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Introduction. 

Obstructive lower urinary tract disease (OLUTD) from matrix crystallin plugs or uroliths that 

cannot be managed conservatively, is the major indication for urethrostomy in cats, made to 

circumvent the life-threatening consequences of urethral obstruction. Although uncommon, 

other indications are irreversible trauma and neoplasia. Irrespective of cause, initial treatment 

should focus on the restoration of urethral patency and urine outflow. Cats suffering from 

non-relievable obstructive urethral conditions, urethral strictures, trauma or neoplasia, can 

benefit from surgical urethrostomy procedures designed to create a permanent opening of the 

urethra, above the level of the obstruction, to restore the urine outflow. 3-7, 16,19,26,27,30,34   

The most commonly performed urethrostomy technique in cats is the perineal urethrostomy 

(PU), which was first introduced in the sixties5,6and popularized by Wilson and Harrison in 

197133. This technique involves mobilization and opening of the wide pelvic urethra using a 

perineal approach, creation of a new stoma by suturing the urethral mucosa to the perineal 

skin, and amputating the narrow penile urethra.33,13 (Fig.1) 

Complications following perineal urethrostomy are well documented. Some of them have 

been reported occasionally during the past 30 years, in less than 5 papers for each, and include 

haemorrhage from erectile tissue, wound dehiscence, urine leakage into the perineal tissue, 

urinary incontinence (UI), peristomal cellulitis, subcutaneous urine leakage, urine-scald 

dermatitis, urethrorectal fistula, perineal hernia and rectal prolopase3,9,10,14,15,18,20,23,26,31 Many 

of these complications should be considered as uncommon or rare. However, two 

complications have been more constantly reported over the past 3 decades: stenosis (also 

termed stricture) of the urethrostomy meatus, and recurring UTI. Both should be considered 

as postoperative major and unpredictable concerns.3,9,10,12,20,23,26  

 



We name failed PU a PU where stenosis occurs, some weeks or months after the procedure 

(Figure 1). In one study, failure to dissect beyond (above the level of) the bulbourethral glands 

has been clearly shown to result in urethral stricture following PU in cats.15 However, 

improper attempt to reach the pelvic urethra using a perineal approach was not the sole cause 

for failure in this study: in 11 cats needing a surgical revision for urethral stricture after PU, 

inadequate mucosa-to-skin apposition was advocated as the cause for late stricture in 3 cats 

that had early evidence of hind-limb edema, bruising from presumed subcutaneous urine 

leakage or cellulitis, and granulation tissue around the stoma. One cat had an evidence of a 3 

mm diameter calculus in the distal urethra that was ignored at the first surgery, and abdominal 

ultrasonography showed evidence of grit into the bladder lumen in 2 other cats. All these 

factors might have facilitated stricture due to remaining and durable inflammation of the 

remaining urethra. A systemic preoperative evaluation of the bladder and proximal urethra 

content should be done, because macroscopic lithiasis, i.e. stones, exist in cats and should not 

be ignored. The original technique by Wilson and Harrison has been modified to improve the 

clinical outcome (see abstract named Urethrostomy techniques in cats, where are we in 

2019?).  

A failed PU should be revised. Three approaches have been described in the literature. 

Pre-pubic urethrostomy 

This technique was initially reported in a male cat with recurrent OLUTD in 1955,22  and later 

in 1970 in a series of 37 cases.24 In these technique descriptions, the length of the wide urethra 

which lies between the prostate gland and the bladder was used to divert urine through the 

ventral abdominal wall, thus bypassing the post-prostatic and penile urethra. The urethra was 

transected just cranial to the prostate gland and passed through a stab incision in the antepubic 

abdominal wall. The lateral ligaments of the bladder which include its nerve supply remained 

intact.24 On 37 recurrent cases which were operated on, follow-up, averaging 8 months, was 

available for 22. According to the author, only 2 cats developed obstruction in which urinary 

sediment could be implicated, however, more than 50% had serious complications. 

To further investigate the indications for and long-term outcome of PPU in the cat, Baines et 

al conducted a retrospective survey in 16 cats that had undergone PPU, for which follow-up 

information was obtained from the owners and referring veterinarians. 

Indications for PPU were: failed perineal urethrostomy for the management of idiopathic 

http://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2004.04036.x/full#b21
http://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2004.04036.x/full#b21
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OLUTD (8 cats) or urethral trauma (1 cat); unresolved pelvic urethral obstruction after 

recurrent ILUTD (5 cats); and stenosis of the pelvic urethra as a result of trauma (2 cats). A 

patent prepubic urethral stoma was created in all cases. Signs of lower urinary tract disease 

were present in 8 cats postoperatively. Eleven cats experienced postoperative complications 

that consisted of peristomal skin irritation or necrosis (7 cats) and urinary incontinence (6 

cats). Complications developed in the immediate postoperative period in 6 cats, and resolved 

in 2 of these. Six cats developed late complications, at 6 to 84 months postoperatively. Six 

cats on 16 (37.5%) were euthanatized between 1 and 26 months postoperatively. The mean 

survival time in these cats was 13 months. Reasons for euthanasia included urinary 

incontinence (3 cats), skin necrosis (2 cats), and unresolvable OLUTD (1 cat). For surviving 

cats, owners were not satisfied because of the morbidity associated with chronic-induced 

dermatitis in the area of the inguinal fat pad.2 According to the authors, PPU is a salvage 

procedure that is successful in relieving the signs of urinary tract obstruction and preventing 

further obstruction. However, the potential for postoperative complications after PPU is so 

high that this procedure should not be considered as the primary salvage procedure in case of 

failed PU. PPU should be indicated only for obstructive or occlusive disease of the cranial 

pelvic urethra. It has been used recently to treat a cat with a prostatic neoplasia with a follow-

up of 2 years and a successful outcome.35 

Subpubic urethrostomy. 

Subpubic urethrostomy was proposed in 1989 as an alternative salvage procedure to remedy a 

failed PU.9 The pelvic (post-prostatic) urethra was approached using a public bone flap, 

exteriorized and opened in a subcutaneous position. The authors indicated that this technique 

allowed the urethrostomy site to be positioned 3 cm caudal to that of the PPU technique, 

caudal to the inguinal fat pad, thereby alleviating the previously reported problem of 

peristomal dermatitis associated with PPU. Some advantages were obvious with this 

technique: the stoma was obtained from the pelvic urethra, large enough to decrease the risk 

of late stoma stricture, and it was far enough caudal to the prostate to minimize any internal 

urethral sphincter damage. However, anastomosis of the pelvic urethra in a subpubic position 

required a transposition technique with risk of disruption of its vascular or nerve supply. 

Although this technique has been reported once only (single case report), it remained 

surprisingly presented as a strong option in surgical textbooks for years. We have to date no 

http://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2004.04036.x/full#b17
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data to document objectively potential complications associated with this technique on series 

of cases. 

Transpelvic urethrostomy 

TPU was developed in the early 2000’ and was inspired by the subpubic technique. The idea 

was that opening the ischial symphysis to approach the urethra would warrant an access to the 

pelvic urethra without need to transpose the urethra and damage its dorsal nervous and 

vascular supplies.  

In this technique, cats are positioned in dorsal recumbency, with the feet secured to the 

surgical table in a cranial position, and prepared for aseptic perineal and ventral abdominal 

surgery (Figure 2). Initially, a limited ventral median celiotomy is used to expose the urinary 

bladder 1.5 to 2 cm cranial to the cranial pubic margin. After a limited ventral cystotomy, the 

bladder is aspirated and lavaged with sterile saline (0.9% NaCl) solution. A 6 Fr urinary 

catheter is inserted into the bladder and advanced into the proximal urethra to the urethral 

obstruction site, to allow later identification of the pelvic urethra. The catheter is secured to 

the bladder wall with a temporary purse string suture to avoid any urine leakage into the 

abdominal cavity. The scrotum and prepuce are excised using an elliptical skin incision that 

extends to the cranial margin of the pubis. The penis, being extended caudally, is denuded 

ventrally. Fat is removed to expose the caudal and ventral aspect of the pubic symphysis. The 

median pelvic attachments of the adductor muscles (gracilis and external obturator muscles) 

are easily identified, and the caudal ischial margin is palpated at the caudalmost aspect of 

these muscles (Fig.3A). A bilateral lateral muscle elevation is used to expose the ventral 

aspect of the ischium (∼1.2–1.5 cm wide, ∼1.4–1.6 cm long). Then, using bone rongeurs, a 

progressive ostectomy of the ischium is done in a caudocranial direction, creating an 

ostectomy area ∼10 mm wide and 12 mm long (Fig.3B).  Care is taken to avoid damage to the 

underlying soft tissue. The pelvic urethra with indwelling catheter is palpated and then a 

ventral longitudinal urethral incision is made over the catheter, from the bulbourethral glands 

to a point ∼2–3 mm from the cranial margin of the ostectomy. The urethral wall is 

manipulated with nontraumatic DeBakey forceps (Fig. 3C). Simple interrupted 4-0 

polypropylene or polyamide sutures are used to suture the urethral mucosa without tension to 

the skin margins. In fat cats, some fat tissue around the stoma should be excised to decrease 

suture tension (Fig. 3D). Care is taken to avoid any inflammation to the stomy site during the 

following days (ointment is applied 3 times per day to avoid dehydration of the tissues and 



protect the skin-mucosa interface from urines, and the patient should carry an Elizabethan 

collar until sutures removal + 5 days). 

This TPU technique was reported in 20044 on a series of eleven cats suffering from non-

relievable obstruction of the perineal urethra secondary to OLUTD or stricture after previous 

PU. We chose to perform TPU rather than to renew the previous PU, to document the 

feasibility and long-term outcome of this new urethral approach in cats. TPU was 

intentionally performed in cats that could have been candidates for PU, to compare the 

outcomes of cats after TPU with those documented for cats after PU. The procedure was well 

tolerated, a patent stoma was created, and voluntary urination occurred within 12 hours of 

surgery. Signs associated with urethral obstruction were resolved in all cats. No ambulatory 

disorder that might have been associated with ischial ostectomy was observed. Of the 11 cats 

that had TPU, 7 minor complications occurred in 4 cats; 4 were transient (1 had dysuria 

associated UI postoperatively, 1 had premature suture loosening, 2 had ILUTD recurrence) 

and 3 were permanent but minor (1 had constant peristomal urine staining and 2 had 

intermittent leg urine staining with no associated dermatitis). None required further surgery. 

Episodes of dysuria and hematuria associated with idiopathic LUTD occurred in 10 cats 

preoperatively and in 2 cats postoperatively. For 1 cat, bacterial UTI was confirmed whereas 

for the other cat culture was negative but recurrence of the original disease, struvite crystal 

formation, was confirmed. Both cats had resolution of signs with appropriate management. 

The urethrostomy site was 15–18 mm cranial to the bulbourethral glands and 2–3 cm caudal 

to the inguinal fat pad. Neither persistent UI nor peristomal dermatitis or symptomatic stoma 

stricture were observed at long-term re-examination. The dorsal aspect of the urethra was 

neither exposed nor manipulated, avoiding the risk associated with PU of innervation damage.  

Unlike PPU, the periprostatic urethral internal sphincter is respected with the TPU technique. 

These aspects of TPU may have decreased the incidence of UI. This hypothesis requires 

further documentation by urethral pressure profilometry. UI only occurred in 1 cat and 

resolved within 1 month. UI was associated with a severe dysuria and because this cat was the 

smallest in our group, we hypothesized that the 6 Fr urinary catheter used during surgery had 

irritated the proximal urethra so that the UI was secondary to a severe urethritis. Anti-

inflammatory treatment with prednisolone was seemingly effective in controlling UI, with no 

untoward effects. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2004.04036.x/full#b9


Because we did not systematically perform urine culture unless the cats had clinical signs of 

UTI, the incidence of UTI after TPU was not determined and cannot be compared with other 

reported techniques. The high incidence of asymptomatic bacterial cystitis that was reported 

in cats after PU conducts us to believe that acute insults associated with hospitalization, relief 

of obstruction, and surgery may promote UTI in cats after PU and probably as well after TPU. 

The prevalence of asymptomatic bacterial cystitis after TPU needs further evaluation. 

Although urethral location is deeper than with other techniques, the urethral opening was 

easily sutured to the skin without undue tension. Urine passed freely through the urethral 

meatus with no evidence of symptomatic stricture, at short or long-term follow-up 

examination in cases reported initially.4 Since this first publication, about 50 other cases were 

operated on using TPU, and 5 cases of stricture were recorded within the 6 postoperative 

weeks. In all cases, a mechanical cause for stenotic healing was identified, being a premature 

suture loosening at the cranialmost margin of the meatus (n=3) or granulation tissue at the 

skin-mucosa interface due to sutures irritations (n=2). Two technical improvements were done 

to avoid such problems: 1/ care for placement of the cranialmost suture using of a U-pattern 

(Fig.4A); 2/ care to displace laterally the knot of the suture in order to avoid irritation at the 

reactive urethral mucosa (Fig.4B). No early or late strictures were observed since these 

improvements were done, except two cases with premature Elizabethan collar removal. 

The feasibility and the promising long-term outcome of the TPU may encourage surgeons to 

consider this technique at least as a salvage procedure and possibly as a primary urinary 

diversion technique in cats that suffer from OLUTD that cannot be relieved otherwise. TPU 

has been used successfully once in a dog suffering from a perineal urethral tumor with a good 

outcome.21 
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Radical cystectomy is usually performed for control of locally invasive urinary bladder 

tumors in humans and domestic animals. Nonfunctional bladder caused by radiation therapy, 

neurologic conditions or chronic inflammatory disease, urinary incontinence that hasn't 

responded to other treatment, birth defects that cannot be repaired, and trauma to the bladder 

are other indications for bladder removal in humans. 

The urinary bladder is resected “en bloc” (in one piece) after separation with both ureters and 

with the proximal urethra. Subsequently, different options should be imagined to restore the 

urine outflow from the kidneys. Nephrostomy tube placement has been tested in dogs and 

cats, done percutaneously with ultrasonographic and fluoroscopic guidance or via a ventral 

midline laparotomy with fluoroscopic guidance.1 Nephrostomy tubing effectively provides 

urine diversion and drainage for successful renal pelvis decompression. However, it is a 

temporary solution (< 2 weeks) and other options should be considered after radical 

cystectomy in dogs and cats.  

Neobladder reconstruction is routine in humans. Also called orthotopic neobladder 

reconstruction, it is the gold-standard for urinary diversion after radical cystectomy (+/- 

prostatectomy in male). During the procedure, an ileal enterectomy is made. The vascularized 

segment of ileum is de-tubularised and converted to the shape of a near sphere. This 

neobladder is connected to the urethra. Ureters are connected to the neobladder. This 

technique allows the patient to urinate voluntarily and, hopefully, to maintain continence. It is 



done laparoscopically in patients who can tolerate the 8 to 9 hours of anesthesia needed for 

this complex procedure. In a patient who is not able to sustain such a procedure, an ileal 

conduit is used to connect the ureters with the abdominal skin. Continence is not expected and 

a bag should be used to collect urines. Ascending infections remain a serious concern, 

affecting 30% to 50 % of the patients. 2,3 

Because neobladder reconstruction is a technically demanding and costly technique, it is not 

routinely used in veterinary medicine. And because synthetic bladder are not (yet) available, 

the veterinary surgeon should consider that there is no more bladder after a radical 

cystectomy. Neo-ureterostomies should be done, directly connecting ureters to the skin or to 

an organ communicating with the outdoor. The first main question for the veterinary surgeon 

is “where could I attach the ureters? The following questions are: how can I warrant healing 

and tightness of my neo-ureterostomies? How can I decrease the risk for ascending infection? 

Is my client able to accept the inevitable incontinence that will result from my technique?   

Anastomosis of the ureter to the skin or to the colon have been reported. Ureter anastomosis to 

the digestive tract has been shown to been associated with very high rates of ascending 

infections, anastomose dehiscence, urines leakage and peritonitis.4-6 Additionally, urines into 

the intestine may lead to nitrogenous waste reabsorption and may chronic diarrhea and 

neurologic complications. A cutaneous ureterostomy is also associated with a high risk of 

ascending infections (73% risk of complications in humans). Humans undergoing this type of 

surgery need lifelong antibiotic prophylaxis.7 In animals where a bag to collect urines cannot 

be used, peristomal dermatitis is also a serious concern. In one case series of dogs undergoing 

radical cystectomy for treatment of transitional cell carcinoma with cutaneous ureterostomy, 

the median survival time was 276.8 days.8 

For approximately 10 years, anastomosis of the ureters to the vagina in the female, or to the 

prepuce in the male are preferred.9,10 Although these techniques are also associated with 



relatively high morbidity and complication rates (the most common of which being dehiscence 

of the anastomosis, ureteral obstruction, oliguria, and pyelonephritis from ascending 

infections), they devoid of the neurological and gastrointestinal complications seen with 

anastomosis to the digestive tract, and maintains kidney function for a longer period of time. 

Prolonged survival times to a median of 385 days was observed in a case series of dogs 

undergoing radical cystectomy for treatment of transitional cell carcinoma with urinary 

diversion to the prepuce or vagina.10 

In one clinical cases report (2 male dog with radical cysto-prostatectomy for prostatic 

carcinoma), ureters were anastomosed to the penile urethra after abdominal internalization of 

the caudal penis. Both dogs survived 8 months. 11 

In one recent study, an ureter was anastomosed to the adjacent uterine horn as a salvage 

procedure following necrosis of the distal part of the ureter and dehiscence of the anastomosis 

to the vagina. A nitinol stent was placed into the uterin cervix to maintain its patency over 

time. 12 In this clinical case, no clinical sign of urinary infection was noticed by the owner 

during the whole follow-up period (1 year). Urine culture from a sample collected from the 

homo-lateral kidney 12 months after surgery was negative. Survival time was 441 days. 

Further clinical studies would need to be performed in order to assess ascending infection rates 

in case of uretero-uterine horn anastomosis.  

All surgical techniques described herein allowing radical cystectomy and subsequent ureteral 

neostomy are associated with permanent urinary incontinence and a high risk of postoperative 

complication. Because most radical cystectomies are done in a context of bladder cancer, the 

presence or absence of metastasis at the time of diagnosis influences the expected prolonged 

survival time. These concerns must be discussed preemptively with the patients’ owner.  
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Ureteral obstruction or occlusion is becoming increasingly diagnosed in companion animals. 

Occlusion (accidental ligation, compression from mass) or intramural neoplasia are rare 

occurrences. The most common type of ureteral obstruction is due to calcium oxalate calculi, 

more commonly seen in cats than in dogs.1-4 
 

Dogs with ureteral obstruction are often presented with urinary signs such as hematuria, 

pollakiuria, polyuria, and stranguria while cats tend to have more non-specific signs: lethargy, 

anorexia, weight loss, vomiting may be the only presenting signs.4 This can delay diagnosis 

and surgical treatment.  Azotemia is present in 83% of cats and 50% of dogs with unilateral 

ureteral obstruction.2 Anemia (cats), hyperphosphatemia, and hyperkalemia are also typical. 

Infection is more common in dogs than in cats. Radiographs may show ureteral and renal 

calculi, however abdominal ultrasound is the primary method used for diagnosis and should 

be performed on all patients with a suspected ureteral obstruction.5Advanced imaging such as 

CT excretory urography is standard for humans. In veterinary patients ultrasound has similar 

sensitivity for ureteral dilation as CT, and is more widely available.4 
 

Ureteral obstruction may be partial or complete. Complete ureteral obstruction requires 

emergent treatment because of the risk of permanent damage to the kidney. Following 

complete unilateral ureteral obstruction, renal blood flow gradually declines and by two 

weeks post-obstruction, renal blood flow is only 20% of normal.  GFR (Glomerular filtration 

rate) decreases in the affected kidney and increases in the contralateral kidney. GFR can 

return to normal if the obstruction is relieved within 4 days.5,6  Once an obstruction has been 

present for two weeks, permanent damage occurs and although GFR will improve after the 

obstruction has been relieved, it remains less than 50% of normal in previously healthy 

animals.6  In animals with pre-existing renal disease, this damage may be even more severe.  

Partial obstruction also requires immediate medical attention even though hydroureter or 

hydronephrosis may not be present.3 Renal damage and decreased GFR still occurs although 

the damage is slower and less severe.  Recovery from partial obstruction is more complete 

even with delayed intervention.  Experimentally, after 4 weeks of partial obstruction, GFR 

returned to normal once the obstruction is relieved.6 

 



Ureteral stenting with a double pig-tail stent has been reported and can be considered.  Stents 

are placed either retrograde using cystoscopic guidance, antegrade through the renal pelvis, or 

surgically. Success appears to be very good in dogs but the procedure is technically 

challenging in cats due to the small size of the feline ureter. The perioperative complication 

rate with stents is lower than ureteral surgery (10-14%) but long-term complications are high 

with dysuria (17-35%), urinary tract infections (20%), recurrent obstruction (22%) and stent 

migration (5%) being commonly reported.3,5,7,8-12 
 

The most recent technique to treat ureteral obstruction is the subcutaneous ureteral bypass 

(SUB™). Developed approximately ten years ago for cats and derived from a subcutaneous 

nephrovesical bypass reported in human urology, the SUB device has improved outcome and 

decreased complications in cats when compared to ureteral stents.3,11,14,15,16   The device consists 

of placement (with fluoroscopic guidance in the original technique description) of a locking 

pig-tail nephrostomy catheter within the renal pelvis, and a cystotomy catheter within the 

bladder.  Both catheters are 6 French of diameter. The two catheters are connected by a 

metallic port that is placed subcutaneously. The port is easily palpated under the skin and can 

be accessed later, with a needle: the system can be checked/flushed to minimize the risk of 

occlusion, and urine can be easily sampled if required. A dacron cuff is glued to the renal 

capsule to prevent leakage and to secure the catheter in place.  The bladder catheter also has a 

dacron cuff that is both glued and sutured to the urinary bladder. The SUB is available in both 

a single port for unilateral obstruction. For bilateral SUB placement, a 3-way PantsPort™ 

may be used to connect both renal catheters to a single bladder catheter. Alternatively, 2 

single ports may be used. 
 

Complications include leakage (<5%) in the immediate post-operative period from the 

nephrostomy catheter, cystotomy catheter or the port attachment, kinking of the device 

(<3%), and obstruction of the SUB (15-20%) with debris/stones/blood clots. The rate of post-

operative obstruction is decreased with regular flushing of the device.  Dysuria is the most 

common long term complications (<5% in the literature, 20 % in our experience).13 Regular 

postoperative maintenance of the SUB is necessary.  The device should be flushed under 

ultrasound (or fluoroscopic) guidance to avoid over-distention of the renal pelvis, every 3 to 6 

months to confirm patency of the device. A urine sample, which is easily obtained at the time 

of flushing, should be submitted for culture.3,5,15,16 

Excellent results were reported in cats that had SUB placement for ureteral obstruction. Over 

90% of the cats survived to discharge. Renal pelvis dilation resolved and improvement in 

azotemia was seen.  In one study, creatinine levels dropped 77.3% between admission and 

discharge from the hospital. Cats with more severe renal disease have worse long term 

survival. Owner satisfaction following the SUB procedure is high (>90%).3,5,15,16 We have been 

implanting SUB devices at Centre Hospitalier Vétérinaire St Martin in France for over five 

years in more than 50 cats, with good success.  It has quickly become our preferred treatment 



for cats with ureteral obstruction. The SUB device can also be used in dogs for treatment of 

ureteral obstruction that cannot be treated with stents or traditional surgery. 

 

Some pitfalls and tricks should be known, in order to warrant appropriate candidate 

recruitment for this technique and to improve the technique and the outcome: 

 

-The SUB technique is only indicated in cats having ultra-sonographic evidence of 

enlargement of the renal pelvis due to the ureteral (sub)obstruction. The imager should 

confirm it. In other terms, SUB is not adapted in cats having multiple calculi into their 

kidneys with no pelvic dilation. 

-All cats tend to be hypothermic at the time of surgery, and rewarming measures should be 

addressed to limit worsening of this condition, because prolonged hypothermia is deleterious 

for renal vascularization. 

-A fluoroscopic guidance is not mandatory. 15 The critical time of the procedure is the correct 

placement of the nephrostomy catheter into the renal pelvis. Assessment of correct placement 

can be checked visually at each step (catheter placement, guide introduction, over the guide 

introduction of the pig-tail definitive catheter): outflow of urine should be seen constantly. It 

is useful to inject small amounts of saline solution between each step to evidence its return, 

proving that the tip of the device is at the good place.  

- Once introduced, tightness of the catheter fixation is the main concern. To limit the risk of 

leakage, we use a green IV catheter (18G) for first pelvic penetration, that is large enough to 

introduce the guide, and not too large to avoid peripheral leakage. A cyanoacrylate surgical 

glue is used to fix the dacron cuffs. We use the tissue adhesive Histoacryl® (BBraun) that 

consists of monomeric n-butyl-2-cyanoacrylate (commercially available “superglues” are 

made of methy-2-cyanoacrylate or ethyl-2-cyanoacrylate), which polymerises quickly in 

connection with tissue fluid. Histoacryl® is available in two colours: we prefer the blue one, 

which enables an easy control over the quantity applied. Sutures (4-0 resorbable 

monofilament) are used on the bladder surface and on the renal capsule. Additionally we glue 

a patch of omentum patch over each cuff.  

- Leakage of urine from each implantation site needs to be diagnosed early. Ultrasonographic 

examination once a day during the first 3 days is mandatory. To avoid any confusing finding, 

any fluid having been used during the surgery to irrigate the tissues should be eliminated at 

completion of the surgery. The surgical wound should be examined and palpated to check that 

no fluid is present subcutaneously.  

-Intra-abdominal kinking of the catheters should be avoid. The renal catheter should exit the 

abdominal wall para-sagitally at the caudalmost margin of the surgical wound, and the 

bladder catheter at the cranialmost margin before connection to the port. Before abdominal 



closure, the course of the catheters within the abdomen should be checked to insure their free 

placement with no kinking.  

-We met twice a complication with the subcutaneous port that twisted and twisted the 

adjacent catheters, several months after SUB placement. Non-absorbable monofilament 

sutures should be used to fix it in a definitive position. 

-Incrustation of the catheter is a concern. The frequency of checking/flushing should be 

increased, at least during the first months. We recommend a check every months during the 

first 4 to 6 months after the procedure. 
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Urethral injuries are relatively common in companion animals, especially after road traffic 

accident and subsequent pelvic fractures, more commonly seen in male small breed dogs. 

Female and cats are less commonly affected. Penetrating injuries are in some instances 

possible causes of accidental urethral disruptions. The main pitfall relative to such injuries is 

that clinical signs may be ignored at first examination: time is needed for urine to accumulate 

into the abdomen, the perineal or subcutaneous compartments. Diagnosis of the urine leakage 

and treatment of this condition are often delayed.    

Principles of managing traumatic urethral injuries include an accurate patient assessment, 

including a determination of the extent of the urethral injury; correction of electrolyte or acid-

base disturbances; provision of urinary diversion, particularly with pelvic or perineal urethral 

defects; drainage of extravasated urine; and selection of a surgical procedure to repair or 

bypass the injured portion of urethra.  

Urethral epithelium has impressive regenerative properties, and healing by second intention is 

effective as long as there is mucosal continuity across the traumatized area. Treatment options 

include scrotal, perineal or transpubic urethrostomy above the injury when the urethral 

damage is distal to the pelvic canal and its repair is unlikely. In pelvic urethral injuries, repair 

should be the goal because pre-pubic urethrostomy should be avoid (unacceptable urinary 

incontinence and urinary tract infection rates): a temporary urinary diversion through 

cystostomy is used, and an urethral catheter is placed as a stent to obtain an “over the stent” 

healing. This healing will be either by second intention, or after suturing, according to the 



severity of the injury. An epiploic patch is used to complete the repair whenever possible. The 

surgical approach is usually ventral, through the pubis where it is not rare to discover the bone 

fragment(s) that disrupted the urethra. 

Urethral surgery necessitates care and attentiveness to detail, considering that accurate 

approximation of urethral mucosa minimizes fibrosis and helps maintain an adequate luminal 

diameter. Avoidance of stricture and preservation of function are goals of managing traumatic 

urethral injuries. Although we had many successful outcomes, post-operative urinary 

continence is difficult to ensure after pelvic urethral repair, and the owner should be aware of 

this uncertainty. 

Pitfalls and tricks: 

-Diagnose the urine leakage as soon as possible. All injuries around the perineal and pelvic 

area should be considered at risk for the urethra, and attention should be given to the urinary 

tract at first examination. Do not forget that an uroperitoneum is more common than an 

hemoabdomen after a trauma. Even though your first examination does not demonstrate the 

urine leakage, the risk still exist that a small tear is present and re-examinations should be 

done later to rule it out. 

-Because diagnosis is commonly delayed, the patient is always debilitated with hyperazotemia 

and hyperkaliema. Fluid resuscitation and correction imbalances should be addressed as early 

as possible. A cystostomy tubing may be needed first, while you are waiting for patient 

stabilization. Some devices permit a transcutaneous cystostomy device placement that does 

not require a general anesthesia. 

-Avoid the facility: the pre-pubic (ante-pubic) urethrostomy may seem easier to perform than 

a pelvic urethral repair. However it should be avoid because of subsequent complications. 
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Introduction. 

Obstructive lower urinary tract disease (OLUTD) from matrix crystallin plugs or uroliths that 

cannot be managed conservatively, is the major indication for urethrostomy in cats, made to 

circumvent the life-threatening consequences of urethral obstruction. Although uncommon, 

other indications are irreversible trauma and neoplasia. Irrespective of cause, initial treatment 

must focus on the restoration of urethral patency and urine outflow. Cats suffering from non-

relievable obstructive urethral conditions, urethral strictures, trauma or neoplasia, can benefit 

from surgical urethrostomy procedures designed to create a permanent opening of the urethra, 

above the level of the obstruction, to restore the urine outflow. 3-7, 16,19,26,27,30,34   

To date, 4 types of urethrostomy techniques have been described in cats, depending on their 

location on the urethral length. Historically, the pre-pubic urethrostomy (PPU), also termed 

ante-pubic, was the first to be described in the fifties.22 The perineal urethrostomy (PU) and 

the subpubic urethrostomy (SPU) were described later.5,6,9,33 The transpelvic urethrostomy 

(TPU) was documented 15 years ago.4 

Perineal urethrostomy 

The most commonly performed procedure in cats is the perineal urethrostomy (PU), which 

was first introduced in the sixties5,6 and popularized by Wilson and Harrison in 197133. This 

technique involves mobilization and opening of the wide pelvic urethra using a perineal 

approach, creation of a new stoma by suturing the urethral mucosa to the perineal skin, and 

amputating the narrow penile urethra.33,13 (Fig.1) 

Complications following perineal urethrostomy are well documented. Some of them have 

been reported occasionally during the past 30 years, in less than 5 papers for each, and include 



haemorrhage from erectile tissue, wound dehiscence, urine leakage into the perineal tissue, 

urinary incontinence (UI), peristomal cellulitis, subcutaneous urine leakage, urine-scald 

dermatitis, urethrorectal fistula, perineal hernia and rectal prolopase3,9,10,14,15,18,20,23,26,31 Many 

of these complications should be considered as uncommon or rare. However, two 

complications have been more constantly reported over 3 decades: stenosis (also termed 

stricture) of the urethrostomy meatus, and recurring UTI. Both should be considered as 

postoperative major and unpredictable concerns.3,9,10,12,20,23,26  

The original technique by Wilson and Harrison has been modified to improve clinical 

outcome. Cullen et al. demonstrated that the pelvic urethra should be reach when performing 

an urethrostomy to obtain the largest stomy as possible8. Sackman, et al., showed that a 

minimal dorsal dissection of the intrapelvic urethra helped in preserving urethralis muscle 

function.29 Sharp transection of the ischiocavernosus and ischiourethralis muscles with 

visualization and preservation of the pudendal nerves when dissecting ventrally was 

advocated by Rosin et al. and Griffin et al.13,28 From these findings, technical improvements 

were developed, in order: 1/ to improve caudal mobilization of the distal urethra, in order to 

reach more surely the pelvic urethra which is larger (2 to 2.5 mm in diameter) than the penile 

one (less than 1 mm); 2/ to avoid undue excessive tension on the anastomotic sutures; 3/ to 

avoid iatrogenic injuries to the urethral muscle sphincter innervation and decrease the risk for 

post-operative incontinence. The respect of these technical improvements works: the rate of 

postoperative strictures after PU decreased dramatically in the literature of the past 20 years 

compared to earlier (older) reports.  In a recent study, failure to dissect beyond (above the 

level of) the bulbourethral glands has been clearly shown to result in urethral stricture 

following PU in cats.15 However, improper attempt to reach the pelvic urethra using a perineal 

approach was not the sole cause for failure in this study: in 11 cats needing a surgical revision 

for urethral stricture after PU, inadequate mucosa-to-skin apposition was advocated as the 

cause for late stricture in 3 cats that had early evidence of hind-limb edema, bruising from 

presumed subcutaneous urine leakage or cellulitis, and granulation tissue around the stoma. 

One cat had an evidence of a 3 mm diameter calculus in the distal urethra that was ignored at 

the first surgery, and abdominal ultrasonography showed evidence of grit into the bladder 

lumen in 2 other cats. All these factors might have facilitated stricture due to remaining and 

durable inflammation of the remaining urethra. A systemic preoperative evaluation of the 

bladder and proximal urethra content should be done, because macroscopic lithiasis, i.e. 

stones, exist in cats and should not be ignored. 



Bacterial UTI after PU is also a concern. Its incidence varies from 4% to 35%2,7,11,22,34,35 

Several reasons for this complication have been suggested, and some have been investigated. 

The use and misuse of indwelling catheters have been shown to increase the risk for 

ascending UTI.11,31,35 It has been proposed that loss of urethral function and reduced host 

defenses predispose cats to UTI after the surgical procedure. The preprostatic urethral 

sphincter consists of smooth muscle fibers, the prostatic region has equivalent amounts of 

smooth and striated fibers, and the postprostatic and penile sphincters primarily consist of 

striated musculature.8,11 Urethral pressure profilometry of normal cats indicates preprostatic 

and postprostatic high-pressure areas.11 One study reported a decrease in maximum urethral 

closure pressures 1–3 weeks after PU: postsurgical electromyographic activity was lacking, 

thereby indicating that periurethral dissection during surgery had caused postsurgical 

disruption of urethralis muscle function.11 In some cats, however, this loss of function was 

reversible. Evaluation of these cats 30 to 96 months after surgery revealed that 11 cats had 

regained electromyographic activity of the urethralis muscle in the postprostatic urethra and 

had normal maximum urethral closure pressure. Seven cats still had subnormal maximum 

urethral closure pressure with little if any electromyographic activity. Alterations in the lower 

urinary tract function after PU may result from damage to the pudendal nerve, sympathetic 

nerve fibers (hypogastric nerve), and parasympathetic nerve fibers (pelvic nerve) within the 

pelvic canal during dissection.16 Modifications of the basic procedure for PU have been 

proposed to preserve these structures, including preservation of the branches of the pudendal 

nerve during ischiocavernosus and ischiourethralis muscles section,35 and blunt intrapelvic 

finger dissection sparing the most dorsal aspect of the urethra.16,17 These improved dissection 

methods did not result in any significant differences before and after PU in cystometrogram 

variables, electromyographic activity of the urethralis muscle, or urethral pressure profile 14 

and 28 days after surgery, demonstrating their benefit to preserve neuromuscular function of 

the lower urinary tract.16 In a study of 18 cats undergoing PU, 6 cats had UTI after an average 

follow-up of 61 months. Two had normal urethral pressures whereas 4 had low urethral 

pressures. There was no significant difference in incidence of bacterial UTI between cats with 

normal or low urethral pressures.11 Finally, factors other than loss of urethral function may be 

involved in predisposing cats to bacterial UTI after PU, such as the underlying uropathy 

combined with the exposition to nosocomial contaminants and presurgical urethral 

catheterization.11  
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Perineal urethostomy is not without complication and other options have been developed. 

What are their comparative outcome? 

Pre-pubic urethrostomy 

This technique was initially reported in a male cat with recurrent OLUTD in 1955,22  and later 

in 1970 in a series of 37 cases.24 In these technique descriptions, the length of the wide urethra 

which lies between the prostate gland and the bladder was used to divert urine through the 

ventral abdominal wall, thus bypassing the post-prostatic and penile urethra. The urethra was 

transected just cranial to the prostate gland and passed through a stab incision in the antepubic 

abdominal wall. The lateral ligaments of the bladder which include its nerve supply remained 

intact.24 On 37 recurrent cases which were operated on, follow-up, averaging 8 months, was 

available for 22. According to the author, only 2 cats developed obstruction in which urinary 

sediment could be implicated, however, more than 50% had serious complications. 

To further investigate the indications for and long-term outcome of PPU in the cat, Baines et 

al conducted a retrospective survey in 16 cats that had undergone PPU, for which follow-up 

information was obtained from the owners and referring veterinarians. 

Indications for PPU were: failed perineal urethrostomy for the management of idiopathic 

OLUTD (8 cats) or urethral trauma (1 cat); unresolved pelvic urethral obstruction after 

recurrent ILUTD (5 cats); and stenosis of the pelvic urethra as a result of trauma (2 cats). A 

patent prepubic urethral stoma was created in all cases. Signs of lower urinary tract disease 

were present in 8 cats postoperatively. Eleven cats experienced postoperative complications 

that consisted of peristomal skin irritation or necrosis (7 cats) and urinary incontinence (6 

cats). Complications developed in the immediate postoperative period in 6 cats, and resolved 

in 2 of these. Six cats developed late complications, at 6 to 84 months postoperatively. Six 

cats on 16 (37.5%) were euthanatized between 1 and 26 months postoperatively. The mean 

survival time in these cats was 13 months. Reasons for euthanasia included urinary 

incontinence (3 cats), skin necrosis (2 cats), and unresolvable OLUTD (1 cat). For surviving 

cats, owners were not satisfied because of the morbidity associated with chronic-induced 

dermatitis in the area of the inguinal fat pad.2 According to the authors, PPU is a salvage 

procedure that is successful in relieving the signs of urinary tract obstruction and preventing 

further obstruction. However, the potential for postoperative complications after PPU is so 

high that this procedure should not be considered as THE salvage procedure in case of failed 

PU, and should limit its use to cases in which other techniques for OLUTD relief cannot be 

http://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2004.04036.x/full#b21
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performed. PPU should be indicated only for obstructive or occlusive disease of the cranial 

pelvic urethra. It has been used recently to treat a cat with a prostatic neoplasia with a follow-

up of 2 years and a successful outcome.35 

Subpubic urethrostomy. 

Subpubic urethrostomy was proposed in 1989 as an alternative salvage procedure to remedy a 

failed PU.9 The pelvic (post-prostatic) urethra was approached using a public bone flap, 

exteriorized and opened in a subcutaneous position. The authors indicated that this technique 

allowed the urethrostomy site to be positioned 3 cm caudal to that of the PPU technique, 

caudal to the inguinal fat pad, thereby alleviating the previously reported problem of 

peristomal dermatitis associated with PPU. Some advantages were obvious with this 

technique: the stoma was obtained from the pelvic urethra, large enough to decrease the risk 

of late stoma stricture, and it was far enough caudal to the prostate to minimize any internal 

urethral sphincter damage. However, anastomosis of the pelvic urethra in a subpubic position 

required a transposition technique with risk of disruption of its vascular or nerve supply. 

Although this technique has been reported once only (single case report), it remained 

surprisingly presented as a strong option in surgical textbooks for years. We have to date no 

data to document objectively potential complications associated with this technique on series 

of cases. 

Transpelvic urethrostomy 

TPU was developed in the early 2000’ and was inspired by the subpubic technique. The idea 

was that opening the ischial symphysis to approach the urethra would warrant an access to the 

pelvic urethra without need to transpose the urethra and damage its dorsal nervous and 

vascular supplies.  

In this technique, cats are positioned in dorsal recumbency, with the feet secured to the 

surgical table in a cranial position, and prepared for aseptic perineal and ventral abdominial 

surgery. Initially, a limited ventral median celiotomy is used to expose the urinary bladder 1.5 

to 2 cm cranial to the cranial pubic margin. After a limited ventral cystotomy, the bladder is 

aspirated and lavaged with sterile saline (0.9% NaCl) solution. A 6 Fr urinary catheter is 

inserted into the bladder and advanced into the proximal urethra to the urethral obstruction 

site, to allow later identification of the pelvic urethra. The catheter is secured to the bladder 

http://onlinelibrary.wiley.com/doi/10.1111/j.1532-950X.2004.04036.x/full#b21
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wall with a temporary purse string suture to avoid any urine leakage into the abdominal 

cavity. The scrotum and prepuce are excised using an elliptical skin incision that extends to 

the cranial margin of the pubis. The penis, being extended caudally, is denuded ventrally. Fat 

is removed to expose the caudal and ventral aspect of the pubic symphysis. The median pelvic 

attachments of the adductor muscles (gracilis and external obturator muscles) are easily 

identified, and the caudal ischial margin is palpated at the caudalmost aspect of these muscles 

(Fig.2A). A bilateral lateral muscle elevation is used to expose the ventral aspect of the 

ischium (∼1.2–1.5 cm wide, ∼1.4–1.6 cm long). Then, using bone rongeurs, a progressive 

ostectomy of the ischium is done in a caudocranial direction, creating an ostectomy area ∼10 

mm wide and 12 mm long (Fig.2B).  Care is taken to avoid damage to the underlying soft 

tissue. The pelvic urethra with indwelling catheter is palpated and then a ventral longitudinal 

urethral incision is made over the catheter, from the bulbourethral glands to a point ∼2–3 mm 

from the cranial margin of the ostectomy. The urethral wall is manipulated with nontraumatic 

DeBakey forceps (Fig. 2C). Simple interrupted 4-0 polypropylene or polyamide sutures are 

used to suture the urethral mucosa without tension to the skin margins. In fat cats, some fat 

tissue around the stoma should be excised to decrease suture tension (Fig. 2D). Care is taken 

to avoid any inflammation to the stomy site during the following days (ointment is applied 3 

times per day to avoid dehydration of the tissues and protect the skin-mucosa interface from 

urines, and the patient should carry an Elizabethan collar until sutures removal + 5 days). 

This TPU technique was reported in 2004 on a series of eleven cats suffering from non-

reliveable urethral obstruction.4 The major indications for TPU were obstruction of the 

perineal urethra secondary to OLUTD or stricture after previous PU. We chose to perform 

TPU rather than PU or revised PU, to document the feasibility and long-term outcome of this 

new urethral approach in cats. TPU was intentionally performed in cats that could have been 

candidates for PU, to compare the outcomes of cats after TPU with those documented for cats 

after PU. The procedure was well tolerated, a patent stoma was created, and voluntary 

urination occurred within 12 hours of surgery. Signs associated with urethral obstruction were 

resolved in all cats. No ambulatory disorder that might have been associated with ischial 

ostectomy was observed. Of the 11 cats that had TPU, 7 minor complications occurred in 4 

cats; 4 were transient (1 had dysuria associated UI postoperatively, 1 had premature suture 

loosening, 2 had ILUTD recurrence) and 3 were permanent but minor (1 had constant 

peristomal urine staining and 2 had intermittent leg urine staining with no associated 

dermatitis). None required further surgery. Episodes of dysuria and hematuria associated with 
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idiopathic LUTD occurred in 10 cats preoperatively and in 2 cats postoperatively. For 1 cat, 

bacterial UTI was confirmed whereas for the other cat culture was negative but recurrence of 

the original disease, struvite crystal formation, was confirmed. Both cats had resolution of 

signs with appropriate management. The urethrostomy site was 15–18 mm cranial to the 

bulbourethral glands and 2–3 cm caudal to the inguinal fat pad. Neither persistent UI nor 

peristomal dermatitis or symptomatic stoma stricture were observed at long-term re-

examination. The dorsal aspect of the urethra was neither exposed nor manipulated, avoiding 

the risk associated with PU of innervation damage.  

Unlike PPU, the periprostatic urethral internal sphincter is respected with the TPU technique. 

These aspects of TPU may have decreased the incidence of UI. This hypothesis requires 

further documentation by urethral pressure profilometry. UI only occurred in 1 cat and 

resolved within 1 month. UI was associated with a severe dysuria and because this cat was the 

smallest in our group, we hypothesized that the 6 Fr urinary catheter used during surgery had 

irritated the proximal urethra so that the UI was secondary to a severe urethritis. Anti-

inflammatory treatment with prednisolone was seemingly effective in controlling UI, with no 

untoward effects. 

Because we did not systematically perform urine culture unless the cats had clinical signs of 

UTI, the incidence of UTI after TPU was not determined and cannot be compared with other 

reported techniques. The high incidence of asymptomatic bacterial cystitis that was reported 

in cats after PU conducts us to believe that acute insults associated with hospitalization, relief 

of obstruction, and surgery may similarly promote UTI in cats after TPU. The clinical 

importance of asymptomatic bacterial cystitis after TPU needs further evaluation. 

Although urethral location is deeper than with other techniques, the urethral opening was 

easily sutured to the skin without undue tension. Urine passed freely through the urethral 

meatus with no evidence of symptomatic stricture, at short or long-term follow-up 

examination in cases reported initially.4 Since this first publication, about 50 other cases were 

operated on using TPU, and 5 cases of stricture were recorded within the 6 postoperative 

weeks. In all cases, a mechanical cause for stenotic healing was identified, being a premature 

suture loosening at the cranialmost margin of the meatus (n=3) or granulation tissue at the 

skin-mucosa interface due to sutures irritations (n=2). Two technical improvements were done 

to avoid such problems: 1/ care for placement of the cranialmost suture using of a U-pattern 

(Fig.3A); 2/ care to displace laterally the knot of the suture in order to avoid irritation at the 
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reactive urethral mucosa (Fig.3B). No early or late strictures were observed since these 

improvements were done, except two cases with premature Elizabethan collar removal. 

The feasibility and the promising long-term outcome of the TPU may encourage surgeons to 

consider this technique at least as a salvage procedure and possibly as a primary urinary 

diversion technique in cats that have obstructive LUTD that cannot be relieved otherwise. 

TPU has been used successfully once in a dog suffering from a perineal urethral tumor with a 

good outcome.21 
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Urethrostomy in dogs: perineal vs bazopenian (scrotal). 
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An urethrostomy is a surgical procedure that is indicated when a permanent urinary is needed, because 

of an obstructed, severely damaged, diseased and more generally non-functional urethra. Non-

repairable traumatic tears of the urethra may be additional indications.  The most common indication 

is a non-relievable urethral obstructive lithiasis, affecting predominantly small breed male dogs. 

When calculi are incarcerated into the urethra, and cannot be retrohydropulsed into the bladder, an 

urethrotomy for calculi removal and subsequent closure is not recommended due to the high risk of 

stricture during the healing process. A definitive and patent urethral opening to the skin - namely 

urethrostomy – is preferred, and it should be created proximally to the site of obstruction.  

In male dogs, urethrostomy can be performed at prescrotal, scrotal, perineal, transpubic and prepubic 

locations. In female dogs, it is limited to transpubic and prepubic locations. 

Scrotal urethrostomy is preferred in male dogs, because the urethra in this region is superficial, wide 

and has relatively less cavernous tissue, which results in less postoperative hemorrhage. Castration is 

the preliminary step of this procedure in intact dogs. A continuous suture pattern that both seals the 

corpus spongiosum and opposes the mucosa and skin was shown to decrease the duration of 

postoperative hemorrhage. Perineal urethrostomy is needed when the urethral site of obstruction or 

occlusion is proximal to the scrotum. The stomy is made a few cms below the anus. Pre-placement of 

an indwelling catheter into the proximal urethra from the bladder is recommended to serve as a 

landmark to find more easily the urethra that is less superficial in this area.  

Specific urethrostomy procedures are described, including discussion about selection of the 

appropriate procedure for the urethral problem, patient stabilization considerations, general 

postoperative management, and risk of complications. 
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Heartworm disease is a serious and potentially fatal disease in dogs in many parts of the world. 

Dogs with Heartworms harbor adult parasites (females approximately 25-31 cms, males 12-20 cms) 

into the pulmonary arteries leading a chronic arterial damaging. The most common and widespread 

therapy is based on the use of drugs that in a short time (melarsomine) or in longer times 

(doxycycline plus ivermectin or moxidectin) kill adult parasites 1,2.Regardless of the therapy used, 

the death of parasites causes a thromboembolism whose severity, from sub clinical to fatal, is 

difficult to foresee. Numerous drugs or measures have been proposed to reduce the severity and risk 

associated with thromboembolic phenomena, but, to date, only cage rest seems to have an 

established effect1,2 There is no information also about the damage linked to thromboembolism 

caused by any adulticide therapy that may alter the pulmonary circulation after some time. At a time 

when the trend of surgery is increasingly looking at a mini-invasive approach a minimally invasive 

surgical technique that allows the removal of adult parasites from the pulmonary arteries conceived 

by Ishihara and collaborators in 1992 is strangely little considered and widespread. For safety and 

speed, the surgical removal of adult parasites with minimally invasive technique should be 

considered the therapeutic approach of choice in dogs with high parasitic burden and / or at risk of 

serious post-adulticide complications due to thromboembolism following therapy, regardless of the 

presence or absence of signs clinical, radiographic or echocardiographic findings suggestive of 

pulmonary hypertension. It is in fact the only therapy that allows  to totally avoid the pulmonary 

thromboembolism and is also the only therapeutic option in dogs with Caval syndrome, to be 

performed immediately. In the latter cases, in the perioperative phase it is necessary to practice an 

adequate fluid therapy to support the hemodynamic and renal function. If successful, 

hemoglobinuria disappears rapidly within 3-4 hours. The surgical removal of microfilariae is 

performed through the jugular vein by dedicated instruments (Ishihara Forceps) with the aid of 

fluoroscopy or fluoroscopy combined with transesophageal echocardiography. Before surgery, 

echocardiographic visualization of parasites in the pulmonary arteries is necessary to make sure that 

a sufficient number of microfilariae is in an accessible position for removal. The success of the 

intervention is evaluated through antigenic tests to be performed no earlier than 6 months, when, 

together with the analysis of the clinical picture, it is necessary to establish whether a subsequent 

adulticide treatment with lesser risk is necessary. 

 

Fig 1 The Ishihara forceps 
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Fig 2 The Ishihara forceps inserted by jugular vein reaches the pulmonary artery under fluoroscopic 

and transesophageal guidance 

 

 

Fig 3 Adult heartworm removed from pulmonary arteries during a successful minimally invasive 

surgery 
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Ultrasonography is the technique of investigation of first instance in the study of the urinary tract in 

patients with kidney and urological diseases. It is a non-invasive, painless technique, free of side 

effects that does not require the use of contrast agents or ionizing radiation, and is therefore also 

indicated in young and pregnant animals. It is also the exam of choice in patients with allergy to 

contrast agents or whose kidneys are damaged and are not able to filter the contrast agent. 

By using the ultrasound it is possible to measure the size of the single kidneys, to study their 

position and morphology, the parenchymal thickness and the cortico-medullary relationship. Renal 

ultrasound is a fundamental test for identifying focal lesions and for distinguish structures with 

liquid content (renal cysts) from solid masses. 

It is particularly useful in the study of hydroureteronephrosis and in the diagnosis of radiopaque and 

radiotransparent stones, which appear as hyperechogenic structures endowed with a rear shadow 

cone, a typical characteristic of dense structures that cannot be crossed by the ultrasound beam. 

Through the ultrasound it is possible to study also the low excretory apparatus, and in particular the 

bladder. Bladder ultrasound is used for the diagnosis of neoformations, diverticula or bladder 

stones. It is also possible to perform a morphological evaluation of the prostate and to evaluate its 

size (particularly important in old patients. 

However, there are numerous limitations to this method, such as the presence of anatomical barriers 

(intestinal contents, bone structures) to the passage of ultrasound; the bladder is adequately 

investigated with this technique only if it adequately replaces it. The ureters cannot be explored 

except in the proximal and iuxta-vescical tract when they are dilated. Finally, it is a method whose 

diagnostic accuracy is closely related to the operator's ability and experience and to the 

characteristics and quality of ultrasound machine. The use of traditional ultrasound has been further 

amplified thanks to the application of the color Doppler, which allows to visualize with color the 

vascularization of an organ and, with the Doppler, the type of blood flow of the same district. At the 

renal level it may be possible to study the vascularization of the organ, with the pathologies related 

to it and of any renal masses is present (particularly important parameter to orientate on the nature 

of the mass and to direct the patient to investigations more in-depth diagnostics, such as CT or MR 

of the abdomen and/or FNAB). 

Renal ultrasonography is always indicated in the first approach of patients with recent renal disease 

and in their follow-up, for the  assessment of the presence / absence of the kidneys both in normal 

and ectopic sites; renal morphological evaluation; • measurement of interpolar and transversal 

diameters for the purpose of diagnostic diagnosis in patients with acute and chronic renal disease; 

measurement of parenchymal thickness and echogenicity for the purpose of diagnostic diagnosis in 

patients with acute and chronic renal disease;  renal morphological evaluation in order to identify 

occupational space lesions (cysts and neoplasia);  evaluation of the presence of lithiasis; echo color-

power assessment of renal vasculature with regard to symptoms ascribed to abscess, ischemia / 

infarction, assessment of intrarenal (IR) resistance indices at interlobar and / or arciform arteries 

level ,  guide to renal biopsy in both renal disease and mass lesions and possible complications 

(hematoma, arteriovenous fistula); • guide to renal puncture during hydronephrosis, abnormal cysts 

to determine symptomatology. 
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Finally, ultrasonography is fundamental for obtaining samples during renal biopsy, that actually is 

considered the best method for obtaining a diagnosis and achieving best therapy, mainly in case of 

glomerular diseases 1-3. 

It is always important considered that ultrasound examination provides a morphological evaluation 

and useful for diagnosis and follow up but almost not at all information about organs function 

which are better defined by other investigations. 

 

Fig 1. Bladder neoplasia easily detected in a filled bladder in a dog with hematuria 

 

Fig 2 Power Doppler examination showing a normal cortex flow of the left kidney 
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Heartworm antigen testing is perceived to be very accurate and precise, with specificity and 

sensitivity values for most tests reported to be >95%, and with specificity and sensitivity data 

approaching 100% when three or more adult worms are present1,2. Note that published specificity 

and sensitivity values are never exactly 100% and those reported values do not account for human 

error or sample related issues. As for every test no Heartworm antigen test can be 100% sensitive 

and specific therefore, there is no perfect heartworm test in the real world and false positives and 

negatives do occur.  

Sensitivity is the probability that a test result will be positive when the disease is present (true 

positive rate while Specificity: is the probability that a test result will be negative when the disease 

is not present (true negative rate).  

The sensitivity answers the question: "how many, of sick animals subjected to tests, were 

positive?”. And its value shows ability to correctly identify sick animals. 

In terms of probabilities, the sensitivity is the probability that a sick animal found positive to the 

test.  We can also say that the sensitivity is the proportion of sick animals that test positive    

Specificity: is the probability that a test result will be negative when the disease is not present (true 

negative rate).  

The specificity answers to the question "how many, of healthy animals subjected to the tests were 

negative? '. Therefore, the specificity of a test is its ability to correctly identify healthy animals. In 

terms of probabilities, the specificity is the probability that a healthy animal is negative to the test.  

We can also say that the specificity is the proportion of healthy animals that test negative 

Sensitivity and specificity are intrinsic attributes of the test being evaluated (given similar patient 

and specimen characteristics), and are independent by the prevalence of disease in the population 

being tested in case of screening or by the clinical suspicion in case of dogs with symptoms. They 

should be obviously known for each kind of test but they cannot therefor be applied in a clinical 

setting. In these cases, we should think about and apply the Predictive values: Positive predictive 

value: probability that the disease is present when the test is positive. Negative predictive value:  

probability that the disease is not present when the test is negative3.  

One way to avoid confusing this with sensitivity and specificity is to imagine that you are a patient 

and you have just received the results of your screening test (or imagine you are the physician 

telling a patient about their screening test results. If the test was positive, the patient will want to 

know the probability that they really have the disease, i.e., how worried should they be? 

Positive and negative predictive values are highly dependent on the population prevalence of the 

disease and the clinical suspicion 

During a screening using the same test in a population with higher prevalence increases positive 

predictive value. Conversely, increased prevalence results in decreased negative predictive value. 

When considering predictive values of diagnostic or screening tests, recognizing the influence of 

the prevalence of disease.is pivotal 

The Positive Predictive Valle (PPV) may be computes from sensitivity, specificity, and prevalence 

as follow: 
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The Positive Predictive Valle (NPV) may be computes from sensitivity, specificity, and prevalence 

as follow: 

 

 

Therapy of dogs false positive on Antigen testing leads to consequences as inappropriate or 

inadequate treatments, monetary loss, stress, fear of future tests and should be therefore absolutely 

avoided. 

For increasing PPV in our practice is fundamental adding in parallel (at the same time) a biological 

different test for the same disease as Knott test and working as clinician considering if 

chemoprophylaxis was performed or not appropriately by the client, if the symptoms are related to 

the infection, and looking for other proofs of the infection on echocardiography and thoracic 

radiographs. 

False positive testing does really occur for cross reaction with other parasites as Angiostrongylus 

vasorum (the can have similar symptoms), Spirocerca lupi, Acanhtocheilonema reconditum and 

possibly other. 

A simple positive Heartworm antigen testing should be not considered enough for starting a 

treatment in case a negative Knott test, in dogs without symptoms and/or no echocardiographic 

findings of Heartworm disease mainly if the dog is living in a low endemic area and/or has an 

history of chemoprophylaxis. In these cases, a cross reaction should be absolutely ruled out and 

eventually the test should be repeated after few months by using a different antigen test 

  

Fig 1  
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Despite the name “Heartworm” suggests a primitive cardiac involvement as the main localization of 

the worms and the first damages are in pulmonary arteries, heartworm disease should be considered 

a pulmonary disease that in the last stage only may involve right cardiac chambers. 

In Heartworm infected dogs the reduction of compliance and gauge of pulmonary arteries, that can 

be also occluded by either thromboembolism or severe villous proliferation, results in a 

hypertensive pulmonary state and   as a consequence, in an increased after load for the right 

ventricle which can induce “cor pulmonare” and right cardiac congestive heart failure1,2.  

Based on the pathogenesis the clinical evolution of heartworm disease in dogs is usually chronic. 

Most infected dogs do not show any symptoms of the disease for a long time, months or years, 

depending on worm burden, individual reactivity and exercise, as arterial damages are more severe 

in dogs with intensive exercise than in dogs at rest. Signs of the disease develop gradually and may 

begin with a chronic cough. 

Together with antigen with history, clinical examination and antigen testing thoracic radiographs 

and echocardiography are pivotal for staging the disease and choosing the best therapy in infected 

dogs.   

 

Thoracic radiographs 

Thoracic radiographs may show, in the advanced stage, enlargement of the pulmonary arteries, 

abnormal pulmonary patterns and in the worst cases right sided cardiomegaly. If congestive right 

heart failure is present peritoneal and pleural effusion can be noted They are useful to asses the 

severity of the pulmonary lesions but not for evaluating worm burden3. Since radiographic signs of 

advanced pulmonary vascular disease may persist long after an infection has run its course, some of 

the most severely diseased dogs may have disproportionately low worm burden. On the contrary 

some inactive dogs may have large worm burdens and be clinically asymptomatic with no or trivial 

radiographic lesions.  

 

Echocardiography 

Echocardiography allows a direct visualization of cardiac chambers and connected vessels4.  

It also allows the visualization of parasites in right cardiac chambers, caudal vena cava, main 

pulmonary artery and proximal tract of both caudal pulmonary arteries. The heartworms are 

visualized as double, linear parallel objects floating in the right cardiac chambers or into the lumen 

of vessels4,5. 

It is performed mainly in cases where clinical and radiographic findings suggest severe disease. 

Cardiac ultrasound can increase the accuracy in staging the disease and estimating the worm 

burden, both of which affect the treatment program and the prognosis3. 

Doppler echocardiography by measuring the velocity of tricuspidal and or pulmonic valve 

regurgitation furthermore allows a not invasive correct assessment of pulmonary pressure. When 

regurgitation absent Right Pulmonary Distensibility Index (Right pulmonary artery Diameter in 

Systole less Right pulmonary artery Diameter in Systole/ Right pulmonary artery Diameter in 

Systole) is useful for pulmonary artery pressure estimation in heartworm infected Dogs. 

In conclusion both Thoracic radiographs and Echocardiography provide useful information about 

the Heartworm infected dogs and both of them should be used for staging the disease 
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Figs 1a and 1 b 

Thoracic radiographs (right lateral and dorsoventral view) of a 4-year-old cross breed Heartworm 

infected dogs. Not obvious radiographic changing but mild enlargement of caudal pulmonary 

arteries in dorsoventral view 

 

 

 

Fig 2 

Echocardiography (Right Parasternal Short Axis view) of the same dogs. Several echoes (arrows) 

coming from adult worm into the main pulmonary artery 
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The word diuretics means drug or substance that is able to increase diuresis. This can happen 

through two mechanisms: increasing in the volume of the ultrafiltrate (as in the case of water, the 

first natural diuretic) or inhibition of water reabsorption of the ultrafiltrate into the nephron. At the 

pharmacological level are mainly used that share the latter mechanism of action, even in different 

ways, that make them suitable for the treatment of different diseases (1). 

The classification of diuretics based on the mechanism of action is not exclusively educational but 

reflects their use in the clinical setting. It is however essential to remember that all diuretic drugs 

exert their action within the nephron. Any condition that reduces its presence in the ultrafiltrate 

(reduction of renal perfusion, glomerulopathies) reduces its effectiveness accordingly (1). 

OSMOTIC DIURETICS 
Some hydrophilic substances, such as mannitol, are filtered by the glomerulus and not reabsorbed at 

the tubular level, retaining water by osmotic action. These drugs cause an initial increasing of 

plasma volume and are mainly used to reduce edema and water retention in selected areas of the 

body such as the intracranial district, in the case of cerebral edema and / or intracranial 

hypertension, or the ocular one as in the case of acute glaucoma (1). 

DIURETICS INHIBITING SOUDIM REABSORPTION INTO THE NEPHRON  

The inhibition of sodium reabsorption contrasts the reduction of the volume of the pre-urine, 

collected by ultrafiltration at the level of the Bowman capsule, which occurs mainly through the 

active reabsorption of sodium and water. 

More than for the mechanism of action that for all these drugs brings, even though with different 

effectiveness, to the elimination of sodium and water, this class of diuretics is characterized by the 

site of the renal tubule in which the maximum activity is performed. 

CARBONIC ANHYDRASE INHIBITORS 
The diuretic action occurs through the inhibition in the proximal contorted tubule of the enzyme 

carbonic anhydrase that indirectly regulates the reabsorption of sodium through the exchange of 

hydrogen ions produced from carbon dioxide and water. H+ protons in the ultrafiltrate compete with 

the absorption of Na + and bicarbonates. The diuretic action of this group of drugs, whose foremost 

is acetazolamide, is very low because the Na+ ions are afterwards largely reabsorbed by the most 

distal portions of the tubule. Acetazolamide is mainly used in the treatment of open-angle glaucoma 

to inhibit intra-ocular anhydrase. It doesn’t cause a significant increasing in the volume of urine 

produced when used as monotherapy(1). 

LOOP DIURETICS 
To this category belong furosemide and torasemide. This class of diuretics owes its name to the fact 

that they act in the ascending branch of Henle's loop. The drugs prevent the active reabsorption of 

sodium and chlorine by acting on the Na+-Cl- -K+ membrane co-carrier protein. The result is a direct 

increased excretion of sodium and water and an indirect reduced osmotic reabsorption of water at the 

level of the collecting duct due to the weakened hypertonicity of the renal medulla. These drugs are 

the most effective diuretic and fastest onset of action and therefore represent the first choice in the 

acute treatment and management of congestive heart failure as well as in the acute treatment of arterial 

and intracranial hypertension. The intrinsic characteristics of each molecule related to 

pharmacodynamics in these fields allows to make the most appropriate choice for each clinical 

situation. Furosemide and torasemide, the most frequently used molecules, present the only 

differences in correlation with absorption, distribution. 

metabolism and elimination, having the same mechanism of action once inside the nephron(2). The 

oral absorption of furosemide is variable ranging from 37 to 70% in relation to individual 
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characteristics of the treated subjects, to the simultaneous intake of food and to the characteristics of 

the excipients in the formulations on the market while that of the torasemide is constant, higher than 

90% and not influenced by food intake(2). The half-life of furosemide is also shorter, with a diuretic 

activity that lasts for about six hours (hence the acronym LAst SIX hours which gave its name to 

the first drug available on the market). In the chronic treatment of congestive heart failure this short 

half-life suggests the needing of two to three times daily administration. Less frequent 

administration reduces overall efficacy on diuresis due to the activation of renal compensatory 

mechanisms that lead to an increased absorption of Na+ ions after the end of its activity (Braking 

phenomen) (2,3). The longer half-life of torasemide allows the maintenance of more constant levels 

of plasma and renal excretion, with a stable diuretic efficiency of 24 hours allowing a single daily 

administration. The most stable and constant action of torasemide within 24 hours, as opposed to 

that of furosemide that has two or three-phase peaks (two or three daily administrations) does not 

stimulate the activation of the Renin-Angiotensin-Spironolactone system without determining the 

gradual loss of efficacy that can be observed in the case of furosemide therapy soon after 2 weeks 

from the beginning of therapy(2,3). 

THIAZIDIC DIURETIC 
The members of this class of diuretics, the most widely used of which is hydrochlorothiazide, 

induce diuresis by inhibiting the reabsorption of the Na+ and Cl- ions from the distal convoluted 

tubule of the kidney by blocking the thiazido-sensitive sodium chlorine cotransporter. Thiazide 

diuretics simultaneously cause an increase in potassium excretion. The term "thiazide" is also used 

for drugs that show a similar mechanism of action, although not having a thiazide structure such as 

metolazone. These drugs are more properly known as thiazido-like diuretics. 

The overall diuretic effect is poor, not enough to justify their use as monotherapy in the cardiologic 

field. The association with loop diuretics has instead a very evident synergistic action that leads to 

the so-called sequential functional block of the nephron since the absorption of sodium is inhibited 

in two contiguous anatomical districts. This effect is particularly useful in the cardiology field in the 

case of anatomical and functional hypertrophy of distal convoluted tubule following prolonged 

administration of loop diuretics, in particular furosemide. The presence of pre-urine with high 

sodium concentration in the distal convoluted tubule, following the administration of loop diuretics, 

induces a greater resorption capacity of the sodium by the distal convoluted tubule, with loss of 

efficacy of loop diuretics in the middle long period 

POTASSIUM-SPARING DIURETICS 
Potassium sparing are a class of diuretics characterized by the lack of potassium excretion in the 

urine. They are drugs with poor diuretic activity, which are used in association with other diuretics, 

in particular thiazides, to counteract the loss of potassium caused by the latter. Amiloride and 

triamterene block the sodium channels into the luminal membrane of the main cells in the final 

portion of the distal tubule and in the collector, duct leading to a reduction in sodium reabsorption 

and potassium excretion 

The most important drug in this class is spironolactone, a synthetic steroidal compound antagonistic 

of the aldosterone receptors. Its action as competitive aldosterone antagonist inhibits its kaliuretic 

and natri-reactive effect indirectly leading to an inhibition of Na+ reabsorption and a reduction of K+ 

excretion. Its diuretic action has no clinical relevance and its use is for counteracting the plasma and 

tissue aldosterone increased levels in case of congestive heart failure or adrenal diseases (Conn 

Syndrome) (4). 

From the examination of the characteristics of pharmacological classes of diuretics clearly appears 

that a correct use in the clinical setting, in the different situations in which their administration is 

indicated, needs a knowledge of the different pharmacodynamic and pharmacokinetic 

characteristics that characterize each molecule(5). 
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Diagnosis of Kidney Disease
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Cocoa 

Judson Patient

18-year-old neutered female domestic shorthair

Presenting complaints

• Sudden retinal detachment

History

• On NSAID for osteoarthtritis

Case study- “Cocoa” Judson



• Bilateral retinal detachment

• BCS 2/5 (lost 1.5 lbs since last visit)

• Tachycardia, possible gallop rhythm, grade 

2/6 heart murmur

• Crepitus on palpation of several joints

Cocoa - Physical Examination



• Blood Pressure

• Complete blood count

• Chemistry panel

• Urinalysis

• T4

Initial Diagnostic Plan







Urinalyses

USG 1.024 1.025 1.045



Puppy/Kitten Junior Adult Senior

T4



Catalyst TT4: Feline Correlation
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Chronic Kidney Disease Is Common

In time, at least 1 in 3 cats1,2 and 1 in 

10 dogs3 will develop kidney disease.

Sources:

1 Lulich JP, Osborne CA, O'Brien TD, Polzin DJ. Feline renal failure: questions, answers, questions. Compend Contin Educ Pract Vet. 

1992;14(2):127–153.
2 Marino data; Marino CL, Duncan B, Lascelle X, et al. The prevalence and classification of chronic kidney disease in cats randomly selected from four 

age groups and in cats recruited for degenerative joint disease studies. J Feline Med Surg. 2014, 16(6): 465-72.
3 Brown SA. Renal dysfunction in small animals. The Merck Veterinary Manual website. 

http://www.merckvetmanual.com/mvm/urinary_system/noninfectious_diseases_of_the_urinary_system_in_small_animals/renal_dysfuncti

on_in_small_animals.html. Updated October 2013. Accessed August 2, 2016.



Kidneys are important organs
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How do we evaluate kidney function?

Gold Standard Real world



Glomerular Filtration Rate (GFR)

Glomerular Filtration rate (GFR)=the amount of blood filtered by the 

kidney’s glomerulus into the Bowman’s capsule per unit of time.



How is kidney disease diagnosed in practice?

• Creatinine



How is kidney disease diagnosed in practice?

• Signalment

• History

• Physical exam

• Diagnostic tests

– Laboratory tests

– Imaging



The kidney has so many functions - no single 

test can assess them completely…



Haematology

• Erythron

– Normocytic, normochromic, non-regenerative anaemia

– Relative polycythaemia may mask extent of anaemia

• Leukon
– Leukocytosis

– Neutrophilia +/- “left shift”

– Lymphopaenia

• CRP may support



• Blood Urea

• Creatinine

• SDMA

• Others

Biochemistry
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• On routine chemistry panels

• Inexpensive

• Late marker

• Impacted by other factors including 
diet, liver disease

Blood Urea
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• On routine chemistry panels

• Inexpensive

• Late marker

• Impacted by other factors including 
muscle mass

Creatinine
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• Don’t become elevated until 75% of 
nephrons are damaged

• Impacted by non renal disease

Limitations of Urea and Creatinine
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• When GFR drops 50% creatinine 

doubles

When is Creatinine “Abnormal”?



Trending Creatinine

1.3 mg/dL

0.6 – 0.7 mg/dL



LIQUID GOLD



Urine Specific Gravity

• Normal SG:

• > 1.035 in the cat

• > 1.030 in the dog

• Isosthenuria more sensitive but less specific than 

Creatinine

• SG decreases prior to the development of 

azotaemia



Leaking protein damages kidneys and damaged kidneys leak more protein

Proteinuria
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• Dipstick Protein
– Qualitative to semi quantitative 

– Insensitive
• False negatives in dilute/acidic urine

– Nonspecific
• False positives in concentrated/pigmented/alkaline urine

Urine Protein

27



• UPC Ratio fully quantitative

• VetTest, Catalyst, CatOne or Ref Lab

• Must be interpreted with sediment 
evaluation

– “Falsely” elevated with active sediment

Urine Protein Creatinine Ratio
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CKD often identified in IRIS stages 3 and 4

(Modified from Heska®)



Survival Time in Cats by IRIS Stage

IRIS Stage 2b* 3 4

Median survival 

(days)
1,151 778 103

Range (days) 2 – 3,107 22 – 2,100 1 – 1,920

*2b = Creatinine of 203-249 µmol/L (2.3-2.8 mg/dl)

N = 211 cats 

Boyd LM, Langston C, Thompson K, Zivin K, Imanishi M. Survival in Cats with Naturally Occurring Chronic Kidney Disease (2000-2002) J Vet Intern Med 2008;22:1111–1117

What if we could 

diagnose kidney disease 

earlier?



Earlier
Biomarker Complimentary 

to Creatinine
Biomarker for 
kidney function

Earlier than 
creatinine

Specific for 
kidney 

function; not 
affected by 

other factors

The Three Key Attributes of A Good Renal Biomarker 



What is SDMA?

• Symmetric dimethylarginine a methylated form of arginine in intracellular proteins of 

all nucleated cells

• Released into circulation when intracellular proteins are processed

• Excreted by the kidneys

• Stable production part of daily cell activity



SDMA is more sensitive: SDMA increases earlier than creatinine.

SDMA increases earlier than creatinine 

Sources:
1. Nabity ,MB, et al. Symmetric dimethylarginine assay validation, stability, and evaluation as a marker for the early detection of chronic kidney disease in dogs. J Vet Intern Med. 2015;29(4):1036–1044.
2. Hall JA, et al. Comparison of serum concentrations of symmetric dimethylarginine and creatinine as kidney function biomarkers in cats with chronic kidney disease. J Vet Intern Med. 2014;28(6):1676–1683.
3. Hall JA, et al. Serum concentrations of symmetric dimethylarginine and creatinine in dogs with naturally occurring chronic kidney disease. J Vet Intern Med. 2016;30(3):794–802.

1,3 1,2



SDMA increases earlier than creatinine in cats and dogs with CKD

Cats1

• 21 cats 

• SDMA earlier than creatinine mean 
of 17.0 months 
(range 1.5–48 months)

34

Sources:
1. Hall JA, Yerramilli M, Obare E, Yerramilli M, et al. Comparison of serum concentrations of symmetric dimethylarginine and creatinine as kidney function biomarkers in cats with chronic kidney disease. 

J Vet Intern Med. 2014;28(6):1676–1683.
2. Hall JA, Yerramilli M, Obare E, et al. Serum concentrations of symmetric dimethylarginine and creatinine in dogs with naturally occurring chronic kidney disease. J Vet Intern Med. 2016;30(3):794–802.

Dogs2

• 19 dogs

• SDMA increased on average 

9.8 months (2.2–27 months) 

earlier than creatinine 

Retrospective, longitudinal studies in dogs and cats with CKD at Hill’s® Pet 
Nutrition dog and cat colonies  



Mystic, born 2001, neutered male, DSH—diagnosed with CKD

CKD diagnosed 03/02/2011

GFR 1.155 ml/min/kg 

40% loss from expected mean 

(1.94 ml/min/kg) 

Deceased

SDMA increased 8 months before creatinine



Design:
32 cats; mean age 14.0 (range 8.3–19.6 years)1

39 beagles; mean age 9.9 (range 3.1–14.8 
years)2

Assessed SDMA, creatinine, GFR
Measured lean body mass by dual energy x-ray 
absorptiometry (DEXA)

Studies evaluating effect of lean body mass on SDMA and creatinine in dogs and cats

Sources:
1. Hall JA,  Yerramilli M, Obare E, Yerramilli M, et al. Comparison of serum concentrations of symmetric dimethylarginine and creatinine as kidney function biomarkers in healthy geriatric cats fed reduced protein foods 

enriched with fish oil, L-carnitine, and medium-chain triglycerides. Vet J. 2014;202(3):588–596 
2. Hall JA,  Yerramilli M, Obare E, Yerramilli M, et al. Relationship between lean body mass and serum renal biomarkers in healthy dogs. J Vet Intern Med. 2015;29:808–814.



Source: 
Hall JA, Yerramilli M, Obare M, Yerramilli M, Melendez LD, Jewel DE. Relationship between lean body mass and serum renal biomarkers in healthy dogs. J Vet Intern Med. 2015;29(3):808–814.
Hall JA, Yerramilli M, Obare E, Yerramilli M, Yu S, Jewell DE. Comparison of serum concentrations of symmetric dimethylarginine and creatinine as kidney function biomarkers in healthy geriatric cats fed reduced protein foods enriched 
with fish oil, L-carnitine, and medium-chain triglycerides. Vet J. 2014;202(3):588–596.

SDMA is not impacted by lean muscle mass in dogs and cats

Creatinine SDMA



SDMA is Not Affected by Lean Body Mass

38
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Kidney disease occurs in dogs of all ages with prevalence increasing with age

Puppy SDMA reference interval established: 0-16 µg/dL. 

Kitten and Greyhound studies underway. 



Kidney disease occurs in cats of all ages with prevalence increasing with age



• Gold standard: 

– Liquid Chromatography Mass Spectrometry 
(LCMS/Mass Spec)

• Accurate and validated in dogs and 
cats

• Expensive and labour intensive

SDMA Measurement
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• Immunoassay run on routine 
chemistry analyzer

• Results compare well to LCMS

• ONLY routine assay to be 
successfully validated in dogs and 
cats

IDEXX SDMA™
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Catalyst® SDMA

is now available!



• Same reference method as the IDEXX 
Reference Laboratories IDEXX SDMA® Test.

• Reference interval = 0–14 µg/dL.
• Dynamic range = 0–100 µg/dL.  
• Approximately 10 minutes time to results.
• Run as stand-alone or as part of a panel.

The Catalyst® SDMA Test: Same reference laboratory quality, available in-clinic 

SDMA Kit



Catalyst® SDMA demonstrates excellent correlation to the reference method (LC-MS*)

Data on file at IDEXX Laboratories, Inc. Westbrook, Maine USA.

*LC-MS = Liquid chromatography-mass spectroscopy

n=113
correlation (r)=0.94

Reference method is the mean of two runs on 
LC Mass Spectrometry.

Passing-Bablok regression 

n=107
correlation (r)=0.98



© 2014 IDEXX Laboratories, Inc. All rights reserved. 

Growing Old is Tough! 

Common Comorbidities in 

Older Cats
Sue Randell BVSc, DACVIM(SAIM), MRCVS



“Cocoa”

• 18 y FS DSH

• Sudden retinal detachment

• BCS 2/5 (lost 1.5 lbs since last visit)
• Tachycardia, possible gallop rhythm, 

grade 2/6 heart murmur
• BP >200mmHg

• On NSAID for OA







5 © 2015 IDEXX Laboratories, Inc. All rights reserved. 
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Puppy/Kitten Junior Adult Senior



• Catalyst TT4 provides precise serum TT4 
concentrations with good agreement with IRL 
results.

• Cats with TT4 near decision thresholds (eg
normal v high):

• Repeat TT4 in a few weeks
• FT4/thyroid scintigraphy





• Hyperthyroid

• Chronic Kidney Disease   

So what do we know now?



• Often more than one thing goes wrong…
• Hyperthyroidism and CKD both common 

in older cats
– Sarcopaenia common

• Increased GFR and sarcopaenia may 
result in lower Creatinine in hyperthyroid 
patients

Growing old is not for sissies….



Design:

32 cats; mean age 14.0 (range 8.3–19.6 years)1

39 beagles; mean age 9.9 (range 3.1–14.8 

years)2

Assessed SDMA, creatinine, GFR

Measured lean body mass by dual energy x-ray 

absorptiometry (DEXA)

Studies evaluating effect of lean body mass on SDMA 
and creatinine in dogs and cats

Sources:
1. Hall JA,  Yerramilli M, Obare E, Yerramilli M, et al. Comparison of serum concentrations of symmetric dimethylarginine and creatinine as kidney function biomarkers in 

healthy geriatric cats fed reduced protein foods enriched with fish oil, L-carnitine, and medium-chain triglycerides. Vet J. 2014;202(3):588–596 
2. Hall JA,  Yerramilli M, Obare E, Yerramilli M, et al. Relationship between lean body mass and serum renal biomarkers in healthy dogs. J Vet Intern Med. 2015;29:808–814.



Source: 
Hall JA, Yerramilli M, Obare M, Yerramilli M, Melendez LD, Jewel DE. Relationship between lean body mass and serum renal biomarkers in healthy dogs. J Vet Intern Med. 
2015;29(3):808–814.
Hall JA, Yerramilli M, Obare E, Yerramilli M, Yu S, Jewell DE. Comparison of serum concentrations of symmetric dimethylarginine and creatinine as kidney function biomarkers in 
healthy geriatric cats fed reduced protein foods enriched with fish oil, L-carnitine, and medium-chain triglycerides. Vet J. 2014;202(3):588–596.

SDMA is not impacted by lean muscle mass in dogs 
and cats

Creatinine SDMA

“SDMA is a more sensitive 
indicator of change in renal 
function in older cats.”



Creatinine histogram in euthyroid and hyperthyroid cats 

44µmol/L 212µmol/L





• Creatinine 154 µmol/L
• SDMA 20µg/dL
• UPC 0.6
• BP 190 mmHg



Treatment

• Acepromazine and Amlodipine

• Thyroid Suppressant drugs
• Oral
• Topical

• Thyroidectomy
• Iodine depleted diet
• Radioactive Iodine



Recheck day 2

• BP 160-170mmHg
• Continue Amlodipine and Felimazole

• Recheck day 4
• BP 140mmHg
• Continue Amlodipine and Felimazole



Recheck day 21

• BP 140mmHg
• T4 18
• HR 180 BPM
• Weight gain 150g



Recheck day 36

• CBC, Chem, UA, UPC, T4, BP
• Stage and Tx CKD if Thyroid and BP stable.



• Creatinine 188 µmol/L
• SDMA 21µg/dL
• UPC 0.2
• BP 150mmHg
• T4 12nmol/L





• 262 HyperT4 and 206 aged matched 
control cats

• 42 hyperT4 cats became azotaemic
(elevated Creatinine) after tx.

• Only 14 cats had pre tx SDMA >14mg/dL
• All cats that had pre tx SDMA >14mg/dL

developed azotaemia post tx
• Sensitivity of SDMA only 33.3%
• Specificity 97.7%
• SDMA more sensitive than creatinine
• Elevated SDMA before tx is SIGNIFICANT





What can impact SDMA in hyperthyroid cats?

• Increased cell turnover in hypermetabolic state 
• Increased GFR in hypermetabolic state 



SDMA and Heart Failure

• Low output failure 
• Decreased GFR
• Increased SDMA

• Diuretics
• Increased GFR
• Decreased SDMA



SDMA and Diabetes Mellitus

• Osmotic diuresis
• Increased GFR
• Decreased SDMA



Another comorbidity…..

• Elevated SDMA with normal sCr and USG
• Go on a tumour hunt!



In Summary

• Comorbidities common in older cats
• Sarcopaenia associated with diseases may lead to overestimation of 

renal function if only using serum creatinine
• SDMA may allow more accurate assessment of renal function in 

hyperthyroid cats
• In cats with comorbidities or pharmacologic interventions that affect 

GFR, SDMA may be affected. 





“Toby”
• 11y mixed breed dog
• Presented for dental prophylaxis
• Owner reports healthy apart 

from halitosis
• Previous history of CCL rupture

– OA managed intermittently with 
NSAID







What is Toby’s IRIS stage?









• IVFT during general anaesthesia
• Close monitoring during anaesthesia
• “Kidney safe” antibiotics
• Alternatives to NSAIDs?
• Owner vigilance regarding food and water consumption
• Recheck exam and lab work
• IRIS Stage and management?

“Toby”



• 5yo MN DSH
• Under the weather and 

not eating well
• Dental disease

“Weller”











• Antibiotic course started
• Underwent dental with extractions

– IV fluids
– Monitoring perfusion and BP

• At home:
– Remained inappetent
– Vomited a few times







• Currently being treated
– Bland diet
– H2 blocker

• Labs to be assessed in a few weeks
– Monitored more frequently



“Tuppence”
2y F BMD



















• “Minky”, 14 year old FS 
Pomeranian

• Acute vomiting, inappetence 
and lethargy

• Recently moved to retirement 
community

And last….but definitely not least…..







Management

• Anti-emetic injection
• Gastroprotectants
• Bland diet
• Fingers crossed…..



Day 2

• Returned to emergency clinic
• Laterally recumbent
• Dehydrated
• Weak pulses







Icky: Lethargy, not eating, diarrhea
11-year-old, neutered male mixed breed dog



In Summary
• Kidney disease is common

– Urea, creatinine and Urine SG insensitive markers of kidney function
– 66-75% loss in function needed before abnormal
– Urea, creatinine and USG affected by non renal disease
– IDEXX SDMA is a marker of GFR and can detect on average 40% loss in function
– IDEXX SDMA not affected by non GFR parameters

• Follow IDEXX IMM to determine diagnostic plan
• Follow IRIS guidelines to stage and guide treatment of stable CKD



Questions?

susan-randell@idexx.comsusan-randell@idexx.com



Staging of Chronic Kidney Disease
Sue Randell BVSc DACVIM (SAIM) MRCVS



Chronic Kidney Disease Is Common

In time, at least 1 in 3 cats1,2 and 1 in 
10 dogs3 will develop kidney disease.

Sources:
1 Lulich JP, Osborne CA, O'Brien TD, Polzin DJ. Feline renal failure: questions, answers, questions. Compend Contin Educ Pract Vet. 

1992;14(2):127–153.
2 Marino data; Marino CL, Duncan B, Lascelle X, et al. The prevalence and classification of chronic kidney disease in cats randomly selected from four 

age groups and in cats recruited for degenerative joint disease studies. J Feline Med Surg. 2014, 16(6): 465-72.
3 Brown SA. Renal dysfunction in small animals. The Merck Veterinary Manual website. 

http://www.merckvetmanual.com/mvm/urinary_system/noninfectious_diseases_of_the_urinary_system_in_small_animals/renal_dysfuncti
on_in_small_animals.html. Updated October 2013. Accessed August 2, 2016.



Limitations of traditional kidney diagnostics

Creatinine
• Late marker
• Impacted by other 

factors including 
muscle mass

BUN
• Late marker
• Impacted by other 

factors including diet, 
liver disease

GFR
• Expensive
• Not practical 
• Rarely done in practice

Specific gravity 
• Urine test
• Later marker
• Impacted by other factors and 

other diseases (e.g., diabetes)

Urine protein:creatinine 
(UPC) ratio

• Urine test
• False positives with UTI
• Can be normal with 

kidney disease

Microalbuminuria
• Urine test
• False positives
• Not specific for 

kidney

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=WzZO0sCQAsHWtM&tbnid=PX-xx97YxA6XbM:&ved=0CAUQjRw&url=http://www.bodypartchart.com/product/cat-anatomy-labeled/&ei=lGeqUu-rNMPtkQeYrYHQCw&bvm=bv.57967247,d.eW0&psig=AFQjCNGnqB5MIDmFRfjlHnOicHGd2iHSyQ&ust=1386985733127417


Earlier Biomarker Complimentary 
to Creatinine

Biomarker for 
kidney function

Earlier than 
creatinine

Specific for 
kidney 

function; not 
affected by 

other factors

The Three Key Attributes of A Good Renal Biomarker 



Publications Supporting Key Attributes of SDMA
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marker for early detection of chronic kidney disease in dogs. J Vet Intern 
Med. 2015;29(4):1036-1044.

SDMA strongly correlates with GFR. Braff J. et al. Relationship between serum sysmmetric dimethalarginine
concentration and glomerular filtration rate in cats. J Vet Intern Med. 
2014;28(6):1699–1701.
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SDMA increased on average 9.8 months 
earlier than creatinine, and as early as 27 
months.

Hall, JA  et al. Serum concentrations of symmetric dimethylarginine and 
creatinine in dogs with naturally occurring chronic kidney disease. J Vet 
Intern Med. 2016;30(3):794–802.

SDMA increased on average 17 months 
and up to 48 months earlier than 
creatinine, and when there was a 40% 
reduction in GFR.

Hall, JA et al. Comparison of serum concentrations of symmetric 
dimethylarginine and creatinine as kidney function biomarkers in cats 
with chronic kidney disease. J Vet Intern Med. 2014;28(6):1676–1683.
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Lean body mass and creatinine were 
positively correlated.

Hall JA, et al. Relationship between lean body mass and serum renal 
biomarkers in healthy dogs. J Vet Intern Med. 2015;29(3): 808-814.

No effect of total lean mass on serum 
SDMA.

Hall JA, et al. Comparison of serum concentrations of symmetric 
dimethylarginine and creatinine as kidney function biomarkers in healthy 
geriatric cats fed reduced protein foods enriched with fish oil, L-carnitine, 
and medium-chain triglycerides. Vet J. 2014;202(3):588–596.

More than 40 peer reviewed articles



• LCMS
• IDEXX SDMA ®

– Ref lab

– Catalyst®

• Others

Measuring SDMA

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjSv5emutnLAhUIXR4KHfO0CLQQjRwIBw&url=https://it.wikipedia.org/wiki/Cromatografia_liquida_a_ultra_alta_prestazione&bvm=bv.117604692,d.eWE&psig=AFQjCNHiv8HiyIWb1kmYYncpCF123GvSBA&ust=1458913451038138


“Cleo”
• Elderly FN DSH
• Recent onset weight loss and halitosis
• Previous “cancerous growth” OS
• Appetite normal and varied



8



9



LIQUID GOLD



11

USG 1.020



Survival Time in Cats by IRIS Stage

IRIS Stage 2b* 3 4

Median survival 
(days) 1,151 778 103

Range (days) 2 – 3,107 22 – 2,100 1 – 1,920

*2b = Creatinine of 203-249 µmol/L (2.3-2.8 mg/dl)
N = 211 cats 

Boyd LM, Langston C, Thompson K, Zivin K, Imanishi M. Survival in Cats with Naturally Occurring Chronic Kidney Disease (2000-2002) J Vet Intern Med 2008;22:1111–1117

Creatinine 216µmol/L



Would adding IDEXX SDMA ® change anything?

https://www.catersnews.com/stories/animals/cheeky-monkey-moment-hungry-primate-makes-off-with-familys-breakfast/



Who is IRIS?

• A board of 15 world-
renowned independent 
veterinarians 

• Comprises ten different 
countries 

• Expertise in nephrology

IRIS’s mission

“The mission of IRIS is to promote 
the discipline of comparative 
nephrology …and to facilitate the 
better understanding, diagnosis, 
and treatment of renal (kidney) 
disease.”

Source: International Renal Interest Society (IRIS). IRIS bylaws. IRIS website. http://iris-kidney.com/about/bylaws.html. Accessed May 17, 2016.



A summary of IRIS guidelines for diagnosing, staging, and treating CKD

SDMA helps to:
• Diagnose CKD 

earlier.
• Stage CKD 

accurately.
• Treat CKD 

appropriately.



Source: International Renal Interest Society (IRIS). IRIS staging of CKD. IRIS website. http://www.iris-kidney.com/guidelines/staging.html. Accessed May 17, 2016.



IRIS Staging of Chronic Kidney Disease

• Use once condition stable
• 2 creatinine measurements



IRIS CKD staging guidelines now include SDMA

Source: International Renal Interest Society. IRIS CKD guidelines updates 2014–2015. IRIS website. http://iris-kidney.com/guidelines/guidelines_updates_2014-2015.html. Accessed May 17, 2016.

Step 1: Diagnose

Step 2: Stage 

Step 3: Treat



Clinical 
presentation

• Age, sex, breed predispositions
• Medication history, toxin exposure, diet

Clinical signs

• Can be asymptomatic in early CKD
• Polyuria, polydipsia
• Weight loss
• Decreased appetite
• Lethargy
• Dehydration
• Vomiting 
• Bad breath

Clinical presentation

Diagnosing



Physical 
examination 

findings

• Can be normal in early CKD
• Palpable kidney abnormalities
• Weight loss
• Dehydration
• Pale mucous membranes
• Uraemic ulcers
• Evidence of hypertension (e.g., retinal 

hemorrhages/detachment) 

Physical examination findings

Diagnosing



To diagnose early CKD
One or more of the following

1 2

3

4

Diagnosing



Why is staging 
CKD important?

Is there anything 
we can do for 

her?

How long does 
she have?



IRIS stage 2b* 3 4

Medial survival 
(days)

1,151 778 103

Range (days) 2–3,107 22–2,100 1–1,920

Survival time in cats by IRIS stage

n = 211 cats
*2b = Creatinine of 2.3–2.8 mg/dL (203–249 µmol/L)

Source: Boyd LM, Langston C, Thompson K, Zivin K, Imanishi M. Survival in cats with naturally occurring chronic kidney disease (2000-2002). J Vet Intern Med. 2008;22:1111–1117.



Earlier diagnosis and treatment may slow rate of 
progression and increase lifespan

Source: Grauer GF. Early detection of renal damage and disease in dogs and cats. Vet Clin North Am Small Anim Pract. 2005;35:581–596.
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SDMA's role in uncovering kidney disease earlier

“28.8% of client-owned geriatric cats 
with early stage kidney disease, 
consistent with IRIS Stage 1 CKD, were 
identified with increased serum SDMA 
and normal serum Cr [creatinine] 
concentrations over a 6-month period.”

Source: Hall JA, MacLeay J, Yerramilli M, Obare E, Yerramilli M, Schiefelbein H, et al. Positive impact of nutritional interventions on serum symmetric dimethylarginine and creatinine 
concentrations in client-owned geriatric cats. PLoS ONE website. http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153653. Accessed May 17, 2016



Earlier diagnosis and intervention delays progressive 
loss of kidney function

“Using serum SDMA as a biomarker for CKD allows earlier 
detection of kidney dysfunction in dogs than does 
measurement of serum Cr. Earlier detection might be 
desirable for initiating renoprotective interventions that 
slow progression of kidney disease.”

“The use of a biomarker that correlates with decreasing 
GFR allows dogs with CKD to be detected earlier in the 
disease course before serum Cr increases, and may allow 
earlier treatment options that delay progressive loss of 
kidney function.…”

Source: Hall JA, MacLeay J, Yerramilli M, Obare E, Yerramilli M, Schiefelbein H, et al. Positive impact of nutritional interventions on serum symmetric dimethylarginine and creatinine concentrations in client-owned geriatric 
cats. PLoS ONE website. http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0153653. Accessed May 17, 2016



To diagnose more advanced CKD
Both of the following

Diagnosing



Traditional staging of CKD is based on stable creatinine

Staging



Canine and feline staging: Creatinine
Traditional staging of CKD is based on stable creatinine

Staging



Creatinine may understage CKD
SDMA can be a more sensitive and reliable indicator of kidney function

Staging
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Breakdown of CKD Diagnosis by IRIS Stage
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IRIS CKD Staging

SDMA only
SDMA first
SDMA and Cre agree
Cre first
Cre only

SDMA identifies early stage 
kidney disease. 



Substaging: Proteinuria

Source: International Renal Interest Society (IRIS). IRIS staging of CKD (modified 2015). IRIS website. http://iris-kidney.com/pdf/staging-of-ckd.pdf. Accessed May 17, 2016.

UPC value Substage

Dogs Cats

<0.2 <0.2 Nonproteinuric

0.2 to 0.5 0.2 to 0.4 Borderline proteinuric

>0.5 >0.4 Proteinuric

Staging



Substaging: Blood pressure

Source: International Renal Interest Society (IRIS). IRIS staging of CKD (modified 2015). IRIS website. http://iris-kidney.com/pdf/staging-of-ckd.pdf. Accessed May 17, 2016.

Systolic blood pressure
mm Hg Blood pressure substage

Risk of future target 
organ damage

<150 Normotensive Minimal

150–159 Borderline hypertensive Low

160–179 Hypertensive Moderate

≥180 Severely hypertensive High

Breed-specific reference ranges recommended

Staging
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• Creatinine 216µmol/L
• SDMA 30µg/dL
• UPC 0.2
• BP 168mmHg



• Creatinine 216µmol/L
• SDMA 30µg/dL
• UPC 0.2
• BP 168mmHg



Treat based on IRIS CKD staging

Treat



• Prescription diet for CKD
• Telmisartan
• Subcutaneous fluids 1-2 x week
• BP weekly
• Labwork monthly

– SDMA ( and Cr)
– PO4
– Hct
– +/- Urine culture



In summary

• Vets want the best for our patients and their owners
• Evidence that early intervention in CKD is beneficial
• IRIS has established guidelines for diagnosing, staging and 

treating CKD in small animals to improve outcome
– SDMA allows for earlier diagnosis and more accurate staging
– Staging should be based on stable and hydrated condition



Questions?

susan-randell@idexx.com



Evaluate a blood film in less than 3 

minutes
Dennis B. DeNicola, DVM, PhD, DACVP



2 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Objectives:

o Understand the value of a brief blood film microscopic review

• Validate hematology analyzer performance

• Add valuable information regarding cellular morphology

o Understand how to develop standardized logical steps for this brief blood film review

o Understand that in the majority of the times, less than a one minute review is required 

and that only a maximum of a three minute review should be required even for the 

most difficult cases
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CBC – Data Evaluation
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CBC – Data Evaluation
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CBC – Data Evaluation

RETIC-HGB 13.2 – 20.819.4 pgFe availability

Reticulocyte hemoglobin (RETIC-HGB) is 

the most sensitive and specific measure 

of iron availability for RBC production
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What is included in a complete blood count

Three basic components

Analyzer data Blood film microscopic review
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Evolution of in-house hematology analyzers and their graphics

20031990s1980s

VetAutoread™ 

Hematology Analyzer

Impedance LaserCyte® Dx 

Hematology Analyzer

2010

RBC

WBC

RBC

WBC

ProCyte Dx®

Hematology Analyzer
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What is included in a complete blood count

Three basic components

Analyzer data Analyzer graphics Blood film microscopic review
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How to trust results

Dedicated personnel 

to operate analyzer 

and perform blood 

film review

Standard Operating 

Protocol

Manufacturer 

recommended 

maintenance

External quality 

assurance program

External quality control

‘Do the data match the 

clinical picture?’

Analyzer graphics / 

cytograms

Quality

Results
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Hematology - Is a blood film needed?

ABSOLUTELY YES!!

o Blood film examination is needed for all

• Low-end hematology analyzers

• IDEXX VetAutoread™ Hematology Analyzer 

• Impedance-based instruments

• High-end hematology analyzers

• LaserCyte®, LaserCyte® Dx, and ProCyte Dx® Hematology Analyzers (in-house)

• Cell-Dyn (reference laboratory)

• Advia (reference laboratory)

• Sysmex (reference laboratory
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Hematology - Why is a blood film needed?

• Validate numerical data generated

• RBC mass (RBC count, HCT, HGB)

• RBC indices (MCV, MCH, MCHC, RDW)

• WBC count

• WBC distribution

• Platelet count

• Add valuable/critical information that is not generated by the hematology 

analyzers

• RBC morphology—clues to cause of anemia

• WBC morphology—characterize presence or absence of inflammatory disease

• Platelet morphology
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Hematology — How long should a blood film review take?

1–3 minutes maximum time on scope

What is accomplished?

Validate data

Provide morphology comments

Spending more than 3 minutes results in over-interpretation of potential subtle 

changes

Only prominent changes prove helpful
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Peripheral Blood Film Preparation

o 30–45 degree angle

• Increased angle with low PCV

• Decreased angle with high PCV

o Fluid-controlled motion

o Results

• Body

• Monolayer

• Feathered edge
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Anatomy of the Peripheral Blood Film

P
a
ti

e
n

t 
ID

D
a
te

Feathered Edge

• Clumped platelets

• Large cells

• Microfilaria

• Leukocyte distribution

10-20 Seconds



15 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Anatomy of the Peripheral Blood Film

P
a
ti

e
n

t 
ID

D
a
te

Body

• Rouleaux formation

• Agglutination

• Cell clumping

10-20 Seconds
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Saline Agglutination Test

Saline Solution

Agglutination Rouleaux
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Saline dispersion test
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Anatomy of the Peripheral Blood Film

Monolayer

• Platelet number estimation

• Leukocyte number estimation

• Morphologic evaluation

• Data validation

P
a
ti

e
n

t 
ID

D
a
te

2–2.5 minutes
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Erythrogram – Validate Data
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Erythrogram – Validate Data

Measure of RBC mass -
severity of anemia



21 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Measure of RBC mass -
severity of anemia

Erythrogram - Validate Data
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Erythrogram - Validate Data

Geo

Measure of RBC mass -
severity of anemia

Description of RBC 
population

Low MCV, Low MCHC
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Geo - Erythrogram

Norma

l

Normal

MCV

Geo’s

MCV

Geo RBC run dot 

plot for data 

validation

Compare to 

normal
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Erythrogram - Validate Data

Measure of RBC mass -
severity of anemia

Description of RBC 
population
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Erythrogram - Validate Data

Measure of RBC mass -
severity of anemia

Description of RBC 
population

Objective measure of 
variation in RBC size
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Erythrogram - Validate Data

Measure of RBC mass -
severity of anemia

Description of RBC 
population

Objective measure of 
variation in RBC size

Objective measure of 
erythroid response
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Erythrogram - Validate Data

Measure of RBC mass -
severity of anemia

Description of RBC 
population

Objective measure of 
variation in RBC size

Objective measure of 
erythroid response

Routine Stain New Methylene Blue
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Erythrogram - Validate Data

Geo

Measure of RBC mass -
severity of anemia

Description of RBC 
population

Objective measure of 
variation in RBC size

Objective measure of 
erythroid response

Normal

Dot plot review provides 
rapid confirmation of 
reticulocyte count
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Erythrogram – Add Morphology

Examine morphology of erythrocytes

• Step 1 – Recognize abnormalities
Normal
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Examine morphology of erythrocytes

• Step 1 – Recognize abnormalities

• Step 2 – Learn to identify the abnormalities

Erythrogram – Add Morphology

Normal

Acanthocytes
Schistocytes

Spherocytes
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Examine morphology of erythrocytes

• Step 1 – Recognize abnormalities

• Step 2 – Learn to identify the abnormalities

• Step 3 – Understand what they mean

Normal

Acanthocytes
Schistocytes

Spherocytes

Erythrogram – Add Morphology
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Spherocytosis
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Immune - Mediated Hemolytic Anemia

FcR
Macrophage

RBC

Spherocytosis
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Spherocytosis
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Erythrogram – Add Morphology

Examine morphology of erythrocytes

• Step 1 – Recognize abnormalities

• Step 2 – Learn to identify the abnormalities

• Step 3 – Understand what they mean

• Step 4 – Look for RBC inclusions

Normal

Acanthocytes
Schistocytes

Spherocytes
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Miscellaneous Inclusions

Mycoplasma 

(Haemobartonella)

Basophilic stippling

Distemper virus 

inclusions

Babesia gibsoni
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Leukogram - Validate Data

o Validate WBC count
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Leukogram - Validate WBC Count

3,000 5,000 10,000 25,000 50,000

WBC reported

24,000
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Leukogram - Validate WBC Count

WBC reported

2,000

3,000 5,000 10,000 25,000 50,000
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Leukogram - Validate Data

o Validate WBC count

o Validate leukocyte distribution
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Five-Part Differential

WBC 70.60 x103/µL (5.50- 16.90)

NEU 64.25 x103/µL (2.00- 12.00)

LYM 4.94 x103/µL (0.70- 4.90)

MONO 1.41 x103/µL (0.30- 2.00)

EOS 0.00 x103/µL (0.10- 1.49)

BASO 0.00 x103/µL (0.00- 0.10)
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o Validate WBC count

o Validate leukocyte distribution

o Examine WBC morphology

Neutrophil Toxicity

Abnormal Leukocytes

“Left Shift”—Immature 
Neutrophil Forms

Leukogram – Validate Data 
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Belle – 4-24-13

NormalBell Immature or toxic 
neutrophils suspected



44 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Belle – 4-24-13

NormalBell Immature or toxic 
neutrophils suspected
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Belle – 4-24-13

NormalBell Immature or toxic 
neutrophils suspected

Monotonous population of 
large mononuclear cells –
suspect abnormal cell 
population
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Belle – 4-24-13

Poikilocytosis
Acanthocytes

2+ toxic 
hyposegmented 
neutrophil

Decreased 
platelets

Two large 
immature 
appearing 
mononuclear 
cells
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o Validate platelet count

• Never accept a low platelet count from any analyzer without confirming with a 

blood film

Thrombogram - Validate Data 
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Platelet Number Evaluation

o Number of platelets per 100x 

oil objective field of view

• Minimum: 8–10

• Maximum: 35–40

o Potential semiquantitation

• 20,000 x number of platelets seen per 100x 

objective field 

of view

Thrombocytopenia

Normal platelet count
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Thrombogram - Validate Data 

o Validate platelet count

o Add platelet morphology comments28
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Identification of Enlarged Platelets

o Platelets larger than normal

• Potential increased MPV from hematology 

analyzer

o In the cat

• Usually equivocal finding

o In most other species

• Indicates marrow response to peripheral demand 

for platelets

• Thrombocytopenia not required

• Inflammation and compensated response by 

marrow
Enlarged platelets

Normal-sized platelets
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Reference Laboratory Hematology — Needed?

o Experience

• Use the laboratory for complicated cases

• Potential of a “pathology review” 

• Use the laboratory as a great teaching resource

o Quality Assurance

• Use the laboratory to periodically check your 

in-house system

• Realize that different instruments produce different results

• Realize that aged samples are not the same as fresh samples
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Questions?





What is this CBC telling me?  Learn how to quickly 

interpret your CBCs
Dennis B. DeNicola, DVM, PhD, DACVP



The complete blood count provides the most 

sensitive deviation from health then any other 

serum/plasma or urine testing

It is impossible for the animal to ‘hide’ laboratory 

results
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Evolution of in-house hematology analyzers and their graphics

20031990s1980s

VetAutoread™ 

Hematology Analyzer

Impedance LaserCyte® Dx 

Hematology Analyzer

2010

RBC

WBC

RBC

WBC

ProCyte Dx®

Hematology Analyzer
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What is included in a complete blood count

Three basic components

Analyzer dataAnalyzer graphics Blood film microscopic review
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The CBC: Cellular compartments

Red 
blood 
cells

• Erythrogram:

• Primary 
function: carry 
oxygen to 
tissues

White 
blood 
cells

• Leukogram:

• Protect the body 
from things that 
could cause 
harm

Platelets
• Thrombogram:

• Primary role in 
coagulation
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Erythrogram components

o RBC: red blood cells

o HCT: hematocrit

o HGB: hemoglobin

o MCV: mean corpuscular volume

o MCH: mean corpuscular hemoglobin

o MCHC: mean corpuscular corpuscular hemoglobin 

concentration

o RDW: red cell distribution width

o RETIC: absolute reticulocyte count

o RETIC-HGB: reticulocyte hemoglobin
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Erythrogram components

Red blood cell mass:

• Decrease: anemia
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Frequency of Anemia

Canine Feline

Anemia Anemia

No Anemia No Anemia

18.7 % 25.5 %

Data analysis based on 1,000,000 canine and feline CBCs randomly collected from the global field of ProCyte Dx® Hematology Analyzers in 2017.
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Erythrogram components

Red blood cell mass:

• Decrease: anemia

• Increase: polycythemia, 

erythrocytosis

• If values do not follow one 

another:
• Underlying RBC pathology

• Potential analyzer calibration 

concerns



10 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Erythrogram components

Red blood cell indices:

• Population descriptions:
• Significant numbers of cells with 

abnormal morphology must be 

present before values are abnormal.

• Information provided:
• Cell size (MCV)

• Degree of cell hemoglobin content 

(MCH, MCHC)

• RDW:  ???
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Red Cell Indices

o Red Cell Distribution Width (RDW)

• coefficient of variation of the red cell volume distribution

• index of  variation in size of erythrocyte population (anisocytosis)

# of RBCs

Size of RBCs

RDW = 16.2%
(14.7 – 17.9)

RDW = 23.6%
(14.7 – 17.9)
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Erythrogram components

Red blood cell indices:

• Population descriptions:
• Significant numbers of cells with 

abnormal morphology must be 

present before values are abnormal.

• Information provided:
• Cell size (MCV)

• Degree of cell hemoglobin content 

(MCH, MCHC)

• Degree of variation in cell size 

(RDW)
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Erythrogram components

Reticulocyte panel:

• RETIC is an objective measure of 

bone marrow production of RBCs:
• Increased RETIC indicate response 

to a peripheral demand:
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Frequency of Anemia

Canine

Anemia

No Anemia

18.7 %

Data analysis based on 1,000,000 canine and feline CBCs randomly collected from the global field of ProCyte Dx® Hematology Analyzers in 2017.
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Combined Increased MCV, Decreased 
MCHC and Increased RDW

RBC indices during regenerative anemia

Only Increased MCV Only Decreased MCHC Only Increased RDW

Combined Increased MCV and 
Decreased MCHC

14.6% 15.4% 23.5%

8.9% 4.6%

Data analysis based on 1,000,000 canine and feline CBCs randomly collected from the global field of ProCyte Dx® Hematology Analyzers in 2017.
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Erythrogram components

Reticulocyte panel:

• RETIC is an objective measure of 

bone marrow production of RBCs:
• Increased RETIC indicate response 

to a peripheral demand:

• With or without anemia:
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18.7%
(187,244)

6.3%
(62,482)

12.5%
(124,487)

62.5%
(625,427)

Anemia

RWA

The value of reticulocyte values

o Reticulocytosis without 

anemia (RWA):

• Potential for identifying 

underlying and possibly 

occult serious disease

• “Compensated” hemolytic 

or blood loss disease

Data analysis based on 1,000,000 CBCs randomly collected from the global field of ProCyte Dx® Hematology Analyzers in 2017.

No anemia
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• Anemia when …

– Rate of blood loss or hemolytic disease

Overwhelms the bone marrow capacity to 

respond. 

= Anemia

Decreasing 

RBC mass

Bone 

marrow 

capacity
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= No 

Anemia

Decreasing 

RBC mass

Bone 

marrow 

capacity

• No anemia when …

– Rate of blood loss or hemolytic disease

Is mild or early enough and does not 

overwhelm the bone marrow capacity to 

respond. 
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Erythrogram components

Reticulocyte panel:

• RETIC is an objective measure of 

bone marrow production of RBCs:
• Increased RETIC indicate response 

to a peripheral demand:

• With or without anemia

• RETIC-HGB is a measure of 

hemoglobin content in 

reticulocytes:
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Erythrogram components

Reticulocyte panel:

• RETIC is an objective measure of 

bone marrow production of RBCs:
• Increased RETIC indicate response 

to a peripheral demand:

• With or without anemia

• RETIC-HGB is a measure of 

hemoglobin content in 

reticulocytes:

• Sensitive indicator of iron 

availability

• Most common increase with 

iron deficient or iron limited 

RBC production
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18.7%
(187,244)

6.3%
(62,482)

12.5%
(124,487)

62.5%
(625,427)

Anemia

RWA

Decreased

RETIC-HGB

o Decreased RETIC-HGB 

not associated with 

anemia or reticulocytosis:

• Sensitive and specific 

indicator of iron availability 

for normal RBC production

• Common conditions:

• Inflammation

• Iron deficiency

Data analysis based on 1,000,000 CBCs randomly collected from the global field of ProCyte Dx® Hematology Analyzers in 2017.

The value of reticulocyte values

No anemia
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Leukogram components

o WBC: white blood cells

o % NEU: % of leukocytes that are neutrophils

o % LYM: % of leukocytes that are lymphocytes

o % MONO: % of leukocytes that are monocytes

o % EOS: % of leukocytes that are eosinophils

o % BASO: % of leukocytes that are basophils

o NEU: absolute number of neutrophils

o LYM: absolute number of lymphocytes

o MONO: absolute number of monocytes

o EOS: absolute number of eosinophils

o BASO: absolute number of basophils
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Leukogram components

o WBC: white blood cells

o % NEU: % of leukocytes that are neutrophils

o % LYM: % of leukocytes that are lymphocytes

o % MONO: % of leukocytes that are monocytes

o % EOS: % of leukocytes that are eosinophils

o % BASO: % of leukocytes that are basophils

o NEU: absolute number of neutrophils

o LYM: absolute number of lymphocytes

o MONO: absolute number of monocytes

o EOS: absolute number of eosinophils

o BASO: absolute number of basophils

Use the relative (%) values to 

assist in rapidly verifying 

analyzer results:

• If the analyzer reports 10% 

LYM, approximately 1 in 10 

leukocytes should be LYM

• If the analyzer reports 75% 

NEU, approximately 3 in 4 

leukocytes should be NEU
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Leukogram components

White blood cell count:

• WBC is used to help characterize 

the severity of a change within the 

leukogram.

• Should not be used to differentiate 

between various disease 

conditions, including:
• Inflammation

• Stress (glucocorticoid influence)

• Excitement (epinephrine influence)

• Neoplasia
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Leukogram components

White blood cell count:

• WBC is used to help characterize 

the severity of a change within the 

leukogram.

• Should not be used to differentiate 

between various disease 

conditions, including:
• Inflammation

• Stress (glucocorticoid influence)

• Excitement (epinephrine influence)

• Neoplasia

More than 50% of cases of active 

inflammation will have a normal total 

WBC count
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Leukogram components

Leukocyte differential:

• Absolute values (not relative or 

% values) for different leukocytes 

must be used for interpretation.

• Patterns of leukocyte quantitative 

changes are used for 

differentiating various disease 

conditions, including:
• Inflammation

• Stress (glucocorticoid influence)

• Excitement (epinephrine influence)

• Neoplasia
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Leukogram components

Primary defense against injury 

due to infectious and 

noninfectious diseases

Primary cellular components 

regulating parasitic infections as 

well as allergic and 

hypersensitivity responses

MONO: removal of 

foreign bodies and 

cellular debris as 

well as helping to 

regulate the 

inflammatory 

process

Primary cellular 

component of the 

immune system

NEU

BASO

EOS

LYM

MONO
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Leukogram: Pattern recognition

Leukocyte
Moderate 

inflammation
Stress Excitement

NEU  -   -  High N - 

BAND  -  N N

LYM  -   High N - 

MONO N -  N -  N

EOS   N

BASO N -  N N

• Three common leukocyte 

disorder patterns

• Inflammation difficult to 

identify without recognition 

of immature and/or toxic 

neutrophils:

• Cytogram review with 

advanced hematology 

analyzers

• Blood film microscopic 

examination
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Leukogram: Pattern recognition

Leukocyte
Moderate 

inflammation
Stress Excitement

NEU  -   -  High N - 

BAND  -  N N

LYM  -   High N - 

MONO N -  N -  N

EOS   N

BASO N -  N N

• Three common leukocyte 

disorder patterns

• Inflammation difficult to 

identify without recognition 

of immature and/or toxic 

neutrophils:

• Cytogram review with 

advanced hematology 

analyzers

• Blood film microscopic 

examination

More than 50% of cases of active 

inflammation will have a normal total 

NEU count
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Thrombogram components

o PLT: absolute platelet count

o MPV: mean platelet volume

o PDW: platelet distribution width

o PCT: plateletcrit
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Thrombogram components

Platelet mass:

• Decreased: thrombocytopenia

• Increased: thrombocytosis

Total mass is more critical than 

platelet numbers

Many small platelets = fewer large platelets

• PCT will be similar

• Cavalier King Charles dogs with macrothrombocytosis

• Fewer but larger platelets

• Mice 

• Commonly see extremely small platelets but many 
more than domestic species (millions / µL)
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Thrombogram components

Population descriptions:
• Significant numbers of cells with 

abnormal morphology must be 

present before values are abnormal.

Information provided:
• Platelet size (MPV)

• Degree of variation in platelet size 

(PDW)
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Thrombogram components

Population descriptions:
• Significant numbers of cells with 

abnormal morphology must be 

present before values are abnormal.

Information provided:
• Platelet size (MPV)

• Degree of variation in platelet size 

(PDW)

How to use these values when there is a true thrombocytopenia

• If the BM is responding with an increased rate of production of 

platelets because of peripheral demand

• Increased size of platelets in circulation (increased MPV)

• Increase in variability of platelet sizes (increased PDW)
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When should a complete blood count be performed?

o Critical component of the minimum database:

• Healthy patients—preventive care program:

• Establish baseline values (primarily in erythrogram). 

• Most sensitive indicator of deviation from health.
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Value of baseline data collection during periods of health

20

25

30

35

40

45

50

55

60

0 1 2 3 4 5 6 7

V
a
lu

e

Year since first screening

Serial erythron changes

HCT (%)

MCV (fL)

MCHC (g/dL)

Spayed female domestic 

shorthaired cat:

o Annual screening CBCs 

as part of a minimum 

database starting at 

age 3

o At age 8 (year 6):

• Mild weight loss

• Intermittent 

inappetence
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20

25

30

35

40

45

50

55

60

0 1 2 3 4 5 6 7

V
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Year since first screening

Serial erythron changes

HCT (%)

MCV (fL)

MCHC (g/dL)

Value of baseline data collection during periods of health

Spayed female domestic 

shorthaired cat:

o Annual screening CBCs 

as part of a minimum 

database starting at 

age 3

o At age 8 (year 6):

• Mild weight loss

• Intermittent 

inappetence
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When should a complete blood count be performed?

o Critical component of the minimum database

• Healthy patients—preventive care program:

• Establish baseline values (primarily in erythrogram). 

• Most sensitive indicator of deviation from health.

• Sick patients:

• Define presence and severity of conditions common in many diseases:

• Anemia, inflammation, stress, thrombocytopenia, etc.

• Monitor therapy:

• Sensitive manner of determining regression or progression of disease
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Value of monitoring disease regression/progression

6-year-old, male poodle:

o Presented to specialty 

hospital for surgical 

intervention of a prostatic 

abscess

20
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Value of monitoring disease regression/progression

6-year-old, male poodle:

o Presented to specialty 

hospital for surgical 

intervention of a prostatic 

abscess

Surgery

Clinical 

improvement
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6-year-old, male poodle:

o Presented to specialty 

hospital for surgical 

intervention of a prostatic 

abscess
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6-year-old, male poodle:

o Presented to specialty 

hospital for surgical 

intervention of a prostatic 

abscess



Case examples: Integration of data, graphics, and 

blood film microscopic review
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Clinical case: Alli
2-year-old, female beagle

Presenting complaints

o Acute onset dripping of blood from rectum

o Intermittent vomiting 

o Lethargy

History

o Referral for possible coagulopathy
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Diagnostic plan

o No previous laboratory data

o Minimum database:

• Hematology

• Clinical chemistry

• Urinalysis
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Alli: Hematology
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Alli: Erythrogram

Red blood cells

Platelets

Reticulocytes

Normal

Question 1: Do I trust the numbers in the CBC (are the 

different cell types being correctly identified)?

Question 2: Are there quantitative or qualitative abnormalites?
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Alli: Erythrogram

Red blood cells

Platelets

Reticulocytes

Normal

Is Alli’s dot plot abnormal?

Where should our focus be placed?
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Alli: Erythrogram

Red blood cells

Platelets

Reticulocytes

NormalIncreased 

density of 

reticulocytes

Question 1: Do I trust the numbers in the CBC (are the 

different cell types being correctly identified)?

Question 2: Are there quantitative or qualitative abnormalites?
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Classification of anemia

o Absolute reticulocyte count is the 

most objective method of 

differentiating regenerative from 

nonregenerative anemia.

o Polychromasia correlates with 

reticulocyte count.

Anemia

Regenerative
anemia

Nonregenerative
anemia
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Classification of anemia Anemia

Reticulocytosis
(regenerative

anemia)

No reticulocytosis
(nonregenerative

anemia)

Acute blood lossHemolytic
Immune-mediated
Oxidative
Mechanical damage
Metabolic disorders
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Alli: Erythrogram

Normal

Red blood cells

Platelets

ReticulocytesIncreased 

number of 

small/ 

fragmented 

RBCs

Increased 

density of 

reticulocytes

Question 1: Do I trust the numbers in the CBC (are the 

different cell types being correctly identified)?

Question 2: Are there quantitative or qualitative abnormalites?
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Alli: Erythrogram

Normal

Red blood cells

Platelets

Reticulocytes

Increased density of 

platelets or small cellular 

fragments

Increased 

number of 

small/ 

fragmented 

RBCs

Increased 

density of 

reticulocytes

Question 1: Do I trust the numbers in the CBC (are the 

different cell types being correctly identified)?

Question 2: Are there quantitative or qualitative abnormalites?
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Microscope: Confirm reticulocytosis
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Microscope: Confirm presence of small or fragmented RBCs
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Microscope: Inspect for other RBC morphology abnormalities
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Alli: Blood film—new methylene blue

Use digital blood film scan
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Alli: Erythrogram

• Moderate anemia—decreased RBC mass

• Slight (significant?) macrocytosis

• Strongly regenerative anemia
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Alli: Erythrogram

Red blood cells

Platelets

Reticulocytes

Normal
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Microscope: Confirm small reticulocytes
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Alli: Erythrogram
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Iron Deficient vs Iron Limited RBC Production

Limited Iron Delivery

Normocytic

Normochromic

Small RETICs with 

less hemoglobin

Potential microcytosis and 

hypochromasia with 

longstanding inflammation

Normal Iron Delivery

Inflammation Chronic blood loss

Deficient Iron Delivery

Small RETICs with 

less hemoglobin

Eventual microcytic 

and hypochromic 

RBCs
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7/17/2015 8/26/2015 9/8/2015 11/10/2015 12/22/2015

Date 07/17/15 08/26/15 09/08/15 11/10/15 12/22/15

HCT (%)

(37.3 0 61.7)
41.1 11.2 25.4 25.4 41.6

MCV (fL)

(61.6 – 73.5)
65.9 40.7 44.7 52.2 60.3

RETIC (K/µL)

(10 – 110)
141.6 239.5 171.0 51.11 72.5

RETIC-HGB (pg)

(22.3 – 29.6)
25.1 13.0 17.5 19.6 26.7

Maxi: Serial dot plots and RETIC-HGB
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Alli: Erythrogram
Moderately severe, regenerative, 

hemolytic (Heinze bodies) anemia
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Alli: Radiographs
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Clinical case: Bella
7-year-old, female German shepherd

Presenting complaints

o Acute onset depression and anorexia

o Pain upon palpation

History

o No previous clinical problems
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Bella: Leukogram

Normal

NEU

EOS
BASO

LYM

MONO

Question 1: Do I trust the numbers in the CBC (are the 

different cell types being correctly identified)?

Question 2: Are there quantitative or qualitative abnormalites?
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Bella: Leukogram

Normal

NEU

EOS
BASO

LYM

MONO

NEU

LYM
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Bella: Leukogram
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Bella: Leukogram 

• Inflammation:

• Immature and/or toxic neutrophils 

• Overestimation of LYM and MONO
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Bella: Blood film
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Clinical case: Teal

3-year-old, female Labrador retriever

Presenting complaints

o Lethargy and ADR (“ain’t doing right”) for 5 days

o Diarrhea and anorexia for last 2 days

o Weak in the back legs

History

o Current on vaccines
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Teal: Thrombogram

o Ecmaksmec;almsc

o Decreased platelet density/mass

o Large and/or clumps of platelets
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Teal: Thrombogram Feathered edge

o Decreased platelet density/mass

o Large and/or clumps of platelets
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Questions?



Cracking the Code on Characterizing Anemia
Dennis B. DeNicola, DVM, PhD, DACVP
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Anemia

o Characterization in different ways

• Clinical presentation

• Physical examination

• Laboratory evaluation

• Data – automated or manual

• Blood film microscopic review
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Classification of Anemia

o Step 1 - Identify presence and severity of anemia

• Clinical signs

• Packed cell volume and Hematology analyzer data

o Step 2 - Identify if anemia is regenerative or nonregenerative

• RBC indices from Hematology Analyzer

• Reticulocyte count provides objective characterization

• Characteristic blood film morphology changes 

o Step 3 - Identify the cause of the anemia

• RBC morphology changes 
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Maggie – 3-yr, spayed female, Cocker Span

o Acute onset 

• Lethargy

• Anorexia

• Exercise intolerance

o Pale mucous membranes

Moderate anemia

Normocytic / Normochromic

Anisocytosis
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Maggie – 3-yr, spayed female, Cocker Span

o Acute onset 

• Lethargy

• Anorexia

• Exercise intolerance

o Pale mucous membranes

Moderate anemia

Normocytic / Normochromic

Anisocytosis

Regenerative anemia
Normal Dog - RETIC < 110 K/µL
Normal Cat -RETIC < 50 K/µL
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Maggie – 3-yr, spayed female, Cocker Span

Red Blood Cells

Platelets

Normal DogMaggie
L
ig

h
t 

a
b
s
o
rp

ti
o
n
 -

S
iz

e

Granularity



82 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Normal Maggie

Platelets

Reticulocytes

Erythrocytes

RBC Doublets

Maggie – 3-yr, spayed female, Cocker Span Prominent 
reticulocytosis

Small 
pathologic 

RBCs
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Maggie – 3-yr, spayed female, Cocker Span
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic

Potential distinctive 
poikilocytosis
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Poikilocyte / Poikilocytosis

o General term for an abnormally shaped erythrocyte

o Poikilocytosis is when there is an increased proportion of cells of abnormal shape

o Many times is non-specific finding

o Certain types of poikilocytes provide specific information related to underlying disease 

process
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Normal Erythrocyte Morphology

o Features similar in dogs, cats, horses and ruminants

o All lack nuclei

o Stain reddish to reddish-orange

o Generally biconcave discoid-shaped cells

o Major differences are in size and central pallor
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
Immune mediated
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Immune Mediated Hemolytic Anemia

o Accelerated RBC destruction due to erythrocyte autoantibody deposition
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Immune Mediated Hemolytic Anemia

o Accelerated RBC destruction due to erythrocyte autoantibody deposition

o Basis of autoantibody production is speculative

• Changes in antigenic structure of RBCs

• Production of cross reactive antibodies

• Change in immune status of patient
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Immune Mediated Hemolytic Anemia

RBC
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Immune Mediated Hemolytic Anemia

RBC
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Immune Mediated Hemolytic Anemia

FcR
Macrophage

RBC
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Spherocytosis
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Spherocytosis
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Spherocytosis
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Spherocytosis
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Spherocytosis 
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Spherocytosis
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Erythrophagia
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Autoagglutination
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Autoagglutination
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Saline Agglutination Test

Saline Solution

Agglutination Rouleaux
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Autoagglutination



105 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Autoagglutination
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
Immune mediated
Oxidative
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Oxidative Damage

o Oxidation of iron, RBC membrane, globin

o Metabolic derangements leading to excessive RBC oxidation

• diabetes mellitus in cats

• hyperthyroidism in cats

• malignant lymphoma in cats

o Potential drug direct oxidation

• Acetaminophen (cats)

• Phenothiazine (horses)

• Onions (dogs)
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Heinz Bodies

o Round or oval highly refractile granules located near the margin of the cell or protruding 

from the cell 

o Irreversibly precipitated oxidatively denatured Hb

o Best visualized with new methylene blue stain (NMB)

o Reduces deformability of the RBC so they are removed by the spleen
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Heinz Bodies

Heinz
Body
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Heinz Bodies

o Decreased deformability of RBC 

o Increased transit time in spleen 

o Phagocytosed by macrophages
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Heinz Bodies



112 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Heinz Bodies
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Heinz Bodies – New Methylene Blue Stain
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Heinz Bodies and “Keratocytes”

o Previous “blister cell”

o One or two projections that form from a ruptured vesicle

o Usually seen with Heinz body anemias 

KeratocyteBlister Cell
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Blister Cell
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Keratocyte
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Eccentrocyte Formation

o Fusion of opposed oxidized RBC membrane

• Potential accumulation of small portions of oxidized hemoglobin between membranes 

(velcro)

o Leaves a pale area on one side of RBC

Side view Top view
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Heinz Bodies and Eccentrocytes
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
Immune mediated
Oxidative
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
Immune mediated
Oxidative
Mechanical damage
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Fragmentation Anemia

o Intravascular fibrin strands or altered vessels cleave RBCs into fragments

o RBCs traversing tumors or abnormal organs are susceptible to damage

o Seen most commonly with 

• Disseminated Intravascular Coagulopathy

• Microvascular changes
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Schistocytes
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Schistocytes
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Schistocytes
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
Immune mediated
Oxidative
Mechanical damage
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Classification of Anemia

Anemia

Regenerative
Anemia

Nonregenerative
Anemia

Acute Blood Loss

Hemolytic
Immune mediated
Oxidative
Mechanical damage
Metabolic disorders



127 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Metabolic Disorders

o RBCs have phospholipid bilayer

Outer leaflet

Inner leaflet

Normal Red Blood Cell Membrane
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Metabolic Disorders

o RBCs have phospholipid bilayer

o Insertion in either the outer or inner leaflets can cause shape changes in RBC

cholesterol

membrane lipids

Inner membrane

Outer membrane
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Acanthocytes

o Spherical shape with 2-10 spicules of unequal length and are distributed irregularly over 

the cell surface.

o Tips of spicules are blunt

o Cholesterol:phospholipid ratio in RBC membrane is increased

o Usually indicates abnormal liver function

o Potential

• Splenic disease

• Renal disease
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Acanthocytes
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Target Cells
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Target Cells
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Target Cells
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Erythron – “Top Ten List”

1. Polychromasia - regeneration

2. Spherocytosis – immune mediated hemolytic

3. Agglutination – immune mediated hemolytic

4. Acanthocytosis – liver, spleen, kidney

5. Target Cell Formation / Leptocytosis - liver

6. Hypochromasia – iron deficiency / blood loss

7. Schistocytosis – mechanical injury

8. Metarubricytosis – bone marrow stromal damage

9. Heinz Body Formation – oxidative injury

10. Miscellaneous Inclusion Identification
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Miscellaneous Inclusions

Haemobartonella / 

Mycoplasma

Basophilic stippling

Distemper virus inclusions

Babesia gibsoni
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Questions?





It’s Sedimentary! Part 1 – Red Cells and White 

Cells and Bugs – Oh My!
Dennis B. DeNicola, DVM, PhD, DACVP
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The complete urinalysis—why and 

when?

o Urinalysis is a critical component of the 

minimum database:

• Complete blood count (CBC)

• Complete urinalysis

• Chemistry profile including IDEXX 

SDMA

o Urinalysis should be evaluated along with 

CBC and electrolytes (acid-base) prior to 

evaluation of the chemistry profile.

o Urinalysis provides much more than 

evaluation of the urinary system.
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The complete urinalysis—

why and when?

Inappropriate 

urination

ADR

Kidney 

Disease
Endocrine 

Disease

Anemia / 

Hemolytic 

Disease

Inflammation

Hydration 

Status
Liver 

Disease

Diabetes 

mellitus

Chemistry/CBC alone 

may miss: 
• Kidney or liver disease

• Urinary tract infection (UTI)

• Severity of diabetes

• Bladder cancer

• Acid-Base disturbance

The minimum database includes:

• Chemistry panel (including IDEXX SDMA)

• Complete blood count

• Complete Urinalysis.
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The complete urinalysis – What is it?

o Physical examination

o Chemical examination

o Microscopic examination

IDEXX SediVue Dx™ 

Analyzer image
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

The complete urinalysis—microscopic examination
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The complete urinalysis—microscopic examination

Variable sample preparation seen in the 

field:

o Urine volume used is widely variable

• 1.5, 3.0, 5.0, and 10.0 mL

o Centrifuge size and centrifugal force

o Microscope used for evaluation

o Evaluation of unstained or stained 

preparation
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• Physical examination

•Chemical examination

•Microscopic examination

o 1.5 mL maximum

o Often < 1.5 mL

o Centrifugation force 

damages elements

o 10 high power fields 

of view common

Manual microscopic examination
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Automated microscopic examination

o Low maintenance 

o No reagents

o Small footprint

o Simple workflow – time saving

o Standardization
o Small sample size – 165 µL
o Gentle handling of formed elements

o 260 RCF

o 30 seconds

o High resolution images for review and sharing

o 45 high power fields of view

IDEXX SediVue Dx™ Analyzer image
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Automated microscopic examination

o Use of Neural Network

• Automated element identification

• Algorithms updated regularly

• Leveraging 175 Million images from the field

• Positive results verified by multiple tec
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Microscopic examination

o Cellular components

• Erythrocytes, leukocytes, epithelial cells, bacteria

o Casts

• Hyaline, cellular, granular, waxy casts

o Crystals

o Miscellaneous components

To stain or not to stain?

o Wet preparation stains

• SediStain, NMB, third solution of Diff Quik stain

o Dry slide stains

• Stain used for blood films and cytology preparations
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Microscopic examination—erythrocyte (RBC) identification

o Small, round, uniformly sized, pale orange-yellow structures

o Similar in size to erythrocytes on peripheral blood film

o No internal granular structures

o Potential crenation

• Primarily high urine specific gravity specimens

• Uniform short projections from cell surface
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Microscopic examination—erythrocytes

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

WBC
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Microscopic examination—erythrocytes

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Microscopic examination—erythrocytes
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Microscopic examination—erythrocytes

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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Microscopic examination—erythrocytes

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

WBC
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Microscopic examination—erythrocytes

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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Erythrocytes

Leukocytes

Microscopic examination—erythrocytes
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Microscopic examination—erythrocyte (RBC)

o Common causes for hematuria

• Low numbers (< 1–5/HPF) considered to 

be normal

• Consider urine specific gravity when 

interpreting

• Collection (cystocentesis and catheter)

• Trauma

• Inflammation (septic and sterile)

• Uroliths

• Transitional cell carcinoma

Transitional cell carcinoma
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Hematuria Hemoglobinuria

Microscopic examination—erythrocyte (RBC) 

o Next steps

• Review history, clinical signs and physical 

examination findings

• Evaluate urine chemistries

• Hematuria/Hemoglobinuria

• Detailed evaluation for other formed elements

• Possible follow-up culture and sensitivity testing

• Diagnostic imaging investigating for presence of 

uroliths

• Repeat urinalysis after treatment
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Microscopic examination—leukocyte (WBC) identification

o Slightly larger than erythrocytes

o Colorless globular morphology

o Internal cellular structures

• Nuclei

• Granular cytoplasm

o Primarily see neutrophils but other leukocyte                                

types may be present
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Erythrocytes

Leukocytes

Microscopic examination—leukocytes (WBC)

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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Microscopic examination—leukocytes (WBC)

IDEXX SediVDx™ Analyzer image

IDEXX SediVDx™ Analyzer image

Erythrocytes

Leukocytes
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Microscopic examination—leukocytes (WBC)

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Bacteria
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Microscopic examination—leukocytes (WBC)

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Leukocytes
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Microscopic examination—leukocytes (WBC)

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Microscopic examination—leukocytes (WBC)
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Erythrocytes

Leukocytes

Microscopic examination—leukocytes (WBC)
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Bacterial cystitis with thickened 

bladder wall

Calculi cystitis

Microscopic examination—leukocytes (WBC)

o Common causes for leukocytes in the urine sediment

• Low numbers (< 1–5/HPF) considered to be normal

• Consider urine specific gravity when interpreting

• Indicate presence of active inflammation

• Not localized

• Kidney → Ureter → Urinary bladder → 

Urethra → External genitalia

• Not specific for any particular etiology

• Cystitis associated with multiple potential causes

• Bacteria, fungal, calculi, transitional cell carcinoma

• Pyuria does not mean bacteriuria
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Microscopic examination—leukocytes (WBC)

o Next steps

• Examine microscopic material closely looking for bacteria or other infectious agents

• If not sure looking at wet preparation:

• Prepare a dry prep (“line smear”) as shown previously to help identify infectious 

agents

• If infectious agents are identified:

• Submit for microbiologic evaluation and if bacteria, perform antibiotic sensitivity 

testing

o Repeat urinalysis after treatment 
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Microscopic examination—bacteria

o Bacteria may be present for a variety of reasons:

• Urinary tract infection (UTI)

• Contamination—during or after collection

o Urine culture is best test for confirming significant 

bacteriuria:

• Negative test does not eliminate UTI from 

differential

• Positive test does not confirm that a UTI is present

o Bacteria may appear motile, but this is most 

commonly Brownian motion.
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Video

Microscopic examination—“Line Smear”
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Microscopic examination—“Line Smear”
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Microscopic examination—“Line Smear”
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Microscopic examination—“Line Smear”
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Microscopic examination—“Line Smear”
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Microscopic examination—“Line Smear”
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Microscopic examination—“Line Smear”
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Mild pyuria with bacteria?
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Mild pyuria with bacteria?

400x zoom

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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Microscopic examination—stained line smear
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Microscopic examination—bacteria and Brownian motion (40x objective)
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Microscopic examination—bacteria (rods)
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
Leukocytes

Erythrocytes

Microscopic examination—bacteria (rods)
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Microscopic examination—bacteria (rods)
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Microscopic examination—bacteria (rods)
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Microscopic examination—bacteria (cocci)
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Microscopic examination—bacteria (cocci)
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Microscopic examination—bacteria (cocci)
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Microscopic examination—bacteria (cocci)
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Microscopic examination—bacteria (cocci)
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Microscopic examination—bacteria

o Common causes for bacteria in the urine 

sediment

• Bacterial inflammation within the urogenital 

tract

• Caution with interpretation dependent 

upon collection technique

• Cystocentesis, voided, 

catheterization, off floor

• Bacterial contamination and overgrowth if not 

processed soon after collection

• Bacteriuria without clinical signs

• Normal?

Bacterial cystitis with thickened 

bladder wall

Calculi cystitis
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Microscopic examination—bacteria

o Next steps

• Microbiologic evaluation—culture

• Antibiotic sensitivity testing

o Repeat urinalysis after treatment 
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Microscopic examination—miscellaneous components

Many other formed elements can be seen sometimes; it is 

important to identify these so there is no missed interpretation:

o Spermatozoa

o Fibers, threads, mucus

o Fungal spores, fungal hyphae, and yeasts

o Fat (lipid) droplets

o Microfilaria

o Capillaria ova, dioctophyma ova

o Glove powder



56 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Microscopic examination—spermatozoa

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image
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Microscopic examination—fibers
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Microscopic examination - yeasts
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Microscopic examination - yeasts
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Microscopic examination—fungal hyphae
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer 

image

Microscopic examination—fungal hyphae
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Microscopic examination—fungal hyphae
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IDEXX SediVue Dx™ Analyzer image

Microscopic examination—fungal spores
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Microscopic examination—microfilaria
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Microscopic examination - parasites

IDEXX SediVue Dx™ Analyzer image
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Microscopic examination – lipid droplets
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IDEXX SediVue Dx™ Analyzer image

Microscopic examination – glove powder
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Microscopic examination – glove powder
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Microscopic examination – Anything is possible
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Questions?





It’s Sedimentary—Part II: Epithelial Cells and a 

Cast of Thousands
Dennis B. DeNicola, DVM, PhD, DACVP
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The complete urinalysis—why and 

when?

o Urinalysis is a critical component of the 

minimum database:

• Complete blood count (CBC)

• Complete urinalysis

• Chemistry profile including IDEXX 

SDMA

o Urinalysis should be evaluated along with 

CBC and electrolytes (acid-base) prior to 

evaluation of the chemistry profile.

o Urinalysis provides much more than 

evaluation of the urinary system.
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The complete urinalysis—

why and when?

Inappropriate 

urination

ADR

Kidney 

Disease
Endocrine 

Disease

Anemia / 

Hemolytic 

Disease

Inflammation

Hydration 

Status
Liver 

Disease

Diabetes 

mellitus

Chemistry/CBC alone 

may miss: 
• Kidney or liver disease

• Urinary tract infection (UTI)

• Severity of diabetes

• Bladder cancer

• Acid-Base disturbance

The minimum database includes:

• Chemistry panel (including IDEXX SDMA)

• Complete blood count

• Complete Urinalysis.
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The complete urinalysis – What is it?

o Physical examination

o Chemical examination

o Microscopic examination

IDEXX SediVue Dx™ 

Analyzer image
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

The complete urinalysis—microscopic examination
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The complete urinalysis—microscopic examination

Variable sample preparation seen in the 

field:

o Urine volume used is widely variable

• 1.5, 3.0, 5.0, and 10.0 mL

o Centrifuge size and centrifugal force

o Microscope used for evaluation

o Evaluation of unstained or stained 

preparation
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• Physical examination

•Chemical examination

•Microscopic examination

o 1.5 mL maximum

o Often < 1.5 mL

o Centrifugation force 

damages elements

o 10 high power fields 

of view common

Manual microscopic examination
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Automated microscopic examination

o Low maintenance 

o No reagents

o Small footprint

o Simple workflow – time saving

o Standardization
o Small sample size – 165 µL
o Gentle handling of formed elements

o 260 RCF

o 30 seconds

o High resolution images for review and sharing

o 45 high power fields of view

IDEXX SediVue Dx™ Analyzer image
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Automated microscopic examination

o Use of Neural Network

• Automated element identification

• Algorithms updated regularly

• Leveraging 175 Million images from the field

• Positive results verified by multiple tec
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Microscopic examination

o Cellular components

• Erythrocytes, leukocytes, epithelial cells, bacteria

o Casts

• Hyaline, cellular, granular, waxy casts

o Crystals

o Miscellaneous components

To stain or not to stain?

o Wet preparation stains

• SediStain, NMB, third solution of Diff Quik stain

o Dry slide stains

• Stain used for blood films and cytology preparations
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Microscopic examination—epithelial cells identification

o Larger than erythrocytes and leukocytes

o Potentially from anywhere in the urogenital tract:

• Renal tubules, renal pelvis, urethra, urinary bladder, external genitalia

• Number and type dependent upon urine collection method

o Low numbers are commonly seen in urine of normal animals:

• Normal sloughing of old cells

• High numbers may not be significant pathologic process

o Squamous and nonsquamous epithelial cells
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Microscopic examination—nonsquamous epithelial cells
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Microscopic examination – nonsquamous epithelial cells

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image

Erythrocytes
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Microscopic examination - nonsquamous epithelial cells

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image

Erythrocytes

Leukocytes
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Microscopic examination - nonsquamous epithelial cells
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Erythrocytes

Leukocytes

Nonsquamous 

epithelial cells

Nonsquamous 

epithelial cells

Microscopic examination - nonsquamous epithelial cells
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Nonsquamous 

epithelial cells

Squamous 

epithelial cells

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image

Microscopic examination - squamous epithelial cells
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Microscopic examination - squamous epithelial cells

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination—nonsquamous epithelial cells
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Transitional cell carcinoma

Microscopic examination - nonsquamous epithelial cells

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image
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Transitional cell carcinoma

Microscopic examination - nonsquamous epithelial cells
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Microscopic examination - “Line Smear”
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Transitional cell carcinoma

Microscopic examination - nonsquamous epithelial cells
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Microscopic examination - urinary casts

o Cylindrical structures formed in the distal convoluted 

tubules and collecting ducts of the nephron

o First identified by Henry Bence Jones in the 1800s

o Different types associated with different types of renal 

pathology:

• Hyaline casts

• Nonhyaline casts

• Cellular, granular, and waxy

o All casts have common features:

• One end is smooth and rounded.

• One end is irregular and jagged.

o Potential value in differentiating broad versus narrow 

casts

© Addison Wesley Longman Inc.
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Nonattached end

Uniform and rounded

Attached end

Irregular and jagged

Microscopic examination - casts

Phase contrast microscopy
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Microscopic examination - hyaline casts

o Composed primarily of Tamm-Horsfall mucoproteins secreted 

by renal tubular epithelial cells

o Low numbers may be seen in normal dog and cat urine:

• Increased number possible just with dehydration

o These casts have a refractive index similar to surrounding urine 

and are therefore difficult to identify unless microscope light 

adjustments is correct:

• Similar to background fluid

o Pathologic—associated with high proteinuria and likely 

glomerulopathy
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Microscopic examination - hyaline casts
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Microscopic examination - hyaline casts

SediVue Dx™ Urine Sediment Analyzer image      

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination – hyaline casts

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination - hyaline casts

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination - hyaline casts

SediVue Dx™ Urine Sediment Analyzer 

images
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Microscopic examination - mucous thread

SediVue Dx™ Urine Sediment Analyzer images
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Microscopic examination - hyaline casts

o Common causes for hyaline casts:

• Occasional hyaline cast is normal 

in dog and cat urine.

• Simple dehydration may result in 

increased numbers of hyaline 

casts:

• Especially with acid urine

• High numbers may support 

significant protein-losing 

nephropathy.

Transitional cell carcinoma

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination - hyaline casts

o Next steps

• Review history, clinical signs, and physical examination findings.

• Evaluate urine chemistries:
• Proteinuria

• Detailed evaluation for other formed elements:
• Nonhyaline casts, blood cells, infectious agents

• Repeat urinalysis—document persistent proteinuria.

• Follow-up urine protein to creatinine ratio (UPC) if:
• Persistent proteinuria

• Inactive urine sediment
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Microscopic examination - nonhyaline pathologic casts

o Cellular casts—rare finding:

• Renal tubular, red blood cell 

(RBC), and white blood cell (WBC) 

casts

o Granular casts—common finding:

• Indicate renal tubular injury

• Coarse to fine

o Waxy casts:

• Well-defined—refractive index

• Final stage of cast progression

*
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Microscopic examination - nonhyaline cast (WBC)
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Microscopic examination - nonhyaline cast (epithelial cell and waxy)



39 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Microscopic examination - nonhyaline casts

LPF – low power field of view (10x objective)
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Microscopic examination - nonhyaline casts

HPF – low power field of view (40x objective)
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Microscopic examination - nonhyaline cast (granular)

SediVue Dx™ Urine Sediment Analyzer image

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination - nonhyaline cast (granular)

IDEXX SediVue Dx™ Analyzer image
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Microscopic examination - nonhyaline cast (granular)

IDEXX SediVue Dx™ Analyzer image

Fragments of casts
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Microscopic examination - nonhyaline cast (granular)
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Microscopic examination - nonhyaline cast

SediVue Dx™ Urine Sediment Analyzer images
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Microscopic examination - nonhyaline cast (granular)

SediVue Dx™ Urine Sediment Analyzer images

SediVue Dx™ Urine Sediment Analyzer images
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Microscopic examination - nonhyaline cast (granular/waxy)
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Microscopic examination - nonhyaline cast (waxy)
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Microscopic examination - nonhyaline cast (waxy)
IDEXX SediVue Dx™ Analyzer image IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

Photomicroscope image
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Microscopic examination - nonhyaline casts

o Common causes for nonhyaline casts

• Occasional nonhyaline cast is normal in 

dog and cat urine.

• High numbers may support significant 

renal tubular injury:

• Primary—infectious and noninfectious

• Secondary—prolonged dehydration/ 

decreased perfusion

• Different types represent progression of 

the same thing:

• Different times retained within the 

tubule

Transitional cell carcinoma

SediVue Dx™ Urine Sediment Analyzer image
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Microscopic examination - nonhyaline casts 

o Next steps

• Review history, clinical signs, and physical examination findings.

• Evaluate complete urinalysis results:
• Urine specific gravity—appropriate?

• Urine chemistries—protein, glucose

• Urine microscopy—blood cells, infectious agents

• Evaluate other components of minimum database:

• CBC—inflammatory disease?

• Clinical chemistry profile—other support for renal disease?

• Repeat urinalysis—follow progression or regression of disease.
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Normal

Nephron Tubules
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Normal

Nephron Tubules
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Normal

Nephron Tubules
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Questions?





It’s Sedimentary - Part 3: Crystals and 

Miscellaneous Gems Found in Liquid Gold
Dennis B. DeNicola, DVM, PhD, DACVP
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The complete urinalysis—why and 

when?

o Urinalysis is a critical component of the 

minimum database:

• Complete blood count (CBC)

• Complete urinalysis

• Chemistry profile including IDEXX 

SDMA

o Urinalysis should be evaluated along with 

CBC and electrolytes (acid-base) prior to 

evaluation of the chemistry profile.

o Urinalysis provides much more than 

evaluation of the urinary system.
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The complete urinalysis—

why and when?

Inappropriate 

urination

ADR

Kidney 

Disease
Endocrine 

Disease

Anemia / 

Hemolytic 

Disease

Inflammation

Hydration 

Status
Liver 

Disease

Diabetes 

mellitus

Chemistry/CBC alone 

may miss: 
• Kidney or liver disease

• Urinary tract infection (UTI)

• Severity of diabetes

• Bladder cancer

• Acid-Base disturbance

The minimum database includes:

• Chemistry panel (including IDEXX SDMA)

• Complete blood count

• Complete Urinalysis.
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The complete urinalysis – What is it?

o Physical examination

o Chemical examination

o Microscopic examination

IDEXX SediVue Dx™ 

Analyzer image
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IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

IDEXX SediVue Dx™ Analyzer image

The complete urinalysis—microscopic examination
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The complete urinalysis—microscopic examination

Variable sample preparation seen in the 

field:

o Urine volume used is widely variable

• 1.5, 3.0, 5.0, and 10.0 mL

o Centrifuge size and centrifugal force

o Microscope used for evaluation

o Evaluation of unstained or stained 

preparation



8 © 2019 IDEXX Laboratories, Inc. All rights reserved.

• Physical examination

•Chemical examination

•Microscopic examination

o 1.5 mL maximum

o Often < 1.5 mL

o Centrifugation force 

damages elements

o 10 high power fields 

of view common

Manual microscopic examination
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Automated microscopic examination

o Low maintenance 

o No reagents

o Small footprint

o Simple workflow – time saving

o Standardization
o Small sample size – 165 µL
o Gentle handling of formed elements

o 260 RCF

o 30 seconds

o High resolution images for review and 

sharing

o 45 high power fields of view

IDEXX SediVue Dx™ Analyzer image
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Automated microscopic examination

o Use of Neural Network

• Automated element identification

• Algorithms updated regularly

• Leveraging 175 Million images from the field

• Positive results verified by multiple tec
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Microscopic examination

o Cellular components

• Erythrocytes, leukocytes, epithelial cells, bacteria

o Casts

• Hyaline, cellular, granular, waxy casts

o Crystals

o Miscellaneous components

To stain or not to stain?

o Wet preparation stains

• SediStain, NMB, third solution of Diff Quik stain

o Dry slide stains

• Stain used for blood films and cytology preparations
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Microscopic examination - crystals

o Crystal type formation dependent upon:

• pH

• Temperature

• Urine specific gravity

• Solute concentration

• Diet

o Presence of crystals does not necessarily mean that the patient 

has uroliths or a predisposition for urolith formation

• Ammonium biurate

• Bilirubin 

• Calcium oxalate 
monohydrate

• Calcium oxalate dihydrate

• Cystine

• Sulfa metabolites 

• Uric acid 

• Cholesterol 

• Struvite 

• Amorphous debris

• Calcium carbonate
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Crystal Acidic Neutral Alkaline

Struvite ± + +

Calcium oxalate dihydrate + + ±

Calcium oxalate monohydrate + + ±

Ammonium urate (biurate) + + ±

Bilirubin + - -

Cystine + + ±

Uric acid + - -

Cholesterol + + -

Drug crystals + ± -

Amorphous crystalline debris + ± -

Calcium carbonate - ± +
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Cystocentesis urine sample from a dog – What type of crystals are present?
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Struvite - magnesium, ammonium, phosphate

o Colorless

o 3- to 6-sided

o “Coffin lid”-like prisms

o Possible aggregates

• “Fern-like” structures

o Many forms

o Common in dogs and cats

• Healthy animals

• Bacterial infection

• Urease splitting bacteria

• With and without struvite urolithiasis
All images from the SediVue 

Dx® Urine Sediment Analyzer
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Microscopic examination - struvite 

SediVue Dx® Urine Sediment Analyzer image SediVue Dx® Urine Sediment Analyzer image
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Microscopic examination - struvite  

SediVue Dx® Urine Sediment Analyzer image
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Microscopic examination - struvite  
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o Colorless

o Octahedral

o Double pyramid

o “Envelope” appearance

o Variable sizes—potentially tiny

o Common in dogs and cats

• Healthy animals

• May be seen associated 
with oxalate urolithiasis

• Less common than 
monohydrate form with 
ethylene glycol toxicosis

All images from the SediVue Dx® Urine 

Sediment Analyzer

Microscopic examination – calcium oxalate dihydrate  
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Microscopic examination - calcium oxalate dihydrate
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination - calcium oxalate dihydrate
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Cystocentesis urine sample from a dog
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o Colorless

o “Picket fence”

o Oval (“hemp seed”)

o Dumbbell 

o Rarely seen in normal dogs 
and cats

o High numbers highly 
supportive of ethylene glycol 
toxicosis

• May have few calcium 
oxalate dihydrate crystals 
also

All images from the SediVue Dx®

Urine Sediment Analyzer

Microscopic examination - calcium oxalate monohydrate



24 © 2019 IDEXX Laboratories, Inc. All rights reserved.

Erythrocytes

Microscopic examination - calcium oxalate monohydrate
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Microscopic examination - calcium oxalate monohydrate
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o Colorless to yellow-brown

o Variable composition

• Urates, phosphates, 

xanthine

o Aggregates of fine granular 

material

o Important to differentiate from 

coccal bacterial forms

o Dry-slide preparation (“line 

smear”) and stain like cytology 

or blood film

All images from the SediVue Dx®

Urine Sediment Analyzer

Microscopic examination – amorphous crystals
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Microscopic examination - “Line Smear”
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Microscopic examination – amorphous crystals
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – amorphous crystals
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Cystocentesis urine sample from a dog



31 © 2019 IDEXX Laboratories, Inc. All rights reserved.

o Brown to yellow brown

o Spherules with or without irregular 

projections

• “Thorn apple”

o May be uncommonly seen in 

normal dog and cat urine samples

o Commonly associated with portal 

vascular shunts

• Congenital or acquired

o Potentially seen in normal 

Dalmatians and bulldogs

Microscopic examination – ammonium biurate
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – ammonium biurate
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o Colorless to yellow-brown

o Spherules with radial 

striations

o Variable sizes

o Common in normal:

• Horses

• Guinea pigs

• Rabbits

• Goats

o Not seen in dog and cat 

urines

Microscopic examination – calcium carbonate
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All images from the SediVue 

Dx® Urine Sediment Analyzer

Microscopic examination – calcium carbonate
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o Yellow to golden brown

o Needle-like to granular in shape

o Formed from water soluble conjugated 

bilirubin

o May be normal finding in the dog, 

especially with concentrated urine

• Small amounts of bilirubin normal in 

the dog

o Any bilirubin positive test or bilirubin 

crystals in the cat is abnormal

Microscopic examination - bilirubin
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o Colorless

o Large, flat plates

• Rectangular

• Notches at corner(s)

o Uncommon but have 
been noted in normal 
canine urine

o In humans, associated 
with tissue destruction 
and nephrotic syndrome

• Interpretation in 
veterinary medicine 
unclear

SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination - cholesterol



37 © 2019 IDEXX Laboratories, Inc. All rights reserved.

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination - cholesterol
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o Colorless

o Large hexagonal plates

• Equal or unequal sides

o Commonly seen in aggregates of 

layers of crystals

o Can be seen in association with 

cystine urolithiasis

o Result of metabolic defect of tubular 

reabsorption

o Sex-linked inheritance

o Many breeds of dog

• Newfoundland, dachshund, 

mastiff, basset hound, bulldog

Microscopic examination - cystine
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All images from the SediVue 

Dx® Urine Sediment Analyzer

Microscopic examination - cystine
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o Pale yellow to yellow-brown

o Variably shaped

o Commonly diamond to 

rhomboid shaped

o Aggregates possible

o Uncommon in dog and cat

• Dalmatian

• Bulldog

• Russian terrier

Microscopic examination – uric acid
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All images from the SediVue 

Dx® Urine Sediment Analyzer

Microscopic examination – uric acid
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Many other formed elements can be seen sometimes; it is 

important to identify these so there is no missed interpretation:

o Spermatozoa

o Fibers, threads, mucus

o Fungal spores, fungal hyphae, and yeasts

o Fat (lipid) droplets

o Microfilaria

o Ova: Capillaria plica, Dioctophyma renale

o Glove powder

Microscopic examination – miscellaneous gems
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SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – glove powder
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Microscopic examination – glove powder
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – sperm
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Microscopic examination—fibers
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – yeasts
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – yeasts
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Cystocentesis urine sample from a dog

SediVue Dx® Urine Sediment Analyzer image
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All images from the SediVue Dx®

Urine Sediment Analyzer

Microscopic examination – fungal hyphae
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Microscopic examination – fungal hyphae
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SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – fungal spores
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Microscopic examination – microfilaria
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SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – parasites

SediVue Dx® Urine Sediment Analyzer image
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SediVue Dx® Urine Sediment Analyzer image

SediVue Dx® Urine Sediment Analyzer image

Microscopic examination – lipid droplets
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Anything is possible
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Questions?




