoid dissecting the near wall or penetrating the far wall if the vein is undistended or only partially distended because of circulatory collapse. Begin at the distal-most extent of the exposed vein, in case the first attempt at catheter placement is unsuccessful.


• If the catheter cannot be easily seated within the vessel on the first or second attempt, consider proceeding with the standard approach to avoid further vessel damage and delay.


• Once the catheter is properly placed in the vein, aspirate any air from the catheter, attach the extension set or IV tubing, release the tourniquet, suture the skin incision, and otherwise complete the catheter placement as described earlier for the standard approach.























Aftercare







• Follow the instructions given in Chapter 3 for IV catheter care. In addition, inspect the cutdown site at least once a day, and follow routine wound care for surgical incisions. Remove the skin sutures 10 to 14 days after placement.

















Risks and Complications


Although the risk is slight with careful patient selection and surgical technique, the following complications are possible:




• Hemorrhage or hematoma may occur from inadvertent “nicking” of the vein during cutdown. If the damage to the vein is slight and the vein is catheterized anyway, then perivascular leakage of fluid or medication may be an added complication.


• Infection, either perivascular (as with any surgical procedure) or intravascular (septic thrombophlebitis, bacterial endocarditis, or systemic sepsis as with any IV catheterization) may develop.


• Failure to achieve central access and resuscitation in a timely manner may result in the death of the patient.


• Phlebitis, thrombosis, or embolism may occur as with any IV catheterization.


• Damage to surrounding anatomical structures, such as an adjacent artery or nerve, may be incurred during the cutdown procedure.


• Wound dehiscence may occur as with any surgical procedure.


• To avoid injury to adjacent structures, it is important to select a site for cutdown in which the vein is well isolated and use the mini-cutdown technique whenever possible.





Incisional infection is a potential complication, as with any surgical procedure. With due care, the risk is minimal, although the patients typically requiring venous cutdown are profoundly compromised, so they may be inherently at greater risk for incisional infection and for septic thrombophlebitis than are healthier patients. Therefore, broad-spectrum systemic antimicrobial coverage may be a prudent precaution in patients requiring venous cutdown.


















1Vicryl (Ethicon Inc., Johnson and Johnson Company, Somerville, New Jersey).


2Elastikon (Johnson and Johnson Medical, Inc., Arlington, Texas).













Chapter 5


Regional Perfusion, Intraosseous, and Resuscitation Infusion Techniques


David G. Levine













Regional Perfusion


Intravenous antimicrobial regional limb perfusion (RLP) has been described as an effective method of treating distal limb infections in horses. This is true for septic arthritis, osteomyelitis, cellulitis, and other soft tissue infections. Various techniques have been described, all with the goal of achieving high concentrations of an antimicrobial in the synovial, osseous, and soft tissue structures of the distal limb while limiting systemic side effects and cost. Aminoglycosides, specifically amikacin, are most commonly used both for their concentration-dependent mechanism of action and for their effectiveness against common equine orthopedic pathogens. Ideally, antimicrobials should be selected based on culture and susceptibility results if possible before treatment is initiated. This is not always practical because RLP is frequently used in high-risk musculoskeletal cases where culture results are not known. Examples of antimicrobials that have been used in the perfusate include aminoglycosides (gentamicin and amikacin), beta-lactams (penicillins, cephalosporins, carbapenems), enrofloxacin, and vancomycin. The majority of reports on RLP have evaluated the technique in horses under general anesthesia, which obviates their usefulness as a field technique. More recent reports on RLP performed in standing horses have shown lower concentrations of antimicrobials in the target tissues and a wider variation in data. Modifications in technique to include wider tourniquets and discouraging movement with proper sedation have shown more positive results. Although RLP can be used for septic arthritis, direct injection of the joint obtains higher concentrations of antimicrobials for longer periods of time and should be considered if there is no other soft tissue damage in the region. Intraosseous routes also can be used (see p. 17). In cases of intravenous regional limb perfusion, the procedure is most commonly performed using a tourniquet with the patient appropriately sedated. A tourniquet is applied to the limb proximal to the vascular access point and the site of suspected or confirmed infection. Either arterial or venous sites can be used with no difference in tissue concentration between the arterial and venous routes. Wide rubber tourniquets or pneumatic tourniquets should be used and the patient kept quiet and immobile to limit movement of the limb resulting in leakage of the perfusate proximal to the tourniquet and dislodging of the intravenous catheter. A long-term catheter can be placed in the perfusion vessel, although this may cause tissue irritation, phlebitis, and thrombosis of the catheterized vessel as sequelae. A butterfly catheter can be used for each treatment and works well for single or repeated perfusions.








Equipment







• Material for aseptic preparation


• Clippers




• Clipping the perfusion site is clinician dependent.


• The site is best clipped if the vessel is difficult to appreciate.





• Sterile gloves


• Appropriate over-the-needle catheter—20 to 23 gauge if being left in place for more than one perfusion—or a butterfly catheter1—size 21 to 27 gauge for daily use


• Heparinized saline flush (2000 units of heparin in 500 mL of saline solution) for catheters that are left in place for additional perfusions


• Elasticon tape


• Tourniquet—wide rubber or pneumatic2


• Practice Tip: Use 40 to 60 mL of balanced electrolyte solution containing the equivalent of one third of the calculated systemic dose of the parenteral antimicrobial agent dose chosen for infusion. Twenty milliliters of perfusate can be used if the tourniquet is placed below the carpus/tarsus and the digital vessels are being used.

















Procedure







• Appropriately sedate the patient.




• Alpha2-agonist mixed with butorphanol is commonly used. The suggested dose is 0.01 mg/kg of detomidine mixed with 0.01 mg/kg butorphanol, IV or IM.





• Place the tourniquet.


• Aseptically prepare the skin overlying the catheter insertion site.


• Introduce the catheter into the selected vessel.





Often the cephalic or saphenous vein is used and the tourniquet is placed above the site of perfusion. For distal limb perfusions, the tourniquet can be placed on the metacarpus/metatarsus and the digital vessels used.







• Perfuse the limb with 40 to 60 mL of a balanced electrolyte solution containing one third to the full systemic dose of the selected antimicrobial agent.


• Inject the perfusate over 1 to 3 minutes, checking frequently to ensure proper catheter placement within the vessel.


• Remove the tourniquet 20 to 30 minutes after injection of the perfusate.


• Place a secure bandage over the perfusion site.

















Complications







• Improper placement of the tourniquet results in diffusion of the drug above the tourniquet. Using a narrow tourniquet results in low concentrations of the antimicrobials in target tissues. Practice Tip: Rule-of-thumb: the width of the tourniquet used for the procedure should approximate the diameter of the limb above the site being perfused.


• Movement of the patient during perfusion results in leakage of the perfusate proximal to the tourniquet and lower concentrations of perfusate to target tissues. Local perineural analgesia or additional sedation may be required to achieve a full 20 to 30 minutes of perfusion without movement. However, leaving the tourniquet on longer than 30 minutes may result in vessel and nerve injury.


• Repeated perfusions can cause local inflammation and thrombosis of the vessel. Application of topical diclofenac sodium cream3 followed by a support bandage helps decrease the inflammation.























Intraosseous and Fluid Resuscitation Infusion Technique


Intraosseous infusion technique (IIT) can be used for a rapid delivery of medication and/or fluid when intravenous access is limited or not possible. This is most often used in neonatal foals where severe dehydration causes collapse of peripheral vessels. Uptake of medication or fluid is similar to that of intravenous injection; the cortex of the long bones prevents collapse during periods of hypovolemia. IIT is also used for regional delivery of medication such as regional/local antimicrobial perfusion of the lower limb with a tourniquet applied above the bone being perfused. Although regional intravenous perfusions are shown to have similar or better antimicrobial levels at the target tissue, some clinicians prefer the IIT route for cases in which multiple repeated infusions are required. This preference is attributed to regional intravenous perfusions becoming progressively more challenging because of local vessel irritation over time.











Equipment







• Sedation—depending on age and type of perfusion:




• Adults—alpha2-agonist (xylazine, detomidine) +/- butorphanol (see p. 315)


• Foals may not need sedation if hypovolemic





• Material for aseptic preparation


• Clippers


• Sterile gloves


• Local anesthesia: 2% mepivacaine (Carbocaine)


• #15 or #10 scalpel blade or disposal scalpel


• 12- or 15-gauge intraosseous needles/Sur-fast Cook4 intraosseous needle/cannulated screws


• Heparin saline solution


• Crystalloid solution, lactated Ringer solution


• Perfusate for regional perfusion of antimicrobials (see Chapter 21, p. 303)


• Sterile bandage material





Practice Tip: In newborn foals, alternatively, an 18- or 16-gauge needle can be used. In these cases, the needle is not left in place and should be replaced with an intraosseous needle, or intravenous access should be secured.

















Procedure







• Place the equine patient in a safe, clean, and warm environment.


• Position the foal in lateral recumbency for fluid resuscitation procedure.


Infiltrate the intraosseous site with mepivacaine superficially and deep to the bone.


• If performing an antimicrobial perfusion, place a tourniquet above the bone being perfused after the intraosseous needle or cannulated screw is secured in the medullary cavity.




• Leave the tourniquet on for 20 to 30 minutes.





• Aseptically prepare the intraosseous site:




• Most often the third metacarpus/metatarsus is used.


• The proximal medial one third of the tibia 3 cm distal to the tendinous—a flat area devoid of vessels—band of the semitendinosus muscle is an alternate site (Fig. 5-1).




[image: image]


Figure 5-1 Cross-sectional anatomy of the intraosseous infusion site.











• Practice Tip: A branch of the saphenous vein crosses the tibia 2 cm distal to the infusion site. The nutrient foramen is 2 to 3 cm distal to the infusion site near the popliteal line in the center of the tibial shaft.


• Using the scalpel blade or a disposal scalpel, incise the skin and subcutaneous tissues until contacting bone.


• Using the intraosseous needle—designed with placement stylet—or a large-gauge needle, apply a downward pressing and twisting motion against the bone until a loss of resistance is felt. If using a cannulated screw, drill a thread hole equal to the core diameter of the screw being used and then tap creating screw threads.


• Entrance into the medullary cavity is confirmed by aspirating blood or marrow contents.


• Flush the needle with 5 to 10 mL of heparinized saline solution.


• The intraosseous needle can be removed after infusion of a maximum of 1 L of crystalloid solution or it is secured in place. The needle should be flushed with heparinized saline every 4 to 6 hours to maintain patency. For long-term use, a cannulated screw may be more effective than a needle.


• Place a sterile wrap over the intraosseous site to maintain sterility.

















Complications







• Subperiosteal or subcutaneous leakage of fluids or malposition of the intraosseous needle can result in partial occlusion of the needle. The leakage can cause a local tissue reaction but is usually only a temporary problem.


• Fractures can be caused by poor needle placement or creation of a large bony defect proportionally to the size of the patient.


• Occlusion of the needle or screw by a clot is the major limiting factor with this procedure. Although effective for quick resuscitation, long-term use is often not possible.



























1Surflo Winged Infusion Set, 25 gauge, 19 mm (Terumo Medical Co., Somerset, New Jersey).


2ATS 1000 (Aspen Labs, Zimmer, Inc., Warsaw, Indiana).


3SURPASS, Boeringer Ingelheim (St. Joseph, Missouri).


4Sur-fast Intraosseous Infusion Needle Set, #C-DINH-12-2.3-PA (12 gauge, 2.3 cm) or #C-DINH-15-1.8-pa (15 gauge, 1.8 cm) (Cook Critical Care, Inc., Bloomington, Indiana).













Chapter 6


Biopsy Techniques*



Janik C. Gasiorowski and James A. Orsini







Tissue biopsy often is helpful in antemortem diagnosis of disease and generally is not considered an emergency procedure. Depending on disease location, biopsy procedures can be associated with a certain degree of risk. In these cases, these procedures are often used for treatment or prognosis purposes only. In this chapter, biopsy techniques for different types of tissues are discussed, but the following practice tips apply to all tissue types.


Practice Tips:




• Samples should be sent to a veterinary pathologist or specialist with the appropriate anamnestic and descriptive information.


• Biopsy specimens should be less than 1 × 1 cm for proper formalin fixation.


• The formalin-to-tissue volume ratio is 10 : 1.


• Samples should not be allowed to freeze during transport.











Specialized Equipment


Biopsy of the skin and fine-needle aspiration of cysts and lymph nodes can be done with basic equipment as described later. Specialized instrumentation can make deeper, more complex biopsy procedures less invasive and improve histologic sample architecture. The operator must be familiar with the selected instrument before attempting to collect a sample. Practice before clinical use is highly recommended.


Most manual and automated biopsy needles have centimeter demarcations. Newer needles are etched for enhanced sonographic visibility.








Manual Biopsy: Soft Tissue1



The notched stylet is deployed from the cannula and the instrument is inserted into the target tissue (Fig. 6-1). The sharp cannula is then manually pushed back down while the stylet is held firmly in place. The sharp cannula cuts the tissue capturing a specimen in the notch of the stylet.




[image: image]


Figure 6-1 A, The biopsy needle is placed into the target tissue. B, The notched stylet is deployed. C, The cutting cannula is pushed back down over the notched stylet, capturing the sample. D, The entire instrument, with the biopsy inside, is removed.




















Manual Biopsy: Endoscopic2



Tissue samples may be obtained through the biopsy channel of flexible endoscopes. The biopsy forceps are long flexible cables with articulating jaws at the end controlled by thumb loops on the operator's end. The instrument is passed through the endoscope with the jaws closed. Once the target tissue is endoscopically located, the biopsy instrument is advanced and a tissue sample grasped. Frequently, the sample is too large to be retracted through the biopsy channel, so the entire endoscope/forceps/tissue combination is removed together to retrieve the biopsy sample.














Manual Biopsy: Bone3



These instruments consist of a trocar-tipped stylet and a strong cannula with a serrated end. The large T-shaped handle is held firmly in the palm while the instrument is advanced through the cortical bone in a drilling/rotational manner.














Automatic Biopsy: Soft Tissue4



Spring-loaded biopsy needles function similarly to the manual soft tissue biopsy needle previously described. A spring mechanism is loaded and the needle is placed into the target tissue. Activating the trigger deploys the notched stylet and then the cannula in the same process depicted in Fig. 6-1.














Automatic Biopsy: Bone5



This instrument is much like the manual Jamshidi needle but is powered by a battery-powered drill. It can be used to obtain bone marrow core or aspirate samples and has been associated with less pain and better sample histologic architecture.























Skin Biopsy


Skin biopsy is used in cases of undiagnosed skin disease, usually in cases of treatment failure or persistent clinical signs. Biopsy should be performed early in the disease process, preferably within 3 weeks, because the histopathologic findings are difficult to interpret in chronic cases. Punch biopsy or wedge biopsy (elliptical incision) usually is performed. Punch biopsy is preferred, except for sampling of vesicular, bullous, or ulcerative lesions, for which a wedge biopsy is more useful.








Equipment







• 6- or 8-mm cutaneous biopsy punch6 or a #15 scalpel blade for wedge biopsy


• 2% mepivacaine (Carbocaine) for local anesthesia, 25-gauge needle, and 3- to 10-mL syringe


• Rat-toothed forceps


• Metzenbaum scissors


• Needle holders


• Sterile gauze sponges


• 2-0 nonabsorbable suture


• 10% buffered formalin




















Procedure







• Select areas representative of disease. A biopsy should include the lesion, point of transition, and normal skin.


• Do not wash or scrub the intended sample site or remove lesion crusts. This may result in disruption of the tissue architecture or removal of informative sample portions.


• Local anesthetic is infiltrated in the subcutaneous tissue beneath the area to be sampled. Do not inject directly through the intended sample to minimize histologic artifacts. Mark the anesthetized area.


• Punch biopsy: Select the site and rotate the biopsy punch while applying firm pressure until the instrument cuts through the dermis. Because the biopsy specimen is adherent to subcutaneous fat, grasp it with a forceps and separate it from the fat with Metzenbaum scissors.


• Wedge biopsy: Use a scalpel blade to make an elliptical skin incision; sharply incise the subcutaneous fat with scissors to free the sample.


• Be careful not to create a tissue artifact.


• Place the sample on a tongue depressor, subcutaneous fat side down, and immerse the tongue depressor in formalin. The tongue depressor preserves sample architecture during transport. Michel medium is typically used for immunofluorescence tests and is not a good preservative for histopathologic testing.


• Close the wound with a simple interrupted or cruciate suture pattern. Deep or large wedge biopsies may require two-layer closure.

















Complications


Although infection is a rare complication, exercise extreme caution with biopsies performed near synovial structures or in contaminated areas. If dehiscence occurs, clean daily and allow healing by second intention. If a large wedge biopsy is in a high-motion area, restrict exercise for 1 week to decrease the risk of dehiscence.




















Biopsy of Mass, Nodule, and Cyst


Cutaneous masses, nodules, and cysts are sampled by means of aspiration or excisional biopsy. Fine-needle aspiration yields a cellular sample and is differentiated cytologically as infectious, allergic, parasitic, or neoplastic. Excisional biopsy describes complete removal of a mass for treatment versus incisional biopsy, which refers to removal of a piece of tissue representative of the lesion. In both cases, histopathologic examination is used to confirm a diagnosis.









Equipment



Fine-Needle Aspiration










• 20-gauge, 1- to 1½-inch (2.5- to 3.75-cm) needle and 20-mL syringe


• Microscope slides











Excisional Biopsy







• Material for aseptic preparation


• 2% mepivacaine (Carbocaine) for local anesthetic


• #10 or #15 blade and handle


• Rat-toothed forceps


• Metzenbaum scissors


• Needle holder and suture scissors


• Sterile 4 × 4-inch gauze sponges


• Container with 10% buffered formalin


• 1-0/2-0 nonabsorbable suture
























Procedure



Fine-Needle Aspiration










• Insert the needle with attached syringe into the center of the mass.


• Aspirate sample material into the needle and not into the syringe barrel.


• Redirect the needle several times without leaving the mass or contaminating the aspirate with normal tissue. If blood contaminates the sample, repeat the procedure with a new needle and syringe in a new location if possible. Release the negative pressure before withdrawing.


• Make a slide for cytologic examination by disconnecting the needle, filling the syringe with air, reattaching the needle, and expelling the needle contents onto a slide. Smear the aspirate for blood, or compress it between two slides and pull them apart. Allow the slides to air-dry.


• Aspirate a fluid-filled mass or cyst in a similar manner, sampling 1 to 2 mL of fluid to make a smear.


• Stain the slides with Wright or Diff-Quik stain. Send stained and unstained slides to a pathologist for interpretation.











Excisional Biopsy







• Aseptically prepare the area of the mass to be excised. Do not scrub if the surface is important for histologic interpretation.


• Inject a local anesthetic into the subcutaneous tissue or create a ring block.


• Make an elliptical incision around the mass and undermine the subcutaneous tissue with scissors.


• Place the tissue in formalin. If the mass is larger than 1 cm in diameter, section it longitudinally into 1-cm-wide samples.


• Close the subcutaneous and skin layers. Tension-relieving suture patterns such as a vertical mattress pattern or near-far-far-near suture pattern can be used if necessary.


• Restrict exercise to handwalking for 7 to 10 days.























Complications


See Skin Biopsy, Complications, p. 20.




















Lymph Node Aspiration


Fine-needle aspiration of enlarged or abnormal lymph nodes is adequate for cytologic examination and can be helpful in differentiating infectious and neoplastic causes of lymphadenopathy. Complications are unusual.








Equipment







• 22-gauge, 1½-inch (3.75-cm) needle


• 10-mL syringe


• Microscope slides

















Procedure







• Stabilize the lymph node with one hand, and insert the needle with attached syringe into the center of the lymph node.


• Please see technique description for Fine-Needle Aspiration (see p. 20).


• Allow the slides to air-dry. Stain slides with Diff-Quik. Send stained and unstained slides to a pathologist experienced in reading equine cytologic samples because the cytologic diagnosis of lymphosarcoma is difficult in the horse.























Renal Biopsy


Biopsy of the kidney is unusual because renal disease is well characterized with serum biochemical and renal function tests. Indications include renal masses and undiagnosed causes of renal failure. Percutaneous renal biopsy entails some risk and is performed only when the information is likely to affect treatment or outcome. Because perirenal hemorrhage is the primary complication associated with this procedure, prior clotting profile evaluation is recommended; clotting problems associated with renal failure in horses are uncommon. The right kidney is easily viewed with ultrasound, and biopsy should be performed with sonographic guidance to obtain an accurate sample and reduce the risk of complications. Biopsy of the left kidney is also performed under sonographic guidance.








Equipment







• Sedative (xylazine hydrochloride and butorphanol tartrate)


• 14-gauge, 6-inch (15-cm) soft tissue biopsy needle; manual or automatic


• #15 scalpel blade


• Clippers


• Material for aseptic preparation


• Sterile gloves


• 2% mepivacaine (Carbocaine) or other suitable local anesthetic, 25-gauge needle, and 3-mL syringe


• Sterile sleeve and sterile lubricant for ultrasound-guided biopsy of the right kidney


• 10% buffered formalin

















Procedure







• Sedate patient to minimize motion during the procedure.











Right Kidney Ultrasound-Guided Biopsy







• The right kidney is located between the 15th and 17th intercostal spaces ventral to the lumbar processes.


• Clip the hair over the area, and perform an aseptic scrub.


• Place the ultrasound transducer in a sterile sleeve, and identify a site to sample away from the renal vessels. Alternatively, the biopsy location is determined by ultrasound examination followed by a “nonguided” Tru-Cut biopsy.


• Inject a local anesthetic subcutaneously at the biopsy site; repeat the sterile scrub.


• With sterile, gloved hands, make a stab incision and advance the biopsy needle through the stab incision to the kidney. The needle is directed obliquely in an attempt to sample cortical tissue only and avoid the renal medulla, renal pelvis, and hilar and renal vessels.


• If needed, a second assistant can perform sonographic guidance during the procedure. The needle appears as a hyperechoic line on the ultrasound screen and may be directed obliquely to avoid the renal vessels, pelvis, and medulla. Note: Be familiar with operation of the selected biopsy unit.


• Place the biopsy specimen in 10% formalin.

















Left Kidney Biopsy







• The left kidney is more loosely attached to the abdominal wall and may require stabilization per rectum during the biopsy procedure. The kidney must remain motionless during needle placement. Successful biopsy of the left kidney requires sonographic guidance.


• Skin preparation and biopsy techniques are identical to those of ultrasound-guided biopsy of the right kidney.























Complications


Infection and peritonitis occur if sterile technique is not maintained or if the rectum is perforated. If rectal tissue or feed material is found, begin systemic antimicrobial therapy. Do not perform a biopsy on a suspected renal abscess because of the risk of infection.


Bleeding is a potential complication if the needle penetrates the renal artery or vein or one of the accessory arteries entering the caudal pole of the kidney. Central venous pressure and lactate levels should be monitored in patients with acute, significant blood loss. Packed cell volume and total protein should be monitored for several days on a renal biopsy patient. A clotting profile should be considered before the renal biopsy.


Hematuria is not uncommon and generally resolves spontaneously in 12 to 24 hours.




















Liver Biopsy


Percutaneous biopsy of the liver is a simple procedure indicated in the treatment of patients with undiagnosed liver disease. Histopathologic findings often can define the liver disease as infectious, toxic, or obstructive/congestive.


Note: Sonographic guidance should be used to ensure that the biopsy specimen is obtained from an affected section of liver.








Equipment







• Sedative (xylazine hydrochloride and butorphanol tartrate)


• 14-gauge, 6-inch (15-cm) soft-tissue biopsy needle; manual or automatic


• #15 scalpel blade


• Clippers


• Sterile scrub


• 2% local anesthetic, 25-gauge needle, and 3-mL syringe


• Sterile gloves


• 10% buffered formalin

















Procedure







• Perform clotting times (prothrombin time [PT] and partial thromboplastin time [PTT]) and platelet count before biopsy of the liver. PT and PTT are often abnormal in horses with liver failure; however, if the platelet count is normal and the biopsy is important for treatment planning, proceed with the biopsy.


• Using ultrasound guidance, locate a portion of the liver between the 6th and 15th intercostal spaces of the right lower to upper abdomen, respectively. Clip the hair and select an affected area of liver for biopsy.


• A liver biopsy can be performed “blindly” (without ultrasound) from the right 14th intercostal space in a line drawn from the point of the shoulder to the tuber coxae. Occasionally the liver cannot be seen on the right, and it is necessary to perform a biopsy of the liver, under ultrasound guidance, on the left at the level of the elbow, just caudal to the diaphragm.


• Sedate the patient for the procedure.


• Aseptically prepare the selected site.


• Inject a local anesthetic subcutaneously; perform a second aseptic preparation.


• With sterile, gloved hands, make a stab incision, insert the biopsy needle into the incision, and advance it in a cranial and ventral direction.





Practice Tip: Know the correct operation of the biopsy needle before using it.




• Place the biopsy specimen in 10% formalin and another sample in an aerobic/anaerobic transport tube if a bacterial culture is indicated.

















Complications


Although rare, excessive bleeding can occur, especially with existing coagulopathy secondary to liver disease. A coagulation profile is usually performed before liver biopsy. Monitor all patients for signs of bleeding for 48 hours after the procedure. If the platelet count is normal, bleeding is uncommon even in the face of a prolonged PT and PTT.


Infection (cellulitis, peritonitis) is unlikely if sterile technique is maintained. Do not perform a biopsy on liver abscesses. Accidental biopsy of the colon mandates systemic antibiotic therapy. If the liver is small on the right side of the horse, it may be necessary to approach the liver via the caudal thorax. Pneumothorax is a possible complication with this approach because of the track of the biopsy instrument through the diaphragm to the liver.




















Lung Biopsy


Percutaneous biopsy of the lung is used in the evaluation of patients with diffuse lung disease or nonbacterial causes of focal pulmonary disease, if radiography, ultrasonography, and bronchoalveolar lavage do not provide a diagnosis.


Although deaths have been reported to occur, generally speaking, lung biopsy is safe and easy to perform.


Biopsy may be performed in a percutaneous, thoracoscopic, or an open manner. Manual or automated biopsy needles (previously described) are most commonly used for percutaneous biopsy. Endoscopic staplers,7 bipolar cautery devices,8 and ligating loops9 have been used for thoracoscopic and open biopsy procedures. Open biopsy is usually performed only during procedures in which the thorax is already open. Percutaneous biopsy is most commonly performed and is described in the following.








Equipment







• Sedative (xylazine hydrochloride)


• Material for aseptic preparation


• Clippers


• Sterile gloves


• 2% local anesthetic, 22-gauge, 1½-inch (3.75-cm) needle, and 3-mL syringe


• #15 scalpel blade


• 14-gauge, 15-cm Tru-Cut biopsy needle


• 2-0 nonabsorbable suture on a straight or curved needle


• 10% buffered formalin

















Procedure







• Sedation is determined by the temperament of the patient.


• The most common site for biopsy, when lung disease is diffuse, is the right seventh or eighth intercostal space. Place the needle approximately 8 cm above the level of the olecranon and at the cranial aspect of the rib to avoid the intercostal vessels.


• Clip the hair, and perform a gross scrub.


• Infiltrate a local anesthetic into the subcutaneous tissues and parietal pleura.


• Perform a final aseptic scrub at the site of needle puncture.


• With sterile, gloved hands, make a stab incision through the skin.


• Advance the biopsy needle through the skin, muscle layer, and parietal pleura in a cranial and medial direction and continue during end inspiration for an additional 2 cm into lung parenchyma.





Note: You must be familiar with the operation of the biopsy unit so that the biopsy can be performed quickly and successfully for sample collection.




• Place the tissue in 10% formalin.


• Close the skin incision using a simple cruciate pattern.

















Complications


A small volume of air may leak into the thorax before the skin is closed and should not cause a problem. Hemoptysis may occur and is rarely a problem. Fatal tension pneumothorax rarely occurs after lung biopsy (see Chapter 25, p. 470, and Chapter 46, p. 729).




















Bone Marrow Biopsy


Bone marrow biopsy or aspirate is a useful procedure to determine causes for changes in peripheral blood cell count or cell morphology. The finding of possible neoplastic or abnormal cells in the circulating blood is an indication for bone marrow biopsy. This procedure is used to differentiate primary hematopoietic disease (lymphosarcoma, multiple myeloma, myeloproliferative disease), compensatory marrow changes (iron deficiency anemia, anemia of chronic disease), and red cell hypoplasia due to administration of erythropoietin. Bone marrow is analyzed by means of aspiration or core biopsy. A sample for complete blood cell count drawn at the time of biopsy should be submitted with the biopsy sample.








Equipment







• Sedative (xylazine hydrochloride and butorphanol tartrate)


• Material for aseptic preparation


• Clippers


• Sterile gloves


• 2% local anesthetic, 25-gauge needle, and 3-mL syringe


• #15 scalpel blade


• For aspiration: 15-gauge, 2-inch (5-cm) bone marrow needle (Jamshidi3)


• For core biopsy: 11-gauge, 4-inch (10-cm) bone marrow needle


• 12-mL Luer-Lok syringe with anticoagulant (10% disodium EDTA), Petri dish, and microscope slides if aspiration is performed (more commonly used of the two procedures)


• 10% buffered formalin if a biopsy specimen is submitted

















Procedure







• The fourth, fifth, or sixth sternebrae are the most common sites; the marrow cavity lies just below the periosteum. The tuber coxae can be used for biopsy in individuals less than 4 years of age. The tibial crest can serve as yet another site.


• Practice Tip: When obtaining samples from sternebrae, it is very important not to breach the far cortex because the apex of the heart lies directly above the biopsy site.


• Sedation is recommended.


• Infiltrate a local anesthetic into the subcutaneous tissues and periosteum.


• Clip the hair, and perform aseptic preparation.


• With sterile, gloved hands, make a small stab incision.











Bone Marrow Aspiration







• Insert the needle and stylet through the skin and advance it to the periosteum. A rotational motion is needed to advance the needle through the cortex and into the marrow cavity. Once in the marrow cavity, the needle is firmly seated.


• Remove the stylet and attach the syringe. Aspirate the bone marrow with negative pressure on the plunger; aspirations should be short and gentle. Excessive negative pressure results in blood contamination of the sample.


• Place the sample in a Petri dish. Remove the marrow spicules and place them on a microscope slide. Prepare a squash smear by positioning one slide on top of the other and gently pulling them apart. Send both stained (Diff-Quik) and unstained slides to the laboratory.


• The concentration of acid-citrate-dextrose (ACD) solution used to collect bone marrow for stem cell culture ranges from 7% to 20%.


• Practice Tip: Use 5 mL ACD solution in a 35-mL syringe, 14% concentration.


• Other variables involved in the collection of bone marrow weigh far more heavily on outcome than does the ACD concentration. Many use heparin as the alternative; however, ACD solution is preferred because it preserves the platelets better than heparin.


• Note: Always check with the laboratory that is going to process the stem cells for their specific recommendations.

















Bone Marrow Biopsy







• Insert the biopsy needle through the skin and advance it to the cortex.


• Remove the stylet. Continue to advance the cannula for another 2 cm using a forceful rotational movement.


• A rotational thrust of the needle should detach the specimen; withdraw the needle.


• The stylet is used to push the biopsy specimen out of the needle and into a formalin container.























Complications


Hemorrhage can occur and rarely is clinically significant unless the patient has thrombocytopenia or another clotting deficiency. Osteomyelitis is rare.




















Muscle Biopsy


Histopathologic examination of muscle samples is useful whenever disease of muscle fibers, neuromuscular junctions, or peripheral nerves is suspected. This is a minor surgical procedure performed on a standing horse. Samples of diseased and normal muscle should be collected. If polysaccharide storage myopathy (PSSM) is suspected, biopsy of the semimembranosus muscle is preferred. For motor neuron disease, the biopsy is performed on the muscle at the tail head (sacrocaudalis dorsalis medialis).


Practice Tip: Formalin may not be the preservative of choice, depending on the specific analysis. Place a 1-inch biopsy sample between saline dampened 4×4s and ship overnight in a hard container in ice packs is preferred method for diagnosing PSSM by the University of Minnesota laboratory. A moist gauze sponge with excess saline removed and the sample not “floating” or frozen is recommended. Contact the pathology laboratory before performing a muscle biopsy for specific preservative recommendations.








Equipment







• Material for aseptic scrub


• Clippers


• Sterile gloves


• 2% local anesthetic, 25-gauge needle, and 5-mL syringe


• #10 scalpel blade and handle


• Metzenbaum scissors


• Tongue depressor


• 0 or 2-0 absorbable and nonabsorbable suture


• Appropriate fixative or saline

















Procedure







• Sedation is determined by the temperament and state of debilitation of the patient.


• The sample should be approximately 5 mm wide, 20 mm long, and 5 mm thick and should be parallel to the direction of the diseased muscle fibers.


• Clip the hair, and perform a gross scrub at the biopsy site.


• Infiltrate a local anesthetic into the subcutaneous tissues. Do not inject anesthetic into the muscle; this affects the histopathologic findings.


• Perform an aseptic scrub.


• With sterile, gloved hands, incise the skin over the muscle belly. Use blunt dissection to separate the skin from the muscle belly. Remove a muscle sample using sharp dissection.


• Secure the sample to a tongue depressor or muscle biopsy clamp10 with stay sutures to prevent sample shrinkage. The sample should be minimally handled to prevent crush artifacts.


• Close the incision in two layers to minimize dead space.


• If a biopsy of atrophied gluteal or back muscle is needed, a Tru-Cut biopsy or similar instrument is used for sampling.

















Complications


Infection is uncommon, but dehiscence of semimembranosus muscle can occur.




















Endometrial Biopsy


Endometrial biopsy is a useful procedure to evaluate infertility.


Important: Rule out pregnancy before biopsy to avoid iatrogenic abortion. The procedure is best performed during estrus.








Equipment







• Sedative (xylazine hydrochloride and butorphanol tartrate)


• Scrub material


• Sterile sleeve (shoulder length)


• Sterile lubricant11


• 70-cm alligator punch12 (sterile)


• Bouin fixative




















Procedure







• Sedation is recommended. Ideally the mare is restrained with a twitch, in stocks.


• Tie the mare's tail to the side.


• Scrub the perineum with a dilute antiseptic solution (povidone-iodine or chlorhexidine) and rinse with water.


• With a sterile, gloved arm, digitally dilate the cervix, and gently guide the biopsy instrument through the cervix.


• Advance the biopsy instrument into the uterus and with the gloved arm in the rectum, confirm instrument placement.


• Via rectal palpation, depress a portion of the uterine mucosa between the jaws of the tissue and close the instrument to obtain the sample. Take endometrium only; full-thickness biopsy is contraindicated.


• Place the sample in the appropriate fixative and process within 24 hours.

















Complications


Abortion can occur if the mare is pregnant at the time of biopsy. Perform a complete reproductive examination before biopsy. The cervix should be closed if the mare is pregnant.


Endometritis can occur if bacterial pathogens are introduced into the uterus.
























*We recognize and appreciate the contribution of Barbara Dallap Schaer, in the third edition, on which this chapter is based.


1Tru-Cut biopsy needle (Cardinal Health, McGaw Park, Illinois).


2EndoJaw biopsy forceps (Olympus, Inc., Center Valley, Pennsylvania).


3Jamshidi disposable bone marrow biopsy/aspiration needle (Baxter Healthcare Corporation, Deerfield, Illinois).


4TZ Spring-loaded biopsy needle (Gallini Medical Devices, Grand Rapids, Michigan).


5OnControl Bone Marrow Biopsy System (Vidacare Corporation, San Antonio, Texas).


6Baker's biopsy punch (Baker Cummins Dermatologicals, Inc., Miami, Florida).


7Endo GIA (Covidien-AutoSuture, Boulder, Colorado).


8LigaSure Vessel Sealing System (Covidien, Boulder, Colorado).


9SURGITIE (Tyco Healthcare, Pointe Claire, Quebec, Canada).


10Rayport muscle biopsy clamp (Allegiance Health Care, Edison, New Jersey).


11Priority Care Sterile Lubricating Jelly (First Priority, Inc., Elgin, Illinois).


12Jackson uterine biopsy forceps (Jorgensen Laboratories, Inc., Loveland, Colorado).













Chapter 7


Hyperbaric Oxygen Therapy


Fairfield T. Bain







Although hyperbaric oxygen therapy (HBOT) is not new to the human medical field, it has only recently become available as a treatment option for equine patients. In human medicine, HBOT is most widely known for the treatment of decompression sickness (aka “the bends”) for divers and more recently for a variety of medical conditions. Hyperbaric oxygen therapy is an FDA-approved medical therapy for certain conditions in human medicine.


Indications for HBOT for humans from the Undersea and Hyperbaric Medical Society are:




• Air or gas embolism


• Carbon monoxide poisoning


• Clostridial myositis and myonecrosis (gas gangrene)


• Crush injury, compartment syndrome, and other traumatic ischemia


• Decompression sickness


• Arterial insufficiencies:




• Central retinal artery occlusion


• Enhancement of healing in selected problem wounds





• Severe anemia


• Intracranial abscess


• Necrotizing soft tissue infections


• Osteomyelitis (refractory)


• Delayed radiation injury (soft tissue and bony necrosis)


• Compromised grafts and flaps


• Acute thermal burn injury





Equine patients have many conditions similar to those indications listed for human HBOT. This technology may be applicable to several emergency conditions or trauma, especially wounds associated with:




• Poorly vascular traumatized tissue and flaps


• Burn injury


• Soft tissue infections (e.g., tendon sheath infections)


• Clostridial myositis


• Bone infections (osteomyelitis)


• As in human medicine, HBOT is often used as an adjunctive treatment along with other medical therapies, such as anti-inflammatory medications and antimicrobial agents.


• There is increasing clinical experience with HBOT for the equine patient with certain traumatic injuries, infections, or potentially necrotizing processes.


• The rational application of hyperbaric oxygen as an adjunct to current medical management should be considered for certain emergent conditions in the equine patient.











Physiology of Hyperbaric Oxygen Therapy







• Practice Tip: HBOT works using the principles of gas under pressure.


• It is a mode of therapy in which the patient breathes 100% oxygen at pressures greater than normal atmospheric pressure.


• In the hyperbaric chamber, the horse is exposed to almost 100% oxygen under increasing pressure.


• Some principles of physics of gases are useful to understanding the effects of hyperbaric oxygen.




• At sea level, breathing air, we are exposed to a pressure of 14.7 pounds per square inch (psi) or 760 millimeters of mercury (mm Hg).


• Air is comprised of 79% nitrogen and 21% oxygen, containing a partial pressure of approximately 160 mm Hg of oxygen (21% × 760 mm Hg).


• In hyperbaric medicine, a common unit of pressure used is Atmospheres Absolute (ATA); sea level = 1 ATA (“normal atmospheric pressure”).


• In diving, each 33 feet (or 10 meters) of seawater, the pressure increases 1 ATA.


• Therefore, at 33 feet of seawater (fsw), the absolute pressure is 2 ATA.


• At 66 feet of seawater, the absolute pressure is 3 ATA. The comparisons to depths in seawater are important because they are the relative pressures that a patient is exposed to for clinical hyperbaric oxygen treatments.


• The critical feature of oxygen under pressure is that the partial pressure of inspired oxygen (FiO2) increases exponentially.


• Using 100% oxygen at 2 ATA, the horse is breathing in 2 atmospheres of 100% oxygen—or 760 mm Hg × 2 = 1520 mm Hg.


• At 3 ATA, the horse is breathing in 3 atmospheres worth of 100% oxygen or 760 mm Hg × 3 = 2280 mm Hg equaling 14 times the amount one would breathe in room air at sea level.


• Most clinical applications for the equine patient involve treatment between 2.0 to 2.5 ATA resulting in dramatic increases in the partial pressure of oxygen (PaO2) within arterial blood. Treatment protocols for the equine patient are based on experience with human patients and animal models. Practice Tip: The goal is to use the lowest pressure possible to accomplish the clinical end point, such as tissue salvage or resolution of infection.





• In normal physiology, most of the arterial oxygen content (CaO2) is comprised of oxyhemoglobin.


• During HBOT, there is a progressive increase in the concentration of oxygen dissolved in plasma.


• It is the dissolved oxygen that results in the physiological effects of hyperbaric oxygen.


• Important: With medical applications of HBOT, 3 ATA is the maximum pressure used for patient treatment (because of the increased risk of oxygen seizures at higher concentrations of oxygen), with most treatments being between 2.0 to 2.5 ATA.


• The mechanisms of action of HBOT are mediated by the increased concentration of dissolved oxygen in the plasma.


• These can include:




• Improved oxygenation of hypoxic tissues within complicated or hypoxic wounds


• Vasoconstriction resulting in decrease in edema


• Improved antimicrobial activity and increased bacterial killing by neutrophils


• Modulation of neutrophil adhesion to endothelial cells in ischemia-reperfusion injury





• The ability to save hypoxic tissue within complicated wounds may reduce time for repair and return to function.


• Although there are no controlled clinical trials in the horse, there appears to be an application for hyperbaric oxygen to treat tissue in such wounds in the equine trauma patient.








[image: image] What to Do





HBOT for the Equine Patient





Clostridial Myositis







• Horses with rapidly progressing clostridial myositis represent a unique challenge, with current clinical management aimed at reducing the amount of tissue lost by necrosis from vascular injury.


• Often, the overlying skin is already necrotic by the time of detection and examination by a veterinarian.


• There is evidence that HBOT may impair clostridial toxin function and help salvage skin and muscle within the affected regions.


• Early treatment with hyperbaric oxygen has been performed in an effort to save as much tissue as possible.











Burn Injury







• Burn injuries occur less frequently in the horse; the challenge is with severe skin injury, when necrosis, pain, and the additional insult of smoke inhalation injury are part of the clinical findings. HBOT is in common use for treatment of human burn patients for both clinical conditions.


• Mechanisms shown to benefit the burn patient include:




• Improvement of oxygenation in hypoxic patients


• Injured skin




• Reduction of edema


• Improved microcirculation


• Reduced inflammatory responses


• Faster epithelialization


• Improved wound healing








• Practice Tip: HBOT is considered a primary treatment for smoke inhalation injury.











Soft Tissue Infections







• Soft tissue infections, especially of the lower limb, can be difficult to manage with routine therapy including antimicrobial agents, anti-inflammatory medications, and surgical drainage or lavage.


• The addition of HBOT may be useful in bacterial killing by leukocytes and improving antimicrobial function in inflamed, hypoxic tissue.


• A similar effect can be expected in cases of bone infections in which necrotic bone may be preventing adequate penetration and function of antimicrobial agents.











Ischemia-Reperfusion Injury







• There is research and clinical experience in animals and humans supporting a benefit of hyperbaric oxygen in ischemia-reperfusion injury.


• In the equine patient, gastrointestinal and smoke inhalation injury involve similar mechanisms of neutrophil adhesion to capillary endothelial cells.


• HBOT is used in some equine hospitals postoperatively for patients with strangulating intestinal lesions to decrease injury associated with ischemia-reperfusion. Practice Tip: Large colon torsion represents the most common example of ischemia-reperfusion injury in the equine patient.


• Ultrasound monitoring of colon thickness and serum protein concentrations as a marker of intestinal mucosal protein loss are useful as objective measures of colon wall health and viability. Both can be used to assess and monitor the clinical response when using HBOT in the postoperative period for these patients.











Neurologic Injury







• New information supports the potential benefits of HBOT for traumatic brain injury and possibly spinal injury.


• There is also evidence suggesting HBOT may be useful in repair of peripheral nerve injury by increasing growth factors and other mechanisms of stimulating axonal budding.


• Practice Tip: Peripheral nerve injury in the horse, brachial plexus or radial nerve injury, are examples of injuries that could benefit from hyperbaric oxygen in the early post-trauma period—the first 24 to 48 hours.











Complicated Wounds and Skin Flaps







• While not every wound needs hyperbaric oxygen treatment, some large wounds with hypoxic injury to the skin, underlying tissues, and large skin flaps may benefit from HBOT.


• The goal is to minimize tissue necrosis and loss from hypoxia in order to reduce the time for wound healing.
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HBOT Contraindications







• The most common clinical condition for which there may be a contraindication in the horse is when the potential for pneumothorax exists.


• This might include thoracic trauma in the adult and birth trauma in the neonate where rib fracture with secondary pulmonary injury and pneumothorax can occur.


• At-risk equine patients should be examined for the presence of pneumothorax before being treated with hyperbaric oxygen.


• Changes in atmospheric pressure can result in pain and injury to the tympanic membrane in human patients. The pain from pressure changes appears unusual in the horse, possibly because of the ability to accommodate for pressure changes by the guttural pouch.


• Practice Tip: Horses with sinus or guttural pouch disorders should be monitored closely during HBOT for signs of increasing discomfort or irritability that may indicate gas trapping and pain associated with pressure changes.































Chapter 8


Complementary Therapies in Emergencies


Acupuncture


Stephen G. Dill







Acupuncture can serve as an adjunctive modality for equine emergencies. This chapter addresses when acupuncture may prove valuable for specific emergency conditions and provides basic guidelines for what to do with acupuncture. Although a discussion of specific acupuncture diagnostic and therapeutic techniques is beyond the scope of this chapter, veterinarians seeking training in acupuncture can find approved programs listed later in the chapter.








Background Information on Acupuncture


Acupuncture is reported to have local and systemic physiologic effects, making it useful in the treatment of emergencies. Acupuncture helps the body achieve “homeostasis and balance.” If a biologic system is functioning in an abnormal way—hyperactively or hypoactively—acupuncture restores normal balance. For example, if there is a hyperimmune response (e.g., allergies or autoimmune disease), acupuncture modulates the hyperactive immune system. Conversely, if the immune system is hypoactive, as occurs in stress or an immunodeficient state, acupuncture may be useful in improving immune function.


Many studies have been reported on how acupuncture works. The effects of acupuncture occur primarily through the nervous system, with endorphins, enkephalins, serotonin, and other neurotransmitters playing important functions.


Blood flow is vital to health and healing; acupuncture can regulate blood flow to tissues and therefore is useful as part of the treatment plan for many conditions, including laminitis, thromboembolic colic, intermittent claudication, and cerebrovascular accidents (CVAs), for example. Early in the treatment of CVAs in people, neurologists recommend caution in performing acupuncture for this condition because of the risk of increasing blood flow to the region of bleeding and aggravating the clinical condition.


In addition to affecting blood flow, acupuncture is also reported to affect gastrointestinal (GI) motility and provide analgesia. As such, it is particularly useful in postoperative ileus. It is also indicated in many types of colic because of its ability to normalize both hypo- and hyperactive GI motility. A theoretical concern with the use of acupuncture in colic is that it reduces the horse's response to pain; therefore, an accurate assessment of pain is less reliable as a clinical marker in differentiating a medical from a surgical patient. Generally, in surgical cases of colic, the period of analgesia with acupuncture is relatively short in duration.


Acupuncture has several other effects on a biological system, making it a useful adjunct for the treatment of emergency conditions affecting the motility of the bile duct, bladder, and uterus. It not only acts as an antiemetic and thermoregulator but also affects endocrine imbalances and hormone levels, general cardiovascular status, cardiac rhythm, spinal cord function after trauma, airway constriction, apnea, and other functions. Emergency conditions that may benefit from acupuncture treatment are listed in Box 8-1.





Box 8-1   Emergency Conditions That May Benefit from Treatment with Properly Performed Acupuncture





Disease/Condition







Colic—a wide variety of etiologies


Anterior enteritis


Colitis/diarrhea


Rectal prolapse


Choke/megaesophagus


Cholelithiasis


Liver disease


Shock


Hemorrhage, generalized or localized


Septicemia


Laminitis


Congestive heart failure


Cardiac arrhythmias


Syncope


Cardiopulmonary resuscitation


Respiratory arrest


Burns


Heat stroke


Pyrexia


Allergies/anaphylaxis


Immune-mediated diseases


COPD/RAO


Pneumonia


Renal disease


Urolithiasis


Bladder paralysis


Seizures


Cerebrospinal trauma/inflammation


Peripheral nerve trauma


Musculoskeletal trauma/injury


Tendon/ligament trauma/sprain/bowed tendon


Neck/thoracolumbar pain


Gait abnormalities


Exertional rhabdomyolysis


Uveitis, keratitis, corneal ulcers


Prevention of abortion


Retained placenta


Metritis


Uterine prolapse


As an aid in fetal malposition


Insufficient lactation


Mastitis





COPD, Chronic obstructive pulmonary disease; RAO, recurrent airway obstruction.








Clinical response may occur within minutes to hours following acupuncture treatment. Treatment intervals for emergencies may vary from twice a day to every few days, depending on the specific circumstances.
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Acupuncture for Emergency Cases







• Know the specific clinical problems where acupuncture can be a valuable adjunct in care.


• Identify a certified veterinary acupuncture specialist to call for consultation.


• Take a veterinary acupuncture training course to become familiar with the technique and indications for its use.


• Treat early—the likelihood of a favorable outcome increases with early treatment.


• Repeat treatments are often indicated for best results.


• Treatment intervals vary depending on specific circumstances.


• Acupuncture is considered a safe method of treatment; understand the limitations and precautions when using acupuncture in clinical practice.
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Acupuncture







• Acupuncture needles should not be inserted through a contaminated or infected area.


• Acupuncture may be used to treat pregnant mares and even to prevent abortion; however, certain acupuncture points and techniques should be avoided because they can cause an abortion.























Other Features of Clinical Acupuncture


Approximately 1 in 10 equine patients treated for a variety of gait abnormalities is “stiff gaited” for 1 to several days after treatment. The stiffness is minor in severity and of no clinical consequence; it is best to alert owners of this adverse side effect to avoid unnecessary concern. This uncommon side effect is less likely to occur in treating equine emergencies.


Acupuncture treatment can provide pain relief in the terminally ill equine patient. Although these patients often appear more alert and comfortable and have more energy for a short period of time after treatment, they may die shortly after this phase of apparent improvement. The clinical response often benefits the equine patient and owner; however, owners should be advised of the likely course of events so that they are not surprised by the sudden deterioration after an apparent clinical improvement.


The extremely weak patient can be treated with acupuncture, but it is recommended to use a minimal number of needles with mild needle stimulation during the treatment.


Acupuncture is effective in and of itself, but in some instances, results are improved using Chinese herbs. Yunnan Paiyao,1 also spelled Baiyao, has been used for many years in China with reportedly good results in treating abnormal bleeding. A suggested dose for a 500-kg horse is 15 mg/kg PO q12h. Other Chinese herbal combinations useful for bleeding that may be more tailored to the individual condition of the patient also are available.

















Developing an Expertise in Clinical Acupuncture


Veterinarians not trained in the use of acupuncture but who want to use acupuncture in clinical practice should seek advanced training or refer cases to a certified veterinary acupuncturist. Training programs in veterinary acupuncture are found on the following websites: www.ivas.org, www.tcvm.com, and www.colovma.org.


Contact information for several organizations follows:




International Veterinary Acupuncture Society


www.ivas.org


1730 South College Ave.


Suite 301


Fort Collins, CO 80525


Chi Institute


www.tcvm.com


9700 West Hwy 318


Reddick, FL 32686


CVMA Medical Acupuncture for Veterinarians


www.colovma.org


191 Yuma St


Denver, CO 80223





These groups list contact information for certified veterinarians on their websites for ease of referral. Unless you have firsthand experience with a referring veterinarian for acupuncture treatment, it is best to refer a clinical case to a certified veterinarian. Certification assures you and your client that the clinician has a specified level of knowledge about veterinary acupuncture. One other group providing contact information for certified veterinarians in acupuncture as well as continuing education (but no certification course) includes:




American Academy of Veterinary Acupuncture


www.aava.org


PO Box 1058


Glastonbury, CT 06033





This chapter provides basic information to guide veterinarians in the treatment of equine emergencies using acupuncture as an adjunct modality. The training opportunities coupled with the bibliographic references (reference list is available on the companion website) can assist the veterinarian in better caring and advising horse owners on the benefits of acupuncture.


















1Yunnan Paiyao (Baiyao), Kan Herbs, www.Kanherb.com, 831-438-9450.
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Chapter 9


Laboratory Diagnosis of Bacterial, Fungal, Viral, and Parasitic Pathogens


Joan Norton












• It is frequently difficult to differentiate bacterial, viral, parasitic, or fungal diseases based on clinical signs alone.


• To appropriately treat an infectious disease, the causative agent must be identified.


• Practice Tip: Proper sample collection, transport containers, shipping conditions, and transport media are critical to the laboratory confirmation of an infectious agent. Most samples can be shipped chilled using an ice pack. Do not use ice packs for anaerobic samples.


• Interpreting laboratory results must take into account:




• Signalment and case information


• History


• Clinical signs


• Other laboratory data





• Knowledge of potential agents is important when requesting testing and interpreting the results.
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Bacterial Samples and Testing







• Selection of collection swabs, transport media, transport container, shipping and handling, and temperature requirements depends on the suspected pathogen—aerobic versus anaerobic.


• Collect sample using aseptic technique before debridement or exploration of the affected site.


• If possible, discontinue antimicrobial therapy for a minimum of 24 hours before sample collection.


• For an unopened abscess, the capsule should be aseptically prepared before aspiration or incision for collection of fluid or abscess samples from the deepest part of the area of interest. Liquids should be placed in a sterile container and culture swabs in bacterial transport media.


• Samples also may be collected via aspiration with a sterile needle and syringe. Transfer the sample to an appropriate transport media or container for testing.


• Immediately place the sample in the appropriate transport medium, keeping in mind that anaerobic samples are sensitive to room air.


• Practice Tip: Anaerobic samples must be placed in anaerobic transport media and not chilled. Grossly purulent material (i.e., Strangles) can sometimes be culture negative even with proper technique used in sampling and handling. Swabbing the depths of the abscess can improve culture results.


• Samples for blood culture are placed in blood culture bottles. Anaerobic and aerobic blood culture bottles should be inoculated as per manufacturer's instructions. Hair overlying the vein is clipped and the skin aseptically prepared and allowed to dry before venipuncture. Change needles, and wipe bottle tops with alcohol, and allow to air-dry before injecting the sample into the blood culture bottle.


• Practice Tip: Do not chill blood culture samples.


• Urine samples degrade rapidly and should be refrigerated quickly and transported to the laboratory within 48 hours. Colony counts should be requested.


• Fecal samples, for aerobic bacterial culture, are placed in a clean container. Because a large number of organisms are normally present, request only the pathogens you suspect.


• Practice Tip: Fecal cultures for anaerobic organisms (e.g., Clostridia sp.) are placed in anaerobic transport media. Toxins for C. difficile and C. perfringens are thermal labile. Fecal samples for toxin testing are stored in a plastic (not Styrofoam) container at 2° C to 8° C immediately after collection and processed within 48 hours. Longer storage is possible at −20° C.


• Fecal swabs are not appropriate for toxin testing.


• Samples should arrive at the testing laboratory within 24 hours of collection.


• Uterine cultures are performed using a guarded sterile swab:




• Prepare the perineum using an antiseptic wash.


• A sterile, lubricated, gloved hand is inserted into the vagina; gently dilate the cervix with one finger.


• Guide the swab through the cervix before pushing the tip out of the protective covering. Important: Be sure to retract the swab into the sleeve before removing it from the uterus and vagina.


• The end of the swab is broken off and placed in an appropriate culture transport system.





• Solid tissue samples for culture are transported in a leak proof container and are kept moist with a small amount of sterile saline and refrigerated. Do not submerge the sample in saline. Necropsy samples should be taken within 4 hours of death and placed in individually labeled containers with the specimens clearly identified.


• Bacterial morphology characteristics and Gram stain of samples can be performed if an air-dried glass slide sample is submitted. Smears of the samples should be air dried and heat fixed for Gram stain and microscopic examination. These slides are shipped so that they remain dry during transport! Do not place in a container with ice packs!


• Cytology samples are prepared and examined in house or referred.


• Thin smears should be prepared, dried, and stained with a Diff-Quik type stain and Gram stain to assist in determining the infectious agent.
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Bacterial Samples and Testing







• Do not send syringes and/or needles containing samples to the laboratory for testing.


• Anaerobic samples do not survive at room air for more than 20 minutes.


• Repeated freezing and thawing of samples is to be avoided.


• Do not submit fecal swabs for toxin testing!


• Do not submerge tissue samples in saline solution submitted for bacterial culture.


• Do not chill blood culture bottles for shipping.


• Do not open tops of blood culture bottles.


• Do not allow air-dried microscope slide samples to become wet.
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Fungal Samples and Testing







• Testing for fungal infections is rarely an emergency unless mycosis is suspected in cases of progressive ocular, intestinal, skin, vascular, or pulmonary disease.


• Most fungal samples are cultured using the same transport media for bacteria culture.


• For skin samples, hair is plucked and deeper skin scrapings prepared with a #10 scalpel blade.


• Placing mineral oil on the skin before scraping prevents loss of the sample.


• The samples are placed in a sterile vial for transport.


• Hair removed for fungal culture should be placed in a dry container and shipped at room temperature to prevent overgrowth of bacterial and fungal contaminants.


• Practice Tip: Fungal cultures typically take much longer than bacterial cultures and therefore results can be delayed up to 2 to 3 weeks. Contact the laboratory for fungal sensitivity testing.


• Fungal spores, hyphae, or filamentous cells may be identified on Gram stain prepared as previously described for microscopic slide evaluation for bacteria.


• Gram stain and cytologic examination of corneal scrapings are recommended if fungal keratitis is suspected (see Chapters 11 and 23, pp. 41 and 406).


• Note: Fungal hyphae are commonly seen on the transtracheal wash of horses with recurrent airway obstruction (RAO; heaves) that are housed in barns. In these individuals, the fungal contamination does not require treatment.
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Viral Samples and Testing







• The chances of isolating a virus from a sample are highest in the early stages of infection.


• Sampling areas vary with causative agent.


• Respiratory viruses are best recovered from nasal swabs or EDTA whole blood samples in the case of EHV-1.


• Neurologic viruses are often recovered from CSF, fresh brain tissue, and EDTA samples.


• Enteric viruses (rotavirus and coronavirus) are recovered/tested from feces.


• Practice Tip: If unsure of correct sample procedure, always contact the testing laboratory or take multiple samples and request the laboratory to use the appropriate sample.


• Viral transport media is a good transport media for viral isolation and viral PCR.


• EDTA blood, transtracheal wash (TTW), and tissues also can be used.


• If possible, consult with testing laboratory before collecting samples!


• Practice Tip: Chilled samples (use refrigeration or ice packs for overnight shipping) increase the chance for viral recovery.


• If viral transport media is not available, place swab into a plain sterile red-top tube with 1 to 2 drops of sterile saline.


• Fluid samples obtained from affected areas—vesicles, tracheal aspirates, or feces—should be collected with a moistened swab and placed in viral transport media and refrigerated or frozen before shipping.


• Blood samples for viral isolation and serology should be collected into plain red-top and EDTA tubes and shipped chilled, but not frozen.


• Positive virus isolation may be observed as early as 5 to 7 days for certain viruses; definitive identification may take longer.


• Negative samples are held and final analysis determined at 30 days after culture.


• Paired serum antibody titers are helpful for diagnosis.


• Practice Tip: Serum samples are taken 2 to 4 weeks apart; a fourfold increase in titer between samples confirms exposure.


• Important for Rabies:




• All neurologic cases with rabies in the differential diagnosis should be submitted for fluorescent antibody (FAB) testing and for histopathology changes characteristic of the disease. Consider rabies regardless of vaccination history.


• Chilled brain tissue, including the cerebellum and brain stem, is submitted.




[image: image] Samples can be collected from a suspect animal that died a few days earlier but this is not ideal.








• Contact the County Department of Health for assistance and the testing laboratory for specific sampling and shipping details.




• Do not submit the entire head.


• Wear latex gloves, surgical mask, and glasses during sample collection.


• Do not use power saws (including Stryker saws), which can aerosolize the virus. Remove the cerebellum and some brainstem using a large spoon.


• Refrigerate specimens before shipment. Do not fix tissues with chemical preservatives.


• Place specimens in at least two separately sealed plastic bags with gel-type cold packs in a Styrofoam-insulated cardboard box.


• Disinfect all instruments and surfaces with a 10% solution of household bleach mixed in water.
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Viral Sample and Testing







• Do not use bacterial transport media for viral samples.
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Parasite Samples and Testing







• Blood parasites: Piroplasmosis




• EDTA blood and serum are required for testing.


• This is a foreign animal disease (FAD); confirming the disease or suspicion of the disease requires that appropriate authorities are notified.


• Validation testing is required by a national and/or veterinary state laboratory.





• Respiratory: Fluid obtained from TTW may show migrating parasites or lung worms. Fluid is placed in an EDTA tube and shipped chilled.


• Fecal parasites: Feces should be placed in a sealed leak proof container for fecal flotation. Sample should be kept chilled or ova may hatch!




• Practice Tip: Often with clinical cyathostomiasis, fecal examinations are negative.


• Clinical history and signs often assist in confirming parasites.





• Neurologic parasites:




• EPM antemortem samples ideally include CSF in both an EDTA (for cytology) and clot tube along with serum for serum : CSF antibody ratio.


• Postmortem samples include neurologic tissue.


• Parelaphostrongylus tenuis and Halicephalobus sp.—Post mortem samples include histology of the spinal cord for P. tenuis or brain/brainstem for Halicephalobus and PCR testing of the affected tissue. Samples are placed in formalin and frozen at necropsy.
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Molecular Testing





Polymerase Chain Reaction (PCR)







• Polymerase chain reaction (PCR) testing is available to identify the presence of DNA in a variety of bacterial, viral, and parasitic pathogens.


• Samples for respiratory disease—EHV-1, -4, -5, EIV, rhinitis virus A and B, Rhodococcus equi, and Streptococcus equi subspecies equi—can be obtained from nasal swabs, pharyngeal or guttural pouch washes (Strep. equi), tracheal aspirates, or bronchoalveolar lavage (BAL) (EHV-5).


• EDTA whole blood is submitted for EHV-1 in the viremic stage—Potomac horse fever, Anaplasma phagocytophilum, and other agents causing bacteremia or viremia.


• PCR can be performed on feces to identify DNA from Salmonella spp, beta-coronavirus, Neorickettsia ehrlichia, and Lawsonia intracellularis.


• Contact laboratory for additional fecal PCR tests.
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Summary of Laboratory Testing for Pathogens







• Laboratory diagnostics are critical to obtain a definitive diagnosis.


• Veterinary laboratories often have specific requirements for testing.


• Before testing, contact the laboratory to obtain important information on sample collection, testing, shipping, and handling of samples.


• If contacting the testing laboratory before sample collection is not possible, multiple samples should be taken, and the laboratory should be instructed/contacted for best samples and testing use.


• Submit samples to an American Associated Veterinary Laboratory Diagnosticians (AAVLD) certified laboratory whenever possible for best practices and sample recovery.

























Chapter 10


Emergency and Critical Care Monitoring


Thomas J. Divers and Eileen S. Hackett












• Monitoring procedures for the emergency or critically ill horse vary depending on the equipment available and financial limitations.


• Monitoring can be




• Basic


• Advanced


• Goal directed





• Basic monitoring depends on repeated clinical examination in addition to some basic observations (e.g., urine production).


• Advanced monitoring requires diagnostic equipment (e.g., I-STAT, ultrasound, electrocardiogram [ECG]).


• Goal-directed monitoring is a combination of basic and advanced, while numeric goals are set for specific clinical variables, such as heart rate and physiologic data—Pao2 and glucose. Point of care laboratory monitoring is discussed in Chapter 15.


• Monitoring the emergency and critical care patient is intended to provide information on:




• Global and local perfusion


• Oxygenation


• Organ function


• Sepsis


• Electrolyte and acid-base status


• Metabolism


• Complications





• Practice Tip: The goal of monitoring is to allow early and appropriate changes in treatments and guide prognosis.


• Global tissue perfusion is determined by monitoring:




• Heart rate


• Hydration status


• Mucous membrane color


• Pulse pressure


• Temperature of extremities


• Urine production (basic monitoring)





• The color of mucous membranes and capillary refill are determined by:




• Cardiac output


• Vasomotor tone


• Hemoglobin concentrations


• Bilirubin concentrations





• Advanced monitoring of tissue perfusion includes measuring:




• Blood pressure


• PvO2


• Pulse oximetry—SpO2 (Note: SpO2 is generally 3% less than actual SaO2.)


• Blood and fluid lactate concentration


• Echocardiography—estimate cardiac output and access chamber dimensions and function


• Oncotic pressure—estimated by plasma protein concentration


• Cardiac troponin-I (cTnI) concentration





• Blood pressure measurements are generally performed by direct and indirect methods (see p. 34, for details).


• Inadequate cardiac preload to the heart is most commonly a result of intravascular dehydration in adult horses; in septic foals, vasomotor tone dysfunction may be a more common cause and should be closely monitored in the critical care equine patient.


• Basic monitoring of cardiac preload is observed by clinical evidence of dehydration—skin turgor, wetness of mucous membranes, and speed of jugular filling after manual obstruction.


• Measurement of central venous pressure (CVP) is ideal for monitoring cardiac preload, but the technique is not always easy to perform and is not needed in most cases. Please see pp. 35-36, for details.


• Measurement of urine specific gravity is an easy and often underutilized means of monitoring hydration status; fluid therapy needs; and in some cases, renal function.


• Oxygenation of tissues is monitored by clinical and laboratory perfusion markers as discussed earlier in addition to monitoring:




• Hemoglobin (Hgb) values


• PaO2


• End-tidal CO2—nasal or endotracheal capnograph—can be used to determine proper placement of endotracheal tube (a near zero recording could indicate the endotracheal tube is in the esophagus or patient expired) or as an estimate of cardiac output in shock patients (ETCO2 is low in shock unless PaCO2 is elevated) or as a guide to effective resuscitation. Endotracheal measurement is more reliable than intranasal measurement.


• Other pulmonary function (e.g., auscultation, endoscopy, ultrasound)


• Other oxygen supply/delivery monitoring—mucous membrane color, lactate, PvO2





• Monitoring of plasma electrolytes, complete blood count (CBC) (including plasma color), and organ function/disease tests are very important in the emergency and/or critical adult or foal and are used as a supplement to the clinical monitoring.


• Abnormalities found in the CBC and blood chemistry results may provide information not detected by the other monitoring methods.


• Monitoring blood glucose is particularly important in sick foals, as is serum creatinine in all ages of critically ill horses, while electrolyte monitoring is important in horses and foals with diarrhea and renal disease.


• Monitoring the CBC, especially the presence or absence of toxic changes in neutrophils, band neutrophils, and platelet count, is necessary along with information on the primary disease. Clinical findings, combined with laboratory results, determine the severity of the disease and the need for and duration of hoof cryotherapy to prevent laminitis.


• Drug monitoring is an advanced part of monitoring the critical care equine patient.


• Measuring aminoglycoside plasma concentrations is important to determine efficacy and early toxicity.




• Practice Tips:


• Peak levels—30 min after IV administration is associated with efficacy.


• Toxicity—associated with trough levels


• In life-threatening sepsis, gentamicin peak levels are 8 to 10 µg/mL and amikacin 25 to 30 µg/mL, corresponding to 10× the minimum inhibitory concentration (MIC) of the susceptible pathogen.


• Trough levels should be <1 µg/mL gentamicin or <3 µg/mL amikacin.


• Peak levels are determined by plasma collection 30 min after IV administration and 60 min after IM administration.


• Trough levels are determined on plasma taken just before the next scheduled dose is given. Adjusting the dose of potentially toxic drugs is discussed in Appendix 4, p. 815.





• Other monitoring procedures are discussed in the chapters identified below:




• ECG1 and Doppler monitoring in the cardiovascular system and treatment of systemic inflammatory response syndrome (SIRS) (see Chapter 32)


• Blood gases,2 pulse oximetry, lactate, cTnI, and end tidal CO2 (ETCO2) in the respiratory, perinatology, neonatology, and treatment of SIRS (see Chapter 15)


• Abdominal distention, colic, gastric reflux, abdominal ultrasound, peritoneal fluid changes in gastrointestinal and ultrasound (see Chapters 14 and 18)


• Urine production and CVP (see p. 35 and Chapter 26, p. 489) and treatment of SIRS (see Chapter 32, p. 567)


• Changes in neurologic status (see Chapter 22, p. 341)


• Monitoring the pregnant mare (see Chapter 27, p. 497)


• Monitoring of the feet for early evidence of laminitis (see Chapter 43)


• Monitoring of incisions or wounds for infection (see Chapter 19, p. 243)





• Using the clinical examination and laboratory testing prevents or detects early complications in the critically ill horse and prevents serious and life-threatening complications such as renal dysfunction and electrolyte abnormalities as previously discussed.




• Laminitis, drug toxicity, and thrombophlebitis


• Proper biosecurity protocols and monitoring reduces nosocomial infections.


• Monitoring the nutritional status of the critically ill horse and providing appropriate nutritional intervention is often overlooked and is discussed in Chapter 51, p. 768.

















Blood Pressure Monitoring







• Arterial blood pressure (BP) measurement is used to detect alterations in circulatory function and response to therapy.


• Low arterial pressure is seen in multiple disease states including:




• Heart failure


• Blood loss


• Massive fluid loss


• Acute trauma


• Sepsis





• Practice Tip: Systemic pressure support, ideally using fluid therapy, improves organ function and ameliorates deleterious effects of circulation disturbances.











Indirect Blood Pressure







• Blood pressure monitoring is performed using oscillometric pressure cuffs.


• Although less accurate than direct pressure measurement, this indirect method is noninvasive and generally well tolerated in horses and foals (Box 10-1).





Box 10-1   Indirect BP Reference Values










	Adult:

	Foal:






	99-125 mm Hg (systolic)

	80-125 mm Hg (systolic)






	54-91 mm Hg (diastolic)

	60-80 mm Hg (diastolic)


















• An occlusive cuff is placed over an easily accessible artery, usually on the tail or limb. The base of the tail is used in adults and the metatarsal artery in foals. Cuffs should be the appropriate size.




• Cuff width should be 40% of the limb circumference or 25% to 35% of the tail circumference, and bladder length should be 80% of the tail circumference.


• Practice Tip: Narrow cuffs overestimate pressure and wide cuffs underestimate pressure.


• Purchasing multiple sizes of cuffs allows blood pressure measurement, regardless of variations in age and size.





• Practice Tip: Indirect measurements often underestimate actual blood pressure by 10 to 20 mm Hg. If the heart rate displayed on the blood pressure monitor does not correlate with the auscultable heart rate, then blood pressure value is likely incorrect!


• The cuff is attached to a commercially available pressure recording device, which reports systolic and diastolic pressure readings and heart rate.


• Note: The reported heart rate should be consistent with the actual heart rate to ensure the most accurate measurement.


• Quiet restraint, maintenance of the head at a neutral level, and obtaining multiple readings improve accuracy.

















Direct Blood Pressure







• Blood pressure is evaluated directly through the use of an arterial catheter. This method is invasive and likely to have improved accuracy over indirect methods, especially in the severely ill (Box 10-2).





Box 10-2   Direct BP Reference Values










	Adult:

	Foal:






	126-168 mm Hg (systolic)

	129-168 mm Hg (systolic)






	85-116 mm Hg (diastolic)

	65-83 mm Hg (diastolic)






	110-133 mm Hg (mean)

	82-108 mm Hg (mean)


















• Convenient catheterization sites are:




• Transverse facial artery in adults (20-gauge catheter)


• Lateral metatarsal artery in foals (18- or 20-gauge catheter)





• Aseptic preparation of arterial catheterization sites is recommended.


• Local anesthetic infiltration is helpful in conscious horses before percutaneous catheterization.


• Blood pressure can be continuously measured by connection of the catheter and fluid-filled extension sets to an electronic pressure monitor.


• Arterial pressure wave tracings are visible; systolic, diastolic, and mean arterial pressures are measured.


• Practice Tip: Extension set tubing length should be limited and air bubbles flushed from the line to improve pressure measurement.


• Clean catheter insertion technique and application of direct pressure on catheter removal minimizes hematoma formation.























Central Venous Pressure Monitoring







• CVP estimates the volume of venous blood pumped through the heart and is measured within the cranial vena cava by insertion of a long catheter into this region using the jugular vein for access.


• CVP is an approximation of right atrial pressure.


• CVP is measured using a CVP catheter kit or a 24-inch intravenous catheter.3-5




• The tip of the catheter must be in the anterior vena cava or right atrium, approximately 50 cm from the jugular insertion in the midcervical area of the average-size adult horse. Jugular vein pressures are lower than CVP.


• In foals, the catheter position can be determined by radiographs; in adult horses it is best determined by observing consistent but minor changes (0.5 cm H2O) in the measurement associated with breathing and changes in intrapleural pressure.


• Normal values for adult horses and foals are in Box 10-3.





Box 10-3   CVP Reference Value Measurements










	Adult:

	Foal:






	6-18 cm H2O

	3-12 cm H2O






	8-12 mm Hg

	2-9 mm Hg


















• Practice Tip: Changes over time are likely more important than the actual values, which can overestimate the actual CVP.


• The zero position on the manometer must remain at the exact same level (estimated at base of the heart or point of the shoulder) on the horse for each measurement (Fig. 10-1).
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Figure 10-1 CVP monitoring in a horse using a water manometer. The manometer is taped to an IV pole so that it remains in the same position in relation to the base of the heart for each measurement.








• The head position of the horse should be nearly the same for each measurement. Head height decreases CVP.


• Electronic monitors6 generally measure approximately 2 cm lower than a water manometer.


• Practice Tip: To convert cm water CVP to mm Hg, multiply by 0.73554.





• Pressure can be measured by connecting the catheter and fluid-filled extension set(s) to a manometer or pressure transducer device.




• Practice Tip: Small oscillations in the fluid meniscus with breathing indicate catheter tip location.


• Large fluctuations in fluid meniscus indicate overinsertion of the catheter tip within the heart.


• A consistent reference point should be used.


• Practice Tip: In the standing horse, the reference point is the point of the shoulder. In the recumbent horse, the reference point is the sternum.





• Quiet restraint is used and multiple readings are recorded.


• More important than single CVP measurements are trends recorded over time or in response to treatment (Boxes 10-4 to 10-6).





Box 10-4   CVP Based End Points of Fluid Resuscitation










	Adult:

	15-24 cm H2O—Stop fluid therapy





















Box 10-5   Conditions Associated with Low CVP Values







• Vasodilation


• Hypovolemia


• Inappropriate reference point


• Inadequate insertion distance











Box 10-6   Conditions Associated with High CVP Values







• Volume overload


• Right heart dysfunction


• Vasoconstriction


• Pericardial and pleural effusion


• Pneumothorax


• Positive-pressure ventilation


• Ventricular catheterization


• Catheter occlusion


• Inappropriate reference point






























1A new ECG recording device is now available for the iPhone—AliveCor Veterinary Heart Monitor for iPhone 4/4S per Dr. Marc Kraus, Cornell University.


2As a rule, arterial blood gas analysis is used when monitoring pulmonary function, whereas venous blood gases are helpful when monitoring other organ dysfunction and shock.


3Intracath (Deseret Medical, Inc., Franklin Lakes, New Jersey).


4Equine 19-G, 90-cm long line catheter (Mila International, Inc., Erlanger, Kentucky).


5Central Catheter Set (Arrow International, Reading, Pennsylvania).


6Medtronic Lifepak 12 (Medtronic Physio-Control, Inc., Redmond, Washington).
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Cytology
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Cytologic Evaluation


Cytologic evaluation is a useful technique for the equine practitioner.




• Minimal equipment is required: glass slides, syringes, needles.


• Smears can be prepared in the field for later staining and examination.


• Solid tissue lesions and body fluids can be aspirated and imprints can be prepared from biopsy specimens for rapid assessment and a potential diagnosis.





The ability to obtain a cytologic diagnosis depends on smear quality and cellularity and the proficiency of the cytologist.




• Slides of poor cellularity or quality (slowly dried, smudged cells) are rarely diagnostic.


• Some smears (even if cellular) are not diagnostic. Biopsy and histopathologic examination may be required.


• Proficiency requires extensive training and practice.


• To enhance skills, duplicate slides can be kept and results compared with that of a clinical pathologist. Cytologic smears can be compared with histopathologic diagnosis from biopsies.





There are inherent limitations in the diagnostic accuracy of cytologic evaluation:




• Smears only represent the aspirated site. Focal or multifocal lesions may be missed.


• Aspirates do not evaluate tissue architecture, which can be crucial for diagnosing certain tumors and differentiating inflammation from neoplasia in some circumstances.


• Connective or fibrous tissue (e.g., sarcoids) exfoliates poorly on aspiration or imprints.


• Cystic or fluid-filled lesions are often nondiagnostic. Aspirate cyst walls or solid tissue where possible.
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Preparation of Cytologic Specimens


Interpretation is optimized by preparing high-quality slides for examination. Smear quality is influenced by specimen collection, slide preparation, slide staining, and sample storage and handling.








Collecting the Specimen





Tissue Aspirates


Aspirate solid organs or mass lesions with a 21- to 22-gauge needle and 5- to 12-mL syringe, applying a gentle suction force when the needle is located within the tissue to dislodge cells. Redirect the needle and re-aspirate several times (without exiting the tissue) to maximize the sampled region. When finished aspirating, remove the needle from the syringe, fill the syringe with air, and then replace the needle. Place the bevel of the needle close to the slide surface, and then use the air-filled syringe to gently expel the aspirated tissue onto several slides. Gently spread the tissue on the slide using the squash technique (see the following and Figs. 11-1 and 11-2) and rapidly air-dry the smears (for more, see below).
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Figure 11-1 Preparation of a squash smear from an aspirate. A, After aspirating the lesion, place the tip of the needle, bevel side down, onto the surface of a clean glass slide just in front of the frosted end. Depress the plunger and gently expel a small amount of the aspirate onto the slide; multiple slides can be prepared simultaneously. A drop that is 4 to 5 mm in diameter is ideal. B, Place a second slide (spreader slide) directly on top of the first slide with the drop. This squashes the drop. The spreader slide can be placed perpendicular (as shown) or parallel to the bottom slide. Allow the drop to spread between the two surfaces; just allow the two slide surfaces to be in contact, do not place any additional pressure on either slide. C, Gently, using a smooth steady but swift motion, move the spreader slide forward; this spreads the drop of fluid along the length of the slide, creating a thin smear. Then rapidly air-dry the slide. The spreader slide can be reused to squash one or two additional slides, and then it is discarded. Note that if too large a drop of the aspirate is placed on the slide, the slides may not separate easily and a feathered edge is not obtained.
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Figure 11-2 Preparation of a wedge (or blood) smear from an aspirate. A, Place a drop of the aspirated material just in front of the frosted edge of a slide; ideally, this should be 4 to 5 mm in diameter. For body fluid specimens, a plastic Pasteur pipette or microhematocrit tube can be used to dispense the drop. It is difficult to control the size of the drop with a Pasteur pipette; to obtain a small drop, touch the tip of the pipette gently to the slide surface (do not squeeze the bulb). A microhematocrit tube can be gently tapped to yield a small drop on the slide surface. B, Place the spreader slide directly onto the bottom slide, in front of the drop, and then slide it backward such that the edge of the spreader slide contacts the entire drop. C, The drop then spreads along the edge of the spreader slide. D, Using a swift, smooth motion and maintaining even contact between the slides (this is essential), gently push the spreader slide and the drop of fluid along the full length of the slide. Rapidly air-dry the slide. Do not place any pressure on the spreader slide and avoid lifting up the spreader slide as you reach the end of the smear. The angle between the spreader and bottom slide is important: it should be approximately 40 degrees as shown in the side view. If the angle is too low or too high, the resulting smear is too long or too short, respectively. It is important to maintain this angle along the entire length of the smear. If making multiple smears, use a clean edge (fresh spreader slide) for each new smear. E, The ideal final smear does not extend more than three fourths along the length of the slide and has a feathered edge.










• Larger-bore needles yield thick tissue chunks (which do not smear well) and increase blood contamination.


• Smaller-bore needles may rupture cells, leading to nondiagnostic specimens.


• Smaller-volume syringes do not provide enough vacuum pressure to disrupt tissues.


• Vigorous suction or expulsion onto slides causes blood contamination and may rupture cells.


• A good aspirate looks “dry.” Vigorous suction and exiting the tissue during aspiration collects cells into the needle hub or syringe barrel, from where they cannot be retrieved.


• Multiple slides permit additional staining procedures, such as a Gram stain.











Fluid Specimens


Techniques for obtaining samples of pulmonary secretions (tracheal wash and bronchoalveolar lavage [BAL]) and body cavity fluids (peritoneal [PTF], pleural [PLF], cerebrospinal [CSF], and synovial [SF]) are discussed elsewhere (see specific organ system chapters).




• Purple-top tubes containing ethylenediaminetetraacetic acid (EDTA) are preferred because EDTA preserves cell morphology, inhibits (but does not prevent) bacterial growth, and blocks clot formation.


• Collection of bloody fluids into a non-anticoagulant (red-top) tube is worthwhile to determine if the sample clots (helps differentiate hemorrhage from blood contamination).


• If bacterial culture or measurement of biochemical analytes (e.g., glucose or enzymes) is desired, submit a portion of the fluid in a sterile non-anticoagulant (red-top) tube. If prolonged shipping is likely, use a microbiologic transport system for culture.


• Always make smears from freshly collected fluid to optimize cytologic results (for more, see below).











Surgical Biopsies/Necropsy Tissues


Because result turnaround time is quicker for cytology than histopathology, examination of cytologic slides from these samples can potentially yield a rapid diagnosis. Also, correlating cytologic to histopathologic results is useful for improving diagnostic cytologic skills. Cytologic smears (imprints and scrapings) can be prepared from surgical biopsies or necropsy specimens (see the following).




• Cells deteriorate rapidly after death, so collect samples ASAP after euthanasia. Little diagnostic information is yielded from autolyzed tissues and body cavity fluids obtained at necropsy.


• Avoid exposure of slides and fluid samples to formalin (liquid or fumes), which introduces a staining artifact (Fig. 11-3).
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Figure 11-3 Formalin artifact. Formalin imparts a bluish green hue to the smear and prevents adequate staining. Formalin vapors can leak from lids of closed containers, so lids should be sealed with parafilm if shipping with cytologic slides (Wright stain, 1000× magnification).




















Preparation of Glass Slides





General Principles


Prepare slides as soon as practical after collection. This is particularly important for fluid samples for the following reasons:




• Cells in fluid samples remain alive and functional after collection.




• Bacteria are phagocytized by neutrophils, simulating sepsis. This can occur quite rapidly after sample collection (within an hour).


• Red blood cells are phagocytized by macrophages, simulating previous hemorrhage. This can occur within a few hours of sample collection.





• With time, cells become pyknotic or begin to lyse in vitro and become unrecognizable.


• With time, bacterial overgrowth may occur, affecting cell counts (bacteria are counted as cells) and obscuring or lysing cells, yielding nondiagnostic specimens.





Use new, precleaned glass slides, preferably with frosted ends: Do not wash slides and reuse. Label slides (specimen, site, patient identification) on frosted end in pencil. Ink from marker pens (including permanent markers) dissolves during staining.


Always rapidly air-dry slides, preferably with a hair dryer (on the high setting and holding the back or noncellular side of the slide near the nozzle of the hair dryer during drying). Heat fixing is not required. Cells do not spread in slowly dried smears, obscuring detail and hindering evaluation.




• Neutrophils can be misidentified as lymphocytes.


• Bacteria are difficult to detect intracellularly when cells are “balled up.”


• Cells are difficult to distinguish by size; for example, lymphoblasts resemble lymphocytes.











Smear Preparation Technique


For all specimens, avoid placing the sample near or at the slide edges. These areas are missed with most automated stainers and are difficult to examine with higher-power objectives. General smear types for fluids and aspirates are wedge and squash smears (see Figs. 11-1 and 11-2) and for surgical biopsy/necropsy, tissue samples are imprints and scrapings.




• WEDGE: Blood, fluids of low viscosity (peritoneal, pleural, nonmucoid cyst fluid)


• SQUASH: Aspirates, viscid fluids (tracheal wash, synovial fluid, mucus or mucoid fluids), tissue scrapings


• IMPRINTS: Surgical biopsy or necropsy tissues


• SCRAPINGS: Surgical biopsy or necropsy tissues—best technique if firm or fibrous








Aspirates


Gently make squash smears as soon as the sample is expelled onto the slide and then rapidly air-dry. If the aspirate yields nonmucoid fluid, wedge smears also can be made.




• Heavy-handedness ruptures cells, producing strands of nuclear debris (which may mimic fungal hyphae or bacterial chains), and prevents cell identification, yielding nondiagnostic samples.











Body Cavity Fluids


Smears are prepared using a wedge or squash technique (see Figs. 11-1 and 11-2) from unconcentrated (direct) or concentrated (sediment) fluid. Fluid can be concentrated to optimize cell yield. The need for concentration is determined by cell counts in laboratories but can be subjectively judged from fluid opacity and turbidity.




• Opaque/turbid/flocculent fluids are usually highly cellular: Make direct smears.


• Clear/transparent fluids are poorly cellular: Make sediment smears.





Concentration/sedimentation can be achieved by low-speed centrifugation (e.g., urine centrifuge). After centrifugation, most of the supernatant is removed (with a pipette or by rapidly inverting the centrifuge tube), leaving a small volume (about 0.25 mL) for resuspending the pellet (which may not be visible in samples of low cellularity). A small drop of the resuspended pellet is then placed on a slide for making smears. The pellet cannot be used for cell counts, so only concentrate a portion of the sample, leaving the balance for counts and for the laboratory to make their own smears from unadulterated fluid. Diagnostic laboratories prepare sediment smears with the foregoing technique but also have cytocentrifuges, which are used for maximally concentrating poorly cellular specimens (e.g., CSF).








Surgical Biopsies/Necropsy Specimens


To obtain the best imprints, do the following:




• Always use a freshly cut surface and gently blot with gauze or tissue to remove excess tissue fluid or blood from the surface to be imprinted.


• Gently touch or roll the tissue surface onto several glass slides, making several (three to four) imprints per slide. It is preferable to make fewer imprints on several slides than multiple imprints on one or two slides.





Firm fibrous tissue may not exfoliate and often requires a more vigorous scraping technique:




• If the sample is large enough, take a scalpel blade (e.g., size #10) and use the edge of the blade perpendicular to the cut surface to gently scrape off cells.


• Touch, tap, or wipe off the accumulated tissue on the blade edge onto a slide and make squash smears (using firmer pressure than usual because these are thick specimens).











Keys to Preparing Top-Quality Smears







• Prepare ASAP after collection; use clean, high-quality glass slides (preferably with frosted ends for ease of labeling).


• Concentrate a portion of fluid specimens if poorly cellular (transparent or clear).


• Use a fresh-cut, blotted surface for imprints or scrapings.


• Be gentle when making smears—use even contact, no-to-little pressure.


• Rapidly air-dry the smear.


• Label with patient identification or owner name and site/fluid type.


• Make several slides so that additional staining procedures can be performed as needed and duplicates can be kept for comparing results, if desired.

















Staining





Romanowsky-Type or Polychromatic Stains


The Romanowsky-type or polychromatic stains are the standard cytologic stains and are based on combinations of azure (blue, basic) and eosin (red, acidic) dyes. Basic dyes bind to acidic structures (DNA, RNA), staining them various shades of blue and purple, whereas the acidic dye stains alkaline structures in the cytoplasm different shades of red. Examples of these stains are Wright (used by most veterinary laboratories), May-Grünwald, Giemsa, and “quick” polychromatic stains (e.g., Diff-Quik, Dip Stat, STAT III). These latter stains are widely used in veterinary practice but have some disadvantages to the aforementioned stains:




• Understaining is common (Fig. 11-4); hence it is good practice to examine slides before adding oil or coverslips to determine whether staining is adequate (i.e., nuclei should be blue, and red blood cells [RBCs] should be red).
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Figure 11-4 Understained direct smears of a tracheal wash. A, In this inadequately stained smear, individual cells cannot be distinguished from background mucus. B, After restaining, numerous neutrophils and a single macrophage (arrow) are readily identified in a streaky mucoid background (Diff-quik, 200× magnification). Restaining of previously stained slides is possible if the smears have not been already oiled or coverslipped.










• Thick, cellular or proteinaceous samples require longer staining time. Thin, lightly cellular samples with normal protein stain adequately with the routine procedure.


• Slides can be restained if staining is inadequate. (Note: Omit the fixation step and add to the appropriate staining jar.)





• Granules within mast cells and some lymphocytes (cytotoxic T cells or natural killer cells) stain poorly or not at all. This can lead to misidentification of these cells.


• Nucleoli are more prominent and may lead to a suspicion of neoplasia in nonneoplastic lesions.


• Nuclear chromatin is more homogeneous. Clinical pathologists often use chromatin patterns to help identify cell maturity (e.g., lightly stippled chromatin = immaturity), particularly in lymphoid cells; these subtle features are lost with quick stains.


• Color is more “black and white,” lacking the complexity of shades with Wright's stain that is helpful.


• Bacteria and fungi can multiply in the stain and adhere to the slides (Fig. 11-5). These can be readily mistaken for true pathogens.
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Figure 11-5 Contaminant bacteria. Contaminant bacteria in quick polychromatic stains are large bacilli, found throughout the smear. They overlie cells and are slightly out of the plane of focus (Diff-quik, 1000× magnification).








• Methodologic issues are the following:




• The alcohol in the first fixation step evaporates rapidly.


• Practice Tip: To prolong shelf life, store in a sealed container and place in staining jars only when needed.


• Deterioration in staining quality occurs with time and repeated use. If this occurs, refresh the stain.


• Stain precipitates develop in older stains and can mimic bacteria (Fig. 11-6). If this becomes problematic, discard the old stain, clean the staining jars (with ethanol or methanol), and replenish with fresh stain. Heavily stained jars may need to be replaced.
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Figure 11-6 Stain precipitate. Stain precipitate (arrow) can be difficult to distinguish from bacterial cocci. Bacteria are more uniform in size, shape, and appearance than precipitate and stain blue rather than purple with a Wright stain (Wright stain, 1000× magnification).

















Keys to Staining with Quick Polychromatic Stains







• Follow staining protocols recommended by the manufacturer, but increase staining times in the red and blue dyes or “double” stain if smears are thick.


• Allow slides to air-dry and do not touch when drying.


• Examine smears before adding oil or coverslips. If staining is inadequate, restain.


• Take good care of the stains; replace them often and do not top up, to minimize stain precipitate and bacterial growth.














Other Stains





Gram Stain


All bacteria (except Mycobacterium sp.) stain blue with the polychromatic stains, but the Gram stain is needed to classify them as gram-positive or gram-negative. Adequate decolorization (which can be challenging in thick specimens) is essential.




• If cell nuclei are stained red, the smear has been adequately decolorized.


• Practice Tip: Gram stains should not be interpreted if cell nuclei are blue or black (gram-negative bacteria may not decolorize sufficiently and appear gram-positive).











Prussian Blue Stain


Hemosiderin (a storage form of iron derived from breakdown of hemoglobin within mononuclear phagocytes) stains greenish-brown to gray-black in Romanowsky-type stains but can be difficult to distinguish from phagocytized cell debris or other pigments. Prussian blue stains ferric iron (in the form of hemosiderin) blue and is a useful stain to confirm whether an intracellular pigment is hemosiderin (which is definitive evidence of prior hemorrhage when observed in macrophages from most cytologic specimens).








Fungal Stains


Fungi or yeast are usually readily observed in Romanowsky-stained cytologic specimens, because they stain blue. However, degrading fungal hyphae can be difficult to identify, particularly when they are present in the center of necrotic cellular debris, which frequently accompanies these infections. Fungal hyphae are readily identified in cytologic specimens with a silver stain (Fig. 11-7).
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Figure 11-7 Fungal hyphae. Fungal hyphae can be difficult to detect in a Romanowsky-stained cytologic smear, particularly when the hyphal walls are degrading and surrounded by necrotic cellular debris. A Gomori-Grocott methenamine silver (GMS) stain clearly demonstrates fungal hyphae, which stain black in a green background (GMS stain, 1000× magnification).














Cytochemistry/Immunocytochemistry


Cytochemistry and immunocytochemistry are used to determine cell lineage in cytologic smears (only unstained smears). The main use for these techniques is classification of hematopoietic neoplasms (leukemia, lymphoma) but they can also be applied to solid tumors. Immunocytochemistry usually requires an acetone- or formalin-fixation step (depending on the antigen).




• Cytochemistry detects cytoplasmic enzymes by their ability to cleave specific substrates. Granulocytes and monocytes are usually rich in these enzymes (e.g., myeloperoxidase), so these stains are frequently employed for classification of acute leukemia in horses. Some of these enzymes are also expressed in solid tumors and their presence can help confirm a specific tumor diagnosis (e.g., osteosarcomas express high concentrations of alkaline phosphatase). This technique is restricted to blood or cytologic specimens because formalin-fixation destroys enzyme activity.


• Immunocytochemistry detects surface or intracellular antigens with antibodies and is mostly used for identifying lymphocyte subtypes, such as helper T cells (express CD3 and CD4), cytotoxic T cells (express CD3 and CD8), and B cells (express surface IgM or CD19-like molecules) in blood or cytologic specimens. Antigens expressed in certain types of solid tumors can also be detected, thus helping to confirm a specific diagnosis (e.g., von Willebrand factor in hemangiosarcoma, cytokeratin for differentiating a carcinoma from a sarcoma). More antibodies can be applied to cytologic than histologic specimens because some antigens are destroyed by formalin-fixation (e.g., CD4 and CD8). When this technique is used to classify or type hematopoietic cells, it is called immunophenotyping.
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Storage and Handling


Most veterinarians refer cytologic specimens to a veterinary diagnostic laboratory for examination.




• Contact the laboratory ahead of time to obtain recommended procedures for sample handling and submission.


• Provide a complete history, including pertinent clinical signs, a detailed description of the lesion, and results of imaging studies (if available). This is essential information, allowing the clinical pathologist to provide the best possible interpretation and suggest additional diagnostic testing, as appropriate.


• Label all slides/tubes correctly (see Smear Preparation Technique, p. 38). Note: Tape or adhesive labels become unreadable after staining, adhere to the stainer, or detach during staining.


• Submit all smears, preferably unstained.




• Clinical pathologists can use their preferred stain and perform other stains, as needed.


• Smear quality/content cannot be judged from gross appearance before staining. A smear may “look” cellular, but on staining it may consist of debris or blood, with no intact cells.


• Diagnostic tissue may only be present on one of several smears. Many clinicians will stain a slide to ensure adequate cellularity. Also submit this slide (it may be the only diagnostic sample).





• Ship slides in secure, break-proof containers.




• Use plastic slide holders. Cardboard slide boxes are inadequate; slides often break and shatter within them.


• Use protective packaging for added security (bubble wrap, peanuts).


• Practice Tip: Do not refrigerate slides. Moisture forms and lyses cells when the slides warm up.





• With fluids, consider the following:




• Store fluids refrigerated, then ship on cool packs to the laboratory ASAP. Avoid direct contact with a frozen cold pack (wrap the tubes in paper towels); freezing lyses cells.


• Submit with smears prepared immediately after collection to overcome storage artifacts (phagocytic activity, bacterial overgrowth, cell lysis). Specify smear type (direct or sediment).


• Protect from temperature extremes (heat or cold); for example, do not leave in the sun in the heat of summer.





• Protect all specimens (slides, fluids) from formalin fumes/liquid. Ship cytologic preparations separately from jars of formalinized tissue, if needed.











Keys to Specimen Storage and Handling







• Provide a complete and detailed history.


• Label slides/tubes appropriately.


• Submit all smears, even if prestained.


• Keep fluid specimens cold at all times.


• Avoid temperature extremes, formalin fumes, and moisture on slides.


• Ship ASAP after collection.





























Cytologic Assessment


Evaluation of smears made from aspirates or imprints consists of microscopic examination only. Complete assessment of fluid specimens from body cavities (peritoneal, pleural, cerebrospinal, synovial) entails, in addition to microscopic examination, the following:




• Nucleated cell and RBC counts: Veterinary laboratories use automated counters, but counts can be done in practice using a hemocytometer and a diluting delivery device (e.g., Leuco-Tic1). Point-of-care analyzers (e.g., LaserCyte,2 HemaTrue,3 VetScan,4 Forcyte5) can be of variable accuracy for performing cell counts of fluids. The Forcyte is advertised as being approved for joint and peritoneal fluid cell counts. Most of the machines are used in practice to measure cell counts on fluids, they may be insufficiently sensitive to detect low counts and fibrin, small clots, or viscous samples can plug the tubing. Counts can also be estimated from well-prepared direct smears of fluids; however, this requires substantial experience.




• Analyzer counts include all nucleated cells, including mesothelial cells; that is, counts do not equal a white blood cell count.


• Analyzers “see” bacterial clumps, protozoa, and debris as nucleated cells, yielding erroneous cell counts.





• TOTAL PROTEIN: Value is measured by refractometer and used interchangeably with specific gravity. For cellular or bloody fluids, total protein is measured using the supernatant of a centrifuged aliquot. Note: Total protein by refractometer values may be falsely increased in lipemic samples or in underfilled EDTA tubes (<0.2 mL fluid in a 3- or 5-mL EDTA tube) because EDTA contributes to the refractive index. The latter artifact is more common in aspirates from body cavities that yield low volume (e.g., SF).


• Microscopic examination of smears: The type of smear made from fluid specimens differs between laboratories but is usually based on cell counts:




• Poorly cellular (nucleated cell counts <3000 cells/µL): Cytospin


• Moderately cellular (nucleated cell counts between 3000 and 30,000 cells/µL): Sediment


• Highly cellular (nucleated cell counts >30,000 cells/µL): Direct (unconcentrated)


• Very bloody fluids (red blood cell count >1,000,000 cells/µL): Direct and buffy coat





• If only a small volume of fluid is obtained from a body cavity of the horse, preparation of smears for microscopic examination should be the top priority. Specific diagnostic information (e.g., degenerate neutrophils and intracellular bacteria) typically is gained only from smear examination.


• Measurement of protein content and nucleated cell counts provides supportive information only and the latter can be estimated from direct smears.




















Microscopic Examination


The most important aspect of slide examination is consistency; develop a consistent technique and avoid shortcuts. This ensures thoroughness and minimizes errors. A definitive diagnosis may not always be obtained; however, the general disease process (inflammation or neoplasia) can often be recognized quickly if a logical, systematic approach is used. A definitive diagnosis is not always necessary for immediate case management; preliminary findings may modify the diagnostic plan or dictate initial treatment. When in doubt as to the interpretation or diagnostic or pathologic relevance of any cytologic finding, always submit specimens to a clinical pathologist for evaluation.




• Scan the smear with a 4× to 10× objective to evaluate staining quality, identify areas of cellularity, and locate the optimal area for examination (thin, adequately spread and cells intact).


• During scanning, look for large objects such as cell clusters, crystals, foreign bodies, parasites, and fungal hyphae.


• Once an optimal area or unique feature has been located, perform a detailed examination ideally with an oil-immersion objective (50× to 100×). A 40× objective must be used with a glass coverslip (place a drop of oil on the slide and then apply the coverslip).




• Identify the cells: Normal tissue residents (e.g., ciliated columnar epithelial cells in a tracheal wash), reactive (e.g., fibroblasts), inflammatory, or neoplastic.


• Look for infectious agents (100× is required to identify bacteria).





• Recognize artifacts/incidental findings that commonly lead to misdiagnosis:




• Smudged cells have been disrupted during smear preparation (Fig. 11-8). Do not examine these cells; nuclear and cell outlines and cytoplasmic features should be clearly identifiable. Nuclear streaming from smudged cells can resemble fungal hyphae or chains of bacteria. Some cells are inherently fragile and rupture more easily:
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Figure 11-8 Smudged or “basket” cells. Smudged cells (*) have been ruptured during smear preparation and are ignored during cytologic evaluation (Wright stain, 1000× magnification).










[image: image] Lymphocytes, particularly if neoplastic (lymphoma)


[image: image] Degenerate neutrophils in septic conditions


[image: image] Endocrine neoplasms





• Stain precipitate can be difficult to distinguish from bacterial cocci (see Fig. 11-6).


• Starch granules from glove powder (Fig. 11-9) can be mistaken for a foreign body.
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Figure 11-9 Starch granules in a tracheal wash. A, Starch granules are large, irregular, square to hexagonal, colorless to greenish blue refractile crystals from latex glove powder. B, They have a characteristic central cross (arrow) or depression that can be identified by adjusting the focus.
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Keys to Effective Microscopic Evaluation


Develop a consistent, thorough technique.




• Only examine adequately stained smears; restain if needed.


• Scan at 4× to 10× and identify areas of interest. Avoid thick areas with poorly spread cells.


• Examine in detail at 40× to 100×.


• When uncertain of a diagnosis or relevance of an observation finding, refer the specimen to a clinical pathologist.
























General Disease Processes



Hemorrhage





Erythrocytes (RBCs) are an inevitable component of most cytologic specimens. The key is to distinguish between blood contamination and true hemorrhage.




• Practice Tip: For specimens collected from body cavities, observe the fluid as it enters the syringe/tube. A fluid that starts off clear and then becomes red (or vice versa) is blood contaminated.


• An aliquot of bloody fluids can be placed in a red-top tube to evaluate for clot formation. Clotting indicates blood contamination, peracute pathologic hemorrhage, or a splenic tap (for abdominocentesis).


• Practice Tip: Blood that has been lost into body cavities defibrinates rapidly; hence, most true hemorrhagic effusions do not clot.


• A red or reddish brown supernatant suggests prior hemorrhage (RBCs lyse with time). RBCs may lyse in vitro if the specimen is handled inappropriately (vigorously shaken, exposed to extreme heat or cold, stored for prolonged times).


• Platelets indicate blood contamination or peracute hemorrhage.


• Erythrophages and hemosiderophages (Fig. 11-10) indicate prior hemorrhage.




[image: image]


Figure 11-10 Erythrophages and hemosiderophages in a tracheal wash from a horse with exercise-induced pulmonary hemorrhage. A, Macrophages containing phagocytized red blood cells (erythrophages; arrows) and variable amounts of dusky light brown to black pigment (hemosiderophages; arrowhead) are seen (Wright stain). B, The cytoplasmic pigment stains blue to black (depending on amount) with Prussian blue, confirming that it is hemosiderin (Prussian blue stain, 1000× magnification).








• Erythrophagia occurs within a few hours in vitro in bloody fluids, so these cells can be artifacts if smears are not prepared promptly after collection.


• Note: Hemosiderophages do not develop in vitro (cells cannot survive long enough to produce hemosiderin), so they always indicate prior hemorrhage.


• Hematoidin crystals (Fig. 11-11): These bright yellow rhomboidal crystals are a form of bilirubin produced from hemoglobin in tissues under hypoxic conditions and indicate prior hemorrhage.
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Figure 11-11 Hematoidin crystals. These bright yellow refractile crystals (seen within an erythrophage, arrow) are a form of bilirubin produced from hemoglobin under conditions of low oxygen tension and indicate prior hemorrhage (Wright stain, 1000× magnification).








• Practice Tip: It is impossible to differentiate between peracute hemorrhage (too early for erythrophagocytosis) and blood contamination by cytologic examination alone. In both instances, platelets may be seen and there are no erythrophages or hemosiderophages. Observation of the fluid during collection for evidence of blood contamination may be key in these cases, along with ultrasonographic examination of the body cavity (hemorrhage is more echoic than transudate or exudate fluid) and clinical signs. With hemorrhage the fluid is generally uniform in color but with blood contamination there may be streaks of blood mixed with the body cavity fluid.











Keys to Recognizing Hemorrhage







• Changes in red coloration during sample collection indicate blood contamination.


• RBCs with platelets mean blood contamination or peracute hemorrhage.


• Erythrophages, hemosiderophages, and hematoidin crystals mean prior hemorrhage.


• Erythrophages, hemosiderophages, hematoidin, RBCs, and platelets mean recent and prior hemorrhage or blood contamination with prior hemorrhage.


• Erythrophages, with no hemosiderophages or hematoidin, in stored fluid samples may be an in vitro artifact.

















Inflammation


Because neoplasia is relatively rare in horses, the goal of emergency cytologic evaluations is to detect or rule out an inflammatory process and potential causative microorganism. Inflammation is identified by increased numbers of inflammatory cells and is classified by the types of cells, specifically neutrophils, eosinophils, lymphocytes, and macrophages (also called histiocytes). Mast cells and basophils are rarely seen as part of the inflammatory response in horses. The type of inflammatory cells can also imply duration.




• Suppurative: Neutrophils composing >85% to 90% of inflammatory cells implies that inflammation is acute or of short duration. This is often, but not always, due to bacterial infection. Neutrophils can be further described by their appearance (Fig. 11-12):
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Figure 11-12 Neutrophil appearances in cytologic specimens. A, Nondegenerate neutrophils have segmented nuclei, mature condensed nuclear chromatin, and pink cytoplasmic granules. A single neutrophil, displaying nuclear condensation and fragmentation (karyorrhexis) is undergoing programmed cell death (apoptosis; arrow). B, Degenerate neutrophils have swollen nuclei with lighter chromatin (karyolysis) and increased amounts of vacuolated cytoplasm that lacks pink granules (Wright stain, 1000× magnification).










• Nondegenerate: Neutrophils resemble their counterparts in blood; that is, nuclei are intact with condensed chromatin.


• Degenerate: Neutrophils have swollen, distended, and vacuolated cytoplasm and are undergoing karyolysis (pale, swollen, disrupted nuclei). These changes are often, but not always, seen with inflammation of infectious (bacterial) cause. Note: Neutrophils swell in vitro with storage of fluid samples, mimicking degenerative change. Thus, assessment for degenerate neutrophils should be done only in smears of fresh fluid.


• Pyknosis and karyorrhexis: Nuclei condense and fragment. This indicates apoptosis (programmed cell death) or necrosis and is usually not due to infectious causes.





• Lymphocytic: Mostly lymphocytes are found, particularly small cells with some large or reactive forms. Some plasma cells may be seen. This implies a more chronic process or an antigenic stimulus.


• Histiocytic: Macrophages dominate. These can be vacuolated or nonvacuolated and may display phagocytic activity (leukocytes, RBCs, secretory products, nonspecific debris). Some may be multinucleated. Typically, this implies long-standing inflammation or inflammation resulting from persistent antigens, for example, foreign bodies, fungi, or mycobacteria. Histiocytic inflammation is frequently used synonymously with granulomatous inflammation, although the latter is a term best reserved for histologic specimens (which have architectural features of granulomas).


• Eosinophilic: Many eosinophils are found, perhaps with a few mast cells and/or basophils. This implies a hypersensitivity response to allergens or parasites.


• Mixed: Samples consist of a mixture of inflammatory cells. This is further classified by the cells present, for example, lymphoplasmacytic, neutrophilic, and histiocytic.




• Nonsuppurative: Mixture of lymphocytes and macrophages with few neutrophils. This implies that inflammation is chronic or of longer duration.


• Neutrophilic histiocytic (pyogranulomatous): Mixture of nondegenerate neutrophils (60% to 70%) and macrophages (30% to 40%), with low numbers of plasma cells and lymphocytes. Multinucleated macrophages are common, with some foreign body giant cells (nuclei arranged irregularly in the cell). This is usually caused by foreign bodies and fungal or higher bacterial (e.g., mycobacteria) infections. Note: The term pyogranulomatous is best reserved for histologic lesions with characteristic architectural features (circular lesions consisting of a central core of neutrophils, surrounded by histiocytes with some multinucleated giant cells). The term mixed neutrophilic histiocytic inflammation is preferred for cytologic specimens.





• Septic inflammation: Septic is a modifying term used when intracellular bacteria are observed. The inflammatory response is usually suppurative but can be mixed (neutrophilic histiocytic). Neutrophils may or may not be degenerate, depending on the causative agent. Practice Tip: Bacteria can be rapidly engulfed by phagocytes in vitro, so this diagnosis is most clearly made from smears prepared from fresh specimens.











Keys to Cytologic Examination of Inflammation







• Classification is by the predominant type(s) of cells.


• Cell type implies duration; that is, acute = neutrophilic, and chronic = mixed, lymphocytic, or histiocytic.


• Cell type implies cause; for example, degenerate neutrophils = bacterial infection, and eosinophils = allergens or parasites.


• Septic inflammation is indicated by intracellular bacteria and degenerate neutrophils.


• Intracellular bacteria in stored fluid samples may not be pathogenic; they could be an artifact of delayed sample submission. Similarly, neutrophils may take on a degenerate appearance with storage.























Neoplasia


Neoplasia is infrequent in horses. Neoplasms may incite inflammation (through necrosis or secretion of cytokines), induce paraneoplastic responses (e.g., hypercalcemia with some squamous cell carcinomas or lymphomas), or cause body cavity effusions.




• Cytologically, malignant neoplasia is recognized by abnormalities in cell size, shape, and nuclear features; that is, cells display cytologic criteria of malignancy. Reliable recognition of these features can be difficult and generally should be confirmed by a clinical pathologist.


• Malignancy also can be diagnosed when certain cell types are found in atypical locations; for example, keratinized squamous cells are an abnormal finding in PTF or a deep aspirate of a mass and suggest an underlying squamous cell carcinoma.


• It is difficult to distinguish benign neoplasms from hyperplastic lesions because the cells have similar cytologic features and do not demonstrate malignant features. Histologic examination of tissue architecture is required.


• Some malignant neoplasms are difficult to diagnose because the cells resemble their normal counterparts and lack abnormal features, for example, endocrine tumors and equine lymphoma. Histopathologic examination is required for a definitive diagnosis in these settings.


• Neoplasia may be misdiagnosed in inflammatory states. Inflammatory conditions, especially when chronic, can cause morphologic changes (dysplasia, metaplasia) in local tissue cells (epithelial, mesothelial, or mesenchymal) that can mimic malignancy. It may not be possible to rule out the presence of neoplasia without histologic examination or until the inflammation is treated or controlled with appropriate antimicrobial therapy.


• Many tumors are secondarily inflamed, which can be due to necrosis or an immune response to the neoplasm, making the diagnosis of neoplasia difficult in some cases.


• Neoplasms are initially characterized by the arrangement and shape of the cells:




• Discrete cell or round cell tumors: Individual (or discrete) cells that are usually round. Examples include lymphoma, mast cell tumor, and histiocytic tumors.


• Mesenchymal tumors: Individual cells with spindled or tapering shapes. Loose aggregates, sometimes associated with extracellular matrix, may be found. Examples include sarcoid, fibrosarcoma, hemangiosarcoma, and melanoma.


• Epithelial tumors: Round to polygonal cells that exfoliate in adhesive clusters and individually. Examples include squamous cell carcinoma, tumor of cutaneous basilar epithelium (basal cell tumor), and mesothelioma.


• Endocrine tumors: Small uniform cuboidal to round cells that exfoliate in packets or dense clusters and rupture easily. Examples include thyroid adenomas and C-cell tumors.














Keys to Cytologic Examination of Neoplasia







• Neoplasia is identified by cytologic criteria of malignancy.


• Inflammation alone may cause changes in cells that mimic neoplasia.


• Many tumors may be secondarily inflamed and/or necrotic.


• Classification is by cell shape and arrangement: discrete, mesenchymal, epithelial, endocrine.





























Peritoneal Fluid


PTF analysis is a valuable tool most commonly used as part of the diagnostic repertoire in horses with colic. Results provide evidence of inflammation, sepsis, hemorrhage, intestinal ischemia, and gastrointestinal rupture, although they are not always specific as to the nature of the underlying lesion. PTF analysis might also be diagnostic in horses with ruptures of the urinary tract and occasionally neoplasia involving abdominal organs.








Normal Peritoneal Fluid


PTF can be readily aspirated from many normal horses (approximately 100 to 300 mL is available for sampling; see Chapter 18, p. 158 for procedures). PTF is a dialysate of plasma with low nucleated cell counts and protein and is classified as a transudate.




• Clarity and color: Fluid is clear to slightly turbid, colorless to light yellow (can usually read lines on a paper through the fluid-filled tube).


• Protein: <2.5 g/dL. Normal PTF has little fibrinogen and does not clot.


• RBC count: <1000 cells/µL, unless the sample is blood-contaminated. PTF contains no erythrophages.


• Nucleated cell count: <5000 cells/µL in adult horses.




• Some healthy horses can have counts as high as 10,000 cells/µL; however, counts between 5000 and 10,000 cells/µL are considered suspect in an ill horse. Normal postpartum mares should have normal nucleated cell counts and protein.


• Counts are lower in foals: <1500 cells/µL.





• Smear examination:




• Nucleated cells are a mixture of neutrophils (50% to 70%) and macrophages (30% to 50%), with low numbers of lymphocytes, mast cells, and mesothelial cells (Figs. 11-13 and 11-14). Eosinophils are rare.
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Figure 11-13 Normal peritoneal fluid. Nondegenerate neutrophils and macrophages dominate, with low numbers of small lymphocytes (arrowheads) and mesothelial cells (not pictured). A few leukophages (arrows) are seen (Wright stain, 500× magnification).
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Figure 11-14 Mesothelial cells in pleural fluid. A, Mesothelial cells are large, round cells with central nuclei and abundant purple cytoplasm. They exfoliate into fluids as individual cells (arrow) or small clusters (1000× magnification). B, Mechanically desquamated mesothelial cells are more elongate and detach in flat sheets (an individual mesothelial cell is shown alongside for comparison, arrow; Wright stain, 500× magnification).








• Neutrophils are nondegenerate. Some may be pyknotic (indicating senescence).


• Macrophages are often vacuolated. A few may contain phagocytized neutrophils (leukophages) or phagocytic debris. Erythrophages should not be seen in smears made from fresh samples.


• Mesothelial cells are seen as single cells or small, round clusters. They have a central round nucleus, abundant light purple cytoplasm, and peripheral “corona.” Occasionally, mesothelial cells detach mechanically in flat sheets and are more polygonal (see Fig. 11-14).


• Nonpathogenic findings include starch granules (see Fig. 11-9), rolled-up dark blue keratinized squamous epithelial cells from the skin (also called keratin “bars”), microfilariae (from a free-living nonpathogenic nematode Setaria), and carboxymethylcellulose (bright purple to magenta granules in macrophages and free in the background after intraperitoneal administration of “belly jelly” to prevent postoperative adhesions).





• Biochemical analytes:




• Levels of low-molecular-weight/water-soluble substances (e.g., glucose and urea) are similar to those in blood. These diffuse readily across the mesothelium and equilibrate quickly. Lactate is similar in blood and peritoneal fluid in normal horses.


• Levels of high-molecular-weight substances (e.g., most enzymes, creatinine, and most proteins) are lower than in blood. These are less diffusible and take longer to equilibrate.














Key Features of Normal Peritoneal Fluid







• Clear to slightly turbid and colorless to light yellow


• Nucleated cell count: <5000 cells/µL in adults and <1500 cells/µL in foals


• Low RBC count


• Total protein: <2.5 g/dL


• Mixture of nondegenerate neutrophils and macrophages; few lymphocytes, mesothelial cells, mast cells, and eosinophils; some leukophages and apoptotic cells; no bacteria or erythrophages























Enterocentesis


Practice Tip: Accidental puncture of the intestine is a potential complication of abdominocentesis that produces a transient, usually asymptomatic, peritonitis. Enterocentesis rarely can cause deleterious sequelae in adult horses, such as intestinal lacerations, cellulitis (always check site for 2 to 4 days following an enterocentesis, especially if the horse is not on antibiotics), or abscessation.




• Sample is turbid, flocculent, and greenish brown, with a fetid odor.


• Results vary, depending on whether PTF was simultaneously sampled:




• Enterocentesis alone: Many bacteria of various sizes and shapes (bacilli and cocci). Protozoa (from the cecum or colon) and plant debris may also be seen.


• Enterocentesis and abdominocentesis: Mixture of the aforementioned organisms/structures with normal PTF cells. Neutrophils are nondegenerate and bacteria are not phagocytized (assuming promptly made smears of freshly collected fluid; Fig. 11-15).
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Figure 11-15 Enterocentesis with partial abdominocentesis. A, A long filament of bacterial rods is seen extracellularly, together with nondegenerate neutrophils from peritoneal fluid. Bacteria were not phagocytized. B, Plant debris (arrows) with a mixed population of bacterial rods and cocci (some adhered to the debris) are seen alongside peritoneal macrophages (1000× magnification). C, A large protozoan from a different area of the same sample, with a small lymphocyte (arrow) and plant debris, is shown. The protozoan indicates that the site of enterocentesis was the large colon or cecum (Wright stain, 500× magnification).











• Enterocentesis can be impossible to differentiate from a peracute gastrointestinal (GI) rupture on cytologic examination alone but should be suspected in a horse that is not displaying clinical signs of a GI rupture (e.g., severe or absence of pain, endotoxemia, and hypovolemic shock).

















Colic


Assessment of PTF, interpreted along with clinical signs, can be useful indicators of GI compromise and the need for surgical intervention in horses with colic caused by strangulating obstructions (e.g., volvulus, torsion, or incarceration).




• In early stages of colic, PTF may be normal.


• The first changes that occur with intestinal ischemia are an increased RBC count and erythrophagia, often accompanied by increased protein. This is most often due to venous congestion and results in a red-tinged, slightly turbid fluid. At this stage, the nucleated cell count is normal. Lactate in peritoneal fluid begins to increase above blood values.


• As ischemia worsens, inflammatory cells infiltrate the intestinal wall and peritoneal cavity. At this stage, the nucleated cell count (mostly neutrophils) and protein are increased, with a variable RBC count. The fluid is grossly turbid and may be flocculent. PTF lactate is increased. Dark red-brown fluid has been associated with intestinal necrosis. Bacteria may not be seen until the intestinal wall is devitalized sufficiently to leak or rupture. Once the latter occurs, plant debris and mixed bacteria are seen (intracellularly and extracellularly) along with an increased nucleated cell count (predominantly degenerate neutrophils).


• In some GI conditions causing colic—for example, enteric foreign bodies and impactions—PTF may remain normal throughout. Erythrophagia alone (with normal protein) may be seen in some impactions causing serosal vascular congestion.


• Horses suffering from acute GI rupture typically present with colic and shock. The site of rupture can affect the character of PTF. Varying amounts of plant material may be seen, regardless of site.




• Gastric: A large amount of fluid is released into the abdomen, diluting PTF. The fluid is turbid, brown, and grainy. Smears have a granular background and can be acellular or contain low numbers of large, flattened light blue keratinized squamous cells (not keratin bars) from the squamous portion of the stomach.


• Intestinal (small or large): Mixed bacterial population of rods and cocci along with low numbers of degenerate neutrophils with phagocytized bacteria (Fig. 11-16). In peracute cases, the fluid may mimic an enterocentesis.
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Figure 11-16 Peritoneal fluid from a horse with colic resulting from an intestinal rupture. Degenerate neutrophils have phagocytized a mixed flora of bacteria in this cytospin preparation. The peritoneal fluid nucleated cell count was normal (1000 cells/µL), despite cytologic evidence of sepsis (Wright stain, 1000× magnification).








• Cecal/colonic: Protozoa, together with phagocytized bacteria in degenerate neutrophils, indicates a rupture at these sites. If large volumes of ingesta are released into the abdomen, this can mimic an enterocentesis.





• Nucleated cell counts and protein are often normal in acute ruptures; however, bacteria and debris can result in erroneous counts. Therefore, clinical signs and cytologic examination of the fluid are essential for a definitive diagnosis.

















Exudates


Exudative effusions indicate an inflammatory stimulus in the peritoneal cavity. This can be due to septic (e.g., Actinobacillus infection) or nonseptic causes. Nonseptic causes include: devitalization and necrosis of the GI wall following ischemic injury or neoplasia, chemical injury (e.g., urine peritonitis, seminoperitoneum, or hemoperitoneum commonly following castration), and abdominal surgery.




• Fluid is turbid (from increased cells) and discolored. Flecks of fibrin may impart a flocculent appearance. A visible pellet is seen in centrifuged samples with high nucleated cell counts.


• Nucleated cell counts are >5000 cells/µL and usually much higher.


• Total protein is elevated (>2.5 g/dL) and the sample may clot because of a high fibrinogen content.


• Inflammation is typically suppurative (>85% to 90% neutrophils). In sepsis, neutrophils are usually degenerate but can be nondegenerate. Nondegenerate neutrophils with high neutrophil counts (>20,000 cells/µL) are typical of a primary peritonitis caused by Actinobacillus equuli.


• Intracellular bacteria may be identified. The absence of bacteria or degenerate neutrophils does not rule out sepsis and these fluids should be cultured regardless.




• A mixed bacterial population suggests an intestinal origin.


• A single bacterial species suggests a primary peritonitis or abscessation, rather than intestinal leakage/rupture.





• PTF pH and glucose are decreased in septic peritonitis; however, some horses with nonseptic peritonitis have similar results. These tests should not be used in isolation for diagnosis of sepsis. Both tests need to be performed immediately after collection because anaerobic glycolysis and glucose consumption occur in vitro, producing artifactual changes that resemble sepsis.




• Practice Tip: Identification of phagocytized bacteria in a freshly prepared sample and a positive bacterial culture remain the gold standards for sepsis.





• Abdominal surgery alone can induce a sterile, asymptomatic peritonitis. Nucleated cell counts (mostly neutrophils) can remain high (>30,000 cells/µL) for longer than a week after surgery. Neutrophils are usually nondegenerate, and bacteria are absent.

















Hemorrhagic Effusions


RBCs are typically seen in low numbers in PTF. An increased number of RBCs can be seen with the following conditions:




• Blood contamination: Platelets are usually observed, but there is no erythrophagia. Contamination may be observed by changes in red coloration during sample collection.




• Practice Tip: Hemorrhage or diapedesis into the abdominal cavity: The tap is uniformly bloody and does not clot in a red-top tube. This is commonly observed in association with a devitalized GI tract. Cytologic indicators of prior hemorrhage/diapedesis include erythrophages, hemosiderophages, absence of platelets (if hemorrhage is not ongoing), and hematoidin crystals. An increased RBC count and erythrophagia (often accompanied by an elevated protein) may be the first indicators of intestinal ischemia or serosal vascular congestion.





• Hemorrhagic effusion/hemoperitoneum: The fluid resembles frank blood and does not clot. The RBC count is >1,000,000 cells/µL, with a measurable packed cell volume (PCV). There is cytologic evidence of prior hemorrhage. Causes include trauma (splenic tears, hematomas), ruptured abdominal vessels (e.g., uterine artery during foaling), neoplasia (hemangiosarcoma, ovarian tumors), and coagulopathies (e.g., hemophilia A).




• Practice Tip: Splenic tap: The fluid resembles a hemoperitoneum; however, the fluid clots if placed in a noncoagulated tube. The fluid PCV is similar to or greater than blood and there is no cytologic evidence of hemorrhage. Splenic elements (lymphocytes, hematopoietic precursors) may be seen but are not a consistent or reliable finding.




















Neoplasia


Neoplasia usually manifests with chronic symptoms (weight loss, weakness, and intermittent colic) in horses. Tumors involving the GI tract can cause acute abdominal pain, particularly if they result in hemoperitoneum, peritonitis (from necrosis), GI ischemia (e.g., strangulating lipomas), or rupture.




• Tumors can cause any type of abdominal effusion including transudates, exudates, hemoperitoneum, chyle, and GI ruptures.


• Neoplastic cells may be observed in PTF, permitting a definitive diagnosis, for example, lymphoma, gastric squamous cell carcinoma (Fig. 11-17), mesothelioma, adenocarcinoma, and malignant melanoma (Fig. 11-18).
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Figure 11-17 Squamous cells in the peritoneal fluid of a horse with a squamous cell carcinoma. A cluster of two large, elongate, fully keratinized squamous epithelial cells with retained nuclei permit a diagnosis of squamous cell carcinoma from a direct smear of peritoneal fluid in a horse with a concurrent exudative peritonitis (Wright stain, 500× magnification). Note that nucleated keratinized squamous cells (with no neoplastic features) may be seen in PTF of foals and adult horses with gastric rupture.
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Figure 11-18 Melanophages in the peritoneal fluid of a horse with malignant melanoma. Numerous macrophages with variable amounts of black melanin pigment in their cytoplasm (melanophages) were seen in this peritoneal fluid sample from a gray horse. The melanin originated from a metastatic melanoma, which was confirmed on necropsy examination (Wright stain, 500× magnification).








• Absence of neoplastic cells does not exclude neoplasia because most equine abdominal tumors do not exfoliate cells into PTF.


• Mesothelial cells can become reactive in effusions and may be mistaken for neoplastic cells. They exhibit increased cytoplasmic basophilia, increased nuclear-to-cytoplasmic ratios, multinucleation, and large prominent nucleoli. In these settings, it can be difficult, even for an experienced cytopathologist, to discriminate between a reactive or inflammatory process and neoplasia.

















Other Conditions







• Seminoperitoneum: Perforation of the female reproductive tract during breeding may introduce sperm into the abdominal cavity, inciting a sterile peritonitis. Free sperm and phagocytes (neutrophils and macrophages) containing sperm heads are diagnostic findings.


• Uroperitoneum: Urinary bladder ruptures are not uncommon in neonatal foals and also can occur in adult male horses with urolithiasis or in postpartum mares. Nucleated cell counts are initially normal, but a sterile suppurative peritonitis develops with time.




• Practice Tip: Uroperitoneum can be definitively diagnosed by higher creatinine levels in PTF than peripheral blood (creatinine equilibrates slowly across the peritoneal lining). In adult horse cases, and rarely in foals, calcium carbonate crystals can be seen in PTF and are similarly diagnostic.





• Lipid-rich effusions: Lipid-rich effusions are usually seen as a consequence of leakage of chylomicron-rich GI lymph due to lymphangiectasia, lymphatic hypertension, or lymphatic blockage. These are true chylous effusions and are rare in horses. In neonatal foals these effusions are slightly more common and lipid-rich effusions have been attributed to congenital lymphatic defects, or less commonly, pancreatitis, whereas in adult horses they occur with lymphatic obstruction, presumably caused by colonic torsions or mesenteric abscesses. In foals the lipid-rich effusions may resolve without known cause. In chylous effusions, the fluid is grossly white or pink/red (if bloody) and opaque and may develop a “cream” layer on refrigeration (indicating the high triglyceride content). A visible sediment does not usually form on centrifugation or standing. Measurement of PTF triglyceride concentrations is helpful for diagnosis; values are higher than serum. Nucleated cell counts are variable and consist mostly of small lymphocytes. Macrophages containing phagocytized clear fat globules may be seen. With long-standing effusions, neutrophilic inflammation may develop from the irritating effects of chyle (such fluids may form a visible sediment). PTF with similar gross features (chylous-like) may be seen in suckling foals with acute gastric rupture or horses with pancreatitis. Gastric rupture can occur in foals as a consequence of perforating ulcers, which results in leakage of milk into the peritoneal cavity and a concurrent suppurative peritonitis. This is a clear emergency that is usually fatal unless surgical intervention is immediate. One foal at our hospital with an acute gastric rupture and visible milk in peritoneal fluid had a remarkably quick recovery after surgical repair. Clinical signs and imaging findings should help differentiate a gastric rupture (e.g., pneumoperitoneum with a fluid line) from other causes of lipid-rich effusions in foals. Practice Tip: Acute pancreatitis has recently been recognized in 2- to 5-day-old foals. Foals typically present with anorexia, depression, neurologic signs, and hypovolemic shock. Consistent clinical chemistry findings are hypoglycemia, increased lipase and amylase concentrations, and gross lipemia due to hypertriglyceridemia. PTF is grossly turbid (from fat) and red/orange (from concurrent hemorrhage) (Fig. 11-19). PTF lipase and amylase concentrations are higher than blood, which may facilitate diagnosis. Protein is also increased, although this may be an artifact (lipid contributes to the refractive index). Some foals may have concurrent inflammation (peritonitis), but high nucleated cell counts in PTF are not a consistent feature of this condition. Prompt recognition and aggressive treatment are important because the prognosis is generally poor.
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Figure 11-19 Peritoneal fluid and serum from a foal with pancreatitis. Gross lipemia and hemorrhage is evident in the uncentrifuged PTF sample (left tube). The serum sample is also lipemic (right tube). Both samples had high triglyceride content. The lipid-rich nature of the PTF may be due to a true chylous effusion (leakage of lymph) or potential liberation of fat from abdominal adipose tissue by pancreatic enzymes.
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Keys to Interpretation of Abnormal Peritoneal Fluid Cytologic Findings







• Do not interpret cytologic results in isolation; clinical signs are crucial.


• Do not exclude an underlying pathologic condition based on normal nucleated cell counts and/or protein. Both may be normal in acute GI ruptures, neoplastic effusions, uroperitoneum, and pancreatitis.


• Enterocentesis: Suspect enterocentesis if there are mixed bacteria, plant debris or protozoa, and “normal” PTF cells in partial taps, particularly if the horse does not exhibit signs typical of GI ruptures.


• Colic: Progressive changes from normal to increased RBC count, erythrophagia and increased protein, to suppurative inflammation, to GI rupture/leakage.


• GI rupture: Plant material and large numbers of a mixed bacterial population phagocytized within degenerate neutrophils. Sample may contain keratinized squamous cells only or acellular grainy fluid in acute gastric rupture. In foals, acute gastric rupture can grossly resemble a chylous effusion.


• Exudates: Septic or nonseptic suppurative inflammation of variable cause is evident.


• Hemorrhagic effusion: Greater than 1 million RBCs per microliter, measurable PCV, nonclotting fluid, erythrophages, hemosiderophages, hematoidin crystals, and platelets (if acute or recent) are found.


• Seminoperitoneum: Suppurative to mixed inflammation is present and free sperm and phagocytized sperm heads may be seen.


• Uroperitoneum: Normal results or a mild exudate, creatinine in PTF is greater than blood, and calcium carbonate crystals in adults and, rarely, foals may be seen.


• Pancreatitis: Grossly turbid and red/orange (from fat and hemorrhage), amylase and lipase in PTF are greater than blood, high protein (may be a false increase from fat), normal or mildly increased nucleated cell count.


• Neoplasia: Various types of effusions can occur; neoplastic cells may not be visible; differentiate from reactive mesothelial cells.





























Pleural Fluid


Thoracentesis is performed when there is evidence of pleural effusion based on clinical examination (auscultation, percussion) and imaging studies (radiography, ultrasonography; see Chapter 25, p. 459, for procedures). Like PTF, normal pleural fluid (PLF) is a dialysate of plasma, and interpretation of cytologic results is identical to that described for PTF. Conditions causing PLF accumulation are the following:




• Inflammation: Pleuropneumonia with its sequelae (lung abscesses, infarction) is the most common cause of pleural effusion in horses. This is infectious in origin and can be precipitated by stress (transport, racing). The fluid is cloudy to flocculent and yellow or red. Nucleated cell counts are high, and bacteria are usually phagocytized within degenerate neutrophils. Note: A fetid smell to the fluid suggests infarction and a guarded prognosis!


• Neoplasia: These neoplasms can be primary intrathoracic (e.g., lymphoma, which is the most common tumor causing pleural effusion, or mesothelioma) or metastatic (e.g., melanoma or squamous cell carcinoma) tumors (Fig. 11-20). Neoplastic cells may not exfoliate into the fluid with some tumors but are fairly common with lymphoma, especially if the fluid is red. With mesothelioma, PLF is commonly yellow and flocculent in appearance.
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Figure 11-20 Lymphoblasts in the pleural fluid of a horse with lymphoma. Many large lymphoblasts (some apoptotic) are seen alongside a leukophagocytic macrophage (arrow) in a sediment smear of pleural fluid from a horse. These were diagnostic for lymphoma (Wright stain, 1000× magnification).








• Chylothorax: The condition has been reported in foals with presumed congenital lymphatic defects or diaphragmatic hernias and in adults with obstruction or destruction of pleural lymphatic vessels by a primary intrathoracic hemangiosarcoma.


• Miscellaneous: Exudative pleural effusions have been reported following pericarditis and Anoplocephala metacestode infection.











Key Features of Normal Pleural Fluid







• Clear to slightly turbid and colorless to light yellow


• Nucleated cell count: <5000 cells/µL


• Low RBC count


• Total protein: <2.5 g/dL


• Normal PLF is a mixture of nondegenerate neutrophils and macrophages; few lymphocytes, mesothelial cells, mast cells, and eosinophils; some leukophages and apoptotic cells; and no bacteria or erythrophages.











Pericardial Fluid







• Pericardial fluid is rarely submitted for laboratory examination, but the following conditions can be diagnosed by pericardial fluid analysis:




• Septic pericarditis: Usually yellow turbid or flocculent fluid, neutrophilic inflammation with or without bacteria. Actinobacillus sp. is the most common isolate.


• Nonseptic pericarditis: Associated with fever and presumed viral infection. Fluid is often red with a mixture of lymphocytes, plasma cells, and neutrophils.


• Neoplasia: May see neoplastic cells such as lymphoma (fluid is frequently red).
































Synovial Fluid


As for other body cavity fluids, synovial fluid (SF) is a dialysate of plasma. However, SF is modified by secretion of large amounts of glycosaminoglycans, particularly hyaluronic acid, by synovial membrane cells. SF bathes joints and tendons, providing lubrication and growth factors and preventing concussive injury. SF analysis is indicated in horses with lameness, evidence of joint effusion, or skin lacerations in proximity to a joint (to assess for possible joint penetration). Some SF (at least 0.5 mL) can be aspirated from most joints. Tendon sheath fluid can also be aspirated; interpretation is similar to joint fluid.


The two main disease processes affecting equine joints are traumatic/degenerative and inflammatory disease, which are distinguished based on nucleated cell counts and cell types:




• Traumatic/degenerative = low numbers of mononuclear cells.


• Inflammation = high numbers of neutrophils. Because immune-mediated arthropathies are not common in horses, sepsis is the usual cause of inflammatory joint disease.











Normal Synovial Fluid







• Color and clarity: Clear, colorless to slightly yellow


• Texture: Highly viscous because of hyaluronic acid. Use squash preparation method to prepare thin smears.




• Viscosity is assessed subjectively by fluid “stringiness.” If a drop of SF is placed on a slide using a needle/syringe or pipette, a strand of fluid (at least 1 to 2 cm long) should form as the needle/pipette tip is drawn away.


• Fluid dries slowly; rapidly air-dry smears.


• Viscosity imparts a pink granular background and causes “windrowing” of cells (arranged in lines in the direction of smearing (Fig. 11-21). Windrowing may not be seen in poorly cellular fluids with normal viscosity.
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Figure 11-21 Normal joint fluid. Erythrocytes and synovial fluid cells (macrophages, lymphocytes) line up in rows (“windrowing”) in this blood-contaminated joint fluid aspirate, indicating normal viscosity (Wright stain, 200× magnification).








• Viscosity may affect accuracy of cell counts (difficult to attain repeatable counts) and microscopic examination (slow drying).


• Some normal SF can gel (thixotropism), making it impossible to count cells, measure protein, or prepare smears. Hyaluronidase can be added to liquify the sample.





• Cell counts: Nucleated counts are <1000 cells/µL, with few RBCs.


• Total protein by refractometer: <2.5 g/dL




• Practice Tip: A low yield (<0.25 mL) may falsely increase protein of samples collected into EDTA. EDTA contributes to the refractive index (pure EDTA has a “total protein” of 9.0 g/dL by refractometry), mimicking degenerative joint disease.





• Smear examination:




• Nonvacuolated macrophages and small lymphocytes dominate (also termed large and small mononuclear cells, respectively).


• Neutrophils are <10% and nondegenerate. This percentage may be higher in poorly cellular (but normal) or blood-contaminated fluids.


• Low numbers of synovial lining cells (synoviocytes) can be seen. These can be difficult to distinguish from macrophages.














Key Features of Normal Synovial Fluid







• Clear, colorless, and viscous


• Nucleated cell count: <1000 cells/µL


• Low RBC count


• Total protein: <2.5 g/dL


• Mixture of nonvacuolated macrophages, small lymphocytes, and synoviocytes, with <10% neutrophils























Traumatic or Degenerative Joint Disease







• No gross abnormalities may be detected (normal color, clarity, viscosity). Viscosity may be reduced if there is joint effusion (dilutional effect).


• In some cases, the only indication of an arthropathy is an increased volume of cytologically normal fluid.


• Nucleated cell counts are normal to slightly increased (usually <5000 cells/µL).


• Total protein is normal to slightly increased.


• Distribution of cell types is normal. Macrophages might be vacuolated.


• Cartilage fragments and osteoclasts may be seen, representing cartilage damage and cartilage erosion to subchondral bone, respectively. Cartilage fragments may also be mechanically dislodged during aspiration in joints with small synovial spaces or little fluid.


• Traumatic injury may cause joint hemorrhage. In acute cases, this can resemble blood contamination, but there should be some evidence of hemorrhage (erythrophages, hemosiderophages) on microscopic examination if long-standing.


• Acute joint trauma can mimic inflammatory joint disease. Trauma induces a transient neutrophilic inflammatory response (nucleated cell counts can be as high as 12,000 cells/µL with >50% neutrophils). This should resolve over a few days to a more typical degenerative profile.


• Degenerative joint disease may be the final outcome of traumatic injury.

















Inflammatory Joint Disease


Inflammatory joint disease is due to acute trauma (see previous discussion) or sepsis; however, the latter is far more common. Note: There are reports of presumptive immune-mediated arthropathy (secondary to bacterial infections such as Rhodococcus equi in foals and presumed idiopathic in older equines).




• Fluid is yellow to creamy, hazy, with decreased viscosity and may be flocculent. Fibrin clumps may enmesh cells, which decreases the nucleated cell count.


• Nucleated cell counts are high, usually >5000 cells/µL and up to several hundred thousand per microliter.


• Neutrophils dominate and are usually nondegenerate, even with sepsis.


• Total protein is increased (>2.5 g/dL).


• Bacteria are rarely identified in septic arthropathies but may be seen in joint fluids from septic foals. The absence of bacteria in septic fluids has been attributed to bacterial colonization of the synovium; however, cultures of synovial membrane biopsies have not proved to be more sensitive than SF cultures.


• It can be difficult, if not impossible, to identify joint inflammation (or joint involvement in lacerated skin wounds) if the fluid is moderately to severely blood contaminated. The latter increases nucleated cell counts, neutrophil percentages, and total protein.

















Other Conditions


There have been isolated reports of eosinophilic synovitis, lymphocytic synovitis (due to Borrelia burgdorferi or villonodular synovitis), fungal arthritis (due to Candida sp.), and chemical synovitis (e.g., intraarticular antibiotic or silicone injections). Chronic bleeding may induce a mild neutrophilic synovitis.


Practice Tip: A marked neutrophilic inflammatory response (mean of 50,000 nucleated cells/µL) with increased total protein (mean of 5 g/dL) is induced within 6 hours of intraarticular injection of autologous or allogeneic mesenchymal stem cells. The nucleated cell count returns to normal by 72 hours; however, the total protein remains increased.








Keys to Interpretation of Abnormal Synovial Fluid Cytologic Specimens







• Normal results do not rule out degenerative joint disease.


• Sepsis is the primary differential diagnosis for an inflammatory (neutrophilic) arthropathy.


• Acute trauma can mimic a septic arthritis by inducing a neutrophilic synovitis. This is usually transient, and the nucleated cell count is usually <12,000 cells/µL.


• Degenerative and traumatic joint disease shows normal to decreased viscosity; nucleated cell count usually <5000 cells/µL, consisting of mononuclear (large and small) cells with <10% neutrophils; and normal to mildly increased protein. SF results may be completely normal.


• Inflammatory disease: Decreased viscosity, high nucleated cell count (>5000 cells/µL), and protein (>2.5 g/dL), mostly nondegenerate neutrophils are evident. Bacteria may not be seen even in cases of septic arthritis.





























Tracheal Wash and Bronchoalveolar Lavage


Techniques for collection of transtracheal wash (TTW) or BAL samples are described elsewhere (see Chapter 25, p. 451, for procedures). These techniques are performed in horses with clinical signs referable to the respiratory tract (cough, nasal discharge, respiratory distress), as part of the diagnostic evaluation for poor performance in athletic horses, or to detect exercise-induced pulmonary hemorrhage (EIPH). Tracheal washes can be performed through an endoscope or transtracheally. Collection technique affects interpretation (see the following); thus it is important to identify how tracheal wash specimens are collected. Note: Unlike other body fluids, total protein concentrations are not measured.








Tracheal Wash Versus Bronchoalveolar Lavage


Tracheal wash samples most directly reflect pathologic processes that involve bacterial infection of the lung, focal noninfectious diseases, such as pulmonary hemorrhage, or larger airway disorders, whereas BALs usually represent diffuse lower airway disease.







• Practice Tip: Tracheal wash samples are preferred for evaluation of infectious respiratory disease (except for EHV-5), whereas BALs are often preferred for diffuse chronic lower airway inflammatory disease. Cytologic results of these two specimens are different and do not always correlate with each other.


• Sample site: Tracheal wash samples are less sensitive than BALs for detecting diseases affecting the lower airways (bronchioles and alveoli). BALs only detect abnormalities affecting the sample site and may miss nondiffuse lesions (e.g., BALs may be normal in pneumonia if a nonaffected area of lung is lavaged and do not demonstrate the mucus or cellularity observed on tracheal washes in racehorses with inflammatory airway disease or mucopus syndrome).


• Mucus: Mucus is a normal component of tracheal washes but should be lacking in BALs. In BALs, mucus indicates contamination with upper airway constituents, which clouds interpretation. Indeed, BALs submitted to diagnostic laboratories are usually filtered to remove any contaminating mucus.


• Cell counts: Cell counts are not performed on tracheal washes but are done on BALs with a hemocytometer (counts are usually below the detection limit of automated analyzers).


• Cell types: Differential counts are routinely performed on BALs but not tracheal washes. Alveolar macrophages and upper airway epithelial cells (ciliated columnar and goblet) dominate in tracheal washes, whereas macrophages and lymphocytes are the most abundant cells in BALs. Few upper airway epithelial cells should be seen in BALs.


• Practice Tip: A higher number of neutrophils (usually <10%, with up to 25% being observed in stabled horses without inflammatory airway disease) are seen in tracheal washes than in BALs (up to 5%).


• Bacteria: Cultures are more likely to be positive in tracheal washes than BALs in horses with sepsis and in healthy horses (normal flora reside in the lower trachea).


• Incidental findings: Note: Tracheal washes are more likely to contain environmental contaminants, such as pigmented fungal elements, than BALs.

















Normal Tracheal Wash Cytologic Findings







• Sample should contain visible mucous flecks or strands.




• Samples lacking mucus are unlikely to be representative (cells are caught up within mucus).


• Mucus is thick and dries slowly. It is important to prepare squash preps of the mucus and to rapidly air-dry the slides.


• Mucus forms purple to pink strands or variably sized granules in smears. Mucin granules could be mistaken for bacteria, but are lighter stained and more variable in shape (Fig. 11-22).
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Figure 11-22 Normal tracheal wash. A, Thick strands of mucus and alveolar macrophages. B, Alveolar macrophages surround a mucus spiral. C, A stream of light purple mucin granules. D, Cluster of ciliated columnar epithelial cells (Wright stain, 500× magnification).








• Mucus or Curshmann's spirals are dark, tightly wound spirals of mucus (see Fig. 11-22). They usually indicate increased mucous production from airway irritation but may be seen in healthy horses.





• Alveolar macrophages dominate, with <10% neutrophils. Stabled horses can normally have up to 25% neutrophils. Lymphocytes, eosinophils, and mast cells may be seen in low numbers. Some macrophages may be multinucleated.


• Ciliated columnar epithelial cells and goblet cells occur individually or in clusters (see Fig. 11-22).


• Extracellular bacteria (mixed population) may be present, particularly if there is oropharyngeal contamination (see the following).


• Transtracheal collection: RBCs may be seen from collection-induced hemorrhage. Rarely, fully keratinized squamous cells from the skin can contaminate these washes. If the catheter folds and extends into the pharynx, the wash may contain oropharyngeal cells and/or commensal bacteria.


• Endoscopic collection: RBCs are rare in nontraumatic collections, and their presence usually indicates recent airway hemorrhage. Some degree of oropharyngeal contamination is present; hence, bacterial cultures are more likely to be positive. This can be reduced by using guarded endoscopes.


• Incidental findings:




• Oropharyngeal contamination: The wash contains nonkeratinized squamous epithelial cells from the oropharynx, with or without adherent bacteria (Fig. 11-23). Mixed bacteria are also found extracellularly; however, none should be phagocytized.




[image: image]


Figure 11-23 Incidental findings in a tracheal wash. A, Oropharyngeal contamination from an endoscopic wash: Large squamous cells with adherent bacteria, together with nondegenerate neutrophils (indicating concurrent inflammation), are seen. Bacteria are not phagocytized. Red blood cells suggest concurrent hemorrhage (500× magnification). B, A green-blue dematiaceous fungal spore (arrow) is adhered to an alveolar macrophage and is an environmental contaminant (Wright stain, 1000× magnification).








• Dematiaceous (pigmented) fungal hyphae and/or spores may be seen in the background or adhered to macrophages (see Fig. 11-23). These are environmental contaminants and are more frequently observed in washes from stabled horses (especially horses with recurrent airway obstruction [RAO]) or those fed hay in close confinement (e.g., round bales). These fungi can exacerbate/initiate RAO but can be seen in horses without this disease.




















Normal Bronchoalveolar Lavage Cytologic Findings







• No mucus


• Nucleated cell count: 200 to 400 cells/µL


• Mixture of macrophages (30% to 75%) and lymphocytes (20% to 50%) with <5% neutrophils. Some mast cells (1% to 2%), with rare eosinophils (<1%). Macrophages may be multinucleated. Ciliated columnar epithelial and goblet cells are absent, unless there is upper airway contamination (these are excluded from differential counts).


• Rarely see dematiaceous fungal elements; may see extracellular bacteria from the oropharynx


• No to few RBCs


• The site of sampling (left or right lung) and volume of infusate may affect cell proportions.











Keys to Normal Tracheal Wash and Bronchoalveolar Fluid Cytologic Examination







• Tracheal wash: Contains mucus, macrophages, respiratory epithelial cells, <10% neutrophils (<25% neutrophils in stabled horses)




• RBCs can be normal in a TTW; oropharyngeal contamination is expected if collected via endoscopy (minimized by a guarded endoscope).





• BAL: Little or no mucus, 200 to 400 nucleated cells/µL, mixture of macrophages and lymphocytes, <5% neutrophils, 1% to 2% mast cells, <1% eosinophils


• Incidental findings: Oropharyngeal contamination (squamous cells with adherent bacteria, extracellular mixed bacteria), environmental inhabitants (dematiaceous fungal elements), glove powder























Inflammation


Inflammation can result from infectious (bacterial, fungal, viral) and noninfectious causes. Common noninfectious diseases include RAO (also known as heaves or chronic obstructive pulmonary disease) and the syndrome of inflammatory airway disease (IAD) of younger performance horses.




• Suppurative inflammation: >85% to 90% neutrophils. This can be due to pneumonia, RAO, or IAD. Degenerate neutrophils usually indicate sepsis. Mucus is thin and mucous spirals are usually absent with sepsis or severe suppurative inflammation.


• Mixed inflammation: Increased numbers of nondegenerate neutrophils, with macrophages (often multinucleated) and fewer lymphocytes; also called “chronic-active” inflammation. Mucus is frequently observed in strands, with some mucous spirals. These features are typical, but not specific, for RAO; similar results are seen with interstitial pneumonia, resolving infections, and pulmonary multinodular fibrosis (associated with equine herpes virus type-5 [EHV-5] infection).


• Eosinophilic inflammation: Caused by parasitic infections (e.g., Dictyocaulus arnfieldi in horses housed with donkeys and Parascaris equorum in foals or yearlings) or fungal infections (e.g., Cryptococcus). Eosinophilia is an uncommon cytologic finding in RAO.
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Pneumonia







• Tracheal washes are usually diagnostic, and BALs are not generally indicated.


• Washes contain large amounts of thin mucus that does not form strands or spirals.


• Inflammation is typically suppurative but may be mixed and resemble RAO. Neutrophils are often degenerate.


• Hemorrhage (hemosiderophages, erythrophages, hematoidin) may occur as a sequela.


• One may identify a causative agent:




• Bacteria: Rhodococcus equi is a common pathogen in foals <5 months of age and causes pneumonia and pulmonary abscessation. The bacterium is a small, pleomorphic, gram-positive rod often forming “Chinese letter” shapes (Fig. 11-24). Infection usually incites a mixed neutrophilic histiocytic inflammatory response, and neutrophils may not be degenerate.
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Figure 11-24 Rhodococcus equi pneumonia in a tracheal wash from a foal. A, There is a suppurative inflammatory response consisting of degenerate neutrophils. Small pleomorphic bacilli are phagocytized and free in the background (Wright stain). B, Bacilli are gram-positive and form “Chinese letters,” compatible with R. equi (Gram stain, 1000× magnification).








• Fungi: Pneumocystis carinii can accompany Rhodococcus pneumonia in young foals (<3 months). Cyst and ameboid (“trophozoite”) forms are easily overlooked or mistaken for necrotic cellular debris (Fig. 11-25). BALs may be more sensitive than tracheal washes for detecting this fungus. A Gomori-Grocott methenamine silver (GMS) stain also highlights the organism.
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Figure 11-25 Pneumocystis carinii in a tracheal wash from a 2-month-old foal. A single cyst with 8 spores is observed in the center of the field (arrow). Surrounding cells are mostly nondegenerate neutrophils. Note that this organism is now considered a fungus, even though outdated protozoal terminology for the different stages of the organism is still applied (Wright stain, 1000× magnification).








• Aspiration: Note: Oropharyngeal cells and commensal bacteria accompany a suppurative inflammatory response. Neutrophils are degenerate and phagocytizing bacteria, which distinguishes this from oropharyngeal contamination.




















Nonseptic Inflammatory Airway Disease


Nonseptic inflammatory airway disease encompasses two conditions associated with inflammation (usually neutrophilic), airway obstruction, and hypersensitivity to inhaled environmental allergens or molds (e.g., Alternaria sp.): RAO and the syndrome of IAD.




• RAO: RAO is synonymous with heaves or chronic obstructive pulmonary disease, and typically affects older (>10 years) stabled horses. A summer pasture-associated RAO has been identified in several areas.




• Diagnosis can be readily obtained by history, clinical examination, and tracheal wash or BAL findings.


• Increased amounts of thick, tenacious mucus with numerous mucous spirals are evident.


• Tracheal wash samples show a suppurative to mixed (neutrophils and macrophages) inflammatory response. Neutrophils are nondegenerate, and multinucleated macrophages are frequent. Eosinophils are uncommon.


• May see clusters of hyperplastic columnar epithelial cells (darker blue and more cuboidal than normal) with increased numbers of goblet cells.


• Extracellular bacteria may be present, usually a mixed flora, although there may be a uniform population of diplococci (Streptococcus zooepidemicus). The pathogenic significance of extracellular bacteria is uncertain, but culture is indicated in these settings. Bacteria are more likely to be pathogenic if they are phagocytized, and cultures yield moderate to heavy growth.


• Dematiaceous fungal elements may be numerous.


• BALs are characterized by increased total nucleated cell counts, comprising >20% neutrophils (higher neutrophil percentage than that seen with IAD). Increased proportions of mast cells and eosinophils are uncommon.





• IAD: This is a common entity in young racing horses. Many consider BAL to be the diagnostic technique of choice although large airway disease may still play a significant role in the disorder!




• IAD is associated with poor performance in young athletic horses (<5 years).


• Mucous production is variable but often appears increased if the horse is scoped following exercise. The amount of mucus seen on endoscopy may be more diagnostic for the condition than the cellular inflammation noted on microscopic exam of the TTW.


• Tracheal wash findings are similar to RAO: neutrophilic to mixed inflammation, extracellular bacteria, and dematiaceous fungi.


• BALs: Total nucleated cell counts may be increased and consist of mixed cells (neutrophils, lymphocytes, and macrophages). In rare cases, there is only histiocytic inflammation (mostly macrophages with many multinucleated forms). Counts are frequently within normal limits, but the distribution of cell types is abnormal although variable. There may be increased proportions of neutrophils (10% to 13%, usually <20%), lymphocytes (>50%), mast cells (4%), and eosinophils (4% to 10%). Some horses may only have increased eosinophil and/or mast cell percentages.


























Hemorrhage


Hemorrhage can be due to exercise (EIPH) or can result from lung injury of various causes (e.g., inflammation, smoke inhalation, or neoplasia).




• Hemorrhage is suspected when RBCs are observed in tracheal washes collected via an endoscope. RBCs are an expected finding in a TTW.


• Hemorrhage is confirmed by erythrophagia (fresh samples only) and identification of hemosiderin pigment within macrophages or hematoidin crystals.


• Small amounts of hemosiderin may not be detected on Wright-stained smears. Also, other pigments (carbon, phagocytic debris) may be mistaken for hemosiderin.


• It is useful to confirm the presence or absence of hemosiderin with a Prussian blue stain (see Fig. 11-10).


• Hemosiderophages can persist in pulmonary secretions for 1 to 3 months after a bout of hemorrhage; that is, they do not reflect recent hemorrhage.

















Other Conditions







• Neoplasia: Pulmonary neoplasia is rare in horses and includes primary (pulmonary adenocarcinoma, granular cell tumor) and metastatic (e.g., hemangiosarcoma, squamous cell carcinoma, or malignant melanoma) neoplasms. Tracheal washes and BALs are insensitive diagnostic procedures because neoplastic cells may not invade the airways.


• Multinodular pulmonary fibrosis: This form of interstitial pneumonia has been associated with equine herpes virus type-5 infection and should be suspected in an adult presenting with weight loss, fever, tachypnea or respiratory distress and having a severe nodular interstitial pulmonary pattern on radiographic examination. Cytologic findings are not specific and include neutrophilic inflammation with thick mucus in tracheal washes and mixed, mostly neutrophilic inflammation, with vacuolated and multinucleated macrophages, and increased proportions of granular lymphocytes and mast cells in BALs. Viral inclusions are rare and difficult to conclusively identify in cytologic specimens. The disease is best confirmed on lung biopsy, which demonstrates characteristic fibrosis and neutrophilic histiocytic inflammation in alveoli. PCR can be used to identify EHV-5 in the BAL fluid or lung biopsy.
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Keys to Interpretation of Abnormal Tracheal Wash and Bronchoalveolar Lavage Cytologic Findings







• Oropharyngeal contamination: Nonkeratinized squamous epithelial cells with adherent bacteria; mixed bacterial population, none phagocytized


• Suppurative inflammation: With nondegenerate neutrophils, suspect IAD (e.g., RAO in older horses and IAD in young athletic horses), primary bacterial infections, and interstitial pneumonia. With degenerate neutrophils, look for a bacterial cause and suspect pneumonia or primary bacterial infections (e.g., shipping pleuropneumonia). Culture is indicated.


• Rhodococcus equi pneumonia: Young foals with suppurative inflammation, nondegenerate or degenerate neutrophils, and pleomorphic small bacterial rods forming “Chinese letters.” Consider underlying P. carinii infection.


• Mixed inflammation: Caused by RAO, IAD, interstitial pneumonia (including multinodular pulmonary fibrosis), and resolving infections


• Eosinophilic inflammation: Parasitic or fungal cause; may not see causative organism


• RAO: Increased amounts of thick mucus, neutrophilic to mixed inflammation, nondegenerate neutrophils, and multinucleated macrophages; affects older horses (>10 years)


• IAD: BALs are preferred. Nucleated cell counts may be increased but are usually normal; however, there are increased proportions of neutrophils (<20%), lymphocytes, eosinophils, or mast cells. IAD affects young horses (<5 years). Endoscopy after exercise is recommended.


• Hemorrhage: RBCs (endoscopic wash), hemosiderin (confirm with Prussian blue stain), hematoidin, erythrophages. Hemosiderophages do not necessarily indicate recent hemorrhage.





























Cerebrospinal Fluid


CSF is secreted by cells in the choroid plexus and brain and is of low cellularity and low-protein. CSF can be collected from atlanto-occipital and lumbosacral sites (see Chapter 22, p. 340, for procedures) and should be submitted in EDTA (unless a need for culture is anticipated). Because of extremely low protein, cells rapidly lyse in vitro, affecting counts and cell evaluation. Specimens must be kept cool and submitted for analysis within 24 hours of collection. Specific, highly sensitive techniques are required to measure protein, although urine dipsticks can provide a reasonable approximation of protein values. Because of low cellularity, cell counts are performed manually with a hemocytometer, and cytospin smears are essential for microscopic examination. CSF results can provide evidence of inflammation and trauma. However, CSF abnormalities are not specific for any particular disease, and many horses with clinical signs referable to the central nervous system have normal CSF results (e.g., equine protozoal myelitis).








Normal Cerebrospinal Fluid Results







• Clarity and color: Transparent and colorless. Any turbidity or color is abnormal.




• Normal neonatal foals may have slightly yellow CSF.





• Nucleated cell count: 0 to 5 cells/µL


• RBC count: Negligible, unless the sample is blood-contaminated; no erythrophages.


• Protein: 60 to 120 mg/dL (most normal horses are <80 mg/dl)


• Smear examination:




• Differential cell counts are often done, particularly if the nucleated cell count is increased.


• Nucleated cells are mononuclear cells (lymphocytes and macrophages). Neutrophils are infrequent, unless there is blood contamination.


• Incidental findings include clusters of ependymal lining cells, extracellular whorls of granular pink myelin, squamous epithelial cells from the skin, and glove powder.





• Biochemical analytes:




• Glucose, potassium, calcium, and enzymes are lower in CSF than plasma.


• Glucose in the CSF is further lowered with CNS bacterial sepsis.


• Sodium, chloride, and magnesium are higher in CSF than plasma.














Key Features of Normal Cerebrospinal Fluid







• Samples should be kept cool and submitted ASAP to the laboratory.


• Clear and colorless


• Nucleated cell count: 0 to 5 cells/µL


• Macrophages and lymphocytes: rare neutrophils


• Protein: 60 to 120 mg/dL























Abnormal Cerebrospinal Fluid Results


CSF results are categorized by the type of inflammation; however, none of the inflammatory profiles are specific for individual diseases. Therefore, CSF analysis is only one diagnostic tool and not definitive in itself (see Chapter 22, p. 342).








Grossly Identifiable Abnormalities of Cerebrospinal Fluid







• Turbidity can be due to increased cells, bacteria, epidural fat, or radiographic contrast media.


• Red-tinged or red fluid indicates blood contamination or subarachnoid hemorrhage.


• Yellow fluid (xanthochromia) indicates prior hemorrhage or icterus (conjugated or direct bilirubin can cross an intact blood-brain barrier, whereas this barrier must be compromised to permit passage of unconjugated or indirect bilirubin).


• Creamy, white fluid indicates greatly increased nucleated cell counts (pleocytosis).

















General Categories of Abnormal Cerebrospinal Fluid







• Suppurative inflammation: Fluid is turbid and may be opaque, depending on counts. Protein concentration is usually increased. Neutrophils dominate and may be nondegenerate, even if there is a bacterial infection (similar to SF). Causes include bacterial sepsis, variable immunodeficiency syndrome in adults, eastern equine encephalitis, abscesses, and trauma (e.g., subdural hemorrhage or previous CSF tap).


• Lymphocytic inflammation: Small lymphocytes dominate, with rare large or reactive forms. Plasma cells may be seen. Inflammation is typical of viral infections (nucleated cell counts are normal or only mildly increased in most cases), including West Nile virus, but can also be seen in horses with primary spinal lymphoma, neuroborreliosis, or compressive lesions. Note: Increased proportions of granular lymphocytes (cytotoxic T or natural killer cells) may be seen in necrotizing or viral conditions (e.g., equine herpes myeloencephalopathy, which normally has a normal cell count), but are not specific for these disorders.


• Eosinophilic inflammation: Inflammation results from protozoal, parasitic (e.g., migrating nematodes), and fungal infections. This is rare in the horse except for Parelaphostrongylus tenuis.


• Mixed inflammation: Mixture of cells; neutrophils or mononuclear cells can dominate. Causes include fungal infections (e.g., Cryptococcus, Fig. 11-26), prior myelography (radiographic contrast media induce a mild meningitis), viral infections, and verminous (e.g., Halicephalobus) encephalomyelitis.
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Figure 11-26 Cryptococcus neoformans in cerebrospinal fluid. An aggregate of large blue yeasts with thick nonstaining capsules (arrow) are surrounded by a mixed inflammatory infiltrate (neutrophils, lymphocytes, macrophages) in a horse with Cryptococcus meningitis (Wright stain, 1000× magnification).








• Blood contamination: Fluid is red-tinged. RBCs settle after sedimentation, leaving a clear, colorless supernatant. Blood contamination (depending on degree) affects interpretation, particularly the ability to detect underlying inflammation (blood adds leukocytes, increasing nucleated cell counts and neutrophil percentages, and protein). Published formulas to correct nucleated cell counts and protein for the degree of blood contamination are of dubious accuracy (1 WBC for every 500 to 1000 RBCs). Platelets and RBCs, but no erythrophages or hemosiderophages, are visible.


• Hemorrhage: Fluid may be red-tinged with a RBC-rich sediment after centrifugation if hemorrhage is acute. Erythrophages, hemosiderophages, and hematoidin crystals may be observed. With time, RBCs disintegrate within the arachnoid space, causing xanthochromia.
























Specific Conditions



Trauma/Compressive Lesions










• CSF is usually normal with compressive disorders, such as cervical spondylomyelopathy.


• Acute trauma may result in hemorrhage (see previous discussion). Sample may be red (recent hemorrhage) to yellow (from past hemorrhage).


• The nucleated cell count and protein may be mildly increased.











Septic Bacterial Meningitis







• Practice Tip: Infection mostly occurs in neonatal foals and adults with variable immunodeficiency syndrome.


• Fluid is turbid, yellow, creamy, or white.


• Infection produces the highest cell counts, which are due to a neutrophilic pleocytosis. Neutrophils are typically nondegenerate.


• Increased protein is typical.


• Bacteria may not be observed.

















Viral Encephalitis







• Results are variable and may be normal.


• Classic findings are a mild lymphocytic pleocytosis and/or increased protein (including West Nile virus encephalomyelitis and Eastern encephalomyelitis virus infections). Some samples may be xanthochromic. Western encephalomyelitis tends to be more neutrophilic.


• A neutrophilic pleocytosis can be seen with acute infections (e.g., eastern equine encephalomyelitis [EEE]).


• Equine herpes virus type-1 (EHV-1) causes a vasculitis with resulting neurologic signs (equine herpes myeloencephalopathy). CSF may be normal or can display xanthochromia and increased protein. Total nucleated cell counts are often normal or may be increased with a lymphocytic pleocytosis. Increased proportions of granular lymphocytes may be seen (but are not specific).

















Equine Protozoal Myelitis (Sarcocystis Neurona)








• CSF findings are usually normal.


• May see a mild mixed (neutrophils, macrophages, lymphocytes) pleocytosis and mildly increased protein.


• Increased creatine kinase is not a reliable finding. Creatine kinase can be falsely high from contamination of CSF with dural or epidural fat.


• Comparing SAG 2,3,4 ELISA antibody in serum and CSF can provide valuable information on intrathecal antibody production and the likelihood of disease.
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Keys to Interpretation of Abnormal Cerebrospinal Fluid Cytologic Findings







• Normal results do not rule out an underlying pathologic condition. Results are often normal in degenerative, compressive, infectious (e.g., protozoal and viral), and neoplastic diseases.


• Neutrophils are nondegenerate, and bacteria are rarely observed in sepsis.


• Hemorrhage is usually due to trauma.


• Suppurative inflammation: Consider bacterial, acute viral infections, abscesses, and trauma.


• Lymphocytic inflammation: Consider viral infections, lymphoma, and compressive lesions.


• Mixed inflammation: Consider various causes.
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Chapter 12


Emergency Diagnostic Endoscopy


Barbara Dallap Schaer, Ellison Aldrich and James A. Orsini







Endoscopy is a valuable diagnostic tool routinely performed in equine practice. Endoscopy allows direct visualization of the upper and lower airway, esophagus, stomach, duodenum, urethra, and bladder. This procedure can be used to further characterize abnormalities identified with other imaging modalities, such as digital radiography and ultrasonography, and to identify lesions that are undetectable with other methods. Samples (biopsy specimens and aspirates) can be obtained transendoscopically for culture, cytology, and histologic examination. Regardless of the system examined, endoscopy should be performed systematically. A thorough knowledge of applied anatomy is necessary to “drive” the endoscope and to differentiate normal from abnormal.








Types of Endoscopes


Many of the flexible endoscopes used in equine practice have been designed for use in humans. The most commonly used flexible endoscopes are either fiber-optic endoscopes or videoendoscopes. Both are adapted easily for procedures on horses. A fiber-optic endoscope is portable and considerably less expensive than a videoendoscope but produces inferior image quality. Often, the light source is of lower wattage on a fiber-optic endoscope than on the videoendoscope. The image is viewed through an eyepiece on the endoscope, so only one person can view the examination unless the endoscope is adapted for a teaching head. A videoendoscope has excellent image quality that is projected onto a monitor. The examination can be seen by all and can be recorded. The unit is generally not suited for field use because it is not easily portable. Recently, a dynamic respiratory endoscope was developed to assess laryngeal function in the horse exercising in its natural setting, as opposed to on a treadmill. Endoscopes should have a biopsy channel and a system for air and water delivery. The size of the endoscope required depends on the anatomic site examined and the size of the patient (see later).








Equipment







• Appropriately sized flexible fiber-optic endoscope,1 or videoendoscope2


• Saline bowl with warm water


• Biopsy forceps, grasping forceps, polypectomy snares, and polyethylene tubing, which are accessories available with each unit


• 30-mL syringe for transendoscopic aspirates

















Procedure







• Two to three persons are needed to perform endoscopic examinations.


• Sedation, a twitch, or both may be needed depending on the patient and the system examined. The patient is best restrained in stocks or in a stall.


• The endoscope should be arranged to minimize injury to the operators, patient, and equipment.


• Familiarity with the mechanics of the endoscope is necessary, as is manipulation of the endoscope tip in all directions. The air and water controls are operated from the handpiece; typically, the red button delivers air, and the blue button delivers water.


• Lubricate the endoscope with warm water or a small amount of sterile lubricating jelly3 (avoid lubricating the tip of the endoscope).


• Passage of the endoscope is described separately for each system.


• Water delivered to the tip of the endoscope cleans the lens; air is delivered to dilate the cavity and improve the examination.


• Biopsy is performed by means of advancing the biopsy instrument through the biopsy channel until it protrudes 2 to 3 cm beyond the tip of the endoscope. Manipulate the instrument to obtain a sample and withdraw. Place the specimen in an appropriate fixative.


• Transendoscopic aspiration is performed by means of passing sterile polyethylene tubing through the biopsy channel until it extends 2 to 3 cm past the tip of the endoscope. Aspirate a sample using a 30- to 60-mL syringe. Administering sterile saline solution frequently facilitates the aspiration. Place the sample directly onto slides or into an EDTA Vacutainer tube.


• The endoscope should be cleaned with antiseptic solution and rinsed after each use.























Gastrointestinal System: Esophagus, Stomach, Duodenum, Rectum and Small Colon Endoscopy


Endoscopy allows examination of the esophagus, stomach, duodenum, rectum, and distal small colon. Endoscopy is the method of choice for confirming the presence of gastric and duodenal ulceration and can aid in the diagnosis of rectal tears.








Procedure


The procedure is as follows:




• The endoscope must be 225 to 300 cm long for complete examination of the stomach and duodenum in adults. A 200-cm endoscope is the minimal length for cursory examination of the stomach in an adult.


• Adults should be fasted for 8 to 12 hours before gastroscopy, and weanling foals should be fasted for 6 to 8 hours. If the duodenum is being examined, longer fasting periods may be required—24 hours for adults. Do not fast nursing foals.


• Sedation is generally required.


• See Nasogastric Tube Placement (see Chapter 18, p. 157) for passage of the endoscope into the esophagus. Confirm entrance into the esophagus to prevent damage to the endoscope.


    Practice Tip: Retroflexion of the long endoscopes in the pharynx and entering the oral cavity can be avoided if the view is clear and unobstructed at all times. To prevent damage to the endoscope, a short nasogastric tube may be passed into the proximal esophagus and used as a cannula.


• Insufflation assists passage and examination of the esophagus, cardiac sphincter, and stomach.


• Both the lesser curvature of the stomach and opening of the duodenum are best seen after retroflexion of the scope within the air-filled stomach. Once the scope passes into the duodenum, the duodenal papillae and bile secretion may be noted. On rare occasions an obstructing biliary stone may be seen. Biopsy of the stomach or duodenum can be easily performed with a biopsy instrument passed through the open channel of the scope.























Laparoscopy


Laparoscopy is a valuable diagnostic and surgical tool, which is performed under standing sedation or general anesthesia. In the colic patient, laparoscopy can be used to confirm suspected lesions if rectal palpation and other diagnostic modalities do not offer a definitive diagnosis. Laparoscopic evaluation is also useful for evaluating adhesions of the gastrointestinal or reproductive tracts, obtaining biopsies (e.g., hepatic, renal, intestinal), or as part of a chronic colic workup. As a surgical application, laparoscopy provides a minimally invasive alternative to laparotomy, smaller incisions, and decreased postoperative pain. In addition, the right and left flank approaches, which are performed standing, offer better access to several structures in the caudodorsal abdomen not readily visualized during ventral midline laparotomy.








Indications


Laparoscopic surgery can be used to:




• Address rectal tears


• Repair mesenteric rents


• Perform ovariectomies and cryptorchidectomies


• Break down adhesions


• Repair bladder ruptures


• Perform nephrosplenic ablation or colopexy





Laparoscopy requires specialized equipment, expertise, and a thorough knowledge of the laparoscopic anatomy.














Laparoscopes


Videolaparoscopes are in widespread use in human medicine and have gained popularity in equine practice over the last decade. Conventional telescopes utilize the Hopkins system, with a rod-shaped quartz lens, which is connected to a light source and camera head. Laparoscopic images are relayed to a monitor for the surgeon to view and still images and video footage can be recorded. More recently, direct videolaparoscopes link the charge-coupled devices directly to the end of the scope, eliminating the rod-lens system. Standard laparoscopes are 10 mm in diameter and range from 30 to 60 cm in length, depending on the manufacturer. The scope is straightforward—0° angle, allowing maximal illumination—or oblique—25° or 30° angle—which is preferred by some surgeons because it minimizes interference with instruments and provides a superior panoramic view.














Equipment







• Laparoscopic telescope4


• Camera to process and transmit images for viewing and recording


• Light source (xenon or halogen) attached to a fiber-optic cable


• Color monitor to display video images


• Cannulas, with pyramidal trocars and/or blunt obturators, through which instruments are introduced and removed minimizing trauma to tissue


• Insufflator and compressed CO2 tanks to create a pneumoperitoneum, allowing visualization and operating space for instruments


• Laparoscopic hand instruments (with handles typically 30 to 45 cm) such as grasping forceps, scissors, Babcock forceps, injection needles, plus any procedure-specific instruments


• Electrosurgery unit


• Suction unit

















Procedure


If a peritoneal fluid sample is desired, abdominocentesis should be performed before laparoscopy because CO2 insufflation can lead to erroneous results. Laparoscopic surgery requires a surgeon, one assistant, anesthetist, and an operating room (OR) technician. The principle of “triangulation” is used when choosing the locations of instrument portals to provide the best view of the surgical field, with instrument and scope converging on the surgical site.








Flank Approaches


Both the right and left flank approaches, performed with the patient standing, offer excellent imaging of most abdominal structures, particularly those located dorsally in the abdomen. Partial evaluation of the opposite side of the abdomen is possible by transrectally moving the terminal descending colon and advancing the scope under the rectum to the opposite side of the abdomen. Feed is typically withheld for 24 hours before surgery. Although fasting improves visualization in general, some structures (i.e., the pelvic flexure and portions of the dorsal and ventral colons) may be obscured by loops of small intestine and small colon in the fasted patient.




• The patient is restrained in stocks and sedated with intravenous xylazine or detomidine and butorphanol. The horse's head can be rested on a stand or suspended from the stocks.


• The tail is wrapped and tied to the stocks to prevent contamination of the surgical field.


• Rectal palpation is performed to ensure that no viscera are present directly beneath the paralumbar fossae before trocar introduction.


• The surgical field is clipped, aseptically prepared, and draped.


• Local anesthesia of the skin and underlying musculature is achieved with 10 to 30 mL of 2% lidocaine or mepivacaine infiltrating the surgery portal sites.


• A 1- to 2-cm incision is made for the laparoscope portal between the tuber coxae and the last rib, through the crus of the internal abdominal oblique muscle.


• Insufflation with CO2 is performed to distend the abdomen to 10 to 15 mm Hg of pressure. Insufflation is performed before introducing the scope, but this increases the risk of insufflating the retroperitoneal space.


• Instrument portals are created at appropriate locations, depending on the intended procedure, under direct visualization to avoid trauma to viscera.


• Typically, the abdominal viscera are examined systematically from cranial to caudal. The scope is initially in a sublumbar position and then oriented into the pelvic canal to evaluate structures within the caudal abdomen.


• Portals less than 10 mm are closed in a single layer, while larger portals require multiple-layer closure.

















Right Flank


The following structures are visualized via a right flank approach:








Cranial Abdomen







• Diaphragm


• Right, quadrate and caudate lobes of the liver


• Hepatoduodenal ligament


• Omental bursa


• Cranial duodenal flexure, descending duodenum, and mesoduodenum


• Caudal vena cava


• Portal vein


• Epiploic foramen


• Portion of the stomach


• Right dorsal colon


• Right perirenal fascia

















Caudal Abdomen







• Base of cecum, lateral and ventral cecal bands


• Duodenum and mesoduodenum


• Jejunum


• Small colon and mesocolon


• Rectum and mesorectum


• Bladder and associated ligaments


• Males:




• Right spermatic cord, ductus deferens, mesorchium and vaginal ring





• Females:




• Right ovary, mesovarium, oviduct, broad ligament and uterine horn


























Left Flank


The following structures are visualized via a left flank approach:








Cranial Abdomen







• Diaphragm


• Esophageal notch


• Stomach and gastrosplenic ligament


• Left liver lobe and triangular ligament


• Lateral and dorsocranial aspects of the spleen


• Jejunum


• Left perirenal fascia, kidney, nephrosplenic ligament and space

















Caudal Abdomen







• Jejunum


• Small colon and mesocolon


• Rectum and mesorectum


• Bladder and associated ligaments


• Males:




• Left spermatic cord, ductus deferens, mesorchium, and vaginal ring





• Females:




• Left ovary, mesovarium, oviduct, broad ligament, and uterine horn


























Ventral Midline Approach


The ventral midline approach is performed with the patient under general anesthesia and placed in dorsal recumbency. Depending on the structure(s) of interest, positioning (i.e., Trendelenburg, head lower, or reverse Trendelenburg, head higher) may be helpful to allow examination of structures in the most caudal and cranial aspects of the abdomen. Ventral midline laparoscopy offers the best access to ventral abdominal structures and allows visualization of right and left urogenital structures.




• The surgical field is clipped, aseptically prepared, and draped.


• Three laparoscope portals are created on the midline:




• Retroxiphoid portal 10 cm caudal to the xiphoid cartilage


• Preumbilical portal 15 cm cranial to the umbilicus


• Umbilical portal





• Insufflation with CO2 is performed to distend the abdomen to 10 to 15 mm Hg of pressure.


• Instrument portals are created under direct visualization as described for the flank approach.


• Portals are closed similar to the flank approach.





The following structures are seen via the ventral midline approach:




• Diaphragm


• Falciform and round ligaments


• Right, left, and quadrate liver lobes


• Stomach


• Spleen


• Sternal and pelvic flexures of the large colon


• Right and left ventral colon


• Cecal apex


• Cecocolic fold


• Jejunum


• Small colon


• Rectum and mesorectum


• Pre-pubic tendon


• Right and left urogenital structures5























Complications


The most common complications associated with laparoscopic surgery are:




• Inadvertent trauma or penetration of abdominal viscera


• Laceration of the caudal epigastric and circumflex iliac vessels


• Insufflation of the retroperitoneum, especially in fat horses





Other complications associated with sedation, anesthesia, and dorsal recumbency should also be considered. Proper training and thorough knowledge of anatomy reduces these risks. Practice Tip: It is recommended to have a plan to convert the minimally invasive procedure to an open procedure if necessary.




















Respiratory System: Upper and Lower Airway Endoscopy


Endoscopy of the airway is indicated in the evaluation of patients with nasal discharge, epistaxis, coughing, dyspnea, dysphagia, facial asymmetry, respiratory noise, or exercise intolerance. This is the method of choice for diagnosing ethmoid hematoma, laryngeal hemiplegia, epiglottitis, epiglottic entrapment, dorsal displacement of the soft palate, guttural pouch empyema and mycosis, exercise-induced pulmonary hemorrhage, tracheal trauma or stricture, temporohyoid osteoarthropathy, and congenital abnormalities of the upper airway (e.g., cleft palate). This procedure also assists in the diagnosis of paranasal sinusitis and pulmonary infection or abscess.








Procedure


The procedure is as follows:




• The endoscope should be 150 to 200 cm long and 9 mm in outside diameter for examination of the entire airway; a 9-mm-diameter endoscope is the largest size that can be passed safely in a foal.


• Do not sedate the patient, if possible, because sedation can affect the function of the pharynx and the larynx. Sedation is recommended for examination of the lower airway to reduce coughing.


• Pass the endoscope into either nostril and systematically evaluate the upper airway structures, taking care not to injure the ethmoid turbinates. Maintain a clear line of sight during the entire examination.


• The larynx and pharynx can be evaluated first to observe laryngeal function; degree of lymphoid hyperplasia; epiglottic positioning; and the arytenoids' appearance, positioning, and movement. Often evaluation of the nasal passages is performed upon withdrawal of the endoscope.


• The trachea can be entered by passing the scope between the arytenoid cartilages. Tracheal rings are seen if the scope has been properly introduced. Note any abnormal discharge, mucosal inflammation, cysts, or masses.


    Caution: The scope can retroflex in the pharynx and enter the oral cavity, damaging the instrument. Ensure an unobstructed view to prevent this problem.


• Entering the guttural pouch is aided with a biopsy instrument or endoscopic brush as a guide, or it can be performed by means of passing a Chambers catheter up the opposite nostril and “flipping” open the opposite pouch opening.


• Practice Tip: Spray the trachea with 4 to 6 mL of sterile 2% lidocaine or Cetacaine (benzocaine, butyl aminobenzoate, and tetracaine hydrochloride) spray through the biopsy channel to decrease coughing if the lower respiratory tract is examined.


• 20 to 30 mL of 2% lidocaine can be infused on the epiglottis to lift the epiglottis.


• The nasomaxillary opening is located in the caudal middle meatus and can be reached with a 9-mm-diameter scope. Drainage from the paranasal sinuses into the middle meatus may be seen in cases of sinusitis.























Sinoscopy


Endoscopic examination of the paranasal sinuses—sinoscopy—involves making a small incision through the skin and periosteum over the sinus of interest, creating a portal for the endoscope using a trephine, and then inserting the endoscope into the sinus cavity. Fluid or tissue samples may also be collected and local treatment of the sinus instituted during the procedure. An intranasal approach has been described, involving the creation of a portal through the dorsal turbinates into the conchofrontal sinus using a laser, but presented here is the standard transcutaneous approach.








Indications


Sinoscopy provides direct access to the interior of the paranasal sinuses, so it is used when the disease process has been localized to the sinuses. Its indications and benefits include:




• Direct visual assessment for space-occupying lesions (e.g., cysts and tumors), hemorrhagic lesions (e.g., progressive ethmoid hematoma, fungal plaques, or erosions), alveolar (tooth root) abscesses, other changes to the mucosa, and skull fractures involving the sinuses


• Collection of fluid and/or tissue samples for microbial culture and antimicrobial sensitivity testing, cytology, and/or histopathology


• Initiation of local therapy, such as lavage, with or without antimicrobials; cautery; and laser ablation

















Anatomy


When performing sinoscopy, the portal site of choice depends on the sinus of primary interest. Of the six paranasal sinuses, three are routinely accessed directly using a transcutaneous approach:




• Frontal—conchofrontal—sinus


• Caudal maxillary sinus


• Rostral maxillary sinus





Although there is communication among the various paranasal sinuses, there is normally no communication between the corresponding sinuses on the left and right sides of the head.








Frontal Sinus


The most useful approach to the paranasal sinuses is one in which the portal is made into the frontal sinus directly over the frontomaxillary foramen. This natural communication between the frontal and caudal maxillary sinuses allows easy passage of an endoscope. It is also the approach least likely to inadvertently damage “structures” within the sinus or contaminate the surgical site with purulent exudate should a sinus contain free fluid.


The position for trephination is determined thus:




• A horizontal line is imagined at the level of the medial canthus of the eyes, and the portal is made 5 mm (¼ inch) above this line, 5 cm (2 inches) lateral to the midline of the face. Fig. 12-1, A, describes a slight variation in the anatomical landmarks used for frontal sinoscopy.




[image: image]


Figure 12-1 Sites for paranasal sinus trephination in an adult. A, Draw a horizontal line from the midline to the medial canthus and trephine at a location 1 cm axial to the midpoint of this line, or approximately 2/3 of the distance from the midline to the medial canthus. B, Caudal maxillary sinus. Trephine at a location 3 cm rostral from the medial canthus and 3 cm dorsal from the facial crest. C, Rostral maxillary sinus. Trephine at a location half the distance along a line drawn from the medial canthus to the rostral end of the facial crest.








• The distances, and all others, describe the position in the average 450-kg (1000-lb) horse; appropriate adjustments should be made for the significantly larger or smaller patient.

















Caudal Maxillary Sinus







• The caudal maxillary sinus is readily accessed for sinoscopy via the frontal approach.


• If direct access to the maxillary sinus is required, or if the sphenopalatine sinus is the area of primary interest, then the portal should be located on the dorsolateral side of the face, 2 cm rostral and 2 cm ventral to the medial canthus of the eye (Fig. 12-1, B).


• This location usually places the portal just dorsal to the caudal cheek teeth and avoids the infraorbital canal.


• Practice Tip: Both structures are vulnerable with this approach, particularly the tooth roots in a young horse, so care must be taken when creating the portal and inserting the endoscope.

















Rostral Maxillary Sinus







• In almost all horses, the rostral maxillary sinus is completely separated from the caudal maxillary sinus by a bony septum.


• The septum is not in a consistent location relative to any external landmarks, so the most reliable approach to this sinus, and the least likely to cause damage to the tooth roots, is one guided by radiographs.


• Alternatively, the endoscope is passed into the caudal maxillary sinus via the frontal approach and advanced until it reaches the septum. With the septum illuminated and the light faintly visible through the clipped skin overlying it, the portal can be accurately placed over the rostral maxillary sinus (i.e., just rostral to the lighted area).


• Typically, this portal will be 3 to 4 cm (about 1½ inches) caudal to the infraorbital foramen, and 1 cm ventral to a line imagined between the infraorbital foramen and the medial canthus of the eye (Fig. 12-1, C).


• The age of the horse must be taken into consideration when entering the maxillary sinuses via these dorsolateral approaches.


• Note: There may be little or no room for the endoscope in a young horse <6 years of age, because of the space-occupying effect of reserve crown on the maxillary cheek teeth.


• Radiography of the skull is a very useful screening procedure and guide before embarking on sinoscopy of the maxillary sinuses in a horse 10 years of age or younger.























Equipment


The following items are needed:




• Sedation: detomidine—10 µg/kg IV, with or without butorphanol—0.025 mg/kg IV; having xylazine—0.3 to 0.5 mg/kg IV—on hand is useful in case additional sedation is required during the procedure.


• Clippers


• Chlorhexidine or povidone-iodine surgical scrub, isopropyl alcohol, and roll cotton for sterile skin preparation


• Sterile local anesthetic solution (e.g., mepivacaine, 2%, 1 to 3 mL, with 25-gauge, ½- to 1-inch needle); having an additional 5 to 10 mL drawn up in a syringe is useful in case the horse reacts to movement of the endoscope within the sinuses.


• Sterile minor-surgery instrument pack, or at least sterile scalpel handle, hemostat, tissue forceps, and needle holders


• Sterile self-retaining tissue retractors—optional, but recommended


• Sterile scalpel blade


• Sterile surgical sponges (e.g., 4- × 4-inch gauze pads)


• Sterile 15-mm diameter trephine, or as appropriate for the size of the endoscope


• Sterile flexible endoscope


• Any items needed for sterile fluid or tissue sampling as appropriate for the particular case


• Sterile saline or polyionic solution for sinus lavage, 1 liter, warmed to body temperature


• Sterile Foley catheter or other tubing if needed for repeated sinus lavage following sinoscopy


• Sterile 2-0 monofilament suture material


    Practice Tip: The trephine opening should be at least 5 mm larger in diameter than the endoscope so that the endoscope can be inserted into the sinus with ease and manipulated without damaging the surrounding tissue. If using a pediatric endoscope or a rigid arthroscope, a Steinmann pin of suitable diameter may be used in place of the trephine. If a Foley catheter is to be placed and left in situ for repeated lavage after sinoscopy, then matching the diameter of the catheter to that of the trephine helps keep the catheter in place.

















Procedure


The basic procedure is the same for all three approaches described earlier:




• Sedate the horse.


• Clip an area at least 3 × 3 inches over the trephination site.


• If desired, place a mark on the skin where the portal is to be created using a felt-tip pen or other permanent marker.


• Aseptically prepare the skin for sterile surgery.


• Anesthetize the skin over the trephination site with local anesthetic.


• Make a skin incision 2.5 to 3 cm (1 to 1¼ inch) in length, parallel to the long axis of the head.


• Continue the incision through the subcutaneous tissue and periosteum; with the rostral maxillary sinus approach, gently elevate the levator nasolabialis muscle dorsally before proceeding.


• Retract the skin and periosteum with a self-retaining retractor or a hemostat to expose the bone; undermine the periosteum as needed.


• Place the cutting edge of the trephine flat against the bone and, with light but steady pressure, rotate the trephine repeatedly in an oscillating fashion to cut a circular hole through the bone.


• Remove the bone plug; when using a large trephine, the bone plug may be saved in a sterile container and kept moist with sterile saline for later replacement if it is intact.


• If there is free fluid in the sinus, aseptically collect a sample for laboratory analysis; aspirate any remaining fluid if it is sufficient to impede visibility within the sinus.


• Insert the endoscope into the portal and advance/direct the tip as needed for thorough visualization of the sinus cavity or cavities.


• If necessary, provide additional sedation or infuse a small amount of local anesthetic onto the mucosa if the patient reacts to manipulation of the endoscope within the sinus.


• Take samples of affected tissue using the biopsy instrument and perform treatments as indicated (e.g., cautery, excision, laser ablation).


• Liberally lavage the sinus with warm sterile saline/polyionic solution via the endoscope, or remove the endoscope and lavage using a sterile catheter, to avoid dislodging a clot; this step may be skipped or modified for hemorrhagic lesions.


• If leaving an indwelling catheter in situ for repeated lavage, suture the skin closed around the catheter and secure the catheter to the skin.


• If not leaving a catheter in place, either replace the bone plug and suture the wound closed or allow the open portal and wound to close by second intention.





If bleeding occurs during the procedure, the options depend on the severity of the bleeding:




• If the bleeding is relatively minor, wait a couple of minutes and then reassess; carefully resume the procedure once the bleeding has stopped.


• If the bleeding is moderate and electrocautery or laser cautery of the site is not possible, remove the endoscope and leave the horse standing quietly in a bedded stall; if sinoscopy is still necessary, carefully resume the procedure the following day (provided that epistaxis has stopped), protecting the surgical site with a sterile dressing in the interim.


• If the bleeding is severe, uncontrollable, and potentially life-threatening, consider sinusotomy via frontonasal bone flap under general anesthesia to gain better access and provide hemostasis within the sinus cavity using sterile gauze packing.











Aftercare







• Administer antibiotics and anti-inflammatory therapy as appropriate for the case.


• Remove the skin sutures 10 to 14 days after the procedure.


• If the portal is left to close by second intention, clean around the site at least twice a day until the wound closes.


• If a catheter is left in the sinus, lavage at least once a day with warm sterile saline or polyionic solution and an antimicrobial drug or antiseptic solution (e.g., povidone-iodine) as appropriate for the case. Remove the catheter and allow the wound to close by second intention once lavage is no longer needed.























Complications


With careful technique and site selection, complications are uncommon, although they can be mild to serious:




• Bleeding from the damaged sinus mucosa, and especially from the ethmoid turbinates


• Damage to the thin bone plate overlying the tooth roots, exposing the tooth roots to infection from respiratory commensals or pathogens


• Damage to the thin bone plate of the infraorbital canal, potentially resulting in chronic obstruction


• Infection of the bone, subcutaneous tissues, or skin if purulent material from the sinus spills from the portal


• Subcutaneous emphysema around the portal site—generally mild and self-limiting.


• Cosmetic defect—bony depression or swelling—at the portal site





These complications are largely avoided by:




• Attention to the anatomy of the paranasal sinuses


• Performing the trephination slowly and carefully


• Guiding the tip of the endoscope through the labyrinth of the sinuses using direct visualization


• Taking a lateral radiograph of the skull before proceeding is also worthwhile, particularly when it reveals fluid in the sinus of interest. Using the external landmarks of the skull as a guide, a trephination site can be chosen that is above the fluid line yet still within the boundaries of the sinus.























Thoracoscopy


Thoracoscopy provides a minimally invasive technique to examine several intrathoracic structures for diagnostic and therapeutic purposes. The procedure is performed in the standing sedated horse or under general anesthesia allowing direct visualization of the lungs, pleura, portions of the esophagus, diaphragm, and intrathoracic vessels.








Indications







• Obtaining lung or lymph node biopsies


• Evaluating pleuropneumonia, abscesses, and drain placement


• Pneumonectomy


• Pericardectomy


• Evaluating and debriding intrathoracic adhesions


• Repair of diaphragmatic hernias


• Diagnosing esophageal neoplasia

















Equipment







• Laparoscopic telescope6


• Camera to process and transmit images for viewing and recording


• Light source (xenon or halogen) attached to a fiber-optic cable


• Color monitor to display video images


• Stainless steel teat cannula


• Cannulas/trocars with stopcock adaptors for attaching suction


• Hand instruments such as grasping forceps, scissors, blunt probes, injection needles, plus any procedure-specific instruments


• Electrosurgery unit


• Suction unit

















Procedure







• The procedure is typically well tolerated, despite the creation of a unilateral pneumothorax. Administration of intranasal oxygen is recommended during the procedure.


• Practice Tip: Although uncommon, some mature horses lack an intact mediastinum and can develop bilateral pneumothorax. Therefore, it is important to have cannulas with stopcocks for rapid attachment of suction if it becomes necessary to reverse the pneumothorax.


• It is important that portal incisions include only the skin and subcutaneous tissue


• Penetration of the intercostal musculature and thoracic cavity should be with a cannula and sharp trocar to create a good seal around the cannula to prevent air from escaping during surgery and subcutaneous emphysema developing postoperatively. Practice Tip: When introducing the cannula and trocar, it is important to angle the instruments caudally to avoid lacerating the intercostal vessels and nerves, which follow the caudal face of each rib.


• The placement of the scope portal depends on the intrathoracic structures of interest and knowing the anatomy of the thorax. Portals made in the cranial intercostal spaces require additional blunt dissection of subcutaneous fat and muscle; manipulation of the scope is more difficult and frequently causes discomfort to the patient because the cranial ribs are less compliant.


• The patient is restrained in stocks and sedated with intravenous xylazine or detomidine and butorphanol. The horse's head can be rested on a headstand or suspended overhead from the stocks.


• The tail should be wrapped and secured to prevent contamination of the surgical field.


• The surgical field should be clipped, aseptically prepared, and draped.


• Local anesthesia is achieved with 8 to 15 mL of 2% lidocaine or mepivacaine, either by local infiltration of subcutaneous, muscular, and pleural tissue at the surgery portal sites or by depositing the anesthetic along the caudal border of the designated rib space and the ribs immediately cranial and caudal to the entrance site for the scope.


• A 1- to 2-cm incision is made ventral to the serratus dorsalis muscle through the skin and subcutaneous tissue in the designated intercostal space.


• Blunt dissection of the subcutaneous tissue and fascia may be necessary, particularly in the more cranial rib spaces.


• A teat cannula is used to penetrate the intercostal muscles and parietal pleura allowing air into the thorax for several breaths, creating a unilateral pneumothorax. Alternatively, active insufflation with CO2 can be used to collapse the lung.


• A cannula and sharp trocar combination is introduced through the skin incision, angled caudally, and into the thoracic cavity using a gently twisting motion.


• If pleural fluid is present, it should be removed with suction before beginning the thoracic examination.


• Instrument portals are created in a similar fashion at appropriate locations, depending on the intended procedure.


• When the procedure is completed, suction is used to reverse the pneumothorax with the scope still in place, visualizing reinflation of the lung. Portals can be closed in a single layer with nonabsorbable suture material, or in multiple layers, using an absorbable material to close the intercostal muscles.

















Anatomy







• The following anatomic structures are visualized during thoracoscopy from either the right or left hemithorax:




• Pleural surface of ribs and intercostal muscles


• Dorsal, lateral, diaphragmatic, and mediastinal lung surfaces; caudal lung lobe


• Pulmonary ligament


• Costal and hiatal diaphragm


• Dorsal mediastinum


• Thoracic portion of the esophagus


• Aorta


• Esophageal artery and vein


• Bronchoesophageal artery and vein


• Dorsal intercostal arteries and veins


• Sympathetic trunk


• Dorsal and ventral branches of the vagus nerve


• Caudal mediastinal lymph nodes


• Tracheobronchial lymph node





• Practice Tips: In the right hemithorax only, the azygos vein, pulmonary veins, and thoracic duct can also be seen. The heart base and main stem bronchi can only be seen from the left hemithorax.

















Complications







• Although rare in the adult horse, the lack of an intact mediastinum leads to a bilateral pneumothorax, which must be reversed ASAP!


• Horses with pulmonary compromise (i.e., severe pleuropneumonia) may not tolerate unilateral pneumothorax well. These individuals become hypoxemic and require immediate reversal of the pneumothorax. Administration of 100% oxygen may also be beneficial.


• Lung lacerations and subcutaneous emphysema have also been reported (see Chapter 46, p. 734).
























Urinary System—Urethra and Bladder Endoscopy



Indications










• Hematuria, pollakiuria (frequent urination), dysuria, and tenesmus are common reasons for endoscopy of the lower urinary tract. (see Chapter 26, p. 492.)











Anatomy







• The urethra in the female is approximately 6 to 8 cm (2 to 3 inches) in length and is easily dilated for access to the bladder.


• The external urethral orifice of the mare is at the cranial/anterior portion of the vestibule at the junction of the vaginovestibular fold.


• The urethra in the male is approximately 75 to 90 cm (30 to 35 inches) in length. The colliculus seminalis is located a few centimeters caudal to the most proximal part of the urethra and is the opening for the ducts of the ductus deferens and seminal vesicles. The prostatic ducts are on either side of colliculus seminalis.


• The bulbourethral glands open dorsally several centimeters caudal to the colliculus seminalis.


• The urethra ends at the glans penis and extends 1 to 2 cm as an urethral process.


• The bladder is relatively distensible with a capacity of >4 L of urine in an average size horse.


• The ureters open in the dorsal bladder neck or trigone, near the urethra.

















Equipment







• The endoscope should be at least 100 cm long and 9 mm or less in diameter for examination of the urethra and bladder. Longer endoscopes are often required for examining male horses.

















Procedure







• Perform the procedure using aseptic technique.


• Cold-sterilize the endoscope in Cidex OPA7 disinfectant for 30 minutes. Rinse the endoscope with sterile saline before use. Flush the biopsy channel.


• Sedation is recommended for stallions and geldings. Administer 0.4 to 0.6 mg/kg xylazine, 0.01 mg/kg butorphanol, and 0.02 mg/kg acepromazine—geldings only—IV for restraint and relaxation.


• Perform a sterile scrub of the distal penis and external urethral process; if applicable, catheterize the bladder and evacuate the urine. See Urinary Tract Catheterization on Chapter 26, p. 485.


• Using sterile gloves, lubricate the length of the endoscope with sterile lube, avoiding the tip.


• Advance the endoscope using the same technique as described for catheterization of the bladder.


• Systematically evaluate the urethra and the bladder, using insufflation to improve the examination. Insufflation normally causes the urethral vessels to appear engorged.


• Practice Tip: Ureteral openings are best seen by retroflexion of the scope in the bladder.

















Complications







• With prolonged air insufflation of the urethra, arterial air embolism and death can occur.



























1Flexible fiber-optic endoscopes: 11-mm outer diameter, 100 cm long; 12-mm outer diameter, 160 cm long; and 8-mm outer diameter, 150 cm long (Karl Storz Veterinary Endoscopy-America, Inc., Goleta, California).


2Flexible videoendoscopes: GIF Type Q140 Gastrointestinal Videoscope (9.8-mm outer diameter, 200 to 250 cm long), SIF 100 (11.2-mm outer diameter, 300 cm long), and CF 100 TL (12.9-mm outer diameter, 200 or 300 cm long). (Available by special order from Olympus America, Inc., Center Valley, Pennsylvania).


3K-Y lubricating jelly (Johnson and Johnson Medical, Inc., Arlington, Texas); H-R lubricating jelly (Carter Products, Division of Carter-Wallace, Inc., New York, New York).


4Ten-millimeter scopes (preferred); 5-mm scopes (foals), Stryker offers 5-mm and 10-mm IDEAL EYES Laparoscopes in 30-cm and 45-cm lengths.


5Trendelenburg positioning is usually required to access the bladder, ovaries, and vaginal ring.


6Ten-millimeter scopes (preferred); Stryker offers 5-mm and 10-mm IDEAL EYES Laparoscopes in 30-cm and 45-cm lengths.


7Cidex OPA, ortho-phthalaldehyde solution (Advanced Sterilization Products, Ethicon, Inc., Irvine California).













Chapter 13


Gene Testing


Joan Norton












• Sequencing of the horse genome has opened the door for a multitude of genetic tests with applications that include:




• Predicting hair coat


• Diagnosing disease


• Identifying carrier horses


• Preventing disease through responsible breeding





• In order to maximize the value of this information, clinicians must understand the diseases and conditions where genetic testing exists and how to properly collect the appropriate samples for evaluation.











Coat Color







• Coat color genetic testing, generally, does not have medical implications but is important for clients who are breeding for specific hair coats.


• Genetic testing is available to determine the base coat color (Red/Black Factor) or the distribution of black pigment controlled by the Agouti gene.




• Dilutions are genetic mutations that alter the base coat color.


• Testing is available for Champagne, Cream, Pearl, and Silver dilutions.


• Age-related total hair depigmentation


• The Gray modifier also can be identified.





• Several genes have been linked to coat pattern and testing is available for the:




• Appaloosa


• Sabino


• Splashed White


• Tobiano


• Dominant White


• Roan and Dun zygosity














Lethal White Overo Syndrome (LWOS)







• Lethal white overo syndrome (LWOS) occurs when an American Paint Horse is born homozygous for the overo pattern.


• Practice Tip: Phenotypically these foals have all or nearly all white coats and blue eyes.


• These foals have ileocolonic aganglionosis, leading to dysmotility of the colon, colic, and death.


• Horses that are heterozygous for the overo gene have a spotted coat color pattern commonly known as “frame” or “frame overo”; however, coat pattern alone does not always correlate with LWO heterozygosity. The overo pattern may be obscured by other spotting patterns.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm).

















Lavender Foal Syndrome (LFS)







• Lavender foal syndrome (LFS) is an autosomal recessive disorder seen in Arabian foals.


• These foals are born with a coat color dilution that lightens the tips of the coat hairs, or sometimes the entire hair shaft, and display a variety of neurologic deficits including:




• Inability to sit sternal or stand


• Strabismus or nystagmus


• Seizure-like activity





• No other biochemical or hematologic abnormalities are seen in these cases, and they fail to respond to treatments.


• No typical histopathologic lesions are seen on postmortem examination.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to Animal Health Diagnostic Center, College of Veterinary Medicine, Cornell University (http://ahdc.vet.cornell.edu/sects/Molec/), the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm). Rooted hairs, whole blood in EDTA, or a bristled style cheek swab can be submitted to Veterinary Genetics Services (www.vetgen.com/equine-CA-service.html).


• An assay to detect the deletion associated with LFS has been developed and is now available through the Animal Health Diagnostic Center at Cornell University. Testing of breeding horses is recommended to avoid breeding carriers to each other. Sampling: The assay generally requires the submission of hair roots pulled from the mane or tail. Pulled hair samples should be trimmed to a 4-inch (10-cm) length and taped to a hair sample sheet. Samples from each horse should be placed in individual envelopes, sealed, and attached to a LFS submission form. Other samples may be tested, including whole blood samples collected in lavender-top blood tubes containing ethylenediaminetetraacetic acid (EDTA).























Dermatologic Genetic Conditions








Hereditary Equine Regional Dermal Asthenia (HERDA)







• Hereditary equine regional dermal asthenia (HERDA), also known as hyperelastosis cutis (HC), is a recessive genetic skin disease predominately found in the American Quarter Horse.


• This disorder is characterized by a lack of adhesion within the layers of skin because of a defect in the genes coding for collagen.


• Clinically, the superficial layers of the epidermis are easily pulled from the deeper connective tissue.


• Practice Tip: Areas under saddle seem to be most prone to these lesions and it is often not until the horse is broken to the saddle that this problem is identified.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm).

















Junctional Epidermolysis Bullosa (JEB)







• Junctional epidermolysis bullosa (JEB) is an autosomal recessive disease also known as red foot disease or hairless foal syndrome.


• Two separate genetic mutations have been identified:




• JEB1, occurring in Belgian Draft horses and related Draft breeds


• JEB2, which is seen in American Saddlebred horses





• This disorder is caused by a mutation of the γ2 subunit of the laminin 5 gene inhibiting the production of laminin γ2 polypeptide that anchors the epidermis to the dermis and is involved in hoof attachment.


• Practice Tip: Lesions in the affected horses typically arise at the pressure points at 4 to 5 days of age.


• These lesions quickly grow larger, creating patches all over the foal's body and possible detachment of the hoof wall. Other clinical signs include oral ulcers and premature eruption of the incisors.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm).
























Muscular Genetic Disorders



Hyperkalemic Periodic Paralysis (HYPP)










• Hyperkalemic periodic paralysis (HYPP) is an autosomal dominant point mutation in the α-subunit of the voltage gated sodium channels in the myocytes passed down from the Quarter Horse stallion “Impressive.”


• HYPP is characterized by:




• Sporadic episodes of muscle tremors, shaking, or trembling


• Weakness and collapse


• Concurrent hyperkalemia during an episode


• Respiratory obstruction





• Homozygote horses are more severely affected than heterozygotes, and even foals, if homozygous, may be severely affected.


• Laboratory Testing: Twenty mane or tail hairs, with roots attached, can be submitted to the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm) or whole blood in an EDTA tube. Or, 20 mane or tail hairs with roots attached can be submitted to the University of Minnesota Neuromuscular Diagnostic Laboratory (www.vdl.umn.edu/guidelines/equineneuro/home.html).


• Treatment and prevention of these episodes are discussed in Chapter 22, p. 357.











Polysaccharide Storage Myopathy (PSSM)







• Polysaccharide storage myopathy (PSSM) is a glycogen storage disease that causes a variety of signs ranging from rhabdomyolysis to poor performance.


• PSSM type 1 is a mutation in the GSY1 gene found in over 20 breeds and most commonly affects Percherons, Belgium, Paint, and Quarter Horses. In Quarter Horses the prevalence in halter horses is >25%, but low in racing Quarter Horses. The prevalence in Warmbloods is variable depending upon origin of the breed but is generally much higher for type 2 PSSM than for type 1 PSSM. The prevalence of PSSM is low in breeds such as Shires, Clydesdales, Throughbreds, Standardbreds, and many others.


• PSSM type 2 genetic mutation is yet to be identified.


• Practice Tip: A majority of Quarter Horses have type 1 PSSM, but the majority of Warmblood and Draft horses have type 2 PSSM.


• Laboratory Testing: Whole blood in an EDTA tube or 20 mane or tail hairs with root attached can be submitted to the University of Minnesota Neuromuscular Diagnostic Laboratory (www.vdl.umn.edu/guidelines/equineneuro/home.html), the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), or Animal Genetics, Inc. (www.horsetesting.com/CA.htm).

















Malignant Hyperthermia







• Malignant hyperthermia is a mutation in the ryanodine receptor 1 (RyR1) gene that causes a dysfunction in the sarcoplasmic receptors of skeletal muscles resulting in excessive release of calcium into the myoplasm.


• Clinical signs include:




• Hyperthermia


• Tachycardia


• Tachypnea


• Hyperhidrosis


• Muscle rigidity


• Death





• Episodes can be triggered by anesthesia, stress, exercise, or concurrent myopathies.


• Homozygote horses are more severely affected than heterozygotes.


• Laboratory Testing: Whole blood in an EDTA tube or 20 mane or tail hairs with roots attached can be submitted to the University of Minnesota Neuromuscular Diagnostic Laboratory (www.vdl.umn.edu/guidelines/equineneuro/home.html) or Animal Genetics, Inc. (www.horsetesting.com/MH.htm).

















Glycogen Branching Enzyme Deficiency (GBED)







• Glycogen branching enzyme deficiency (GBED) is a fatal disease seen primarily in Quarter Horses. Foals lack the glycogen branching enzyme needed to store glycogen in its branched form.


• This mutation results in late-term abortion and stillbirths and is responsible for 3% of all Quarter Horse abortions.


• Practice Tip: Affected foals are weak, unable to stand and maintain adequate body temperature, may develop seizures, or die peracutely.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm) and rooted hairs, whole blood in EDTA, or a bristled style cheek swab can be submitted to Veterinary Genetics Services (www.vetgen.com/equine-CA-service.html).
























Other Genetic Disorders



Cerebellar Abiotrophy










• Cerebellar abiotrophy is a neurologic autosomal recessive genetic condition found almost exclusively in Arabian horses.


• The mutation leads to degeneration of the Purkinje cells in the cerebellum leading to intention tremors and ataxia.


• Practice Tip: Clinical signs do not manifest until 6 weeks to 4 months of age.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to the University of California at Davis Veterinary Genetics Laboratory (www.vgl.ucdavis.edu/services/horse.php), Animal Genetics, Inc. (www.horsetesting.com/CA.htm), and rooted hairs, whole blood in EDTA, or a bristled style cheek swab can be submitted to Veterinary Genetics Services (www.vetgen.com/equine-CA-service.html).











Congenital Stationary Night Blindness







• Congenital stationary night blindness (CSNB) is a condition seen in Appaloosa and Miniature Horses, with a Leopard patterned (LP) hair coat and linked with the LP gene that leads to a defect in neural transmission through the rod pathway involving the inner nuclear layer.


• Clinical signs include diminished or absent night vision.


• Laboratory Testing: Twenty mane or tail hairs with roots attached can be submitted to Animal Genetics, Inc. (www.horsetesting.com/CA.htm).































Chapter 14


Imaging Techniques and Indications for the Emergency Patient













Digital Radiographic Examination


Christopher Ryan







• Digital radiography (DR) provides a rapid and noninvasive technique to obtain diagnostic information in the equine emergency setting.


• The wide exposure latitude of digital radiographic systems compared with screen-film radiography equals a broader range of exposures, which are still likely to result in a diagnostic image.


• It is important to remember that image quality in DR also depends on hardware and software, which can be extremely variable among manufacturers.


• Poor image processing algorithms can lead to disappointing images compared with carefully taken, high quality screen-film radiographs.


• Digital radiographic systems provide a tentative diagnosis and therapeutic plan to be implemented at the initial exam without the need to wait for film processing (especially in emergency situations); field evaluation of radiographs should never serve as the final diagnostic assessment.


• Radiographic displays on portable units are typically of low resolution and the field emergency setting tends to be filled with interruptions and distractions.


• It is always recommended that a final evaluation be performed in a quiet and controlled environment, preferably using medical grade diagnostic grayscale monitors.


• Indications for radiographic evaluation of the equine patient in emergency situations include:




• Acute onset of severe lameness


• Wounds and lacerations


• Penetrating foreign body


• Laminitis


• Trauma and suspected fracture


• Head trauma with neurologic signs, epistaxis, or palpable skull fractures/depressions














Patient Preparation







• In many emergency situations diagnostic anesthesia is often not needed to localize the site of lameness.


• A comprehensive physical examination including the use of hoof testers should provide reasonable localization and selection of the area of interest to be examined radiographically.


• Following physical examination and assessment, sedation may be necessary to obtain good quality radiographs.




• Commonly used sedatives are:




[image: image] Xylazine HCl (0.2-1.1 mg/kg IV)


[image: image] Detomidine HCl (0.01-0.02 mg/kg IV)


[image: image] Butorphanol tartrate (0.02-0.04 mg/kg IV) for added duration and analgesic effects





• Sedatives should be used cautiously, especially in the orthopedic emergency situation, to avoid excessive ataxia.





• The area of interest should be cleaned to prevent superimposition of dirt and debris on the radiographs.




• Feet—a hoof pick and wire brush are useful to remove dirt from sole and sulci. The sulci can then be packed with a moldable modeling compound1 to eliminate gas superimposition shadows on the radiographs due to air trapped in the sulcus.


• Limbs—use a grooming brush to remove dust and dirt.




















General Technique







• Practice Tip: A minimum of two orthogonal projections is recommended for any radiographic study. Evaluation of joints, long bones, and feet may require multiple oblique views to provide a better understanding of the three-dimensional conformation of the region of interest and any pathology.


• Proper radiographic technique including kVp, mAs, and source-to-detector distance, should be chosen to allow adequate visualization of bony and soft tissue structures.


• Many portable x-ray generators are limited in both kVp and mAs, which can lead to increased exposure times and motion artifact, especially on thicker body parts.


• A generator stand can help eliminate operator motion.


• With digital radiograph systems, the algorithms used to process raw image data are important in the final radiograph.


• Overexposure of the imaged study may result in loss of soft tissue detail, missing important lesions.


• Underexposure can lead to increased noise in the image creating a grainy appearance.


• Proper protective gear including lead gowns, gloves, and thyroid shields should be worn by those taking the radiographs; a cassette holder is useful for positioning of the digital detector. Set up the radiographic equipment and enter patient demographic information into the system before working with a patient; this eliminates time wasted once a horse is sedated. A lead marker identifying the limb and taped to the digital detector serves as a backup for limb identification and directionality (e.g., medial vs. lateral) in cases of mislabeling.











Distal Limb and Foot







• Specific emergency situations that warrant radiography of the foot or distal limb include:




• Penetrating wounds to the sole


• Fractures


• Lacerations


• Laminitis


• Subsolar abscesses














Penetrating Foot Injuries







• Puncture wounds to the sole or frog may be superficial or deep and risk injury to:




• Solar germinal epithelium


• Digital cushion


• Deep digital flexor tendon


• Distal sesamoidean impar ligament


• Coffin bone


• Navicular bone


• Synovial structures including:




[image: image] Digital flexor tendon sheath


[image: image] Navicular bursa


[image: image] Distal interphalangeal joint








• The anatomic structure involved is determined by the depth and direction of the penetrating injury.

















Acute Puncture Wound







• If the penetrating object remains in place, survey radiographs of the foot help in assessment of the anatomic structures involved.


• If the foreign object is no longer present and a puncture wound is suspected, a sterile metallic malleable probe may be inserted into an identified tract before radiographic examination, to better define depth and direction of the tract (Fig. 14-1).




[image: image]


Figure 14-1 Lateromedial radiograph of the foot with malleable probe placed in a solar puncture wound. Note the probe contact with the navicular bone.








• The foot, and especially the sole, should be thoroughly cleaned before exploring any tracts with a sterile probe.

















Chronic Puncture Wound







• Radiographs are indicated to help rule out:




• Septic osteitis of the coffin bone


• Septic arthritis


• Fractures


• Sequestrum formation





• Special procedures, such as positive contrast arthrography/bursography or fistulography, can be helpful in determining the extent of injury and possible affected structures.






























Arthrography/Bursography/Tenography



Equipment










• Clippers


• Material for aseptic preparation


• Sterile gloves


• 5- to 20-mL syringe containing iodinated positive contrast media, Iohexol,2 240 mg/mL, and 20- to 22-gauge needle. A 20- to 22-gauge spinal needle is required for navicular bursography.


• Blood collection tubes (ethylenediaminetetraacetic acid [EDTA] tube and red-top tube) and sterile 5- to 10-mL syringe for collection of synovial fluid











Procedure







• An approach to the joint, bursa, or tendon sheath is chosen separate from the wound site and any significant soft tissue swelling (Fig. 14-2).




[image: image]


Figure 14-2 Lateromedial radiograph of same foot shown in Fig. 14-1. Contrast media has been injected into the navicular bursa, providing evidence that the wound tract extends into the solar surface.








• Clip the hair and thoroughly clean skin in the area of the synovial structure to be evaluated, including an aseptic preparation.


• A needle is placed using aseptic technique and a sample of synovial fluid for cytology, culture, and sensitivity is taken, if indicated, and can be obtained either by free flow or aspiration with a syringe.


• Contrast media is injected. Use a sufficient volume to distend the synovial compartment.


• Radiographs are obtained immediately after contrast medium injection.


• Passive flexion of the limb is performed to distribute the contrast throughout the synovial cavity.


• Orthogonal radiographic views of the area of interest are generally recommended; under certain circumstances, a single view may be sufficient.


• Multiple oblique views may be needed to best define a communication between a synovial structure and a wound.


• An appropriately chosen kVp helps enhance image contrast by maximizing the photoelectric effect of the x-ray beam with the limb. Practice Tip: The kVp should be greater than twice the 33.2 keV k-edge of the iodine in the contrast media (i.e., a kVp value ≥67) to maximize photoelectric effect.























Contrast Fistulography







• Wound communication with a synovial compartment is typically easier to identify with positive contrast arthrography, bursography, or tenography.


• Contrast media also may be directly instilled into a wound tract to determine possible communication with a synovial structure (Fig. 14-3).




[image: image]


[image: image]


Figure 14-3 A, Lateromedial radiograph of the foot with malleable probe placed in a solar puncture wound. Note that the probe extends to the impar ligament distal to the navicular bone and likely into the coffin joint. B, Same foot as shown in Fig. 14-3, A, with contrast injected into the solar wound tract. Contrast is visible throughout the distal interphalangeal (coffin) joint.

















Equipment







• Material for aseptic preparation


• Sterile gloves


• 5- to 20-mL syringe containing iodinated positive contrast media (e.g., Iohexol) and 18- to 22-gauge over-the-needle catheter or sterile teat cannula.

















Procedure


See procedure for arthrography/bursography/tenography (see p. 74).








Wounds and Lacerations







• Radiographs are recommended for limb wounds to rule out injury to underlying bony structures including:




• Nondisplaced fractures


• Hairline fractures of long bones (Fig. 14-4)




[image: image]


[image: image]


Figure 14-4 A, Lateromedial view of the distal radius in which a radiolucent hairline fracture is evident in the mid- to distal diaphysis. B, Same horse as Fig. 14-4, A, after 4 weeks of stall rest. Smooth periosteal and endosteal callus is present along the mid-diaphyseal caudal cortex.








• Avulsions of tendon and ligament origins and insertions (Fig. 14-5)




[image: image]


Figure 14-5 Dorsoplantar view of the left hind fetlock in which there is an avulsion fracture at the insertion of the lateral collateral ligament with marked fragment displacement and associated soft tissue swelling.








• Radiopaque foreign bodies also may be seen, which are not evident on physical examination or wound exploration (Fig. 14-6).




[image: image]


Figure 14-6 Lateral view centered on the pharynx. A metallic wire foreign body is present just cranial to the larynx (black arrow).








• In chronic cases, especially in the presence of a draining tract, radiographs may help rule out a bone sequestrum (Fig. 14-7).




[image: image]


Figure 14-7 Dorsopalmar view of the right metacarpus with a focal radiolucent cortical defect containing a central bony opacity and surrounding periosteal reaction and soft tissue swelling consistent with a sequestrum.











• Positive contrast studies may be used to determine a communication of a wound with a joint or other synovial structure (bursae, tendon sheaths) and are often better in identifying a synovial communication than positive contrast fistulography.


• Positive contrast fistulography may be used in wounds to the limb, especially in puncture wounds with deep pocket formation.


• The procedure is similar to that described for penetrating wounds of the sole.

















Laminitis


See Chapter 43, p. 697.




















Equipment—Digital Radiographs







• Wooden blocks are needed on which to place the feet. The height of the blocks depends on the size of the x-ray generator; measure from floor to center of collimator and subtract ¾ inch (1.9 cm). The blocks should ideally have two wires at 90° to each other embedded in the top surface.


• Markers using a short malleable wire or barium paste are useful for identifying the coronary band and dorsal hoof wall. Practice Tip: The dorsal hoof wall marker should extend from the coronary band nearly to the weight-bearing surface.

















Procedure







• Clean feet as previously described.


• The left and right feet are positioned on the blocks for even weight bearing. Place the feet as close to the medial and palmar/plantar edge of the block as possible to minimize the object-detector distance (the distance between the DR plate and the foot); blurring of the anatomy results when this distance is increased. Metacarpi/metatarsi (cannon) bones should be positioned vertically.


• Lateromedial and dorsopalmar views are generally sufficient for evaluation of the laminitic foot, though palmar margin views are sometimes indicated. Additionally, small metallic markers are useful to identify the point of the frog.


• When radiographing the foot for laminitis, the x-ray beam should be centered ¾ inch (1.9 cm) above the weight-bearing surface of the foot and parallel with the ground.























Venograms


See Chapter 43, p. 701.




• Positive contrast digital venography (venograms) is a useful imaging technique in evaluating the foot, especially in cases of laminitis.


• Deficits in perfusion of the foot and reperfusion of injured area(s) can be assessed and followed with serial venograms.


• Venograms have proven useful in establishing a more accurate prognosis and developing treatment plans.


• Lack of improvement of the vascular pattern on serial venograms is a strong indicator that current treatment is not working, or the foot pathology is so severe that the chance of tissue repair is poor.











Venogram Technique


See Chapter 43, p. 701.














Equipment







• Material for aseptic preparation


• 3- to 5-mL syringe per foot of local anesthetic agent (e.g., mepivacaine hydrochloride [Carbocaine])


• Tourniquet—simple surgical tubing, Esmarch bandage, or pneumatic tourniquet


• Over-the-needle catheter (20 to 22 gauge, 1.25 inch [3.0 cm]) or butterfly catheter (21 to 23 gauge). A 7- or 30-inch (18- or 76-cm) intravenous extension set attached to the catheter reduces the risk of the catheter dislodging while injecting.


• 20 to 30 mL iodinated contrast media (Iohexol). Use 10- to 12-mL syringes to reduce back pressure when injecting.


• Sterile gauze and elastic bandage (Vet-Wrap)

















Procedure


See Chapter 43, pp. 701-704.




• The digital radiograph equipment should be set up with patient demographic information entered before beginning the procedure. For sedation, use an alpha-2 agonist such as xylazine or detomidine.


• Perform a palmar nerve block at the level of the proximal sesamoid bones (abaxial sesamoid nerve block). Clean the soles of the feet after perineural analgesia.


• Survey lateromedial and dorsopalmar radiographs are taken before tourniquet application or contrast administration. Aseptically prepare the skin overlying the catheter site (lateral or medial palmar digital vein).


• Apply the tourniquet at the level of the fetlock.


• The distended lateral palmar digital vein is catheterized distal to the proximal sesamoid bone. Connect the extension set to the catheter and infuse 20 to 30 mL of positive contrast media. Practice Tip: A typical Thoroughbred foot usually requires approximately 20 mL; a large Warmblood or Draft horse foot may need up to 30 mL of contrast. Partially flex the carpus to unload the deep digital flexor tendon without removing the foot from the block while injecting the second-half of the contrast volume. When the injection is completed, the syringe and extension set can be taped to the tourniquet.


Practice Tip: Use hemostats to occlude the extension set after completing the injection or else the back pressure will cause the syringe to fill from the vein.


• Lateromedial and dorsopalmar radiographs are immediately repeated as described above.


• The tourniquet is removed before the catheter and a pressure bandage is applied after the procedure, compressing the venipuncture site.

















Technical Errors







• Filling defects are due to inadequate contrast volume from poor tourniquet application or insufficient volume of contrast agent (Fig. 14-8).




[image: image]


[image: image]


Figure 14-8 A, Lateromedial digital venogram in which the tourniquet provided inadequate venous occlusion, leading to inadequate contrast volume within the digital vasculature. B, Reapplication of tourniquet and injection of an additional volume of contrast media, leading to adequate digital vasculature distention.








• Perivascular injection from the catheter dislodging or leaking of contrast around the catheter


• Excessive time between contrast injection and radiographs leads to “blurring” due to diffusion of contrast into the extracellular space.


• Areas of interest for critical evaluation on the digital venogram include:




• Coronary plexus


• Coronary papillae


• Sublamellar plexus


• Circumflex vessels


• Sole papillae


• Terminal arch


Practice Tip: Until you have performed many venograms, have a colleague who is familiar with venograms analyze the images to gain the most information from the procedure.


























Fractures/Acute Non–Weight-Bearing Lameness







• In cases of an acute non–weight-bearing lameness, a fracture may be the etiology (see Chapter 21, p. 315) based on physical examination.


• If radiographs can be safely and efficiently obtained in a field emergency setting, they may provide accurate assessment of the injury and prognosis.


• Fractures within the hoof capsule (e.g., distal sesamoid bone [navicular bone] or distal phalanx [coffin bone] fractures) have few changes on physical examination other than severe lameness.


• The foot should be prepared for radiographs as described on p. 73.


• Articular fractures are best seen on dorsoproximal-palmarodistal views.


• Nonarticular fractures of the palmar processes may require dorsal 45° lateral (or medial) palmarodistal oblique views to visualize.


• Practice Tip: Care must be taken not to confuse separate centers of ossification of the palmar processes of the coffin bone or bipartite distal sesamoid bones with fractures.


• Palmaroproximal-palmarodistal oblique (skyline) views are best at demonstrating fractures of the navicular bone.

















Skull Radiography







• Skull radiographs are indicated when evaluating:




• Dental disease


• Disorders of the paranasal sinuses/nasal cavities


• Traumatic injuries














Dental Radiography







• Field radiographs of the dental arcades are typically performed with a smaller detector panel (9 × 11 inch/23 × 28 cm) compared with a referral hospital, which uses a 14- × 17-inch/36- × 43-cm panel (see Chapter 18, p. 164).


• Wide collimation, providing a larger field of view, is useful, especially with the smaller panels for easier identification of anatomic structures.


• Radiographic technique may need to be increased compared to the lower technique needed for evaluation of air-filled paranasal sinuses, guttural pouches, or pharyngeal/laryngeal regions.

















Fractures







• Fractures of the skull occur as one of three types:




• Fractures of the mandible


• Depression fractures of the skull


• Separation along suture lines


• Fractures of the mandible may be unilateral or bilateral, and superimposition on lateral radiographic views makes interpretation difficult. Thirty-five degree to 45° ventrolateral to ventrodorsal oblique views (Fig. 14-9) of each mandible can eliminate superimposition (Fig. 14-10).




[image: image]


Figure 14-9 Schematic demonstrating positioning for oblique views of the mandible. (Adapted from Obrien. Handbook of Equine Radiography. Saunders-Elsevier 2010.)
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Figure 14-10 A, Lateral view of the rostral mandible in which the side of the fracture cannot be determined.
B, Oblique view of the rostral mandible clearly shows the fracture involving the left rostral mandible. The right rostral mandible was normal in the opposite oblique view (not shown).








• Fractures of the incisors are best seen with intraoral views, directing the x-ray beam orthogonal to a plane tangential to the incisor tooth surface at the gingival margin.


• Depression fractures of the bones overlying the paranasal sinuses or nasal passages typically involve the frontal, nasal, lacrimal, or maxillary bones. The zygomatic arch also may be involved in fractures of the orbit.




[image: image] Oblique views at various angles better demonstrate the presence and types of fractures. Horses that flip over backwards are prone to fractures of the base of the skull. The suture between the basisphenoid and basioccipital bone is particularly at risk for fracture. Practice Tip: Do not mistake the normal suture line, which may be seen until between 2 and 5 years of age, for a fracture (Fig. 14-11).
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Figure 14-11 Lateral radiograph of a 7-month-old weanling showing a normal spheno-occipital suture (white arrow).








[image: image] Radiographic signs of trauma may reveal an increase in soft tissue opacity in the region of the normally air-filled guttural pouches secondary to injury to the longus capitis muscles and bleeding (Fig. 14-12).
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Figure 14-12 Basisphenoid-basioccipital fracture. Notice how the suture is wider and more distinct than in Fig. 14-11 (arrowhead). There is also a large displaced ventral bone fragment (arrow) and obliteration of the gas-filled guttural pouches, with soft tissue opacity representing hemorrhage from the longus capitis muscles.





























Procedure







• Appropriately sedate the patient.


• Use a rope halter to eliminate superimposition of metallic buckles and clasps.


• Radiopaque markers can be placed on external swellings to aid in determining significance of radiographic abnormalities.























Digital Radiography Artifacts







• Although errors in exposure technique are reduced with the wide exposure latitude of digital radiographic systems, technique errors such as poor positioning and failure to adequately center the x-ray beam on the region of interest are similar to screen-film radiographs.




• Digital systems add a new set of artifacts to recognize and to correct. These are divided into the categories of:




• Exposure artifacts


• Image processing artifacts














Exposure Artifacts







• Image processing of an underexposed radiograph causes the image to appear of diagnostic quality. Zooming in demonstrates a grainy, noisy, mottled, or pixilated image because of a decrease in the signal-to-noise ratio (Fig. 14-13).




[image: image]


Figure 14-13 Dorsoplantar view of the tarsus with a marked grainy appearance due to underexposure. Increasing the exposure technique remedies the artifact.








• Overexposure causes detector elements in a flat panel to become saturated and saturated pixels are set to the same maximal gray-scale value.




• If a calibration mask is used to correct for nonuniformity in the detector panel, the mask may become visible as “planking” or wide bars/rectangles in the final image (Fig. 14-14).




[image: image]


Figure 14-14 Overexposed lateral view of the stifle in which the cranial soft tissues are no longer visible because of saturation of the detector elements. “Planking” artifact is also visible to the left of the stifle.








• Correction is simply repeating the radiograph at a lower exposure.





• A calibration “mask” is used to correct irregularities in a detector panel and is created by making full exposures of a panel.




• Anything between the x-ray source and panel when the exposure is made for the mask can become incorporated into the digital mask including:




[image: image] Anything on the collimator window (e.g., splashed contrast media)


[image: image] Debris on the panel





• Panels used in equine practice are generally held in various positions; the mask artifacts may not appear in the same location and appear as a single or pair of light and dark “ghostlike” artifacts.





• Radiofrequency interference occurs if a detector is placed close to a radiofrequency source or there is a break in the shielding of the detector or its cable. These artifacts appear as narrow bands of thin, parallel stacked lines and are variable in length (Fig. 14-15). Consider replacing cables with worn, frayed, or broken shielding.




[image: image]


Figure 14-15 Radiofrequency interference artifact. Note the narrow vertical band of thin, parallel horizontally stacked lines dorsal to the proximal sesamoid bones.








• “Ghosting” occurs in systems that utilize photodiodes in the detector panel (most equine systems) and are seen if an exposure is taken too quickly because of differences in retained charge in the photodiodes. A faint “ghost” image of the prior exposure appears superimposed on the subsequent exposure.

















Image Processing Artifacts







• Excessive edge-enhancement can lead to dark halo formation known as “Uberschwinger” or “rebound” effect.


• The halos typically occur around very dense or radiopaque structures such as metallic implants or dense cortical bone and can mimic disease processes such as osteolysis associated with orthopedic implant loosening (Fig. 14-16) or pneumothorax.




[image: image]


Figure 14-16 Rebound artifact due to edge enhancement algorithms (typically unsharp masking). Notice the radiolucent halos within the cortical bone surrounding the screw ends.








• Clipping occurs when an inappropriate look-up table (LUT) is applied in the preprocessing step of image processing. Appearance is similar to Fig. 14-14.


• Information about soft tissues can be lost, and despite changing brightness and contrast during viewing, no information is present in thinner soft tissue regions.


• Overexposure can also lead to a clippinglike artifact.





























Ultrasonography: General Principles and System and Organ Examination


JoAnn Slack*








Ultrasound Examination


The ultrasound examination is a noninvasive method of obtaining rapid diagnostic information in the emergency setting. Ultrasonography is particularly useful in the rapid assessment of the horse for the following:




• Trauma


• An acute condition of the abdomen


• Respiratory distress and pneumonia


• Evaluation of fetal well-being in high-risk pregnant mares


• Ocular emergencies





Echocardiography is useful for assessing the horse with cardiovascular emergencies and is discussed beginning on Chapter 17, p. 150.





[image: image] What to do





Ultrasound Examination





Patient Preparation


The best images are obtained by clipping the hair from the skin over the area to be examined using a #40 surgical clipper blade.




• Shaving the skin is usually not necessary.


• If clipping is not an option, wetting the hair and skin thoroughly with warm water along the lay of the hair or spraying the area with alcohol may be sufficient for a diagnostic quality image.


• The skin should be scrubbed clean with surgical soap and water.


• Ultrasound coupling gel should be applied to the skin.


• If there is an acute laceration or puncture wound, the examination should be performed aseptically, using sterile ultrasound gel or sterile K-Y jelly and a sterile ultrasound “condom” or surgical glove to cover the transducer.





Ocular ultrasound can be performed by placing the transducer directly on the eye or on the eyelid. The transcorneal approach requires instillation of topical anesthetic and placement of an auriculopalpebral nerve block. Although this method provides the best images of the cornea, it is not tolerated by all horses. The transpalpebral approach is well tolerated by most horses and may be the only option in cases of severe eyelid swelling or large periocular masses. Sterile ultrasound gel or K-Y jelly is indicated in either approach. A standoff allows for better near-field visualization.























Emergency Musculoskeletal Examinations


Ultrasonographic assessment of horses with a recent history of trauma, severe lameness, or a penetrating wound or laceration helps the clinician differentiate areas of muscle injury from injury to bone, tendons, ligaments, joints, tendon sheaths, or the surrounding soft tissue structures. Fractures can be diagnosed in horses in which routine radiographs are not diagnostic or in patients with fractures in areas that are not amenable to routine radiography. In a horse with a laceration or a penetrating wound, the extent of damage to the synovial and tendinous or ligamentous structures in the area can be evaluated, and the presence and location of foreign material can be determined.








Normal Ultrasonographic Findings in the Equine Musculoskeletal System


Each tendon and ligament should be evaluated in two mutually perpendicular planes. The normal size, shape, and sonographic characteristics should be similar between the same anatomic tissues in opposing limbs. The unaffected limb can be used as a control, if necessary.




• Most tendons and ligaments have a homogeneous echoic appearance with a parallel fiber pattern.




• The proximal suspensory ligament has a more heteroechoic appearance caused by varying amounts of muscle fibers, connective tissue, and fat at the origin and in the proximal suspensory body.


• The biceps tendon also contains connective tissue and fat and therefore has a slightly more heterogeneous ultrasonographic appearance.





• The tendon sheath appears as a thin echoic structure with a thinner hypoechoic lining. Normally, anechoic intrathecal fluid is minimal.




• A small collection of anechoic fluid is normally imaged in the carpal sheath between the deep digital flexor tendon and inferior check ligament and within the tarsal sheath between the deep digital flexor tendon and inferior check ligament remnant.





• A bursa is a potential space that normally contains little or no discernible fluid. The normal ultrasonographic appearance of muscle and bone is unique to each and should be compared with that in the contralateral limb, if abnormalities are suspected.


• Normal muscle has a unique speckled pattern when imaged in its short axis and a unique striated pattern when imaged in its long axis.


• The normal bony surface echo is a thin echoic line of uniform thickness, which is smooth, except in the region of normal bony protuberances.




• Articular cartilage is anechoic and varies in thickness, depending on its location.


• A soft tissue layer immediately adjacent to the bone is present in all nonarticular areas.


    Practice Tip: Each joint has a characteristic ultrasonographic appearance with varying thickness of the joint capsule and synovium but this should be similar in both limbs.





• The joint capsule is a slightly thicker, echoic, usually curvilinear structure with a thin layer of hypoechoic synovium within.


    Note: Joint fluid is anechoic.

















Abnormal Ultrasonographic Findings in the Musculoskeletal System


Indications for an emergency musculoskeletal ultrasonographic examination include:




• Considerable swelling with associated heat and sensitivity


• Severe lameness


• Laceration


• Penetrating wound


• Suspected fracture that is not seen radiographically


• An area in which radiographic images cannot be obtained











Severe Tendinitis or Desmitis


Significant enlargement of a tendon or ligament with complete disruption of its fiber pattern is consistent with rupture of the tendon or ligament. The injured tendon may appear anechoic, hypoechoic, or echoic depending on how much time has elapsed since the injury and whether an organized clot is contained within the lesion (Fig. 14-17). Significant peritendinous or periligamentous soft tissue swelling is usually present.




[image: image]


Figure 14-17 Sonogram of the metacarpal region obtained from a horse with a ruptured superficial digital flexor tendon and dropped fetlock. Note the significant enlargement, complete fiber disruption, and hematoma formation within the superficial digital flexor tendon (arrows).








Practice Tips:




• Fetlock drop is found with severe suspensory desmitis and superficial digital flexor tendinitis.


• The toe flipping up with weight bearing is consistent with rupture of the deep digital flexor tendon.


• Subluxation of the proximal interphalangeal joint occurs with severe oblique distal sesamoidean desmitis and rupture of the superficial digital flexor tendon in the pastern.


• Flexion of the stifle with extension of the hock is consistent with a ruptured peroneus tertius tendon.

















Severe Tenosynovitis or Bursitis


Significant distention of the tendon sheath or bursa with fluid and fibrin is most consistent with a septic tenosynovitis or bursitis. It can occur in horses with recent intrathecal or intrabursal hemorrhage or active, nonseptic inflammation within the tendon sheath or bursa.




• Fibrin appears as filmy, hypoechoic strands or clumps within the synovial fluid (Fig. 14-18).




[image: image]


Figure 14-18 Sonogram of the tarsal sheath from a horse with a penetrating wound/laceration of the proximomedial metatarsal region. Note the hypoechoic fibrin within the tarsal sheath (arrow), surrounding the superficial and deep digital flexor tendons.








• Fluid in an infected tendon sheath or bursa can appear anechoic, hypoechoic, or echoic depending on the protein content and cellularity of the synovial fluid.


• Acute bleeding into a synovial structure usually has a swirling echoic appearance. Anechoic fluid with hypoechoic loculations and echoic masses is consistent with recent hemorrhage.


• Disruptions of the tendon sheath or bursa resulting in the formation of a synovial fistula are identified by the discontinuity in the tendon sheath or bursa and the adjacent, usually anechoic, periarticular fluid accumulation.

















Myositis and Muscle Rupture


Enlargement of the affected muscle belly occurs with myositis. The ultrasound changes in muscle echogenicity and the presence or absence of muscle striations are indicative of the type of pathologic muscle condition present.




• Muscle edema results in the muscle appearing less echoic than normal but retaining its normal striations.


• Increased muscle echogenicity with loss of the normal striations is consistent with a postanesthetic myopathy.


• A more heterogeneous sonographic appearance with loss of the normal muscle fiber pattern is consistent with a necrotizing myositis.




• The detection of pinpoint hyperechoic echoes consistent with free gas in the muscle or muscle fascia, and in the absence of a tract lined with gas associated with a penetrating wound, is consistent with a clostridial myositis.





• Cavitation of the most severely affected muscle often is seen associated with liquefaction necrosis.





Areas of muscle fiber disruption are the most common muscle injuries detected by ultrasonography. Muscle tears in horses are most frequently seen in the hind limb and shoulder muscles. The affected muscles can be diagnosed by carefully tracing the involved muscles from their origin to insertion.




• Anechoic fluid-filled areas with hypoechoic loculations are imaged within the muscle belly (Fig. 14-19).




[image: image]


Figure 14-19 Sonogram of a horse with a semimembranosus muscle tear. An anechoic serum fluid pocket (arrows) with hypoechoic fibrin strands are present within the muscle belly.








• Large anechoic loculated fluid-filled areas are usually imaged between the adjacent muscle fascia and in the adjacent subcutaneous tissues.


• The free edge of a completely disrupted muscle may be imaged floating in the anechoic loculated fluid.


• Echoic masses consistent with clot are often imaged within the intramuscular, interfascial, or subcutaneous hematoma.




• Acoustic shadows may be cast from the far side of these clots as they become more organized (Fig. 14-20).




[image: image]


Figure 14-20 Sonogram of a horse with organizing hematomas within the semimembranosus muscle. Note the discrete echogenic masses (arrows) surrounded by hypoechoic fluid. The masses cast acoustic shadows from their far surfaces consistent with aging clots.














Muscle neoplasms, particularly hemangiosarcomas, should always be considered in the differential diagnosis of horses with acute severe muscle disruption, especially when multiple sites are involved.




• Individuals with skeletal muscle hemangiosarcoma often have discrete echoic masses in the muscle; however, anechoic loculated heterogeneous masses may be imaged in areas of tumor necrosis (Fig. 14-21).




[image: image]


Figure 14-21 Sonogram of the left side of the neck obtained from a horse with disseminated skeletal muscle hemangiosarcoma. Note the echoic round to oval mass in the superficial musculature (arrows) with the anechoic area of cavitation (necrosis and hemorrhage).























Fractures


The ultrasonographic diagnosis of a fracture depends on imaging the fracture line or fracture fragment in two mutually perpendicular ultrasound planes.




• A nondisplaced fracture is diagnosed when there is a break in the normal hyperechoic bony surface echo in an area where there is not a normal vascular channel.


• A hyperechoic bony structure casting an acoustic shadow that is distracted from the underlying parent portion of the bone in two mutually perpendicular ultrasound planes is consistent with a displaced fracture fragment. Anechoic loculated fluid is usually present in the adjacent soft tissues.


    Practice Tip: Disruption of the surrounding musculature is commonly imaged with comminution or displacement of the fracture fragment.


• Echoic masses are frequently detected within the anechoic loculated fluid that is consistent with a clot.


    Practice Tip: Ultrasound is the best method for diagnosing fractured ribs (Fig. 14-22).




[image: image]


Figure 14-22 Sonogram of a right sixth rib fracture from a neonatal foal. The image is a long axis view, with dorsal to the right of the image. The distal rib fragment is displaced toward the thoracic cavity (arrow). Note the fluid pocketing in the overlying soft tissues consistent with hematoma/seroma formation.























Severe Synovitis


Considerable distention of the joint with fluid and fibrin is indicative of a severe synovitis.




• Flocculent, hypoechoic to echoic synovial fluid may be imaged in septic arthritis.


• A hemarthrosis is suggested by the presence of large quantities of uniformly echoic synovial fluid, particularly in individuals with periarticular hematomas.


• Thickening of the joint capsule and synovium is also frequently imaged in patients with severe synovitis, regardless of its cause.


• Significant periarticular hypoechoic soft tissue swelling is usually present surrounding the joint capsule in individuals with severe synovitis.




• Anechoic loculated fluid surrounding the joint is most consistent with a traumatic synovitis.





• Disruptions of the joint capsule resulting in the formation of a synovial fistula are identified by the discontinuity in the joint capsule and the adjacent periarticular fluid accumulation.


• Joint instability or radiographic findings of avulsion fractures associated with the origin or insertions of the collateral ligaments should prompt sonographic evaluations of the collateral ligaments associated with that joint, looking for disruption of the fibers of the collateral ligament.




• Enlargement of the collateral ligament, with disruption of its fiber pattern and a decrease in its echogenicity, is consistent with collateral desmitis. The ligament may be difficult or impossible to identify in areas of complete rupture. Comparison with the contralateral limb is helpful in deciding on the degree of injury sustained.




















Lacerations and Puncture Wounds


Ultrasonographic examination of puncture wounds and lacerations should be done after aseptic preparation of the area. Puncture wounds should be examined by ultrasonography before a contrast study is performed because the air injected with the contrast media impairs visualization of the underlying structures, limiting the usefulness of the ultrasonographic examination. The sonographic examination should begin superficially and gradually progress deeper until the full extent of the tract is determined.




• The tracts usually appear as hypoechoic linear or tubular paths containing various amounts of anechoic fluid and hyperechoic gas.


• Hyperechoic free gas echoes are usually seen at the skin surface of the puncture wound or laceration and decrease in number as the tract or laceration extends deeper. These gas echoes are usually pinpoint and cast small gray acoustic shadows.


• A foreign body appears as an echoic to hyperechoic structure within the tract of the puncture wound or laceration.




• Practice Tip: Wood, the most common foreign body detected in horses, is hyperechoic and casts a strong black acoustic shadow from its near surface. Glass is also hyperechoic and casts a strong acoustic shadow.


• Needles, nails, wires, and BB gun pellets produce the typical metallic reverberation artifact.


• Tubular hyperechoic structures that cast weak acoustic shadows may represent a piece of hoof.





• Always look for more than one foreign body.


• The type of foreign body and the position of the ultrasound beam relative to the foreign body determine the type of acoustic shadow cast by the foreign body.





























Emergency Abdominal Examinations







• Diagnostic ultrasound is helpful in the assessment of the foal or adult with an acute condition of the abdomen.


• The findings on ultrasonographic examination help differentiate surgical from medical causes of colic.


• Diagnostic ultrasonography provides a window for noninvasive evaluation of the gastrointestinal viscera and abdominal organs and can guide other diagnostic procedures such as abdominocentesis.


• Transrectal ultrasonographic examination of abnormalities detected on rectal palpation can also be performed to clarify the rectal findings further.











Normal Ultrasonographic Findings in the Equine Gastrointestinal Tract


Large and small intestinal echoes are imaged from the ventral abdomen in the foal, whereas in the adult, only large intestinal echoes are usually imaged from this window. A few loops of jejunum may be imaged in the midventral abdomen in some adults. Only large intestinal echoes are usually imaged in the intercostal spaces (ICSs) and the flank.




• Large intestinal echoes are recognized by their large semicircular, sacculated appearance.


• The large intestinal wall is hypoechoic to echoic with a hyperechoic gas echo from the mucosal surface that normally measures 3 mm or less in thickness.


• Peristaltic waves are normally visible.


• The right dorsal colon is imaged ventral to the liver in the tenth to fourteenth ICSs.


• The cecum is imaged in the right paralumbar fossa.


• The gastric fundic echo is imaged as a large semicircular structure medial to the spleen at the level of the splenic vein in the left ninth to twelfth ICSs ventral to the diaphragm and ventral lung.




• The wall of the stomach is hypoechoic to echoic with a hyperechoic gas echo from the mucosal surface and can measure up to 7.5 mm in thickness.





• The duodenum is imaged medial to the right lobe of the liver, adjacent to the right dorsal colon, beginning at approximately the tenth ICS and can be followed caudally around the caudal pole of the right kidney.




• The duodenum appears as a small oval or circular structure (when sliced in its short axis) with a hypoechoic to echoic wall ≤3 mm thick.


• The duodenum usually appears partially collapsed with regular waves of fluid ingesta imaged during real-time scanning.





• The jejunum is rarely visualized in the adult except adjacent to the stomach and occasionally in the midventral to caudal left side of the abdomen, whereas in the foal the jejunum is readily seen along the floor of the ventral abdomen.




• The small intestinal echoes are recognized by their small tubular and circular appearance.


• The wall of the jejunum is hypoechoic to echoic with a hyperechoic echo from the mucosal surface and is usually ≤3 mm thick.


• Some anechoic fluid ingesta and hyperechoic “gassy” ingesta are often imaged in the lumen of the jejunum.


• Peristaltic waves are normally visible.





• The ileum is rarely imaged transcutaneously but may be imaged transrectally in the adult as a slightly thicker (4 to 5 mm), more muscular segment of small intestine in the dorsal caudal abdomen with visible peristaltic activity.


• Only a small amount of anechoic peritoneal fluid is usually imaged within the peritoneal cavity cranioventrally.

















Abnormal Ultrasonographic Findings in the Equine Gastrointestinal Tract


Practice Tip: Significant increases in the thickness of the intestinal wall, coupled with considerable distention of the lumen and a lack of visible peristaltic activity, are ultrasonographic indications of significant intestinal compromise. Considerable fluid distention of the stomach should prompt nasogastric decompression.








Herniation


Surgical colic is caused by herniation of the abdominal viscera into the thoracic cavity, scrotum, umbilicus, or through the body wall.








Umbilical







• Gastrointestinal viscera, peritoneal fluid, or omentum is imaged in the external umbilicus.


• Measure the size of the hernia.


• Determine the viability of entrapped or incarcerated intestine.




• Measure wall thickness, intestinal distention, and evaluate peristalsis.





• If the hernia is more involved, look for internal umbilical remnant infection, subcutaneous abscess, and/or enterocutaneous fistula.

















Inguinal







• Gastrointestinal viscera or omentum is imaged in the enlarged scrotal sac.


• Determine the viability of the entrapped or incarcerated intestine.




• Measure wall thickness, intestinal distention, and evaluate peristalsis.





• Perform a rectal examination in the stallion, and evaluate the small intestine to determine the degree of distention proximal to the obstruction.

















Diaphragmatic







• Gastrointestinal viscera, omentum, or abdominal organs imaged in the thoracic cavity (Fig. 14-23)




[image: image]


Figure 14-23 Sonogram of the right side of the thorax obtained in the ninth intercostal space from a horse with a diaphragmatic hernia. The right side of the image is dorsal, and the left side is ventral. Notice the echoic swirling fluid consistent with a hemothorax (top), the white hyperechoic circular sacculated colon (C) in the thoracic cavity adjacent to the lung (L), and the muscular part of the diaphragm (D) dorsal to the liver.








• The herniated visceria entrapped in the rent in the diaphragm displaces the lung dorsally.


• The approximate size of the hernia can be estimated by the number of ICSs affected and whether it is imaged on one or both sides of the thorax.


• Determine the viability of entrapped or incarcerated intestine.




• Measure wall thickness, intestinal distention, and evaluate peristalsis.





• A diaphragmatic hernia could be missed by ultrasonography if located in the center of the diaphragm or if the herniated viscera are not in contact with the thoracic wall.























Abdominal Wall Hernias and Rupture of the Prepubic Tendon







• Determine the viability of the entrapped or incarcerated intestine.




• Measure wall thickness and intestinal distention, and evaluate peristalsis.





• Identify the intestine involved and the presence and locations of adhesions.


• Evaluate the muscles and/or tendon of the abdominal wall.




• Measure the size of the defect, and evaluate the edges of the hernial ring.




















Nephrosplenic Ligament Entrapment/Left Dorsal Displacement


Ultrasonographic findings consistent with a nephrosplenic ligament entrapment (NSE) include the following:




• The presence of large colon between the spleen and body wall in the left caudal abdomen


• The dorsal splenic border appearing horizontal and displaced ventrally to the middle of the abdomen (Fig. 14-24)
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Figure 14-24 Transcutaneous abdominal sonographic image obtained from the left fifteenth intercostal space showing horizontal dorsal border of spleen (arrows) due to gas shadowing of large colon within nephrosplenic space. Dorsal is to the right of the image.








• An inability to see the tail of the spleen or left kidney transcutaneously. This should not be used as the sole sonographic criteria for the diagnosis of NSE because these structures may occasionally be obscured from view by gas in the large or small colon in horses without NSE.


• The stomach may be ventrally displaced and visible from the ventral abdomen.


• Practice Tip: The sonogram can be used to determine whether treatment with phenylephrine, followed by lunging or rolling the horse, has corrected the nephrosplenic ligament entrapment successfully.




• In horses with either acute or chronic intermittent colic, the large colon may be seen between the spleen and body wall, but the left kidney is still visible. This may represent a variation of NSE or left dorsal displacement.




















Right Dorsal Displacement of Large Colon


The diagnosis of right dorsal displacement is based on:




• Identification of a mesocolonic vein adjacent to the right body wall in the mid-right abdomen, in approximately the eleventh to thirteenth intercostal spaces (Fig. 14-25).
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Figure 14-25 Transcutaneous abdominal sonographic image obtained from the right thirteenth intercostal space showing distended colonic mesenteric vessel adjacent to right body wall and medial margin of right liver lobe. Doppler interrogation demonstrates blood flow within the vessel (arrow). Right dorsal displacement of the large colon was confirmed at surgery. Dorsal is to the right of the image.








• If the mesocolonic vein cannot be visualized running horizontally against the abdominal wall this does not rule out a right displacement. A displacement can occur without rotation, in which case, the vessel is not against the peritoneum.


• Other sonographic findings include:




• Inability to see the right liver lobe


• Small intestine dorsal to the right liver lobe


• Inability to see the duodenum


• Concurrent colon impaction




















Sand Colic







• Small, pinpoint granular hyperechoic echoes, casting multiple acoustic shadows, are imaged in the ventralmost portion of the affected intestine.


• There is loss of normal sacculations in the affected portion of large intestine as it is flattened by the weight of the intraluminal sand.


• There are greatly decreased or absent peristaltic movements of the sand-containing ventral portion of the colon.

















Enterolithiasis







• Rarely does this condition show up in images because the affected colon is not usually seen from a transcutaneous or rectal “window.”


• A large, hyperechoic mass, casting a strong acoustic shadow, might be within the lumen of the intestine if the affected portion of intestine is adjacent to the ventral body wall and there is not gas between the mucosa and the stone.


• Wall thickness may be increased.


• Decreased to absent peristalsis occurs in the affected segment of intestine.


• Enteroliths may be hard to visualize on ultrasound examination because of the large amount of gas in the large intestine.

















Intussusception







• Characteristic ultrasonographic findings associated with the invagination of one loop of intestine (intussusceptum) into another loop of intestine (intussuscipiens) are the following:




• Target or “bull's eye” sign appears in the affected portion of intestine (Fig. 14-26).
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Figure 14-26 Sonograms of a jejunal-jejunal intussusception obtained from a foal. Notice the target or “bull's eye” appearance of the short axis section (right image) of the jejunum at one end of the intussusception. The arrow points to the intussusceptum.








• The strangulated intestine usually has thickened, edematous, hypoechoic walls.


• Little or no peristaltic activity is imaged in the affected portion of intestine.


• Often fibrin is imaged between the intussusceptum and intussuscipiens.


• Distended, fluid-filled intestine is imaged proximal to a strangulated portion of intestine.





• Jejunal intussusception is usually imaged from the ventral-most portion of the abdomen and is most common in foals.


• Ileal intussusception is usually imaged rectally or transcutaneously in the caudodorsal abdomen and is most common in yearlings and young horses.


• Large bowel intussusception usually involves the ileum and large bowel and is imaged most frequently from the right side of the abdomen because the cecum or right ventral colon is involved. This condition is most common in adult horses.

















Strangulating Small Intestinal Disorders and Small Intestinal Volvulus







• Characteristic ultrasonographic findings are the following:




• The strangulated small intestine usually has thickened, edematous, hypoechoic walls with little or no peristaltic activity (Fig. 14-27).
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Figure 14-27 Transcutaneous abdominal sonographic image of thick-walled loop of small intestine from horse with strangulating lipoma. Note the increased echogenicity of the wall of the small intestine (arrows).








• Small intestinal loops are turgid and fluid filled.


• Luminal contents are anechoic or layered with echoic ventral particulate ingesta.


• Distended, fluid-filled small intestine is imaged proximal to the strangulated small intestine.





• Distended, thick-walled small intestine most frequently is detected in the ventral portion of the abdomen because of its increased weight.


• Practice Tip: There may be overlap in the sonographic appearance of strangulating and nonstrangulating lesions. The ultrasound findings should always be interpreted in light of the clinical picture.


• Diagnosis of the specific cause of strangulation is often not possible.

















Intestinal Masses







• Ultrasonographic findings with intraluminal, intramural, or mesenteric masses obstructing the passage of ingesta are as follows:




• Focal, mural anechoic to echoic masses within the intestinal wall often make up the lumen of the affected portion of intestine.


• Echoic areas of narrowed irregular bowel wall have been imaged in horses with mural stricture.


• Thickening of the muscular layer of the wall of the small intestine is indicative of idiopathic muscular hypertrophy, detectable transrectally and transcutaneously (Fig. 14-28).
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Figure 14-28 Transcutaneous abdominal sonographic image of a loop of dilated small intestine with muscular hypertrophy. Note prominent hypoechoic muscular layer of the small intestinal wall (arrow).








• Intraluminal hemorrhage appears as echogenic clots or echoic swirling fluid.





• Mural masses in the adult may be the following:




• Abscesses


• Intestinal carcinoids


• Leiomyomas


• Granulomas


• Hematomas


• Fibrosis





• Mural masses in foals or young horses may be abscesses.


• Diffuse thickening of the bowel is seen with hypoxic injury to the bowel, enterocolitis, or infection with Lawsonia intracellularis.

















Impaction


Characteristic ultrasonographic findings of impaction include the following:




• A round or oval echoic distended viscus, lacking sacculations, often measuring 20 to 30 cm or more in the adult.


• Meconium appears as hypoechoic, echoic, or hyperechoic masses in the lumen of the large colon, small colon, or rectum.


• The bladder can be used as an “acoustic window” to evaluate the rectum and small colon immediately dorsal to it.


    Practice Tip: Ascarids appear as hyperechoic to echoic tubular structures that are often knotted into a mass in the lumen of the intestine. (See Chapter 18, p. 199.)


• Isolated ascarid worms are often imaged in fluid-distended colon.


• Intestinal wall thickness may be normal or increased.


    Note: Foals that are anorectic for one or more days normally have a corrugated-appearing cecal wall.


• A large acoustic shadow is cast from the impacted ingesta adjacent to the colonic mucosa.


• Distention of the colon proximal to the impaction is usually present, making ultrasonographic evaluation of the impaction easier.


• Little or no peristaltic activity of the affected intestine occurs.


• Impactions can be imaged only transcutaneously when the impacted large colon or cecum is adjacent to the body wall or fluid is interposed between the affected portion of the intestine and the body wall.


• Impactions usually can be imaged from the flank or side of the abdomen in horses with cecal or right dorsal colon impactions.


• Small colon impactions have been imaged from the flank in miniature horses.


• In adults, small or large colon impactions can be imaged transrectally if palpable.

















Large Colon Torsion


Characteristic ultrasound findings include the following:




• Colon wall thickness is ≥9 mm when measured along the ventral abdomen in adult horses with historical and physical examination findings consistent with a surgical lesion of the large colon (Fig. 14-29).
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Figure 14-29 Sonographic image obtained from transcutaneous ventral abdominal window. The large colon wall is markedly thickened and heteroechoic (arrows). In a horse with appropriate clinical signs, this finding is diagnostic for a large colon volvulus.








• Practice Tip: Colon wall thickness is highly specific and moderately sensitive when measured in this patient population. A similar sonographic appearance of the large colon may occur with colitis.

















Medical Colic








Proximal Duodenitis-Jejunitis


Characteristic ultrasonographic findings of proximal duodenitis-jejunitis include the following:




• Fluid distention of the stomach and duodenum


• Usually decreased or absent duodenal motility consistent with an ileus; this can be variable!


• Intestinal wall that may be thickened with variable echogenicity


• Presence or absence of duodenal stricture

















Enterocolitis


Characteristic ultrasonographic findings of enterocolitis include the following:




• Fluid distention of the intestinal tract is apparent, especially the cecum and colon. (See Fig. 18-76, p. 233.)


• The intestinal wall may be thickened more than normal, particularly with severe inflammatory bowel disease.


• “Shreds” of intestinal mucosa may be imaged in the intestinal lumen.


• Significant fluid distention of the stomach should prompt nasogastric decompression.


• Neonatal foals with necrotizing enteritis may have sonographically detectable gas in the intestinal wall called “pneumatosis intestinalis.” This finding indicates a guarded to poor prognosis.

















Cholangiohepatitis and Elevated Biliary Enzymes


Characteristic ultrasonographic findings include the following:




• Hepatomegaly


• Increased echogenicity of the hepatic parenchyma


• Biliary distention and echoic bile within biliary tree


• Presence of thickening of the bile ducts


• Presence of hepatoliths























Gastric Distention and Delayed Gastric Emptying


Ultrasonographic findings include the following:




• Circular to oval gastric echo distended with anechoic to hypoechoic fluid or echoic to hyperechoic ingesta is seen on the left side of the abdomen.




• Practice Tip: Echoic fluid or hypoechoic fluid containing echoic lumps in foals is milk.


• Layering of the dorsal gas, ventral fluid, and if present, even more ventral ingesta is often imaged.





• Imaging the gastric echo over five or more ICSs on the left side of the abdomen is consistent with significant gastric distention.


• Imaging the gastric echo on the right side of the abdomen is rare and is consistent with severe gastric distention.


• A greatly enlarged gastric echo filled with hyperechoic material casting an acoustic shadow extending over five or more ICSs on the left side of the abdomen is detected with gastric impaction.


• A mass with a complex pattern of echogenicity in the wall of the stomach, often with invasion into the adjacent spleen or liver parenchyma, is consistent with a gastric squamous cell carcinoma. This pattern is most common in older horses.


• Gastric emptying problems are identified when large amounts of ingesta persist unchanged in the stomach in a fasted, anorectic, or “refluxing” individual on repeat examinations. Always consider in Friesian horses with colic.

















Right Dorsal Colitis


Ultrasonographic findings include the following:




• The right dorsal colon can be imaged most consistently in the right eleventh, twelfth, and thirteenth ICSs axial to the liver and below the ventral margin of the lung. The wall thickness of the right dorsal colon of normal horses measures up to 0.36 cm in these ICSs.


• Horses with right dorsal colitis have wall thicknesses that measure from 0.60 cm to greater than 1.0 cm. The wall may appear hypoechoic secondary to edema or have echogenic infiltrate, and mucosal irregularities may be present. Comparison of the wall thickness of the right dorsal colon to the right ventral colon may aid in identifying cases with less significant thickening (Fig. 14-30).
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Figure 14-30 Transcutaneous abdominal sonogram obtained from the right tenth intercostal space. Note the markedly thickened and heterechoic wall of the right dorsal colon. The remainder of the large colon was of normal thickness and echogenicity (between cursors). Dorsal is to the right of the image.








• Decreased thickness of the colon wall may be associated with successful treatment or rarely thinning before rupture.

















Abdominal Abscess


Characteristic ultrasonographic findings include the following:




• Abdominal abscesses are anechoic, hypoechoic, or filled with echoic material and are often multiloculated, especially in the foal with Rhodococcus equi infections.


• Hyperechoic echoes representing free gas may be detected, suggesting concurrent anaerobic infection.


• Large or small intestine may be adhered to the wall of the abscess and thus its movement restricted.


• Abdominal abscesses in foals are detected in the ventral abdomen associated with Rhodococcus equi abscesses involving the mesenteric lymph nodes.


• In the adult, abdominal abscesses may be detected in the ventral abdomen but are also frequently found dorsally associated with the root of the mesentery, cecum, and large colon.


• Abdominal abscesses are infrequently reported in the adult associated with the liver.

















Peritonitis


Characteristic ultrasonographic appearance is as follows:




• Anechoic, hypoechoic, or echoic fluid


• Presence of flocculent, composite fluid


• Presence of fibrin and/or adhesions between the serosal surfaces of the intestine and the abdominal wall


• Free gas echoes and particulate echogenic debris, which are consistent with a ruptured viscus (Fig. 14-31).
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Figure 14-31 Sonogram of a weanling with a ruptured stomach. Note the hyperechoic free gas echoes (arrow) along the dorsal aspect of the abdomen diagnostic for rupture of a gastrointestinal viscus. The definitive site of the rupture could not be determined by sonography.











The abdomen, gastrointestinal, and abdominal viscera should be examined thoroughly for the source of the peritonitis, such as an abdominal abscess or devitalized area of bowel.














Hemoperitoneum







• Homogeneous, hypoechoic to echoic swirling cellular fluid is consistent with hemoperitoneum (Fig. 14-32).
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Figure 14-32 Sonogram of a horse with hemoperitoneum. Note the echoic cellular fluid (arrowhead) adjacent to the hyperechoic gas echo of the large colon (arrow). In real time the fluid takes on a characteristic swirling appearance diagnostic of active hemorrhage.








• The spleen, liver, and kidneys should be carefully examined to be sure that a rupture of one of these organs is not the cause of the hemoperitoneum.




• Anechoic, loculated fluid within the spleen, liver, or kidney or in the subcapsular space is indicative of organ trauma.





• A very small spleen supports splenic contraction associated with significant blood loss.


• Rupture of the middle uterine artery often results in a large volume of blood in the broad ligament with a smaller quantity of blood free in the peritoneal cavity.





























Emergency Urinary System Examinations








Normal Ultrasonographic Findings in the Equine Urinary Bladder


The equine urinary bladder is a round to oval fluid-filled structure with a hypoechoic to echoic bladder wall. Practice Tip: The urine in the foal urinary bladder should be anechoic, whereas the urine contained in the adult urinary bladder has a composite echoic appearance caused by the mucus and crystalluria.














Abnormal Ultrasonographic Findings in the Equine Urinary Bladder








Uroperitoneum


Definition: Uroperitoneum is a large accumulation of the urine within the peritoneal cavity associated with a defect in the urinary tract that allows urine to flow into the peritoneal cavity.




• Uroperitoneum occurs most frequently in the equine neonate in the immediate postpartum period.


• In the adult, uroperitoneum is most common in the postpartum mare.


• The location of the urinary tract defect can be determined by the sonographic appearance of the urinary bladder, ureters, urachus, and retroperitoneal space.


• A large quantity of fluid in the peritoneal cavity is consistent with uroperitoneum.


• The fluid is usually anechoic but becomes more echoic as the uroperitoneum becomes more long-standing and a chemical peritonitis develops.


• The gastrointestinal viscera normally float in the peritoneal fluid and urine contained within the peritoneal cavity.


• A folded, collapsed urinary bladder is consistent with a rupture of the urinary bladder (Fig. 14-33).
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Figure 14-33 Transverse sonogram of the urinary bladder obtained from a foal with uroperitoneum and a ruptured bladder. Notice the collapsed and folded appearance of the bladder. Although it appears as if the rupture may be located on the dorsal surface of the bladder (arrow), the defect is not readily visible. Surrounding the bladder is a large volume of anechoic fluid within the peritoneal cavity; the gastrointestinal viscera are floating in this fluid.








• Fluid around the urachus and in the retroperitoneal space along the ventral abdomen with an intact urinary bladder is indicative of a defect in the urachus.


• Retroperitoneal fluid around the kidney(s) with an intact urinary bladder is consistent with a ureteral defect(s).

















Cystic Hematomas in Foals







• Hemorrhage into the urinary bladder may be seen in the early postpartum period associated with trauma to the umbilicus.


• Active hemorrhage into the bladder appears as echogenic swirling fluid with or without the presence of clots. As a hematoma forms and organizes, a heteroechoic mass becomes visible surrounded by anechoic urine (Fig. 14-34).
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Figure 14-34 Sonogram from a newborn foal with hematuria and stranguria resulting from a cystic hematoma. A hypoechoic homogeneous clot is present within the urinary bladder (arrow). The urine is hypoechoic with a swirling cellular pattern consistent with ongoing hemorrhage.








• The urachus and umbilical arteries also may contain large echogenic masses consistent with blood clots. In the normal foal, the urachus is only a potential space and should not contain fluid or clots. The umbilical arteries normally have sludging blood and may be seen to pulsate for the first 24 hours after birth.






























Ultrasonography in High-Risk Pregnancies



Fetal Well-Being in High-Risk Pregnancies





Ultrasonographic evaluation of the fetus and its intrauterine environment from a transcutaneous and transrectal approach provide the clinician with important information when evaluating the high-risk pregnant mare (see Chapter 30, p. 520). Severe illness of the mare, premature udder development, premature lactation, or an abnormal vaginal discharge should prompt a complete transcutaneous and transrectal ultrasonographic evaluation of the fetus to determine its well-being. Prompt intervention may improve the outcome for foals born to high-risk mares. The normal late-gestation mare has a single fetus in anterior presentation, dorsopubic position. The nonfetal horn is usually evident from the ventral abdominal window in late gestation.








Biophysical Profile


The equine biophysical profile (see Chapter 30, p. 526) consists of seven parameters that, if normal, support the delivery of a normal fetus (Table 14-1). Each of these parameters is assigned a score of 2 if it is normal and 0 if it is abnormal for a “perfect” biophysical profile of 14. The equine biophysical profile consists of the following:




Table 14-1


Equine Biophysical Profile*










	Fetal or Maternal Measurement

	Patient

	Abnormal










	Fetal Heart Rate (HR) and Rhythm






	Rhythm

	—

	Irregular or absent






	Low HR <320 days’ gestation (beats/min)

	—

	<57






	Low HR 320-360 days’ gestation (beats/min)

	—

	<50






	Low HR >360 days’ gestation

	—

	<41






	High (postactivity) HR (beats/min)

	—

	>126






	HR range (beats/min)

	—

	> 50 or <5






	Fetal Breathing






	Rhythm

	—

	Irregular or absent






	Fetal Aortic Diameter (mm)






	Y = 0.00912 × X + 12.46

	Y ± 4 × S.E. (5.038)

	> or < Y ± × S.E. (5.038)






	Fetal Activity and Tone






	Fetal activity

	—

	Absent






	Fetal tone

	 

	Absent






	Fetal Fluid Depths






	Maximal allantoic fluid depth (cm)

	—

	<4.7 or >22.1






	Maximal amniotic fluid depth (cm)

	—

	<0.8 or >18.5






	Uteroplacental Thickness






	Uterus and chorioallantois (mm)

	—

	<3.9 or >21






	Uteroplacental contact

	 

	 






	Areas of discontinuity

	—

	Large






	Biophysical profile score

	—

	≤10 = negative outcome;
12 = high risk for negative outcome
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SE, Standard error; X, pregnant mare's weight in pounds; Y, Predicted aortic diameter.


*Calculation of biophysical profile: Assign 2 points to each category if all evaluations are normal; assign 0 points to each category if one of the evaluations is abnormal.







• Breathing movements: Regular breathing movements should be present in the late gestation fetus.


• Cardiac rate and rhythm: The mean resting fetal heart rate in the late gestation equine fetus is 75 beats/min with a heart rate range detected by ultrasonography of ±15 beats/min and a regular rhythm. If the gestation is prolonged, the fetal heart rate continues to slow to as low as 57 beats/min if the gestation length is <344 days. The heart rate can slow to 50 beats/min if the gestation length is 320 to 360 days and to as low as 41 beats/min if the gestation length is >360 days.


• Fetal aortic diameter: The fetus in late gestation should have an aortic diameter that is approximately 23 mm.


• Fetal movement and tone: The normal fetus is active during the examination with periods of activity imaged for more than 50% of the scanning time. The normal fetus has muscular tone and should not appear flaccid.


• Fetal fluids: Ample quantities of amniotic and allantoic fluid should surround the normal late-term fetus. Between 0.8 and 14.9 cm of amniotic fluid and 4.7 to 22.1 cm of allantoic fluid should surround the normal fetus.


• Uteroplacental thickness: The normal mean thickness of the uterus and the chorioallantois combined should be 11.5 mm (see Chapter 27, p. 498).


• Uteroplacental separation: The uterus and chorioallantois should be associated closely with one another with no imaged areas of separation or only small focal areas imaged.

















Abnormal Fetal and Maternal Findings in the High-Risk Pregnant Mare







• Practice Tip: The inability to image the nonfetal horn in late gestation is a good ultrasonographic indication of a twin pregnancy.


• The detection of two contiguous chorioallantoic membranes, usually perpendicular to the uterus, also signals the presence of a twin pregnancy.


• The imaging of two separate thoraxes confirms the presence of twin fetuses; two different fetal heart rates are usually detected if both fetuses are alive.


• The fetal aortic diameters and thoracic diameters generally differ in size, with one of the twins smaller than the other.


• The twin fetuses may have different presentations, with the posterior presentation abnormal.


• Practice Tip: If the head of the fetus is imaged in late gestation from the ventral abdominal window, the mare is likely to need assistance at the time of delivery.


• Torsion of the umbilical cord with significant distention of the urinary bladder has been identified in fetuses in utero and has resulted in the abortion or death of the fetus.


• Other fetal abnormalities also may be identified that may affect fetal health.


• Thickening of the amnion is also abnormal and may be detected in mares with a severe placentitis.


• Increased echogenicity of the fetal fluids may be seen in mares with placentitis or meconium-stained fetus.


• Increased echogenicity of the fetal fluids has not been correlated with an adverse outcome in the late gestation fetus, only when these findings are detected earlier in gestation.











Abnormal Biophysical Profile


Practice Tip: If two or more of the seven parameters are abnormal—a score of 10 or less—the foal delivered is likely to be compromised.




• Breathing movements: Irregular or absent fetal breathing movements are abnormal in the late gestation fetus. This abnormality may be associated with acute intrauterine hypoxia.


• Cardiac rate and rhythm:




• A heart rate of <57 beats/min is abnormal for calculation of the biophysical profile if the gestation length is <320 days.


• A heart rate of <50 beats/min is abnormal if the gestation length is 320 to 360 days.


• A heart rate of <41 beats/min is abnormal if the gestation length is >360 days.


• An irregular heart rhythm, a heart rate in excess of 126 beats/min, or a heart rate range in excess of 50 beats/min or <5 beats/min is also abnormal in the late gestation fetus.


• These abnormalities may be associated with acute intrauterine hypoxia.





• Fetal aortic diameter: An aortic diameter of <18 mm or >27 mm is abnormal in the late gestation fetus. A smaller-than-normal aortic diameter is indicative of intrauterine growth retardation or the presence of twins.


• Fetal movement and tone: Absent fetal activity or a flaccid appearance to the fetus is abnormal. These abnormalities may be associated with acute intrauterine hypoxia.


• Fetal fluids: Hydrops should be considered when >14.9 cm of amniotic fluid (hydrops amnii) or >22.1 cm of allantoic fluid (hydrops allantois) surrounds the fetus. A fetus that is not surrounded by adequate amounts of fetal fluids (<0.8 cm amniotic or <4.7 cm allantoic) is distressed.




• Intrauterine hypoxia and premature rupture of the fetal membranes may be responsible for the decreased quantities of fetal fluid.





• Umbilical cord: Torsion of the umbilical cord can result in considerable distention of the fetal urinary bladder and abortion (Fig. 14-35).
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Figure 14-35 Sonogram of a 288-day fetus with significant distention of the urinary bladder. The foal was aborted shortly after the sonogram was performed. Marked twisting of the umbilical cord was present at birth.








• Uteroplacental thickness: A combined uteroplacental thickness of <3.9 mm or >21 mm is abnormal for the calculation of the biophysical profile. Treatment of the mare for suspected placentitis often is initiated when the combined uteroplacental thickness is 15 mm or greater (Fig. 14-36).




[image: image]


Figure 14-36 Sonogram from a horse with placentitis. Note the considerable thickening and loculations present within the uteroplacental unit (between arrows).








• Uteroplacental separation: Premature placental separation is supported when there is a large and/or progressive area of separation between the uterus and chorioallantois.





























Emergency Thoracic Examinations


Thoracic ultrasonography is helpful in assessing the foal or adult with severe lower respiratory tract problems. Almost the entire thorax can be evaluated by ultrasonography, including the cranial mediastinal region. The affected side or sides of the thorax, and “pinpointing” the location of lesions, can be determined in most individuals because the involved lung segment is usually pleural based. The character of pleural fluid can be determined by ultrasonography.


The type and severity of underlying pulmonary parenchymal disease can be diagnosed and differentiated:




• Consolidation


• Pleuropneumonia


• Abscesses


• Pneumothorax


• Granulomas


• Tumors in the lung or pleural cavity


• Penetrating thoracic wounds


• Diaphragmatic hernias





The thoracic ultrasound examination findings can be used to formulate a more accurate prognosis for survival and to select appropriate treatment and monitoring response to therapy. Survival of horses with pleuropneumonia is more likely if pleural fluid, fibrin, loculations, free gas echoes, or parenchymal necrosis are not detected on the initial ultrasonographic examination.








Normal Ultrasonographic Appearance of the Lung and Pleural Cavity







• The lung is seen on both sides of the thorax from the sixteenth to seventeenth ICSs cranially to the fourth ICS.


• The cranial mediastinum is pictured only from the right third ICS in normal horses.


• The lung covers the cranial and caudal mediastinum in most individuals, although a hypoechoic soft tissue mass (thymus) may be imaged in youngsters ventral and medial to the right apical lung lobe and cranial to the heart.


• Fatty tissue also may be seen in this area and around the heart, most commonly detected in ponies and fat horses. Fat is usually slightly more heterogeneous and echogenic than thymus and continues caudally around the heart into the caudal mediastinum.


• The normal visceral pleural edge of the lung is a straight hyperechoic line with characteristic equidistant reverberation—air artifacts—indicating normal aeration of the pulmonary periphery.


• In real time, the visceral pleural edge of the lung glides ventrally across the diaphragm with inhalation and dorsally with exhalation, “the gliding sign.”


• No pleural fluid or a small accumulation (up to 3.5 cm) of anechoic pleural fluid in the most ventral portions of the thorax may be detected.


• The curvilinear diaphragm is thick and muscular ventrally and thin and tendinous caudodorsally.

















Abnormal Ultrasonographic Appearance of the Lung and Pleural Cavity: Pleural Disease








Pleural Effusion


Characteristic ultrasonographic findings include the following:




• Anechoic, hypoechoic, or echoic space is visible between the lung (visceral pleura), thoracic wall (parietal pleura), diaphragm, heart, and on either side of the mediastinal septum.


• Composite fluids are complex and more echogenic than normal, containing fibrin, cellular debris, a higher cell count and total protein concentration, and/or gas.


• Sonographic patterns of pleural fluid include anechoic, complex nonseptated, and complex septated fluid.




• Anechoic fluid represents a transudate or modified transudate.


• Increased echogenicity of the fluid indicates an increased cell count or total protein concentration.


• Blood within the pleural cavity—hemothorax—has a hypoechoic to echogenic swirling pattern and may be septated.


    Practice Tip: Hemangiosarcoma should always be considered in the differential diagnosis of hemothorax.





• Clotting in pleural fluid appears as soft, echoic masses.


• The cells and cellular debris in pyothorax are more echogenic, heavier, and in the most ventral location, whereas the less cellular fluid or gas cap is detected dorsally.


• Fibrin appears hypoechoic with a filmy to filamentous or frondlike appearance.


• Fibrous adhesions are rigid and echoic, often distorting the structures to which they are attached during one phase of respiration and restricting pulmonary mechanics.


• Free gas within the fluid (polymicrobullous fluid) is imaged as small, very bright, pinpoint, hyperechoic echoes within pleural fluid.




• More free gas echoes are imaged dorsally in the pleural fluid.


• The microbubble echoes move in various directions depending on respiratory motion, cardiac motion, and the patient's movements.


• The free gas echoes adhere to the fibrinous pleural surfaces and initially may be detected only adjacent to fibrin.


• Free gas echoes may be compartmentalized in only one portion of the thorax.


• Free gas echoes are usually caused by an anaerobic infection within the pleural cavity (Fig. 14-37).
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Figure 14-37 Sonogram of the right side of the thorax obtained from a horse with anaerobic pleuropneumonia. Note the hypoechoic consolidated lung (black arrow) and the sonographic air bronchogram visible as a tubular hyperechoic structure within the consolidated lung. The hyperechoic free air in the pleural space (white arrow) is associated with the fibrin strands present on the axial surface of the lung. These sonographic findings are consistent with an anaerobic fibrinous pleuropneumonia.











• The largest accumulation is ventral.


• Compression of normal lung (compression atelectasis), retraction of the lung toward the pulmonary hilus, and a ventral lung tip that floats in the surrounding fluid are apparent if there is no ventral consolidation of the lung.


• The pericardial-diaphragmatic ligament, a normal pleural reflection of the parietal pleura over the diaphragm and heart, is pictured as a thick membrane floating in pleural fluid.


• The thoracocentesis should be performed several centimeters above the normal ventral margin of the thorax caudal to the heart where nonloculated pleural fluid or the largest pocket of loculated fluid is imaged (usually the seventh ICS).


• Care should be used so that the thoracocentesis does not occur immediately adjacent to the heart or too ventrally in the thorax in a patient with a large pleural effusion, below the ventral attachment of the diaphragm to the chest wall.


• Loculations between the parietal and visceral pleural surfaces of the lung, diaphragm, pericardium, and inner thoracic wall limit pleural fluid drainage.


• The fluid level and the extent of pulmonary parenchymal consolidation or abscessation present generally correspond to the volume of pleural fluid recovered by thoracocentesis.




• Less than 1 L of fluid may be recovered with pleural fluid only around the cranioventral lung tip.


• A pleural fluid line level with the point of the shoulder corresponds to the recovery of 1 to 5 L of pleural fluid per side.


• A pleural fluid line to midthorax corresponds to 5 to 10 L of pleural fluid per side.


• A pleural fluid line to the top of the thorax corresponds to 20 to 30 L of pleural fluid per side.





• The detection of fibrinous pleuropneumonia, with or without loculations, warrants a guarded prognosis initially and the initiation of broad-spectrum antimicrobial therapy, after obtaining a transtracheal fluid aspirate and pleural fluid aspirate for culture and susceptibility testing.


• If free gas echoes are detected in pleural fluid, a guarded to grave prognosis should be given, and broad-spectrum antimicrobial therapy, including appropriate coverage for anaerobic microorganisms (e.g., metronidazole) should be initiated immediately before results of culture and susceptibility testing are available.


• The cost-effectiveness of treatment must be considered because horses with anaerobic pleuropneumonia are likely to require a longer period of antimicrobial treatment and are unlikely to return to their prior performance level, if they survive.

















Pneumothorax


Characteristic ultrasonographic findings with free air dorsally in the thoracic cavity include the following:




• A soft tissue density echo is detected between the dorsal free gas echo and the ventral aerated lung echo in the area of pulmonary atelectasis.


• A gas-fluid interface occurs with hydropneumothorax (pleural effusion and pneumothorax).


• The gas-fluid interface moves simultaneously in a dorsal to ventral direction with respiration, the “curtain sign,” reproducing the movements of the diaphragm.




• This finding is best seen with pleural effusion, parenchymal consolidation, or atelectasis.





• Practice Tip: A bronchial-pleural fistula is the most common cause for hydropneumothorax.


• A pneumothorax without pleural effusion is more difficult to detect by ultrasonography because gas free in the pleural cavity and air within the lung have the characteristic hyperechoic reflection and reverberation artifacts with periodicity. Sliding of gas echo is absent with pneumothorax.




• Small hypoechoic irregularities with comet tail artifacts are absent dorsally in the area of the pneumothorax.





• To detect pneumothorax in patients without pleural effusion, the scan should begin at the most dorsal aspect of the thorax and continue ventrally, looking for a break in the characteristic reverberation air artifact.

















Noneffusive Pleuritis







• Fibrin without fluid between the pleural surfaces is more difficult to detect because there is no fluid separating parietal and visceral pleural surfaces.


• Examine the parietal and visceral pleural interface carefully during inspiration and expiration, evaluating lung movement relative to the parietal pleura.


• Characteristic ultrasonographic findings include the following:




• Rough or erratic movement of the visceral pleural lung surface occurs across the parietal pleura.


• Absence of any movement between these surfaces during respiration is consistent with dry pleuritis or adhesions.


• Ensure that the patient is taking deep breaths because shallow respiration may mimic a dry pleuritis.


























Abnormal Ultrasonographic Appearance of the Lung and Pleural Cavity: Pulmonary Disease








Compression Atelectasis


Compression atelectasis occurs whenever the lung parenchyma is collapsed by fluid, air, or viscera (e.g., individuals with diaphragmatic hernia) occupy space in the thorax that normally contains lung.


Characteristic ultrasonographic findings include the following:




• The lung is collapsed and without air, leaving this portion of lung hypoechoic—echogenicity of soft tissue.


• The atelectic lung is retracted toward the hilus.


• Linear air echoes may be imaged in larger airways and squeeze together as they converge toward the root of the lung.


• The atelectic lung floats on top of and within the pleural fluid.

















Consolidation


Characteristic ultrasonographic findings are as follows:




• An irregular visceral pleura with radiating comet tail artifacts is a nonspecific finding seen in individuals with acute or mild pneumonia.


• Irregular anechoic to hypoechoic areas are surrounded by normally aerated lung.


• Sonographic air bronchograms may or may not be present, pictured as distinctive hyperechoic linear air echoes in anechoic or hypoechoic lung.


• Sonographic fluid bronchograms may or may not be present, pictured as nonpulsatile, anechoic tubular structures in anechoic or hypoechoic lung.


• Fluid bronchiectasis may or may not be present, represented as an enlarging diameter of the fluid bronchogram toward the periphery.


• Air and fluid bronchograms become larger as they converge toward the root of the lung.


• The consolidation is usually cranioventral with the right lung being more commonly and more severely affected.


    Practice Tip: Often, if the ultrasound examination is performed very early in the course of the disease and the pneumonia is severe, the pneumonia appears less extensive and later tends to coalesce into larger areas of consolidation.


• The small hypoechoic areas of early consolidation may be seen only during exhalation.


• A large area of consolidated lung is usually wedge-shaped, poorly defined, and hypoechoic.


• Hepatization of lung parenchyma occurs with severe consolidation, resulting in an ultrasonographic appearance similar to that of the liver.


• Multiple small hyperechoic gas echoes in a severely consolidated or hepatized lung are suggestive of an anaerobic pneumonia.


• A rounded or bulging anechoic area suggests severe consolidation, often progressing to pulmonary necrosis or abscess formation.


• A gelatinous-appearing lung occurs with parenchymal necrosis. These necrotic areas either cavitate and form an abscess or rupture into the pleural space, creating a bronchial-pleural fistula.


• The detection of parenchymal necrosis also warrants a grave to guarded prognosis initially. Individuals with parenchymal necrosis also should be treated aggressively with broad-spectrum antimicrobials targeted for anaerobes.


• The cost-effectiveness of treatment should be considered because horses with parenchymal necrosis are likely to require a long period of antimicrobial treatment and are unlikely to return to their prior performance level, if they survive.


• The number of treatment days is also likely to be longer for horses with pleuropneumonia when fibrin, loculations, pulmonary parenchymal necrosis, or abscesses are detected by ultrasonography.

















Pulmonary Edema







• Interstitial and alveolar pulmonary edema can be seen by sonography in cases of left ventricular failure and acute respiratory distress syndrome.


• Characteristic ultrasound findings include the following:




• Marked, diffuse, coalescing “comet tail” artifacts emanating from nonaerated areas of the visceral pleural surface (Fig. 14-38).
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Figure 14-38 Sonogram from a horse with heart failure and severe pulmonary edema resulting from acute rupture of a mitral valve chordae tendineae. Numerous coalescing comet tail artifacts (arrow) are present emanating from the visceral pleural surface.








• This is in contrast to rare or occasional comet tail artifacts that can be seen resulting from a variety of conditions that interrupt the normal aeration at the visceral pleural surface.


• A small anechoic pleural effusion also may be present in cases of heart failure.




















Bronchial-Pleural Fistula or Abscess


Definition: A bronchial-pleural fistula is a communication between a bronchus and the pleural cavity that results in a pneumothorax. The fistula is usually the result of a necrotizing pneumonia that becomes a walled-off bronchial-pleural abscess.


Characteristic ultrasonographic findings include the following:




• A cavitation involving the visceral edge of the lung with hyperechoic air echoes and sonolucent fluid echoes imaged in real time and moving from the gelatinous area of pulmonary necrosis into the pleural space


• Presence or absence of pleural effusion

















Pulmonary Abscess


A pulmonary abscess is a cavitary area in the lung parenchyma lacking bronchi or vessels and filled with purulent fluid.


Characteristic ultrasonographic findings include the following:




• An anechoic or hypoechoic area lacking air or fluid bronchograms is apparent with acoustic enhancement of lung deep to the sonolucent area.


• The material contained may vary from anechoic to hyperechoic, depending on the type of exudate present.


• Loculations or compartmentalization of the abscess may occur.


• Encapsulation (uncommon) may occur.


• Hyperechoic free gas echoes may be mixed with the exudate, suggesting anaerobic infection.


• A dorsal gas cap may be present, indicative of a bronchial communication and probable anaerobic infection.


• In foals with multiple Rhodococcus equi abscesses, many abscesses involve the pulmonary periphery and therefore are detectable by ultrasonography. Foals with abscesses >2 cm may require antibiotic treatment and close monitoring.

















Pulmonary Fibrosis or Diffuse Granulomatous Disease, Metastatic Neoplasia


Characteristic ultrasonographic findings include the following:




• Small hypoechoic to echoic soft tissue masses scattered throughout the lung periphery (Figs. 14-39 and 14-40).
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Figure 14-39 Radiographic image of a horse with equine multinodular pulmonary fibrosis.
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Figure 14-40 Ultrasonographic images of a horse with equine multinodular pulmonary fibrosis. Arrows point to the typical sonographic appearance of pulmonary fibrosis. At the periphery of the lung, the normal aeration is interrupted by hypoechoic homogenous nodules.








• Usually homogeneous, rarely heterogeneous


• Lack of bronchial and normal vascular structures within the masses

















Cranial Mediastinal Abscess


Characteristic ultrasonographic findings include the following:




• Walled-off, usually encapsulated mass of hypoechoic to echoic fluid and fibrin is present cranial to the heart.


• Caudal displacement of the heart occurs, and signs of cranial vena cava obstruction develop in patients with large cranial mediastinal abscesses.

















Cranial Mediastinal Neoplasia


Neoplastic infiltration of the lymphoid tissue in the cranial mediastinal, caudal cervical, or bronchial lymph nodes results in a large space-occupying mass in the cranial mediastinum.


Characteristic ultrasonographic appearance includes the following:




• Homogeneous or heterogeneous hypoechoic to echoic soft tissue mass displaces the lung dorsally and the heart caudally.


• Mass usually is associated with a large anechoic pleural effusion.


• Caudal displacement of the heart occurs.


• The mass is usually lymphosarcoma, although it may be seen in individuals with mesothelioma or hemangiosarcoma.


• The mass can usually be imaged from the third ICS and may extend dorsally and cranially toward the thoracic inlet and up the ventral neck with cervical lymph node involvement.





























Emergency Ocular Examinations


Practice Tip: Ocular ultrasonography is indicated when conditions exist that preclude a complete standard ophthalmologic examination or when retrobulbar injury or disease is suspected.




• Sonographic evaluation may be the only diagnostic tool available in cases in which severe palpebral or third eyelid swelling is present.


• Ultrasonography of the posterior segment is useful when anterior segment or vitreous abnormalities such as corneal edema, hyphema, or vitreous hemorrhage prevent visualization of the fundus.


• Sonographic findings can aid in formulating a prognosis for vision and can guide clinical decision making regarding medical or surgical interventions.


• Ocular ultrasound should be performed with extreme care in horses with severe corneal injury and risk of perforation or globe rupture.











Normal Ultrasonographic Findings in the Equine Eye


The globe and the periorbital and retrobulbar soft tissues and bone can be evaluated easily using high-frequency transducers (5.0 to 14.0 MHz) available to most equine practitioners. Linear “transrectal” transducers used for reproductive studies give good images of the globe and superficial periorbital tissues, although the retrobulbar space may be inadequately visualized in some horses. Axial sections of the eye are the most common obtained. The lens surfaces and optic nerve are placed in the center of the scan, and different axial sections are obtained by rotating the probe marker from the 12 o'clock position (axial vertical or transverse section) to the 3 o'clock or 9 o'clock positions (horizontal axial or sagittal section).


Practice Tip: Comparisons should always be made with the normal contralateral eye when possible. Ultrasound biomicroscopic imaging with a 50-MHz or higher transducer is the optimal sonographic method for evaluating the cornea and anterior segment. This equipment is not routinely available to most equine emergency clinicians and therefore is not described.




• The axial globe length should be measured from the cornea to the retina and compared with the normal eye. Mean axial globe length has been reported for extirpated adult equine eyes (38.4 ± 2.22 mm male, 40.45 ± 2.4 mm female), adult miniature horses (33.7 ± 0.07 mm, A-mode ultrasound), and adult horses of various non–draft breeds (39.23 ± 1.26 mm, B-mode ultrasound).


• The cornea appears as a smooth, convexly curved echogenic line along the most anterior aspect of the globe.


• The anterior chamber is anechoic but may contain reverberation artifacts that can extend through the lens and posterior segment. Anterior chamber depth is measured from the corneal surface to the central anterior lens capsule. Mean anterior chamber depth has been reported to be 5.63 ± 0.86 mm in adult horses and a similar 5.6 ± 0.03 mm in adult miniature horses.


• The posterior chamber normally is not seen.


• The iris appears as an echoic irregular band extending from the pupillary margin to the margins of the globe. The ciliary body is immediately posterior to and continuous with the iris. The corpora nigra (granula iridica) appears as an echogenic mass on the anterior aspect of the iris at the dorsal and sometimes ventral pupillary margins. Iris cysts can be incidental findings and can appear as anechoic spherical structures within the corpora nigra (Fig. 14-41).
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Figure 14-41 Sonogram from a horse with iris cysts. Note the anechoic circular structures present on the ventral medial aspect of the iris (arrows).








• The lens is anechoic with the anterior and posterior margins of the lens capsule seen as echogenic lines. Mean lens thickness has been reported to be 11.75 ± 0.80 mm in adult horses and 10.3 ± 0.006 mm in adult miniature horses.


• The vitreous should be uniformly anechoic. The gain should be increased when examining the vitreous in order to avoid missing fine vitreous opacities caused by scatter and sound attenuation by the lens.


• The retina, choroid, and sclera appear in combination as a concave echoic band along the posterior aspect of the globe. These structures cannot be distinguished from each other in the normal eye.


• The retrobulbar muscle, fat, and optic nerve appear as varying echogenicities posterior to the globe. The optic nerve is cone shaped and homogeneous in appearance. Homogeneous, hypoechoic fat may be seen surrounding the optic nerve in many horses. The extraocular muscles are also hypoechoic but mottled in appearance. The normal bony orbit is deep to the extraocular muscles, appears smooth and hyperechoic, and casts a strong acoustic shadow.

















Abnormal Ultrasonographic Findings in the Equine Eye







• Sonography can aid in the evaluation of numerous emergency ocular conditions.


• Ocular pathologic conditions such as:




• Retinal detachments


• Vitreous and retrobulbar hemorrhages


• Lens dislocation


• Scleral rupture


• Globe rupture


• Foreign body retention


• Orbital fractures—can be identified by sonography in the traumatized eye





• Ultrasound can be used to detect corneal abnormalities when severe eyelid swelling prevents direct examination.


• Ultrasound can be used to differentiate buphthalmos from exophthalmos and to identify underlying causes for each.

















Cornea and Anterior Chamber







• Corneal ulcers cause a thickened, irregular, or pitted appearance to the cornea.


• Corneal edema appears as a diffusely thickened and hypoechoic cornea.


• Corneal stromal abscesses appear as focal areas of corneal thickening and increased echogenicity. Stromal abscesses should be evaluated closely for the presence of a foreign body.


• Synechiae appear as hypoechoic strands between the cornea and iris—anterior synechiae (Fig. 14-42)—or between the iris and anterior lens capsule—posterior synechiae.
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Figure 14-42 Sonogram from a horse with anterior synechiae and corneal ulceration. Hypoechoic strands of fibrin (arrow) can be seen extending from the anterior surface of the iris to the cornea.








• Hyphema, hypopyon, and inflammatory exudates cause increased echogenicity of the anterior chamber. Differentiation between these infiltrates is usually not possible.


• The anterior chamber depth can be increased in cases of uveitis or glaucoma.


• Iris prolapse is diagnosed any time the iris is imaged away from its normal position.











Lens Displacement and Rupture







• With lens luxation, the echogenic lens capsule is imaged in an abnormal position anterior or posterior to its normal location or may appear to move freely between the anterior chamber and vitreous (Fig. 14-43). Lateral luxations at the level of the iris also can be imaged. Acute lens luxation may be seen together with vitreous hemorrhage.
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Figure 14-43 Sonogram from a horse with luxation of the lens. The lens is displaced ventrally into the vitreous (arrow). The lens is rounder than normal with a thick hyperechoic capsule and striated hyperechoic and hypoechoic lines consistent with cataractous changes. Hypoechoic strands and hypoechoic loculated areas within the vitreous are most consistent with fibrin.








• Lens rupture is characterized by discontinuity of the lens capsule with echogenic lens material in the surrounding aqueous or vitreous.

















Vitreous Opacities and Detachment







• Vitreous opacities can occur with hemorrhage, inflammation, vitreous degeneration, asteroid hyalosis, and detachment of the vitreous.


• Vitreous opacities are imaged as areas of increased echogenicity within a normally anechoic vitreous. Increasing the far field gain is often necessary to visualize these opacities.


• Severe acute hemorrhage into the vitreous appears as a diffuse increase in echogenicity that can fill the entire cavity. As the hemorrhage organizes, discrete echogenic masses and strands become visible. Vitreous inflammation can be difficult to distinguish from organizing hemorrhage but is typically characterized by multifocal strands of varying echogenicities. Discrete abscesses may be seen within the vitreous and appear as homogeneous echogenic masses (Fig. 14-44).
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Figure 14-44 Sonogram from a horse with a mass within the vitreous. The hypoechoic homogeneous mass (arrows) just behind the dorsal and ventral aspects of the ciliary body and lens is most consistent with an abscess.








• The vitreous body is gelatinous and may separate from the retina—vitreous detachment—producing a space that may fill with hypoechoic effusion or hemorrhage. The interface between the vitreous and hemorrhage or effusion is seen as a moderately weak echogenic line that may mimic a retinal detachment if a persistent adhesion of the vitreous exists at the optic nerve head.

















Retinal Detachment







• Complete retinal detachment is seen as an echogenic “V-shaped” structure with the apex of the “V” at the optic disk and the tips of the “V” just behind the ciliary body—seagull sign (Fig. 14-45). This appearance is created because connective tissue attachments of the retina to the optic disk and ora ciliaris usually remain even with complete detachment, although disinsertion from the ora ciliaris has been reported.
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Figure 14-45 Sonogram from a horse with a complete retinal detachment. The retina (arrows) is lifted from the choroid but still attached at the optic disk and ora ciliaris forming a V-shaped structure within the vitreous.








• With recent-onset retinal detachment the retina is very thin and somewhat mobile within the vitreous. The mobility is less than that of vitreous fibrin strands. Vitreous hemorrhage may be seen concurrently.


• With chronicity, the detached retina becomes thickened and less mobile, and adhesions may form between the retina and posterior lens capsule. Dystrophic mineralization also may occur and appears as hyperechoic areas that cast acoustic shadows.


• Combined retinal and choroidal detachment has been reported in the horse and should be considered as a differential diagnosis when significant thickening of a detached retina is detected.


• Partial or focal retinal detachment appears as an elevated, immobile, thin line at the periphery of the globe.

















Scleral Rupture







• With scleral rupture, the scleral margins are ill-defined or indistinguishable from surrounding tissues. Localization of discrete scleral tears with ultrasound has not been reported.


• Because blunt trauma is the most likely reason for scleral rupture, hemorrhage into the vitreous, anterior chamber, and/or retrobulbar space is commonly seen. Combined choroidal and retinal detachments are reported in horses with scleral rupture, but the sonographic appearance has not been described.

















Foreign Bodies







• Intraocular foreign bodies usually appear as echogenic or hyperechoic structures. They can be found anywhere within the orbital or periorbital tissues or within corneal stromal abscesses.


• Wood and glass are echogenic and cast acoustic shadows. Metal has a characteristic reverberation artifact. Fracture fragments also cast strong acoustic shadows and should be considered as a possible differential diagnosis, prompting careful evaluation of the bony orbit.

















Glaucoma







• Glaucoma is recognized by sonography as an increased axial globe length compared with the normal contralateral eye or published normals.


• Corneal edema is seen with primary, secondary, and congenital glaucoma. Secondary glaucoma also has signs of intraocular inflammation such as posterior synechiae and cataract formation. Lens luxation and iris bombe also may occur.


• Iris bombe appears as a thickened iris that bulges toward the cornea. The anterior displacement of the iris causes the posterior chamber to become visible (Fig. 14-46).
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Figure 14-46 Sonogram from a horse with glaucoma of the left eye. The left globe is enlarged compared with the right. Iris bombe is evidenced by anterior displacement of the iris (arrowhead) and anechoic fluid within the posterior chamber (arrow). Cortical cataracts are present in both eyes.








• The iris and ciliary bodies should be closely evaluated for masses that may be blocking the iridocorneal angle. Melanomas of the uveal tract may have a homogeneous, hypoechoic, or echoic sonographic appearance or may have a more heterogeneous appearance. Hyperechoic areas that cast acoustic shadows consistent with areas of calcification also can be seen within melanomas.

















Ruptured Globe







• A ruptured globe appears smaller than normal and the intraocular structures are difficult to recognize. It can be difficult to distinguish the borders of an acutely ruptured globe from surrounding periocular hemorrhage.

















Retrobulbar Masses







• Retrobulbar masses are a cause of exophthalmos in horses because of the enclosed bony orbit. Abscesses, hemorrhage, cysts, neoplasia, and cellulitis can cause exophthalmos.


• Comparison with the normal contralateral eye is critical for identifying small or indistinct retrobulbar masses.


• Retrobulbar masses can sometimes be appreciated by scanning over the supraorbital fossa.


• Retrobulbar hemorrhage may appear anechoic or hypoechoic depending on the “age” of the hematoma. Acute hemorrhage appears diffusely hypoechoic. As a hematoma organizes, echogenic clots are surrounded by anechoic fluid. Mature blood clots can be echogenic and may cast acoustic shadows from their distal borders. This is in contrast to calcified tissue and most foreign material, for these cast shadows from their near surfaces.


• Numerous retrobulbar neoplasms have been reported in the horse, and ultrasound cannot provide a histopathologic diagnosis. Discrete homogeneous masses are most characteristic of lymphosarcoma, although carcinomas and neuroendocrine tumors have been reported with similar sonographic appearances. Aggressive tumors are more typically diffuse and heteroechoic and may invade the bony orbit (Fig. 14-47).
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Figure 14-47 Sonogram from a horse with a retrobulbar mass. The well-circumscribed, circular retrobulbar mass (arrows) is homogeneous and hypoechoic. Doppler ultrasound interrogation of the mass revealed it to be highly vascular.








• Retrobulbar abscesses contain hypoechoic to echogenic material that is sometimes layered. The fluid is usually contained within a well-defined echogenic capsule (Fig. 14-48). The area should be scanned carefully for an associated foreign body.
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Figure 14-48 Sonogram from a horse with a periorbital abscess. Note the hypoechoic fluid pocket (arrows) dissecting along the dorsal and posterior aspect of the orbit.























Orbital Fractures







• Orbital fractures are seen as disruptions in the normally smooth, hyperechoic cortical bone surface.


• Fracture fragments are hyperechoic linear structures that are distracted from the underlying parent bone. Impingement of the globe by these fracture fragments is an indication for surgical repair.


• An orbital fracture involving the wall of the paranasal sinuses occurs with periorbital emphysema. Periorbital emphysema is characterized by hyperechoic gas echoes that cast gray acoustic shadows and interfere with visualization of the deeper tissues.





























Summary


Ultrasonography is valuable in the emergency setting because it is a noninvasive imaging modality that can be used in a wide variety of areas, helping the clinician to determine the cause of the emergency and providing useful diagnostic information that can help one formulate a prognosis and treatment plan.




















Scintigraphic Imaging


Michael W. Ross


A comprehensive review of nuclear medicine is beyond the scope of this chapter and readers are referred to the bibliography for additional information. Clinical nuclear medicine involves in vivo use of radioisotopes in the diagnosis and management of clinical disease. Several terms are used synonymously with nuclear medicine, including: nuclear scintigraphy, bone scintigraphy, and gamma scintigraphy, and although these terms differ slightly, for horses, most clinicians refer to bone scintigraphy, the technique most commonly performed. Bone scintigraphy is highly sensitive compared with digital radiography and can detect as little as 10−13 g of radiopharmaceutical in bone compared with grams before a lesion is detected using radiography. Many factors limit sensitivity, specificity, and accuracy of bone scintigraphy including:




• Time from radiopharmaceutical administration to image acquisition


• Body part to camera distance


• Shielding


• Motion


• Time from injury to image acquisition—an important consideration in the utility of nuclear medicine in emergency management.


• Ambient temperature and peripheral perfusion


• Amount of background radiation


    Example: A horse is found to be acutely, non–weight-bearing lame, and a pelvic fracture is suspected. A combination of negative factors including high background radiation, motion, endogenous shielding, and distance reduce sensitivity of pelvic and other axial skeletal scintigraphic imaging and that of upper limb imaging would warrant delaying immediate pelvic scintigraphy (Fig. 14-49). False-negative scans can occur early after traumatic injury, and scintigraphic examination is best delayed until maximum sensitivity can be achieved—7 to 10 days after injury—see later. High sensitivity—94.4%—in horses with extremity fractures is reported, but a lack of sensitivity (true positives) in pelvic imaging is suggested. Specificity—true negatives—is low compared with other modalities because disparate diseases can similarly alter blood flow and binding sites in bone.
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Figure 14-49 A, Initial (2 days after injury) and 7-day follow-up. B, Uncorrected delayed (bone) phase dorsal pelvic scintigraphic images of a 3-year-old Thoroughbred colt that slipped and fell on the right hind limb. At 2 days after injury, the scintigraphic study failed to identify a fracture in the ilial body, seen as a focal area of increased radiopharmaceutical uptake 7 days later (arrows). False-negative scans occur during pelvic imaging early after injury because factors such as motion, background radiation, distance, and shielding can interfere with scan acquisition and interpretation.








• Scintigraphic lesions that are difficult to differentiate are:




• Direct trauma (osteitis) and fracture


• Stress-related bone injury, including fracture and osteoarthritis


• Infection (infectious osteitis and, less frequently, osteomyelitis)


• Osteochondrosis


• Enostosis-like lesions


• Neoplasia








Accuracy is improved by acquiring several images from different angles, minimizing factors affecting sensitivity, and knowing the history. Example: A focal area of increased radiopharmaceutical uptake (IRU) in the caudolateral tibial cortex of a 2-year-old Thoroughbred (TB) filly would undoubtedly represent stress-related bone injury rather than a rare bone tumor.








General Considerations







• Radiographs depict activity in bone that occurred in the past several days to years.


• Scintigraphy is a functional evaluation of bone at the time of imaging.


• Practice Tip: Scintigraphic evidence of bone activity means active bone formation—bone modeling—is occurring that might take weeks to be seen radiologically. Therefore, a major advantage of scintigraphy is early detection of bone injury.


• Important: Scintigraphy is unlikely to accurately reflect changes in bone that occurred longer than 3 to 4 months before imaging. Horses given substantial rest before examination are not good candidates unless the examination is a follow-up to assess healing.


• The most common and useful radioisotope is technetium-99m (99mTc). 99mTc, a short-lived (metastable) radioisotope with a half-life of 6 hours, is ideal for radiation safety and tissue retention.


• 99mTc is excreted almost entirely through the kidneys, so containing and monitoring urine is extremely important.


• 99mTc is produced when 99Mo decays to 99Tc and the metastable (99mTc) radioisotope gives off a gamma ray (140 keV) that is used for imaging.


• Commercially, 99Mo/99mTc generators can be purchased for use in large hospitals, but an alternative, cost-effective method is the daily purchase of individual doses without the need to house generators. This service is generally available Monday through Saturday and if located close to a nuclear pharmacy.


• Studies can be performed on an emergency basis during daytime hours—the only limitation is availability of radioisotope—or anytime, if a generator is available; having a generator available means radioisotope is always available.


• Directly from the generator, 99mTc is in the ionic form of sodium 99mTc pertechnetate (Na99mTcO4) that can be injected or mixed with a bone-seeking agent or pharmaceutical.


• Radiation is measured in curies (Ci) or millicuries (mCi); becquerels (Bq), megabecquerels (MBq), and gigabecquerels (GBq) are also used. One mCi is equal to 37MBq.


• Practice Tip: The recommended dose of 99mTc is 0.4 to 0.5 mCi (14.8 to 18.5 MBq)/kg, totaling 150 to 2 Na99mTcO4 is injected intravenously, but only flow and pool-phase studies can be performed.


• For most equine studies, Na99mTcO4 is mixed with a pharmaceutical.


• For bone, 99mTc is bound to methylene diphosphonate (MDP), or hydroxymethane/hydroxymethylene diphosphonate (HDP).

















When Can a Bone Scan Be Done in an Emergency Situation?







• Practice Tip: Binding of radiopharmaceutical has a direct effect on decisions such as timing of the nuclear medicine study and interpretation. This is clinically important when considering if a horse is a candidate for a scintigraphic examination in an emergency situation.


• The exact mechanism of binding of 99mTc-HDP to bone is unclear. 99mTc-HDP is believed to bind to exposed sites on the inorganic hydroxyapatite crystal.


• Binding sites are exposed under normal and pathologic conditions in areas of actively remodeling bone or in soft tissues undergoing mineralization.


• 99mTc-MDP uptake occurs by the processes of chemical adsorption onto, and by direct integration into, the crystalline structure.


• Other possible mechanisms for increased uptake include incorporation into the organic matrix or local hypervascularity.


• Radiopharmaceutical may dissociate with incorporation of 99mTc and MDP individually into the organic and inorganic phases, respectively.


• 99mTc-MDP adsorption might depend on pH and the presence of phosphates, calcium compounds, and other cations.


• Practice Tip: There is a common misconception that blood flow is most important in determining the amount of radiopharmaceutical delivered to an area of injury. Radiopharmaceutical uptake is not simply the result from changes in local blood flow; blood flow is likely increased in sites of actively remodeling bone.


• Although increased blood flow does not significantly affect a bone scan, adequate blood flow is necessary to deliver radiopharmaceutical to available binding sites in bone.


• Rather than measuring blood flow, delayed (bone phase) images reflect changes in bone metabolism.


• Important: A 3-phase bone scan—flow (vascular), pool (soft-tissue), and delayed (bone) phases—can detect increased perfusion and soft-tissue inflammation if present, but it is metabolic activity of bone that influences the amount of radiopharmaceutical uptake.


• Decreased blood flow, caused by infarction or ischemia, can greatly affect a bone scan but is an unusual clinical problem (see photopenia later). An equine patient with severe lameness and extremities cool to the touch, where avascular necrosis is suspected, and in cases in which severe wounds or breakdown injuries have damaged arterial supply, a 3-phase bone scan can be diagnostic. Catheterization of peripheral vessels and positive contrast radiographic studies are not necessary if scintigraphic examination can be performed.


• Practice Tip: The most important aspects of 99mTc-MDP binding relate to timing of the scan and the stage of modeling (formation). In actively remodeling bone, osteoclastic activity predominates during bone resorption, whereas osteoblastic activity dominates during bone modeling.


• Modeling occurs independently or in conjunction with remodeling in cancellous and cortical bone.


• Practice Tip: The high sensitivity of bone scintigraphy is attributed to increased osteoblast activity that precedes morphologic changes visible radiologically.


• Site and stage of binding are important from a clinical perspective.


• Practice Tip: Binding sites for 99mTc-MDP are created by osteoblast activity during bone modeling, and maximal IRU occurs 8 or 12 days after bone injury.


• Note: An acute fracture caused by direct trauma may not be scintigraphically evident for several days. Acute, traumatic injury differs from stress-related bone injury, because the latter, particularly common in racehorses, results from a continuum of bone changes that might lead to stress or catastrophic fractures and osteoarthritis.


• Microfracture, periosteal callus, and subchondral bone damage precede the development of stress or complete fracture in the dorsal cortex and distal articular surface of the third metacarpal bone (McIII), the third metatarsal bone (MtIII), humerus, tibia, and pelvis.


• In horses with acute lameness from stress-related bone injury, bone scan findings usually are immediately positive because bone modeling is ongoing.


• Practice Tip: In horses with stress-related bone injury, a bone scan result is likely to be positive long before catastrophic fracture occurs, an important advantage of scintigraphy compared with radiography.


• Practice Tip: In horses with traumatic injury, such as an acute pelvic or other upper limb fracture, a false-negative scan during the acute phase may result from lack of modeling.


• Other factors resulting in false-negative results include:




• Distance


• Shielding


• High background activity


• Motion





• Example 1: A horse developed acute hind limb lameness during hospitalization and suspecting a pelvic fracture involving the acetabulum, clinicians performed scintigraphic examination on day 2, but the scan result was negative. Seven days later faint IRU appeared consistent with fracture.


• Example 2: A horse being shipped for scintigraphic examination 24 hours later was caught underneath a bar in the trailer while attempting to back out, injuring the lumbar region. Scintigraphic examination in this horse revealed a positive result demonstrating lag phase in some horses is short (Fig. 14-50). In this example, it was not necessary to wait for days after injury to see acute bone trauma.




[image: image]


Figure 14-50 Left and right lateral delayed phase scintigraphic images of the axial skeleton of an aged Warmblood that sustained a trailer accident approximately 24 hours before imaging. Focal intense increased radiopharmaceutical uptake can be seen (arrows) involving the dorsal spinous processes of the lumbar vertebrae. Active bone modeling is attributed to acute injury based on history and presence of soft tissue swelling that developed immediately after injury. Increased radiopharmaceutical uptake can be seen in skeletal muscle or the laminar portion of the ligamentum nuchae (arrowheads); skeletal muscle behaves like bone, and damage can be seen in delayed phase images.








• Practice Tip: In the distal limbs, lag phase is variable but early detection of bone injury can be valuable in clinical decision making (Figs. 14-51 and 14-52).




[image: image]


Figure 14-51 Lateral delayed phase scintigraphic image of a stallion sustaining a breeding accident 7 days earlier (dorsal is to the right and proximal is uppermost). The horse was “fracture lame” in the right forelimb (RF), and although clinical signs incriminated bone trauma of the radius, radiologic findings were normal. A proposed surgical procedure being done under general anesthesia was canceled when linear, focal intense increased radiopharmaceutical uptake indicating the presence of an oblique fracture was identified (arrow). Early and accurate diagnosis was valuable in clinical decision making.
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Figure 14-52 A, Craniocaudal digital radiographic image of the left cubital (elbow) joint of a horse sustaining a wound over the lateral aspect 5 days before admission. B and C, Flexed lateral and dorsal delayed phase scintigraphic images taken the same day showing focal intense increased radiopharmaceutical uptake (IRU) (arrows) of the distal, lateral aspect of the left radius (S, sternum). While radiologically normal, focal IRU indicated the presence of substantial bone injury in this horse, explaining persistent lameness and lack of clinical improvement. D, Craniocaudal digital radiographic image taken 12 days later clearly identifies bony injury (arrow). Early diagnosis using scintigraphy in horses after traumatic injury can give answers and reinforce clinical decisions.








• Photopenia is an unusual scintigraphic finding. Theoretically, if blood supply is not adequate during flow and pool-phases, radiopharmaceutical concentrations sufficient to differentiate normal from abnormal bone are not achieved.


• Causes of photopenia include:




• Bone infarct


• Abscess, intense resorption


• Sequestrum





• No known equine disease involves only bone resorption without modeling.


• Photopenia is seen rarely when portions of bone are surgically removed or displaced out of view.


• In flow phase images of horses with lameness abolished with regional analgesia (palmar digital/nerve block), there is often reduction of blood flow in the affected limb, seen as a photopenic region between the coronary band and distal aspect of the foot on dorsal images.


• A relative reduction in blood flow when compared with the contralateral limb may reflect chronic reduction in weight bearing; this finding does not persist in pool-phase or delayed images.


• Photopenia seen in clinical cases:




• Subperiosteal abscess of the olecranon process with photopenia in pool-phase images believed caused by fluid accumulation and compression of nearby vessels


• Proximal tibia in delayed phase images caused by severe effusion of the overlying lateral femorotibial joint compartment


• Delayed phase images caused by infectious osteitis, bone sequestration, and distal limb ischemia


    Practice Tip: Damaged skeletal muscles behave like damaged bone, and in general, injury to skeletal muscle is seen in delayed phase scintigraphic images soon after injury or onset of clinical signs. A lag phase of 24 to 48 hours may be necessary, but usually injury can be detected immediately.
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Nuclear Scintigraphy Emergency







• Rarely would scintigraphy be required to evaluate a horse during off-hours or on a weekend.


• Scintigraphic examinations can be scheduled during working hours for most horses even if a clinical decision must be made based on the results of a bone scan.


• Scintigraphy can be extremely valuable and help with clinical decisions if these guidelines are followed:




• Injury to the distal extremities, including the elbow and stifle and continuing to the distal aspect of the forelimbs/hind limbs: To avoid false-negative scintigraphic findings, a bone scan should be delayed for 48 to 72 hours after a traumatic incident or the onset of acute, severe lameness (scan may be positive earlier).


• Injury to the upper limbs and axial skeleton, except pelvis: To avoid false-negative scintigraphic findings, a bone scan should be delayed 72 to 96 hours after a traumatic incident (though scan may be positive earlier).


• Injury to the pelvis: Given the inherent problems with pelvic imaging, to avoid false-negative scintigraphic findings, a bone scan should be delayed for 10 days (scan may be positive earlier).


• To evaluate vascular integrity of the distal extremities, 3-phase scintigraphic imaging is employed immediately after onset of injury or acute, severe lameness.


• To image damaged skeletal muscle, scintigraphic imaging is employed immediately after injury or onset of acute, severe lameness, but waiting 24 to 48 hours may be reasonable.
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[Route: Drug. Indication Dose.

Tracheal Mucosa | Epincprine Anaphylaxis, wystole 0.10.24mg/kg (anaphy las)
030.5hmg/k (asystole)

Sublingual Detomidine hydrochloride _| Secatiorr” A0/

Intraosseous | Flids Lackof venows access” 20l kg crystalloid hen reassess|

Intranasal Phenylephrine hydrochioride | Nasallpharyngeal ecerma 101 diuted t 104
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Nebulization | Aminophyline Respirafory distrss, polmorary edera) Sl /g,

Inbaler Albuterol Bronchospasm 720lg
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BrandMaterial Length Design Gauge  Indications
‘Angiocall[FEP Sinch (125km) | Overthe neede 13,12, | Shorttermse (upio 3 dys)
polymer 10 Flid resuscitaion
16| Shortermuse (upio 3 days)
Milacath/Poly urethonet | 5.25-nch Overthencedie 1412 | Longermuse (34 weeks)
(13km) Flid resuscitaion,sepic/citcaly ill
16 Long term use (-4 weeks)
Foals,sepic/citicaly il
Milacath/Poly urethane. | Sinch (20km) | Overthe-sire, available with mulfple | 14 0r 16 | Long term use (34 weeks)
lumens Lateral horacic caheterizaion, oals, parenteral nutiton,
sepic/eitcaly ill
Ao Polyurethane | 25inch (0km) | Overthenine 16| Gontrl verou pressume messumemernts
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