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High Energy, Focused  
Veterinary Shock Wave Therapy
PulseVet®’s ProPulse® and VersaTron® 
shock wave therapy devices can improve 
and accelerate the quality of healing, 
relieve pain, and stimulate bone and 
tissue growth for a variety of indications 
in your patients. With over 15 years of 
proven clinical research, PulseVet® 
products are utilized by clinics, universi-
ties, and rehab centers worldwide.

pulsevet.com

Free Cloud-Based PACS  
Services for Veterinary Hospitals
Endoscopy Support Services proudly 
announces CloudEndo, a free cloud-
based PACS platform for all your medical 
imaging. A free account includes web- 
based procedure scheduling, worklist 
functionality, DICOM viewer with report 
writing capabilities, unlimited procedure 
sharing, and access from anywhere you 
have internet. Get your free account.

brief.vet/practice-solutions_cloudendo

The Ultimate Veterinary  
Oxygen Solution
Unlimited oxygen, 24/7. Designed 
specifically for today’s veterinary 
marketplace, Airnetic’s professional- 
grade 20 lpm and 180 lpm oxygen 
systems have been used in leading 
veterinary hospitals and high-volume 
independent and enterprise hospital 
groups across the US and Canada.

airnetics.com

Modern Resources, Improved 
Anesthesia & Analgesia Standards
We’re improving standards of anesthesia 
and analgesia by providing veterinary 
professionals with modern resources 
developed by our veterinary team and 
industry leaders across the globe. Dive 
into an accredited online CE curriculum 
that includes live webinar series, forums 
and podcasts with key opinion leaders, 
videos, articles, and newsletters.

 jurox.com/us/think-anesthesia

The Respectful  
Alternative to Plastic Bags
Euthabag, the much-needed alternative 
to plastic trash bags for burial and 
cremation, preserves the dignity of your 
patients while respecting families and the 
professionalism of the veterinary team. 
Designed by a veterinarian, Euthabag is 
available in 5 sizes (up to 190 lb), includes 
handles, is leakproof and tear-resistant, 
and requires minimal storage space.

euthabag.com

BioHex® Shampoo with MicroSilver™ 
for Enhanced Antiseptic &  
Antibiofilm Activity
When it comes to managing bacterial 
resistance and infections, there’s now a 
microsilver lining. An independent study 
measuring the residual in vitro activity 
against Staphylococcus pseudintermedius 
demonstrated that BioHex® Shampoo 
was statistically superior to the top 3 
competitive antimicrobial shampoos.

vetbiotek.com

GerVetUSA Surgical  
Instrument Manufacturer
GerVetUSA offers affordable instru-
ments for general surgery, orthopedics, 
ophthalmic, spay/neuter, and small 
animal and equine dental directly from 
the manufacturer, not a distributor.  
Specially designed for veterinarians, 
German-forged surgical instruments are 
available in rainbow, blue, gun metal, 
and rose gold for easy identification.

gervetusa.com/cb2019

Offering an Ever-Expanding  
Line of Low-Stress Products
Explore Shor-Line’s innovative products 
created to help you expand your 
low-stress treatment options. The Mark 
III LS Exam Table, Fear FreeSM Exam Table, 
Feline Comfort Suite, Serenity Suite, and 
the Kat Kave are just a few of the newest 
products that help you pamper your 
patients.

shor-line.com
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Top 5 Short  
Procedure  
Sedation  
Scenarios
Khursheed Mama, DVM, DACVAA
Colorado State University

TOP 5 h ANESTHESIOLOGY/PAIN MANAGEMENT h PEER REVIEWED

Sedation can be used to facilitate management of 
aggressive animals, completion of minor procedures 
(eg, biopsy, laceration repair, bandage change), and 
diagnostic imaging. However, sedation may not be  
safer than general anesthesia in all cases (eg, brachy-
cephalic patient with significant stertor/stridor), as is 
often presumed.1,2 A thorough history, assessment of 
animal temperament, physical examination (except with 
aggressive animals), and age- and disease-appropriate 
laboratory data should be obtained or performed before 
a sedation protocol is developed.3,4 The level of desired 
sedation and route of drug administration also influ-
ence selection. 

It is strongly recommended that patients receive sup-
port and that physiologic parameters are monitored 
during sedation. Oxygen administration via a facemask 
or endotracheal tube can be considered if the patient is 
not able to protect its airway.2-4 Intubation supplies 
should be readily available during procedures that 
require heavy sedation. In cases in which sedation dura-
tion is to exceed 30 to 45 minutes or the patient would 
benefit from fluids (eg, elevated BUN and creatinine), 

fluids should be administered either intravenously  
following placement of a catheter or, at minimum, sub-
cutaneously.3,4 External heat should be provided when 
warranted to maintain the patient’s body temperature. 
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TOP 5 SHORT PROCEDURE  
SEDATION SCENARIOS

1. Young-to-Middle–Aged, Healthy Dog with No Pre-Existing 
Disease or Deterioration in Organ Function Undergoing a 
Nonpainful or Only Mildly Painful Minor Procedure (eg, 
Ultrasonography, Bandage Change)

2. Older, Debilitated, Cardiovascularly Compromised Dog or  
a Dog with Significant Organ Dysfunction 

3. Young-to-Middle–Aged, Healthy Cat with No Pre-Existing 
Disease or Deterioration in Organ Function Undergoing  
a Nonpainful or Only Mildly Painful Procedure (eg, 
Ultrasonography, Bandage Change)

4. Older, Debilitated, Cardiovascularly Compromised Cat 

5. Fractious or Aggressive Dog or Cat Requiring Sedation
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The level of monitoring necessary should be  
determined based on individual patient risk; at 
minimum, body temperature, heart rate, and 
respiratory rate should be obtained and recorded 
at fixed intervals. ECG, Doppler or other non- 
invasive blood pressure monitoring, and pulse 
oximetry can provide useful information and 
should be used in higher risk animals.3,4 Main-
taining a sedation record is advised and can help 
guide subsequent management. Although reversal 
of drugs is sometimes necessary, the patient’s tem-
perament and pain should always be considered.

Sedation protocols may include a tranquilizer (eg, 
acepromazine) or sedative (eg, dexmedetomidine), 
an opioid for analgesia and sedation (in dogs), 
and, if warranted, an anesthetic agent. Onset and 
duration, route of administration, desired depth 
of sedation, procedure, and need for reversibility 
should all be considered. 

Sedation is aimed at facilitating completion of the 
procedure without causing undue stress to the 
patient or veterinary staff. Drugs should provide 
adequate calming, pain relief (if needed), and 
reduction in mobility appropriate to the procedure.

Following are the author’s top 5 scenarios involving 
sedation for short procedures. Drug dose informa-
tion reflects what is commonly used at the author’s 
hospital. Additional drug-specific information may 
be found in Suggested Reading, page 30. 

1 Young-to-Middle–Aged, Healthy Dog 
with No Pre-Existing Disease or 
Deterioration in Organ Function 
Undergoing a Nonpainful or Only 

Mildly Painful Minor Procedure (eg, 
Ultrasonography, Bandage Change) 

Sedation
h  Butorphanol (0.1-0.3 mg/kg IV or 0.3-0.5 mg/kg 

IM) + dexmedetomidine (0.001-0.003 mg/kg IV 
or 0.003-0.006 mg/kg IM); partial (eg, 
buprenorphine) or complete μ-opioid agonists 
(eg, morphine) may be substituted for butorpha-

nol for noxious procedures. Doses for either 
drug class may be adjusted. 

h  Acepromazine (0.01-0.03 mg/kg IV or 0.02-0.05 
mg/kg IM or SC) may be used for tranquilization 
instead of dexmedetomidine if vasoconstriction 
and bradycardia are not desired. Acepromazine 
offers no analgesic effects and is not reversible. 
Duration may be prolonged in dogs with hepatic 
disease.5 

Of note, sudden arousal may be observed in patients 
that receive dexmedetomidine. These effects can be 
mitigated with the addition of an opioid.6,7 Bradycar-
dia should be expected with dexmedetomidine and 
opioid combinations.7,8 Second-degree heart block  
is also commonly observed. If dexmedetomidine- 
mediated vasoconstriction is the presumed cause of 
hypertension and resulting bradycardia or bradyar-
rhythmia, anticholinergics are not recommended, 
as they increase myocardial work without improving 
cardiac output or tissue perfusion.8 Oxygen should 
be administered when using this combination.

Reversal
h  Naloxone (starting at 0.001-0.002 mg/kg IV or 

0.005 mg/kg SC; up to 0.01 mg/kg SC or IV to 
effect) to reverse opioid effects. Reversal should 
only be attempted if residual analgesia is not 
considered important or is provided using   
other medications. The partial μ-opioid agonist 
buprenorphine is not generally considered to be 
reversible.9 

h  Atipamezole (0.05-0.10 mg/kg IM) can be used 
to reverse the effects of dexmedetomidine. As 
duration from dexmedetomidine administration 
increases, lower doses of atipamezole are often 
sufficient to reverse residual drug effects. 

Sudden arousal may be 
observed in patients that 
receive dexmedetomidine.
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2 Older, Debilitated,        
Cardiovascularly Compromised       
Dog or a Dog with Significant        
Organ Dysfunction 

Sedation
h   Butorphanol (0.2-0.3 mg/kg IV) ± midazolam 

(0.1-0.3 mg/kg IV)
h  Fentanyl (0.002-0.005 mg/kg IV), hydromor-

phone (0.02-0.05 mg/kg IV), or methadone  
(0.1-0.2 mg/kg IV) may be substituted for  
butorphanol. These medications may also be 
administered IM or SC at higher doses.

Bradycardia should be expected with administration 
of high doses of opioids. Opioid-induced bradycardia 
may be treated with atropine (0.01-0.02 mg/kg) or 
glycopyrrolate (0.005-0.010 mg/kg IV). An IV cathe-
ter is recommended, and oxygen should be adminis-
tered. Occasionally, an animal might become excited 
or dysphoric.10,11 Respiratory depression is likely 
with IV administration of these drug combinations, 
especially in debilitated patients.11 Panting may also 
be observed and may complicate certain procedures 
(eg, ultrasound-guided aspiration of the spleen). 
Slow IV titration of an appropriate injectable anes-
thetic (eg, propofol, alfaxalone) may mitigate these 
complications; however, because apnea is also possi-
ble, intubation supplies should be readily available.

Reversal
h  Naloxone (up to 0.01 mg/kg IM, SC, or IV to 

effect; see Suggested Reading, page 30, for more 
information on appropriate administration)

h  Flumazenil at 0.01 mg/kg has been suggested; 
however, in the author’s experience, lower 
amounts (0.05-0.10 mg titrated IV) are sufficient 
for reversal of benzodiazepine effects. 

 

3 Young-to-Middle–Aged, Healthy  
Cat with No Pre-Existing Disease  
or Deterioration in Organ Function 
Undergoing a Nonpainful or Only 

Mildly Painful Procedure (eg, Ultrasonogra-
phy, Bandage Change)

Sedation
h  Butorphanol (0.1-0.3 mg/kg IV or 0.3-0.5 mg/kg 

IM) + dexmedetomidine (0.002-0.004 mg/kg IV 
or 0.004-0.010 mg/kg IM) ± ketamine or alfax-
alone (1-3 mg/kg IM). This combination may 
sometimes be referred to as kitty magic.

h  Partial or complete μ-opioid agonists may  
be substituted for butorphanol for noxious  
procedures.

In cats, sedation does not occur as reliably with 
opioids as compared with dogs, and cats may 
become euphoric or dysphoric.12 Clinical experi-
ence suggests that although butorphanol is useful 
for a short duration and treatment of mild pain, it 
is the most sedating of the opioids in cats. Brady-
cardia should be expected in patients that receive 
dexmedetomidine and opioid combinations (see 
note about anticholinergic use in Scenario 1, 
previous page). Alfaxalone can cause seizure-like 
twitching and noise sensitivity13; thus, cats should 
be kept in a dimly lit, quiet area during recovery 
from this drug. Oxygen should be administered. 

Reversal 
h  Naloxone (up to 0.01 mg/kg IM, SC, or IV to 

effect; see Suggested Reading, page 30, for more 
information on appropriate dosing)

h Atipamezole (0.05-0.10 mg/kg IM)
h Neither ketamine nor alfaxalone is reversible.

Bradycardia should be 
expected in patients that 
receive dexmedetomidine 
and opioid combinations.
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4 Older, Debilitated, Cardiovascularly 
Compromised Cat 
 
Sedation

h  Butorphanol (0.1-0.3 mg/kg IV or 0.3-0.5 mg/kg 
IM) ± midazolam (0.1-0.2 mg/kg IV or IM)  
± alfaxalone (1-2 mg/kg IM)

h  Fentanyl (0.002-0.003 mg/kg IV), hydromor-
phone (0.01-0.02 mg/kg IV), or methadone (0.1-
0.2 mg/kg IV) may be substituted for butorphanol. 

Nondebilitated cats can become excited with opi-
oids and benzodiazepines.13,14 See previous note 
regarding considerations when using alfaxalone. 
Ketamine may be used in place of alfaxalone in 
cats, but caution is advised in cats with hypertro-
phic cardiomyopathy.15 Oxygen is recommended.

Reversal
h  Naloxone (up to 0.01 mg/kg IM, SC, or IV to effect)
h Flumazenil (0.025 mg IV in increments to effect)

5 Fractious or Aggressive Dog or Cat 
Requiring Sedation
Pet owners should always be informed of 
the added risk of sedating animals with-

out an evaluation. For a patient with an aversion to 
the veterinary hospital, prior administration of 
tranquilizers (eg, trazodone in dogs, gabapentin 
in cats) may be helpful.16,17

 
Efficient handling of fractious patients is needed to 
minimize stress to the veterinary staff, pet owner, 
and patient. Knowledge of the patient’s weight is 
helpful in planning and having medications ready 
for administration to minimize wait time. In many 
scenarios, a sedative or tranquilizer and opioid are 
not sufficient to safely approach these patients, and 
the addition of an anesthetic agent is warranted. 
Dose adjustments to the protocols in Scenarios 1 
through 4 may be necessary: 

Scenario 1
h  Dexmedetomidine (0.005-0.020 mg/kg IM) ± 

opioid (eg, butorphanol [0.2-0.5 mg/kg IM]) ± 
anesthetic agent (eg, ketamine [2-5 mg/kg IM])

This combination provides good analgesia but may 
not be effective in patients that are already “worked 
up.” The addition of ketamine may increase reliabil-
ity. Cardiovascular depression is likely.

Scenario 2
h  Tiletamine–zolazepam (cats, 3-5 mg/kg; dogs,  

5-7 mg/kg IM or SC) 

The small volume typically makes administration 
easier as compared with drugs that require a larger 
volume. If dosed appropriately, this combination is 
reliable, with heavy sedation typically occurring in 
5 to 10 minutes. However, this drug combination 
provides minimal analgesia and has a long duration 
of action. Adverse behaviors and hyperthermia may 
be seen during recovery if additional sedatives or 
tranquilizers are not administered following short 
(ie, <1 hour) procedures.  

Scenario 3
h  Tranquilizer (eg, midazolam [0.2 mg/kg IM]) + 

anesthetic agent (eg, alfaxalone [1-3 mg/kg IM]) 

This combination is useful (but not 100% reliable) 
in compromised, fractious cats. It consists of a 
large volume and does not provide any analgesia, 
but analgesics can be provided after the patient is 
recumbent or added to the other medications if the 
drug volume is not a limiting factor.

Scenario 4
Although chamber/mask inductions using inhala-
tion agents are no longer recommended for routine 
use, they may be a viable alternative for a cat or 
small dog that is challenging to handle. Adminis-
tration of an injectable sedative can help reduce the 

Nondebilitated cats can 
become excited with opioids
and benzodiazepines.13,14 
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stress of this type of induction but is not always 
possible. However, as soon as the patient can be 
handled, it should be removed from the chamber 
and maintained on a mask. Additional drugs may 
be administered at this time. The patient can also 
be evaluated and/or monitored and provided sup-
portive care.

TOP 5 h ANESTHESIOLOGY/PAIN MANAGEMENT h PEER REVIEWED

Conclusion
Sedation provides a convenient mechanism for 
facilitating minor procedures in dogs and cats but 
is not without risk. Vigilance in monitoring and 
adequate support, along with appropriate drug 
selection, are key to ensuring animal and veteri-
nary staff safety. n
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IDENTIF  YING THE LINEA 
ALBA & AVOIDING 
PAR AMEDIAN INCISIONS 
DURING MIDLINE 
CELIOTOMY

Daniel D. Smeak, DVM, DACVS
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PROCEDURES PRO h SURGERY  h PEER REVIEWED

When performing midline celiotomy, properly 
identifying the linea alba and avoiding para-
median abdominal wall incisions are key to 
avoiding incising the rectus abdominal muscle 
(Figure 1). An acceptable midline incision 
should be made directly through the linea 
alba or medial to the rectus abdominal 
muscles and maintained throughout the 
approach to avoid muscle damage. A para-
median incision is made off midline and 
involves incising the rectus abdominal muscle 
and exposing it on both sides of the incision 
(see Benefits of Midline Linea Alba Incision 
Versus Paramedian Incision). 

The linea alba is a dense collagenous band found on 
the ventral midline of the abdominal wall extend-
ing from the base of the xiphoid process to the pre-
pubic tendon (ie, cranial pubic ligament).1 Fascias 
of the transverse abdominal muscle and external 
and internal abdominal oblique muscles fuse on 
the midline to form this thick collagenous strip. 
Medial borders of the left and right rectus abdomi-
nal muscles are positioned closely against the  

lateral borders of the linea alba. The linea alba  
contains a palpable umbilical scar at the level of a 
transverse plane through the last rib. At its most cra-
nial aspect, the linea alba is approximately 1 cm wide 
and less than several millimeters thick, gradually 
narrowing and thickening caudal to the umbilicus.2

Cats have a relatively wider, more transparent 
linea alba that is easier to visually identify as  
compared with dogs.  
  
A plan should be made for creating the initial stab 
incision in the cranial aspect of the proposed celiot-
omy boundary where the linea alba is widest, which 
will help with piercing the linea alba directly on the 
midline without injuring the neighboring rectus 
abdominal muscles and improves the odds of accu-
rately stabbing on the midline. A stab that is caudal 
to the umbilicus can make it difficult to evenly 
divide the narrow linea alba and is more likely to be 
paramedian through the rectus abdominal muscle. 
When enlarged or dilated visceral structures are 
expected to be directly below the linea alba (eg, the 
dilated stomach of a dog with gastric dilatation- 
volvulus), the linea alba can be carefully incised 
incrementally until the peritoneum is exposed to 
avoid injuring the underlying viscera.

Different tools are available for use when making 
the incision. Sharp straight Mayo scissors can be 
used to avoid cutting a curvilinear or paramedian 
incision through the rectilinear linea alba. As com-
pared with the thicker, more rigid adjacent rectus 
muscle, the thinner, more elastic linea alba can be 
stabilized and creased with a straight instrument. 
This technique will only work if the initial stab inci-
sion is made on the midline. When a scalpel is used, 
a groove director or thumb forceps can help guide 
the incision on the linea alba midline. A groove 
director channel guards against accidental incision 
beneath the linea alba. An electrosurgical wand can 
also be used and, in the author’s experience, does 
not appear to impede healing and does not increase 
wound complication rates, including incisional her-
niation. A decision on which tool to use should be 
made before beginning the procedure.
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d  FIGURE 1 Paramedian incision, linea alba incision, and an acceptable 
midline approach. Figure adapted from Anatomy of the Human Body, 
illustrated by Henry Vandyke Carter, used under fair use 
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BENEFITS OF MIDLINE LINEA ALBA INCISION VERSUS PARAMEDIAN INCISION

h Subcutaneous vascular structures are 
typically parallel on either side of the 
ventral abdominal midline and rarely 
cross to the opposite side. There is 
less subcutaneous bleeding when the 
skin and subcutaneous tissues are 
divided directly midline (Figure 2). 

h A paramedian celiotomy incision 
injures sensitive muscle tissue, which 
increases bleeding. Increased trauma 
may cause inflammation and pain. 
Incisions in fascia may cause less 
bleeding and discomfort because the 
linea alba is composed of poorly 
innervated and relatively avascular 
fascia.

h The falciform ligament is a fat-filled 
fold of peritoneum that extends     
from the liver and diaphragm to the 
umbilical scar and is attached lateral 
to midline on the internal surface of the 
linea alba. Blood vessels run along the abdominal wall through these attachments. At the cranial extent of  
the ligament, more robust vessels enter on either side of the xiphisternum. An incision made directly midline  
in the fatty peritoneal fold is less likely to inadvertently damage these vessels. When additional exposure is 
unnecessary, the falciform ligament may be divided on the midline to avoid these vessels altogether. To improve 
exposure during full abdominal exploration, the falciform ligament can be excised by pulling each sleeve of the 
peritoneal fold from its respective abdominal attachment and separating the attachments while maintaining 
hemostasis. More robust cranial xiphisternal vessels should be ligated or electrocoagulated. 

h If the celiotomy incision is midline, suture closure will engage all fascial components of the abdominal wall with 
a direct needle pass. Minimal muscle should be incorporated in the sutured abdominal wall closure, which 
should reduce postoperative patient discomfort. Celiotomies not on midline rarely cause significant 
complications and can heal quickly if closed properly.
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d  FIGURE 2 Midline skin and superficial subcutaneous incision showing 
parallel superficial vasculature (A). Deeper subcutaneous incision 
showing the white line of the linea alba and parallel vasculature (B) 

B

A

A stab that is caudal to the umbilicus can make it difficult 
to evenly divide the narrow linea alba and is more likely  
to be paramedian through the rectus abdominal muscle.

Continues h
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STEP-BY-STEP
IDENTIFYING 
THE LINEA ALBA 
& AVOIDING 
PARAMEDIAN 
INCISIONS 
DURING  
MIDLINE 
CELIOTOMY

WHAT YOU WILL NEED 

h Straight Mayo scissors

h Adson-Brown or Adson thumb 
forceps

h #10 or #15 blade and handle

h Groove director (optional)

h Electrosurgical wand (optional)

STEP 1
Position the patient in dorsal recumbency squarely symmetrical on the operating 
table. Palpate the umbilical scar and xiphoid cartilage, and line up on the mid-
line with the skin raphe between the mammary chains.

 
Author Insight
The patient should not be rotated on its longitudinal axis, as loose skin 
on dogs and cats can be twisted out of neutral position during posi-
tioning. Improperly positioning the patient commonly causes incisions 
to be off midline and can cause failure to identify the linea alba.

STEP 2
Use a scalpel blade or electrotomy to dissect cleanly and atraumatically through the 
subcutaneous tissues of the proposed celiotomy approach. Avoid blunt dissection, 
and achieve hemostasis throughout. Sharply dissect the paramedian subcutaneous 
tissue directly to the fascia, control any hemorrhage, then sharply dissect directly 
between the subcutaneous fat layer and fascia. No hemorrhage should be expected 
during this deeper sharp dissection, and no fat should shroud the fascia. 

 
Author Insights
Poor hemostasis during skin and subcutaneous separation can cause 
deeper tissues to stain and make distinguishing subcutaneous from 
fascial layers difficult. Wiping tissue with gauze sponges or fingers can 
result in further staining and cause the white-colored linea alba to 
blend in with more uniformly stained-pink adjacent tissue.

Palpating the linea alba when the shiny, light-colored fascial layer is 
exposed should not be attempted. Although the umbilical scar can  
be routinely felt as a solid landmark, the remaining linea alba feels like 
an indistinct depression and can rarely be distinguished from the 
surrounding fascia by digital palpation. Rubbing, especially if there is 
residual blood in the field, may further prevent the surgeon from 
spotting the linea alba. 

For exposure of the caudal abdomen in male dogs, the skin and 
subcutaneous incisions should run paramedian to avoid injuring the 
prepuce or penis.

PROCEDURES PRO h SURGERY  h PEER REVIEWED
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STEP 3
Assess the direction of the exposed fibers of the 
ventral abdominal fascia to help identify the loca-
tion of the linea alba. If the linea alba cannot be  
isolated and the incision is believed to be parame-
dian, carefully lift the cut edge of the subcutaneous 
tissue on the side suspected of housing the linea 
alba. Carefully and sharply dissect between the 
subcutaneous tissue and fascia until the linea alba 
is identified. Avoid blunt dissection through the 
subcutaneous fat, as this will leave a fringe of fatty 
tissue overlay that obscures identification. 

STEP 4
Stab on the midline and use a lift-and-push cut 
maneuver with scissors to expand the incision (see 
Step 6, next page). If possible, avoid stabbing through 
the region of a previous celiotomy scar, as organs are 
often closely adhered to the deep side of the linea alba 
scar and there is risk for accidental organ damage. 
Elevate the linea alba with Adson or Adson-Brown 
thumb forceps to minimize the risk for trauma to 
underlying organs during the stab incision. Turn the 
scalpel’s cutting blade upward and create a controlled 
stab with the blade held at a 45° angle. d  Proper scalpel stab incision at a 45° angle with the blade pointing away 

from viscera

Author Insight
Ventral abdominal fascia fibers typically angle 
caudomedially and join at the linea alba and may 
be obvious in some animals. Increased skill and 
experience in identifying the linea alba can make 
cleaning (ie, undermining) subcutaneous tissue  
off the midline seldom necessary. Excessive under-
mining increases dead space and the potential for 
seromas, causes more hemorrhage, and is likely to 
increase tissue trauma, inflammation, and pain. 

Author Insight
Before the initial stab approach is extended, inserting an index finger through the incision can help 
check for adhesions, falciform ligament attachments, or other structures adhered to the proposed 
fascial incision line. 

STEP 5
Ensure that the stab incision passes fully through 
the linea alba into the peritoneal cavity. Pass a 
blunt instrument through the stab incision. If the 
instrument does not readily pass through the inci-
sion, extend the external fascial incision several 
centimeters, pick up the exposed internal rectus 
sheath with thumb forceps, and carefully incise 
into the peritoneal cavity.

Author Insight
Extending the incision can be difficult if the stab 
incision is incomplete; the instrument will not slide 
under the fascia and will get caught in the rectus 
sheath, which will inhibit further fascial incising.
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STEP 6
Based on the incision tool chosen prior to surgery,  
follow the appropriate guideline below.
  
Using Straight Mayo Scissors
Hold the scissors firmly against the linea alba to follow 
the inner crease (ie, furrow). While holding the stab inci-
sion site away from viscera, open the scissors slightly and 
insert the blunt-tipped blade of the scissors fully through 
and against the inner surface of the linea alba. After the 
blade is inserted, lift and lever the blade against the inner 
linea alba. Use the index finger of the hand opposite the 
one holding the scissors to lift the hinge area of the scis-
sors, seating the cutting scissor blade against the furrow 
under the linea alba. Keep the tip of the inserted cutting 
blade close to the abdominal wall to protect against vis-
ceral injury. Using a push-cut technique, slide the scis-
sors (still only slightly open) along the linea alba. Keep 
the blade fully inserted and firmly seated to accurately 
guide the scissors’ cut. 

Author Insight
If the tissue snags and prevents easy sliding 
during the push-cut technique, use a typical 
scissors cut but do not cut past the midpoint of 
the blade length before advancing the scissors 
against the hinge for the next cut. The cut can 
fall from the midline and into the muscle if the 
blade loses contact with the guiding furrow.

PROCEDURES PRO h SURGERY  h PEER REVIEWED

d  Scalpel blade moving within the groove of a director (A). Adson-Brown 
thumb forceps lifting the linea alba while a scalpel blade incises it (B)

d  Straight Mayo scissors held against the linea alba before the push-
cut incision 

A

B

Using a Scalpel
Holding the thumb forceps tips partially closed with the 
nondominant hand, insert them 1 cm or more into the 
stab incision directly under and in line with the linea 
alba. Lift the forceps tips and keep them elevated while 
making the sharp incision. When incising, hold a #10 
scalpel at a 30° to 45° angle with the dominant hand, 
and insert the cutting blade tip between the tips of the 
thumb forceps. Switch hands with the one holding the 
scalpel and thumb forceps and continue the linea alba 
incision in the opposite direction. As a unit, slide the 
thumb forceps and scalpel blade along the linea alba. 

Alternately, insert the blunt end of a groove director 
with the channel pointed up through the stab incision 
for several centimeters. While holding the butterfly end 
of the groove director and lifting the instrument against 
the linea alba furrow, slide the groove director and scal-
pel blade together as a unit to continue the incision. 

Author Insight
When the linea alba is cut on the midline, the 
incised edges will not have exposed muscle.  
If muscle is exposed on one side of the fascial 
incision, deviate the direction of the cut slowly 
to the opposite side until no muscle is exposed. 
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Tissue in immediate contact with the electrode may  
become hot to the touch if the incision does not proceed  
at a proper rate.
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d  Muscle tissue is not exposed, which indicates that the cut is 
directly on the linea alba (A). Muscle is exposed only on one 
side, which indicates that the incision is beginning to stray to 
that side (B).

A

B

Using an Electrosurgical Wand
After the stab incision, fully insert an index finger 
underneath and along the linea alba and lift it 
from the abdominal viscera. With the electro-
surgical wand on cutting mode, begin cutting 
the distinct white linea alba line while carefully 
observing the edges of the wall incision behind 
the electrode. Use the same method as when using 
a scalpel to keep the incision from straying para-
median into adjacent rectus abdominal muscle.

Author Insight
The surgeon’s finger under the linea alba 
will not be injured during electrosurgical 
incision (ie, electrotomy) if the patient is 
properly grounded and the surgeon’s glove 
has not been perforated. Tissue in immedi-
ate contact with the electrode may be-
come hot to the touch if the incision does 
not proceed at a proper rate. Temporarily 
moving the electrode away from the tissue 
will allow tissue to cool and the electroto-
my can proceed. n
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CASE IN POINT

PERITONEOPERIC   ARDIAL 
DIAPHR  AGMATIC  
HERNIA IN A CAT 

Keaton Morgan, BVSc
Ameet Singh, BSc, DVM, DVSc, DACVS (Small Animal) 
University of Guelph 



Joker, a 5-year-old, neutered 
male indoor Maine coon cat, 
was referred and presented to 

the surgical service for acute onset 
lethargy, hyporexia, and tachypnea. 
The owners reported that, in the 24 
hours prior to presentation, Joker 
had developed a rapid respiratory 
rate with significant abdominal 
effort. 
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PPDH = peritoneopericardial diaphragmatic hernia

d  FIGURE 1 Ventrodorsal (A) and lateral (B) thoracic 
radiographs demonstrating an enlarged cardiac silhouette 
(arrowheads) with gas-filled tubular opacities consistent 
with the GI tract (asterisks) and loss of the caudal cardiac 
margin (arrows)

Joker had historically been an active cat but 
had become listless and begun to hide and avoid 
mealtimes in the last 24 hours. His owners had 
adopted him 2 years previously and noted that he 
frequently exhibited intermittent labored breath-
ing that was not associated with any particular 
activity or event. Joker was considered an other-
wise healthy cat with a historically good appetite 
and occasional vomiting episodes attributed to 
hairballs. However, on further questioning, 
the owners also reported that Joker frequently 
displayed apparent exercise intolerance when 
playing with the other 2 cats in the household. 
No coughing, sneezing, or diarrhea was reported.

Physical Examination
On presentation, Joker was quiet but alert and 
responsive. He was tachypneic (respiratory rate, 
60 breaths/min) but had normal lung sounds 
across all lung fields and no nasal discharge. 
Cardiac auscultation revealed a muffled heart beat 
that was otherwise normal in rate and rhythm. 
Body temperature was normal (101.8°F [38.8°C]). 
Normal abdominal organs could not be appreci-
ated during palpation. Flow-by oxygen supplemen-
tation was provided until diagnostics could be 
performed.

Diagnosis
Initial CBC and serum chemistry results were unre-
markable. A mild stress leukogram characterized by 
mature neutrophilia (9.35 × 103/μL; reference range, 
2.1-8.3 × 103/μL) was the only notable finding.

Two-view thoracic radiographs (Figure 1) were 
obtained with Joker under mild sedation (butor-
phanol [0.2 mg/kg IV]). Marked widening of the 
cardiac silhouette, both in height and width, with 
loss of delineation of the caudal cardiac margin, 
was observed. Superimposition of air tubular 
opacities to the cardiac silhouette were also noted. 
The liver was not visible at its physiologic position 
in the cranial abdomen. Considering these radio-
graphic findings, a presumptive diagnosis of peri-
toneopericardial diaphragmatic hernia (PPDH) 
was made.

B

A
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DIAGNOSIS:
PERITONEOPERICARDIAL  
DIAPHRAGMATIC HERNIA

Treatment & Long-Term Outcome
Joker was kept in a calm environment and contin-
ued to receive oxygen supplementation overnight. 
The following day, he was placed under general 
anesthesia. He was premedicated with hydromor-
phone (0.05 mg/kg IV) and acepromazine (0.02 
mg/kg IV), induced with propofol (IV) to effect, 
and maintained with an isoflurane inhalant car-
ried in oxygen. An exploratory laparotomy was 
performed, and a diagnosis of PPDH was con-
firmed (Figure 2; see Treatment at a Glance). 

The liver, gallbladder, and a portion of the small 
intestine and omentum were extracted from the 
pericardial cavity. No adhesions were found between 
the herniated structures and the pericardium or 
myocardium. The defect in the ventral diaphragm 
was identified and closed using a simple continuous 
suture pattern. The edges of the defect were not 
debrided. A red rubber catheter was inserted into 
the pericardial space during herniorrhaphy. 

Following completion of the herniorrhaphy, air 
was removed from the pericardial sac. Primary 
herniorrhaphy, which closes the pericardium and 

TREATMENT AT A GLANCE

h Surgical treatment can result in amelioration of 
clinical signs, although some owners will elect 
nonsurgical management in cats without clinical   
signs or that are geriatric.1 Although conservative 
management is a viable option, continued clinical 
signs or even death associated with cardiac 
tamponade is possible.1,3,4 In addition, the 
complication rate from surgery is low, so surgery is 
often performed in many PPDH cases, regardless of 
whether clinical signs are present. 

h Surgery involves an exploratory laparotomy to remove 
the herniated viscera from the pericardium and 
closure of the congenital defect in the diaphragm with 
sutures. Adhesions can be present between the 
viscera and pericardium or myocardium and, if 
encountered, should be carefully dissected to avoid 
hemorrhage.3

h The most common perioperative complications 
include hypotension, hyperthermia, hypoventilation, 
hypoxia, and ventricular arrhythmias (eg, ventricular 
premature complexes) necessitating the need for 
careful anesthetic monitoring.1,2

h A perioperative mortality rate of 3.2% to 14% has been 
reported in cats; however, prognosis is generally 
excellent if the cat survives the perioperative period.1-3

d  FIGURE 2 Intraoperative images. The PPDH can be visualized after ventral midline laparotomy and removal of the falciform ligament (A). 
The PPDH contains the hepatobiliary tract and a portion of the small intestine and omentum. Following reduction of the GI contents and 
the herniated portion of the omentum, the hernia ring can be visualized, and the hepatobiliary tract remains in the PPDH (B).

BA
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peritoneal cavity simultaneously without resulting 
in pneumothorax from entry of air into the 
thoracic cavity, is feasible in most cases of PPDH. 
Intraoperative hypotension was noted and was 
responsive to vasopressor therapy. No additional 
intraoperative complications were noted. 

Thoracic radiographs were obtained immediately 
postoperation with the patient still under general 
anesthesia and confirmed reduction of PPDH. Joker 
recovered well from surgery and was discharged 
48 hours postoperation and after resolution of 
tachypnea. 

Prognosis & Outcome
At the 6-month follow-up, Joker was free of clinical 
signs. The owner reported resolution of Joker’s 
previous exercise intolerance observed with the 
other cats in the household. There had been no 
incidence of respiratory distress or development 
of any GI signs. 

Discussion
PPDH is a congenital defect that occurs during 
embryonic development.1,2 In cats, PPDH is not 
traumatic in origin as in humans, as there is no 
anatomic connection between the pericardium 
and diaphragm.1,2 Surgical treatment of PPDH has 
an excellent long-term prognosis that generally 
results in resolution of clinical signs (see Take-
Home Messages), as observed with Joker.1-3
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TAKE-HOME MESSAGES

h The most common congenital cardiac condition 
diagnosed in cats older than 2 years is PPDH, which 
allows abdominal viscera to move into the thorax and 
the pericardial sac.5 

h An overrepresentation of PPDH in longhair cat breeds 
has been reported.1-3

h Most clinical presentations relate to the respiratory or 
GI tract, but an incidental diagnosis is also common.1-4 

h Common physical examination findings include 
muffled heart sounds, cardiac murmur, pyrexia, 
tachypnea, empty abdominal palpation, and/or a thin 
body condition, although no significant findings may 
be noted on physical examination, as incidental 
findings are also common.1-3

h The best tool for diagnosis of PPDH is thoracic 
radiography, which can be supplemented with 
thoracic ultrasonography or CT if available.1,2

h Common concurrent diseases include sternal or 
vertebral anomalies, hypertrophic cardiomyopathy, 
and chylothorax.1-3

h Cases in which all abdominal viscera have herniated 
into the pericardium have been reported; however,      
it is more common for only the cranial abdominal 
viscera (eg, liver, gallbladder, small intestine, 
omentum, stomach) to be herniated.1-3 n

PPDH = peritoneopericardial diaphragmatic hernia
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In the Literature
Stathopoulou TR, Kouki M, Pypendop BH, Johnston A, 
Papadimitriou S, Pelligand L. Evaluation of analgesic effect and 
absorption of buprenorphine after buccal administration in 
cats with oral disease. J Feline Med Surg. 2018;20(8):704-710.

FROM THE PAGE …

Managing pain in cats can be challenging due to medication safety concerns, difficul-
ties in administering medications, and sparse availability of options. Buprenorphine 
is a partial µ agonist available as a long-acting injectable and has been approved for 
use in cats (1.8 mg/mL) and as a standard human-labeled injectable solution (0.3 mg/
mL); the latter is approved for feline use in some countries but is considered extra- 
label in the United States. 

The effects of buprenorphine are most consistent when the drug is administered via 
injection (ie, IV, IM [0.3 mg/mL], or SC [1.8 mg/mL]).1,2 Several studies have demon-
strated buprenorphine through the oral transmucosal (OTM) route to be a feasible 
option, but it is less well absorbed and more variable as compared with injection.3-5 
OTM administration is best used by owners at home or when injection is not practical. 
Numerous factors (eg, swallowing the drug, salivary pH resulting in drug ionization 
and lack of absorption, excessive salivation resulting in drug loss or swallowing, spit-
ting out the drug) can affect drug absorption across oral mucous membranes. Most 
studies assessing OTM drug administration have used cats with healthy oral mucosa. 

Oral Transmucosal  
Buprenorphine for  
the Control of Pain  
in Cats with Chronic  
Gingivostomatitis
Butch KuKanich, DVM, PhD, DACVCP
Kansas State University

FROM PAGE TO PATIENT

The effects of 
buprenorphine are 
most consistent 
when the drug  
is administered  
via injection
(ie, IV, IM [0.3 mg/
mL], or SC [1.8 mg/
mL]).1,2

Continues on page 61 h
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However, inflammation and excessive salivation caused by 
gingival disease could affect the absorption of OTM buprenor-
phine. 

The purpose of this prospective, randomized, crossover study 
was to assess the absorption and effects of OTM buprenorphine 
in cats with gingival disease. Six adult cats with chronic gingivo-
stomatitis received placebo (saline) and buprenorphine (0.02 
mg/kg OTM), with a 24-hour washout period between treat-
ments. Pain scores and food consumption (used as part of the 
total pain score) were measured 30, 90, and 360 minutes after 
buprenorphine administration. Significant analgesic effects 
were noted at 30 and 90 minutes but not at 360 minutes. All 6 
cats ate 30 minutes after administration of buprenorphine; only 
2 ate 30 minutes after administration of saline. Bioavailability 
was estimated to be 19.5%, which is lower than OTM bioavail-
ability in cats with healthy oral cavities (28.8%). 

… TO YOUR PATIENTS 
Key pearls to put into practice:

1    Although the authors state that peak drug variability 
was low, the data show concentrations varying from   
274 ng/mL to 1621 ng/mL, approximately a 6-fold range 
in only 6 cats. The variability in a larger clinical 
population would be expected to be greater.

2    Although some of the pharmacokinetic data reported in 
this paper were inconsistent, this should not affect the 
clinical applicability of the findings as a whole.

3    OTM buprenorphine is a feasible short-acting analgesic 
(<6 hours) for cats with chronic gingivostomatitis, but IV 
or IM injection is preferred when appropriate.
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Research Note:  
Monoclonal  
Antibodies for  
Treatment of  
Immunosuppressive 
Cancer in Dogs

 
Immunotherapy, particularly with regard to cancer 
treatment, is currently an area of focus in research, 
but little is known about the function of immune 
inhibitor molecules in veterinary medicine. In this 
study, monoclonal antibodies against 2 immune 
inhibitory receptors (ie, canine programmed 
death-1 [cPD-1], canine programmed death ligand-1 
[cPD-L1]) were identified. These antibodies bound 
to cells overexpressing cPD-1 and cPD-L1, effec-
tively blocking binding between cPD-1 and cPD-L1. 
Each antibody was found to have a different block-
ing ability and a specific functional blockade. 
These newly generated antibodies may provide a 
novel approach to treatment of dogs with immuno-
suppressive cancers.

Source
Nemoto Y, Shosu K, Okuda M, Noguchi S, Mizuno T. Development 
and characterization of monoclonal antibodies against canine 
PD-1 and PD-L1. Vet Immunol Immunopathol. 2018;198:19-25.

These newly generated 
antibodies may provide 
a novel approach to 
treatment of dogs with 
immunosuppressive
cancers.

FROM PAGE TO PATIENT h CONTINUED FROM PAGE 58
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Owner Preferences  
for Female Dog  
Sterilization  
Techniques 
Kristyn D. Broaddus, DVM, MS, DACVS
Veterinary Services of Hanover
Mechanicsville, Virginia

In the Literature
Hsueh C, Giuffrida M, Mayhew PD, et al. Evaluation of pet 
owner preferences for operative sterilization techniques 
in female dogs within the veterinary community. Vet Surg. 
2018;47(S1):O15-O25.

FROM THE PAGE …

In this study, students, faculty, and staff at 5 veterinary teaching hospitals who 
were current or former dog owners were surveyed for their opinions of which 
spay technique they preferred for their own dogs. Survey options included open 
celiotomy, single-port or 2-port laparoscopy, or natural orifice transluminal 
endoscopic surgery (NOTES). If a laparoscopic procedure was selected, the survey 
respondent was asked how much more he or she would be willing to pay as 
compared with an open spay technique.

The overall survey response rate was 33.2%. Although the majority of total respon-
dents were women, veterinarian respondents were more likely to be male and older 
than 35 years of age. A majority of those surveyed (77.8%) chose a laparoscopic spay 
as their first choice, although most respondents were unwilling to pay more than 
$200 above the open spay cost. Veterinarians and respondents over 35 years of age 
were significantly more likely to choose open laparotomy as their first choice. Own-
ers of giant-breed dogs, veterinarians, and male respondents were significantly 
more likely to pay more than $200 for a minimally invasive procedure. NOTES, an 
emerging technique in both human and veterinary medicine, was the least chosen 
option, possibly due to its designated experimental status on the survey. 

… TO YOUR PATIENTS 
Key pearls to put into practice:

1   Laparoscopic procedures can be benefi-
cial for minimizing postoperative pain,  
as they typically involve less scarring and 
smaller incisions. These benefits allow 
for faster return to function with poten-
tially fewer complications, which would 
be a significant advantage for owners 
trying to rest young, active dogs.  

2   If these results provide an accurate 
barometer for future general public opin-
ion, laparoscopic procedures can be 
expected to become increasingly preva-
lent and more frequently requested in 
private practice. Clinicians in private 
practice who wish to foster this option 
may benefit from advanced training.

3   The prevalence of low-cost spay/neuter 
clinics has forced many veterinarians to 
redefine their practice offerings. Provid-
ing laparoscopic options, although 
more expensive, may increase traffic 
back to the traditional setting of private 
practice. Dog owners, especially those 
of large- and giant-breed dogs, may be 
more likely to select this option if 
offered by their own veterinarian.  

4   Laparoscopic spay can be paired with  
a prophylactic gastropexy in dog 
breeds prone to developing gastric   
dilatation-volvulus to provide maximal 
benefit with a single anesthetic          
episode. Cryptorchid surgery can also 
be performed via this method. n
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Perianesthetic  
Deaths in Pet Rabbits
David Eshar, DVM, DABVP (ECM), DECZM (SM & ZHM)
Kansas State University

In the Literature
Lee HW, Machin H, Adami C. Peri-anaesthetic mortality and non-
fatal gastrointestinal complications in pet rabbits: a retrospec-
tive study on 210 cases. Vet Anaesth Analg. 2018;45(4):520-528.

FROM THE PAGE …

Due to certain anatomic, physiologic, and behavioral features, rabbits have a higher 
risk for anesthesia-related mortality and GI complications as compared with other 
domestic species. The major concerns are related to potential underlying disease, 
challenges with intubation and intravenous catheter placement, stress, pain, and 

perianesthetic thermoregulation. 
Choice of anesthetic protocol may 
also affect procedural outcome, as 
some immobilization agents may 
be associated with more adverse 
effects than others. For example, gas 
immobilization alone should be avoided 
in rabbits due to stress-related apnea, 
commonly observed during induction, 
and laryngospasm and bradycardia that 
may develop with some medetomidine-
based drug combinations.

This retrospective study investigated 
the incidence of and potential risk fac-
tors for perianesthetic mortality and 
nonfatal GI complications (eg, reduced 
fecal output, diarrhea, dysphagia) in a 
population of pet rabbits admitted to 
an exotic animal referral hospital. Of 
185 rabbits that underwent 210 anes-
thetic events, 6 died during sedation or 
general anesthesia and 4 died within 72 
hours postoperation (mortality rate, 
4.8%). Of the 10 rabbits that died, 7 had 
received combinations of medetomi-
dine and ketamine and 8 had under-
gone elective procedures; none had 
undergone multiple anesthetic events. 
Cardiorespiratory complications were 
the suggested cause of death in 7 
rabbits. GI complications developed in 
38% of the surviving rabbits 72 hours 
after the anesthetic event despite pre-
emptive metoclopramide or ranitidine 
administration. Higher body weight 
significantly increased the risk for post-
anesthetic GI complications.

Despite the rabbits having been evalu-
ated in a specialized all-exotics clinic, 
mortality rate in this study was high; 
this highlights the increased risk for 
perianesthetic mortality in pet rabbits 
as compared with dogs and cats. 

FROM PAGE TO PATIENT

d  FIGURE A female rabbit prepared for cystotomy. A combination of ketamine, buprenorphine, 
and midazolam was used as premedication, followed by endotracheal intubation and 
isoflurane maintenance. A cephalic intravenous catheter was used to deliver 10 mL/kg/hr 
balanced crystalloid solution. Vital signs were monitored via capnography, pulse oximetry, ECG, 
and indirect blood pressure measurement. The rabbit’s body temperature was monitored via a 
rectal thermometer and maintained with a forced warm air blanket.
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… TO YOUR PATIENTS 
Key pearls to put into practice:

1   All rabbits should be carefully assessed for  
cardiopulmonary disease prior to any immobi-
lization procedure. If signs of cardiopulmonary 
disease are identified, appropriate treatments 
must be administered until clinical resolution, 
after which the immobilization procedure can 
be reconsidered.

2   Care should be used with overconditioned 
rabbits presented for routine procedures, as 
drug dosages can be miscalculated when 
based on total body weight rather than 
desired lean body weight.

3   If possible, use of medetomidine and 
ketamine combinations should be avoided.

4   All rabbits should be closely monitored for 
signs of pain, dysphagia, and reduced fecal 
output in the first 72 hours postanesthesia. 
Preemptive treatments (eg, analgesia, 
assisted feeding) should be applied in all 
cases.

5   Clinicians must be aware of the increased 
odds for less-favorable outcomes in rabbit 
patients, which should be discussed with all 
owners prior to initiation of any sedation or 
anesthetic procedures.
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Research Note:  
Hemostasis &  
Ehrlichia canis Infection

Ehrlichia canis infection causes thrombocytopenia and clinical bleeding in 
dogs, although some dogs with clinically relevant thrombocytopenia will 
not show signs of bleeding. In this study, hemostatic variables, platelet 
dynamics, and coagulation testing were evaluated before inoculation of 
dogs with blood infected with E canis, then at 1-week intervals, including 
after treatment with doxycycline between weeks 3 and 4. Infected dogs 
were found to have significantly lower platelet counts, evidence of 
activated platelets, and antiplatelet antibodies. Based on thrombo-
elastographic measurements, dogs were also more hypercoagulable and 
hypofibrinolytic as compared with baseline. Although more studies are 
needed, results suggest that activated platelets and a hypercoagulable, 
hypofibrinolytic state may explain the lack of a bleeding phenotype in 
some thrombocytopenic dogs infected with E canis.  

Source
Shropshire S, Olver C, Lappin M. Characteristics of hemostasis during experimental Ehrlichia 
canis infection. J Vet Intern Med. 2018;32(4):1334-1342.

Activated platelets and a 
hypercoagulable, hypofibrinolytic 
state may explain the lack of a 
bleeding phenotype in some 
thrombocytopenic dogs infected 
with E canis.
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