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Introduction

Half of what you’ll learn in [medical] school will be shown to be either wrong or out of date within five years
of graduation; the trouble is that nobody can tell you which half, so the important thing to learn is how to
learn on your own.” —David L Sackett

Being a competent veterinarian isn’t easy. You are licensed to handle many different species and issues, some of
the latter won’t even exist during the time you are in veterinary school. Some conditions and situations you will
only encounter after graduation. You may switch career paths and see species you never intended to see. Many
times the answers aren’t in the book or the book is outdated. Dr. Google provides many “answers”, not all of
which are helpful. Hopefully this resource will give you a starting place to understand the common conditions
encountered by veterinarians working on large animal species and the exercises will help you expand your
capabilities for sorting through the myriad “answers” out there. Your wonderful brains can help you put them
together. It just needs practice.

This resource is not intended to read cover to cover. When you have a question, check the table of contents on the
right of each page and head to that section! Save the cover to cover reading for something more fun.

Comments and/or suggestions? Please fill out this survey!







Finding Resources

One of the biggest challenges in the digital age is sorting out answers you can find online. Over time, each of us
develops our “go to” resources for things at two levels:

* basic information for new or unfamiliar topics

* advanced, detailed or updated information for more familiar topics
These are rarely the same.
For starter explanations, try these:

» Wikipedia— useful for physiology, unknown terms and other more general knowledge questions
+ Vetfolio — has been free for students; great summaries of topics and conditions

» Merck Veterinary Manual online- good for pathogenesis and presentation; not as good for therapies

Vet Clinics of North America Equine, Food Animal, and Exotics— see the search function at the top
left. Does require a subscription. Available through many University libraries. Peer-reviewed
summaries of topics.

» VIN — abstracts are posted in related feeds. Free for students and contains a variety of other resources
(3D anatomy, drug calculators, financial aid info). The help from the boards is variable; sometimes
excellent, sometimes dangerous.

* Specialty sites with info for animal owners (many are free for students): ACVS.org,
ACVIM.org, AAEP.org, AASRP.org, AABP.org, AASV.org, sites with .gov or .edu

* Plumb’s Veterinary Drug Handbook and app (lots of versions out there in different formats and prices)

* SCOVE Edu+ — online source of online resources
For more detailed explanations or comparison of therapies, diagnostic tools etc:

* Google scholar- look for the ones with a pdf. You can sort by year, type of article etc using the left
hand bar

* Veterinary medical library Pub Med and other databases; video how to for UMN system; or go visit the

librarian in person

« UMN library search— For articles and books. Great for specific articles you are trying to access or
specific topics, particularly if not likely to be in pubmed.

» Ivis — international veterinary information service — is a great place to find specific meeting
proceedings

+ Extreme googling
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» Surgery textbooks- great for how to perform surgery and the perioperative care required

» Revisit sites above
Unless it is fiction or for fun, don’t read every word.

» Textbooks — read the chapter summary and/or skim the headings; then read the applicable sections.

* Journal articles — start with the abstract and/or introduction, follow with the last paragraph, finish with
any middle bits that are useful

* Online materials — start with Ctrl-F if you have a specific question; otherwise go with the section
headings and introductory sections as above.



General Surgery






Suture material

Choosing suture material can seem overwhelming at first. There are a myriad of suture types out there, all with
different needles and packaging. However, most times, our choices are more limited.

Suture related factors

Absorbable or not absorbable
Suture material such as polyglactin 910 (Vicryl) is absorbable. Nylon is not absorbable.

Absorbable suture materials are hydrolyzed by the body and dissolve over time.
Absorbable suture is typically preferred when the sutures won’t be removed (eg inner
layers of the skin or body). The body typically reacts to suture, seeing it as a foreign body.
The problem is resolved as the suture is dissolved.

Nonabsorbable suture material is used externally (skin) and when maintained strength or security is essential (eg
tendon replacement). Most of these are fairly inert so the foreign body reaction is minimal.

Monofilament or braided

Monofilament sutures are single stranded. Such suture material tends to glide through tissue better than
multifilament suture. However, many of these are more likely to fatigue and break. Braided suture is stronger but
tends to wick fluids. This can lead to infections when braided suture is used in contaminated environments.

Chromic gut is extruded. It is multifilament but not braided. However, the filaments are easily damaged and lead
to a rough surface that can potentiate infection similar to braided suture material. For this reason, surgeon’s knots
are not recommended when working with chromic gut.

Duration and strength of duration

The suture needs to last long enough but not too long. Nonabsorbable suture materials last at least 6 months. Other
suture materials vary in duration of relevant strength. In some instances, this is confounded by the environment.
Eg Dexon dissolves rapidly in urine, monocryl in milk and many suture types in pus or infected fluids.

Reactivity

Some suture is minimally reactive (stainless steel) while other suture is highly reactive (Vetafil). In many
instances, one or the other is preferred. If we would like to create an adhesion quickly, reactive material is typically
good.
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Size availability

Not all suture is manufactured in all sizes. Suture sizes range from 9-0 and smaller (ophthalmological, vascular
surgery, etc) to 5 Vetafil (cow hide). Veterinary suture typically ranges from 4-0 to 3 in general practice. Only
polyglactin 910 (Vicryl) currently comes in size 3.

Packaging

Suture on reels can be cut to a desired length but is sometimes only cold sterilized and may not be acceptable for
all situations. Most other suture is packaged in smaller lengths. The suture may also be swedged onto a needle or
be needle-less. The type of needle attached can also vary widely. Typically cutting needles are needed for skin
and tough tissue; taper needles are safer for delicate tissues. Finding the right suture in the right length with the
right needle on it can be challenging.

Price

Particularly due to the type of needle attached (and if a needle is attached), price can vary between manufacturers
and suture sizes.

Surgeon preference

This category is typically called knot security or ease of use, but really each of us likes different suture material.
If you are comfortable with a suture material, you use it more often and adjust to its quirks. Change is hard.

type and size of

absorbable swedged on needle

length (and color)

The suture packet will include many of the factors listed here

Patient related factors

External or internal

Is the suturing taking place in the skin or elsewhere? Will it need to stay permanently?



Suture material 9

Duration of healing

How long will it take the tissue to heal? How long does the suture need to maintain strength?
Forces on the tissue (strength)

How much force is typically on the tissue? How strong does the suture need to be?

Risk of infection

Is the procedure clean, contaminated, or dirty? Is wicking an issue?

Needle and suture length

What are the needs of the procedure? How big/small a needle is desired to get through the tissue? How delicate is
the tissue? How long a section of suture is required?

Other factors

Are there other factors that will alter healing or suture function? Is it in the bladder, the teat or the tendon? Is milk,
urine or pus potentially in contact with the suture? Are adhesions desired or something to be avoided?






Suture table

Create a table for future reference, comparing the suture types in the clinic (UMN or other site)

Suture
material

Absorbable?

Mono or
multifilament?

Strength/
duration

Knots/
ease of
use

Size
available

Cost for
2-0 with
needle

Reactivity

Misc/
comments

11







Suture choice practice

@ An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2902

An interactive or media element has been excluded from this version of the text. You can view it online here:
https://open.lib.umn.edu/largeanimalsurgery/?p=2902

@ An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2902

An interactive or media element has been excluded from this version of the text. You can view it online here:
https://open.lib.umn.edu/largeanimalsurgery/?p=2902

13






Suturing - Instrument holding

Key principles

Maintain a light grip on the needle holders

* Thumb and ring finger, first knuckle only
* Not a death grip!

» Advanced: no thumb in the ring — use your thumb pad to open and close the ratchet

RIGHT

Thumb forceps held like tweezers or a pencil

* No overhand grips

e Advanced: don’t set them down

Rotate arm and wrist to move the needle

* Avoid pushing the needle through with a straight force

15
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+ If your needle is straightening on you, you aren’t rotating your arm

Needle holders are positioned over the knot for tying

* Between the strands of suture

¢ Not underneath either strand

Don’t pull up on the knot

* Keep needle holders close to the skin
* Don’t move the needle holders up and down

» Use your opposite hand to wrap the suture around the needle holders




Suturing - Instrument holding 17

Control your suture

» Keep your hands where you can see them

» Wrap or fold the suture into your other hand to keep it under control

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2931







Suturing - tension relieving suture patterns

Vertical mattress

Instrument Tie

Simple Interrupted Suture

Simple Buried Suture

Vertical Mattress Suture

Horizontal Mattrass,
Figure-of-8, &
Half-Buried Suture

Simple Running Suture

Simple Running
Locking Suture

Subcuticular Running
Suture

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2940

Horizontal mattress

19
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2940

Near-far-far-near
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2940







Suturing - inverting suture patterns

Cushing

23
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2948

Lembert




Suturing - inverting suture patterns 25

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2948

Utrecht




26 Large Animal Surgery

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2948

Resources

Newman and Anderson. Cesarean section in cows 2005 VCNA 21(1):73-100



Suturing - split thickness and corner stitch

Split thickness

Using split thickness bites creates very cosmetic skin closures.

Full thickness bite enters SQ Partial thickness bite stays in dermis

27
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2957

Corner bites

Corner bites are a split thickness version that helps preserve vascular supply
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A video element has been excluded from this version of the text. You can watch it online here:
https://open.lib.umn.edu/largeanimalsurgery/?p=2957

The buried horizontal suture






Suturing- intradermal/subcuticular pattern

Subcuticular closure

- i
Source: Jonathan Kantor: Atlas of Suturing Techniques:
Approaches to Surgical Wound, Laceration, and Cosmetic

Repair, AccessEmergencyMedicine

Copyright © McGraw-Hill Education. All rights reserved.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2963




Knots - Forwarder and Aberdeen

Forwarder knots

Forwarder knots are more secure than square knots for the start of continuous runs and function well in fat and

fluid media.
Forwarder Knot
1. 2, 3.
\“— —

1. Take a bit through the tissue from left to right

2. Hold the working end of the suture in the left hand; needle holder and free end of the suture in the right
hand.

3. Turn the working end around both the needle holder and the free end of the suture. Repeat twice more,
creating three throws about the combination.

4. Grasp the working end with the needle holders, pulling the working end through the looped throws as
the needle holder is withdrawn

5. Pull the working end and free end in opposite directions, tightening and locking the knot

B :
dd!gé;;Hﬂ‘ ) .
A
F| i _..*"ér _..é i
St Saat™ ; B B
i ] £ 4
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2923

Aberdeen knots

Aberdeen knots are used at the end of a continuous run. They result in better security with less bulk than square
knots, particularly in continuous runs.



Knots - Forwarder and Aberdeen 35

Aberdeen Knot
1. 2

1. Take the final bite of the continuous pattern through the tissue from right to left, leaving a large loop
2. Hold the working end of the suture (needle attached) in the left hand

3. Create a second loop in the working end and pass it through the first loop, while maintaining tension.
This equals one throw

4. Repeat for 4 throws

5. Pull the working end through the final loop and tighten to lock the knot
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2923
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2923

They are also an easier way to bury your knot
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2923

Resources

McGlinchey L et al. Bursting strength of surgeon’s and self-locking knots for closure of ventral midline celiotomy
in horses. Vet Surg 2018, 47(8):1080-1086

Gillen AM et al. In Vitro Evaluation of the Size, Knot Holding Capacity, and Knot Security of the Forwarder Knot
Compared to Square and Surgeon’s Knots Using Large Gauge Suture. Vet Surg 2016, 45:1034-1040



Knots - burying the knot

Techniques are similar between these two types. For skin — deep to superficial, superficial to deep. For lumen

closure — near to far, far to near.
Burying the knot - skin version

A B

[} i [} L] ’ .
\ ! \ ! ! .
* s - - lt .t

\:‘. p'

Source: Reichman EF: Emergency Medicine Procedures,
Second Edition! www.accessemeaergencymedicine.com
Copyright © The McGraw-Hill Companies, Inc. All rights reserved.

University of Saskatchewan Lab — step by step

39
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2966




Knots - burying the knot 41

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2966

Burying the knot - lumen closure (inverting patterns)

Utrecht Pattern - First Knot. Utrecht Pattern - First Tie.

As the ends of the suture are pulled tight, the base of the triangle folds in

Utrecht Pattern - First Stitch.

The Utrecht pattern for uterine closure is a medified Cushing pattern, 3 continuous
infolding pattern whereby the individual stitches are placed diagonally rather than
paraliel to the line of incision. The ArsT stitch is placed just above the (dorsal)

The second bite retumns to the apex of the triangle.
Utracht (1976) Utrecht {1978)

commissure, at the apex of an inverted, obtuse triangle.

Utrecht (1978)
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-
"-
n’- £y
\‘
Utrecht Pattern - Ending the Incision. . . :
B 9 Utrecht Pattern - Final Knot. Utrecht Pattern - Final Tie.
he closure of the incision is ended with another triangle. The apex is where the
needle last exited. The needle is essentially re-inserted in the same location, as The needle end of the suture is tied to the loop left behind at the apex of the By pulling up on both ends of the suture material the base line of the triangle folds
triangle. in and the knot is bured.

shewn in the illustration.
Utrecht (1976) Utrecht (1976} Utrecht (1976)

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2966




Knots - finishing the Ford Interlocking

If you have a swedged on needle, just go backwards for the last bite.

If you don’t you can do this version or the Aberdeen knot

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3236

43






General pharmacology

Basic principles, drug formulations and local blocks that cross species

45






Pharmacology basics

Dr. Alex Bianco

Use this section as a resource for interpreting articles and advanced materials.

Definitions

Pharmacokinetics =What the body does to the drug. E.g. Metabolism, elimination

Pharmacodynamics =What the drug does to the body. E.g. Desired effects + adverse effects (AE)

Dosage =Amount of drug administered per unit body weight. Mg/kg, mg/lb, IU/kg

Dose =The amount of drug the animal receives. Total mg/tablets/mL

Initial concentration (Cp)= [Drug] at first time point after administration (t=0)

Maximum concentration (Cmax) = The highest [drug] obtained after a single dose of drug

Concentration at steady state (Css) =Applies to repeated drug administration or CRI; the [drug] where drug
administration and clearance equilibrate

CRI -constant rate infusion (an iv drip)

Terminal half life (t1/2) = The amount of time it takes to decrease the plasma [drug] by 50%

t12 = (0.693 *Vd)/Cl = 0.693/k where k = the elimination rate constant (slope of the elimination curve)

Clearance (Cl) = Rate at which drugs are eliminated from the body (urine or feces). Cl is
inversely proportional to half-life

Cl = (0.693 *Vd)/(t12)

Volume of distribution (Vd) =Amount of drug in body relative to plasma volume
1Vdss= more drug NOT IN plasma
1 Vdss= more drug IN plasma

Vd = (Dose (mg))/Cp Can only calculate from iv parameters

Time to maximum concentration (tmax) = How long it takes before reaching Cmax. Depends on rate of

47
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absorption vs. clearance
tmax always = 0 when given IV : highest drug concentration is immediately after administration
Bioavailability (F%) =Percentage of drug administered that is ultimately absorbed in to bloodstream.
Calculated by comparing to same dose given IV (100% bioavailable). Measured by comparing area under the
curve using trapezoidal rule (fancy math)

Routes of administration

IV administration

Co = Cmax

Cmax after IV dosing will ALWAY'S be higher than other route of administration

A drug given IV will always have a shorter withdrawal time than when given by other routes
Other routes

Once drug enters blood, it should behave as with IV dosing

Rate of absorption (ka) = the time it takes to reach the blood

Bioavailability is never 100%. Drug is simultaneously being cleared/absorbed

PO is generally a lower peak (Cmax) and a longer elimination

Some drug is never absorbed when given po.

Parameters of interest

Time dependent antibiotics — we care about time above MIC
Concentration dependent antibiotics — we care about Cmax: MIC ratio and AUC: MIC ratio



Perioperative antibiotics

Antibiotics should be used only when necessary. Sometimes you don’t know if it will be necessary. Preoperative
antibiotics that are at high levels at the time of any “surprise” is more effective use of the drugs than treating after
the fact.

Getting high levels at the time of surgery

Timing of drugs depends on the route. IV medications are usually at peak levels within 15 minutes. IM
medications in 20-30 minutes. SQ administration is variable and can be challenging to predict; this makes SQ
antibiotics not a great option for preop medication. Oral medications typically need at least 2 hours.

Choosing drugs

When we don’t know what sort of surprises we will encounter, we err on the side of broad spectrum bacteriocidal
but first line drugs, rather than those restricted for use in cases of resistance.

In horses, we typically use penicillin/gentamicin or a cephalosporin.
In small ruminants, ampicillin or cephalosporins are used.
In lactating cattle, typically ceftiofur is first choice due to the limited withholding.

In beef cattle, ceftiofur is still a reasonable choice.
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Local anesthesia

We use local blocks very commonly in food animal species. Often bovine standing surgery can be performed
without sedation and just with local anesthesia. Epidurals are also relatively easy in dairy cattle and can help with
many perineal procedures.

Drugs

Lidocaine — Lidocaine is the predominant local anesthetic agent used. Species sensitivity varies with small
ruminants and camelids much more sensitive. The following guidelines are useful to consider as high end doses.
Calculate how much you can give and then decide if you need to dilute the drug. Diluted drug still works but has
a shorter duration. Hint: 2% lidocaine is 20mg/ml.

Species Max dose
Cats 2 mg/kg
Sheep and goats 4-5 mg/kg
Camelids 4-5 mg/kg +
Horses 8 mg/kg
Cattle 8 mg/kg +
Swine 8 mg/kg

Mepivicaine lasts longer than lidocaine and can be used for longer procedures if needed. Bupivicaine can be more
tissue toxic is typically isn’t used in our food animal species.

Types of blocks

Nerve blocks: If we know where the nerve is, we can just put local anesthetic near the nerve. Eg dehorning blocks
and paravertebral blocks

Line blocks: Local anesthetic is injected in the line of the planned incision. This does deform the tissue planes but
is the easiest to control.

Field blocks: The nerves to a region are blocked using specific types of line blocks. An L block is used in the
flank to block the regional paravertebral nerves
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Ring blocks: A specific type of field block. The entire limb is encircled with subcutaneous local anesthetic to

reach any and all nerves

Regional iv blocks: A tourniquet is placed on the limb and local anesthetic injected into a vessel below the
tourniquet. The local anesthetic is diluted to the level that it pushes out of the vasculature and into the tissues
(typically 20 cc +).

Sterile block: for top ups

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2471

Epidurals

The most common epidural agent is again lidocaine. We typically use 2-8 mg/kg BW, or 5 cc as starting amount in
a standard size dairy cow. Lidocaine epidurals can cause ataxia and even recumbency. Lidocaine can be combined
with xylazine for longer duration epidural with less risk of recumbency. Detomidine leaves the epidural space
quickly so more resembles im detomidine than epidural detomidine. Ketamine and morphine are other options for

epidurals.
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Lidocaine/xylazine combo — lidocaine 0.22mg/kg + xylazine 0.05 mg/kg, saline added to total volume of 5.7ml

Combination lasts about 300 minutes vs 80 minutes for lidocaine alone

Epidurals are typically performed in the lumbosacral space (the most movable space when the tail is pumped up
and down). In dairy cattle, a 1.5" 18 ga needle is inserted in that space at a 45° angle so that the hub is angled
toward the tail. A drop of lidocaine is put in the needle hub and should be sucked down into the needle when the
epidural space is reached. This is known as the hanging drop technique. It works well in most dairy cattle but isn’t
as useful in obese animals.

If the needle is positioned so the bevel is up, the drug will diffuse further forward. If the bevel is pointed down,
this will tend to keep the drug in the caudal region.

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/
largeanimalsurgery/?p=2471

The needle is this video is way longer than it needs to be but it shows a great hanging drop technique
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2471

Flank anesthesia

Flank surgery is common in cattle and requires good local block. Options include a line block (at the incision site),
an inverted L and paravertebral blocks

Line block

A line block is an injection of subcutaneous lidocaine along the site of the incision. Relatively straightforward, it
is often used when nothing else is working. The block can be easier on the animal if a longer needle is used and
is inserted through the site of the last injection. This minimizes the number of pokes in unblocked skin. For flank
incisions, it is important to also place lidocaine deeper in the muscle layers.

The main disadvantage of a line block is distortion of the surgery field.
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Inverted L block

This block is similar to the line block but is used to block the nerves as
they come down the flank and avoids lidocaine directly in the surgery field. The lidocaine is injected in two long
lines — one just behind the last rib and one below the transverse processes of the vertebrae. The injection must be
deep enough to get the deeper nerves and typically does not block the peritoneum.

Proximal paravertebral block

For this block, the spinal nerves T13, L1 and L2 are blocked as directly as possible as they exit the spinal cord.
This creates a more

effective block. When the block is working, the cow
will bend toward the opposite side as muscles are
relaxed. The flank will also be warmer due to related
vasodilation.

At each site, ~20 ml of lidocaine is injected. Needles
are inserted above the transverse processes T13, L1

and L2 and walked off the dorsal margin of each bone.
A long needle is used to block the nerve branches both ~ from Veteriankey
above and below the fascia.

This block can be challenging in very large beef breeds due to difficulty palpating landmarks.

Distal paravertebral block

This block is also aimed at spinal nerves T13, L1 and L2 but is coming at them from a more distal position. As the
nerves traverse caudally, the injection sites are at the tips of L1, L2 and L4. At each site, 10-20 ml of lidocaine is
injected.
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Paravertebral Block (cont’d)

Ven! al branch of

o g
first lumbar ransverse process

s
of third lumbar vertebra (Y method

from https://slideplayer.com/slide/7545976/

Resources

Ocular blocks chapter

Perineal blocks chapter

Local, Regional, and Spinal Anesthesia in Ruminants, 2016 VCNA- lots of blocks with good diagrams
Local blocks, Kathy Whitman, Great Plains Education Center (ppt will download)

Comparison of lidocaine, xylazine, and lidocaine-xylazine for caudal epidural analgesia in cattle. Vet Anaes Analg
2002

Epidural analgesia in cattle, buffalo and camels, 2016 Vet World

Local anesthesia/analgesia — OSU — all species
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2471







Drug Concentrations and Recipes

Drugs

Acepromazine

Butorphanol

Detomidine

Ketamine

Lidocaine

Midazolam (or Diazepam)
Penicillin-G (Procaine)
Sterile Diluent (for Telazol)
Telazol

Xylazine (Equine version)
Xylazine (SA or ruminant version)

Morphine

Concentration
10mg/ml
10mg/ml
10mg/ml
100mg/ml
20mg/ml (2%)
5mg/ml

300,000 IU/ml

100mg/ml
100 mg/ml
20mg/ml

10mg/ml

Bottle Size
50ml

10ml

50ml
10ml/bt
250ml
10ml

250ml

5ml
100ml
20ml

1ml vials

Midazolam drip recipe: 5ml (25 mg) midazolam + 20 ml (2 g) ketamine +5 ml (100 mg) 20mg/ml xylazine in 1

liter bag fluids.

Xylazine/ketamine drip recipe: 50 mg xylazine and 1.0 to 1.5 g ketamine added to 1 L electrolyte solution

Muscle relaxation should be satisfactory if an adequate dose of xylazine is used at induction,

or it can be improved by administering 25 to 50 mg of midazolam or diazepam intravenously

as a bolus or by increasing the infusion rate of xylazine and ketamine.
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Food Animal Drugs

This section discusses choosing antibiotics, analgesics, NSAIDs, sedatives and anesthetic agents for food and
fiber species.
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Food Animal Analgesics

Analgesics need to be given prior to the pain stimulus to prevent hyperalgesia and wind-up phenomenom. This
preemptive analgesia decreases the amount of pain produced but does not prevent pain. Analgesics should also
be used after the stimulus to control the resultant pain. Pain is generally but not always related to the release of
inflammatory mediators.

Our current practice “standards” are to 1) give nothing or 2) give it after the procedure. Neither of these make
economic or physiological sense. It makes more sense to give the drug before the procedure, particularly if a single
dose. The same dose given after the procedure has less effect. We have spent the same amount of money and effort for
less result. Since our goal is generally production, avoiding drugs is also nonsensical. When drugs are given, production
losses due to withholding are typically minimal and are offset by minimized drop in production of milk or meat related
to pain.

Flunixin meglumine is the only NSAID currently (6/2018) approved in food animals in the USA. In cattle,
it needs to be given intravenously unless in the new topical formulation (below). Besides being off label,
intramuscular injections are very irritating to tissues and can lead to Blackleg. Standard doses are 1.1 mg/kg iv
BID or 2.2 mg/kg iv SID. You will find references for 2.2 mg/kg BID but that dose increases the risk of side
effects.

FDA Approves First Medication for Pain Control in a Food-producing Animal

July 25, 2017

The U.S. Food and Drug Administration announces the approval of Banamine Transdermal (flunixin transdermal
solution), an animal drug approved for the control of pain associated with foot rot and the control of pyrexia
(fever) associated with bovine respiratory disease.

Meloxicam is an NSAID that has gained widespread popularity. It seems to have better analgesic properties than
flunixin meglumine. It is being used under ELDU (extralabel drug use) regulations for its analgesic effects. This
does require a VCPR (veterinarian-client-patient relationship)/
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Castration and dehorning Guidelines- AABP.org

There are no approved pain drugs for use in cattle in the US. The AMDUCA allows extralabel drug use (ELDU)
provided a valid VCPR exists and the drug selection decision process is followed. Although flunixin meglumine
is an NSAID labeled for use in cattle and has been shown to have short acting analgesic effects, long acting
NSAID analgesics, such as meloxicam, are more desirable to mitigate the pain associated with castration and
dehorning.

While most oral medications are not effective in ruminants and camelids due to passage through the forestomachs,
meloxicam is effective when given orally to both cattle and camelids. It may also be effective in piglets if fed to

the sow.

Impact of Transmammary-Delivered Meloxicam on Biomarkers of Pain and Distress in Piglets after
Castration and Tail Docking-2014, PLoS One

The objectives of the study were to demonstrate meloxicam transfer from sows to piglets via milk and to
describe the analgesic effects in piglets after processing through assessment of pain biomarkers and infrared
thermography (IRT)... This study demonstrates the successful transfer of meloxicam from sows to piglets
through milk and corresponding analgesia after processing, as evidenced by a decrease in cortisol and
PGE? levels and maintenance of cranial skin temperature.

FARAD suggests 21 days meat withholding after a single dose of 1mg/kg meloxicam po or 0.05 mg/kg im or iv:

Considerations for extralabel drug use in calves, FARAD Digest, 2017

Narcotics are increasingly used for pain in ruminants and camelids. None are approved so AMDUCA guidelines

must be followed. These are the most common choices:

-

Butorphanol

Used for acute pain, generally perioperatively. The short duration of action makes it expensive and challenging to use
long term. Provides sedation when combined with other drugs.

Minimal side effects.
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Morphine

Commonly used in ruminants for pain. Inexpensive and lasts 8 hours. Does decrease GI motility and is a schedule II
drug so requires careful monitoring of access to the drug.

N

Buprenorphine

Most commonly used for postoperative pain management in goats. Should be used with caution in sick animals due to
side effects. Relatively expensive but a single dose is often effective.

Fentanyl

May be used iv for perioperative pain control. The patches are more useful for control of camelid pain.

One more transdermal option for poultry:

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=134
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RESOURCES

Clinical Pharmacology of Analgesic Drugs in Cattle, 2015 VCNA

A Review of Analgesic Compounds Used in Food Animals in the United States, 2013 VCNA Vol.29(1), pp.11-28
Anesthesia and Analgesia in Sheep and Goats, 2011 VCNA Vol.27(1), pp.47-59

Pain Management, Sarel van Amstel & Jan Shearer

The efficacy of preemptive analgesia for acute postoperative pain management: a meta-analysis. Anesth Analg
2005



Food Animal Antibiotics

Due to the restrictions on antimicrobial use, choosing antimicrobials for food and fiber animals is somewhat
simpler than in dogs and cats in many regards.

Primary considerations:

+ are you likely dealing with gram positive, gram negative or both types of organisms?

* is there a drug labeled for the species and the disease?

» what drugs are legal in the species?

» where is the infection? can the antibiotics reach it? what drugs will be effective in that environment?
* how sick is the animal? can you use a bacteriostatic drug or do you need a bacteriocidal drug?

* does the animal have any other conditions that would increase the risk of certain drugs? e.g. renal
disease or liver failure

» what drugs should you avoid using in order to save them for human use?

Secondary considerations

* is the animal milking or likely to go to market soon? what is your withholding window?

* how valuable is the animal and how expensive is the drug?

» what routes of administration are available to you and how frequently can the drug be administered?

» what are the resistance patterns in your area? can you assume certain drugs will be more effective than

others?

Selecting antimicrobials (Dr. Alex Bianco)
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Antibiotic Spectrum

Aminoglycosides Chloramphenicol Cephalosporins  Penicillin
Fluoroquinolones Florfenicol Rifampin

TMS /sulfas Ampicillin

Tetracyclines Macrolides

Metronidazole

Antibiotic MOA

Bacteriostatic Bactericidal

Penicillin
Ampicillin

Macrolides
Chloramphenicol
P Cephalosporins

Florfenicol Ami :

) ) minoglycosides
Rifampin TMS/sulfas
Tetracyclines Fluoroquinolones

Metronidazole




Use
™/ Good in a
Drug v SQ PO  Anaerobes penetration  dairy
cow
Penicillin X X X X
Ampicillin X X X
EQ/ x (on
Cephalosporins label
SRC
only)
Fluoroquinolones EQ FA EQ
Macrolides FA FA/
foals
Chloramphenical/
Florfenicol FA EQ x X
Tetracyclines X FA X

Swine Antibiotherapy Handbook: (also has good info for other species)

M\ LIBRARIES

Swine A
Handbo

ntibiotherapy
ok

Perle Zhitnitskiy

All Rights Reserved

READ BOOK

.

RESOURCES

Food Animal Drug Regulations

PRUDENT ANTIMICROBIAL USE GUIDELINES FOR CATTLE

PHARMACOLOGY MODULE
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Wikipedia— often has very good pharmacological information

For Future Reference | Create a drug reference table

Pharmacology course notes and the online drug monographs



For Future Reference - Create a drug reference table

be useful in all species.

Suggested table template:

Exercises

Choose a species of interest (swine, beef cattle, dairy cattle, small ruminants, camelids) and create a table for the
following drug classes to enable you to find drugs based on the criteria given on the preceding page. Not all drugs will

Drug Gram +/- S.t atic/ Indications Distribution Routes SIS Restrictions
cidal effects

Amoxicillin Oxytetracycline

Ampicillin Penicillin

Ceftiofur (several formulations) Sulfadimethoxine

Enrofloxacin Sulfamethazine

Erythromycin Tetracycline

Florfenicol Tilmicosin

Gamithromycin Tulathromycin

Lincomycin Tylosin
S J
RESOURCES

Antimicrobial resistance learning site

Medications for camelids, P Walker- good summary of drugs

Injectable antibiotics approved for use in beef cattle

Considerations for extralabel drug use in calves, FARAD Digest

Small Ruminant Clinical Diagnosis and Therapy, S Haskell — starts with formulary
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Swine antibiotics summary, Dr. Zhitnitskiy

Amoxicillin- current use in swine medicine, 2018 J Vet Pharm Therap — good discussion of first and second line
drugs



Exercise 1. Adjusting drug frequency and doses for neonates

Exercises

What happens if you have a neonate? Neonates are mostly water (much more so than adults) and often don’t have
normal drug elimination due to immature kidneys.

@ An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=122

RESOURCES

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=122
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/
largeanimalsurgery/?p=122

Neonatal adjustments, 2003 VCNA

Note: the same principles apply for liver dysfunction and in neonates of other species:

Effect of age on the pharmacokinetics of a single daily dose of gentamicin sulfate in healthy foals .

Intravenous administration of gentamicin at a dose of 12 mg/kg bwt g. 36 h would be required in foals less than
2 weeks of age. In foals 2 weeks of age or older, a lower dose of 6.6 mg/kg bwt given q. 24 h was predicted to be
adequate.




Food Animal Sedatives and Tranquilizers

The following are commonly used sedatives and tranquilizers in ruminants:

-

Acepromazine

Acepromazine is a tranquilizer or calming agent. It does not have analgesic properties. It can be given im or iv. It does a
delayed onset of action; 10-15 minutes may be required even for iv administration. Ace is used for standing sedation
protocols in cattle, rarely in SRC (small ruminants and camelids). Ace is very useful in bulls needing penile or preputial
examination as the drug can be given im and the penis extrudes when the drug takes effect.

Dose iv or im: 10-40 mg (10mg/ml) per cow or bull or « 0.025 — 0.05 mg/kg IV

Side effects: Ace is safe in most healthy animals. Caution is needed in animals in shock or with anemia. Ace lowers
blood pressure and hematocrit. While the penis does exterirorize in bulls, persistent erection is not a common problem.

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutifcal-science/acepromazine

Xylazine

Xylazine is the most commonly used sedative in ruminants. Cattle and small ruminants are very sensitive to xylazine.
Generally give these animals 1/10 the dose of a horse. Camelids are less sensitive than ruminants but more sensitive
than horses. It can be given iv, im or sq and acts on alpha 2 receptors. It also provides analgesia and is synergistic with
opiods for both sedation and analgesia.

Dose in cattle : 0.01 — 0.1 mg/kg IV or 0.02-0.2 mg/kg IM for standing sedation

+ generally this is up to 20mg im in cattle.

+ 0.2 mg/kg SQ xylazine resulted in similar effects to 0.2 mg/kg IM xylazine in calves.

Dose in camelids : 0.1 mg/kg IV provides sedation without recumbency

Side effects include decreased GI motility, bradycardia, nasal congestion, and decreased thermoregulation. Xylazine
also causes hyperglycemia and increased urine production (this can be a problem in animals with urinary obstruction).

Xylazine can cause fatal pulmonary edema, particularly in sheep.

Xylazine stimulates uterine contractility and may cause abortion in late gestation cattle. It also makes Csections harder
due to the increased uterine tone.

Detomidine

Detomidine is another alpha-2 agonist with longer duration effects than xylazine. Ruminants are NOT more sensitive to
detomidine than horses, making dosing very similar in the two species. Because of the reduced sensitivity, detomidine
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-

may be preferred if very low dosages are needed. Small amounts of xylazine are hard to administer and mistakes may
lead to accidental overdose. Detomidine is safer in those situations. It can be given iv, im or sq.

Dose for sedation is 2.5 — 10 mcg/kg IV

Side effects are the same as for xylazine but more significant due to the longer duration. Detomidine does NOT
stimulate uterine contractility and can be used in late gestation cattle.

Dexmedetomidine can be used very effectively in swine

http://vetmed.illinois.edu/pot-bellied-pig-sedation-fast-facts-drug-protocols/

Butorphanol

Schedule IV narcotic

Butorphanol (partial narcotic agonist/antagonist) is reported to provide sedation in ruminants and camelids but this
effect is inconsistent. It is best used in combination with another sedative.

Dose: . 0.02 — 0.05 mg/kg IV may provide sedation in cattle that are sick

Side effects: May induce behavioral alteration such as restless and bellowing. Minimal change in heart rate, blood
pressure or cardiac output when given alone

Reversal: naloxone (0.005-0.04 mg/kg in swine)

Diazepam and Midazolam

Schedule IV drugs.

Diazepam and midazolam are primarily used to relieve anxiety and enhance the sedative effects of other drugs. These
drugs are more effective as sedatives in geriatric or ill small ruminants. The drugs are also used as anticonvulsants,
muscle relaxants and appetite stimulants.

Diazepam and midazolam are the preferred sedatives for neonates. Neonates cannot adjust stroke volume so have
significant cardiovascular depression with the alpha-2 agents. (Cardiac output = Stroke volume * Heart rate)

These benzodiazepenes are used interchangeably. Price variations are common so the cheapest drug is generally the one
used.

Diazepam must go iv, is light sensitive and cannot be stored in plastic (syringes). It generally cannot be mixed with
other drugs (ketamine is okay).

Midazolam can be given im and does not bind to plastic. It can be mixed with most other drugs and rectal
administration may be effective.

Dose: 0.02 — 0.1 mg/kg IV

Side effects: both drugs are metabolized by the liver and the cytochrome P450 system. As such, they can be affected and
can affect the metabolism of other drugs.

Reversal : flumazenil . (0.05 mg/kg im in swine)
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Alpha agonist reversal agents

Due to the sensitivity of the ruminants to xylazine and other alpha agonists, it is important to know how to reverse
accidental overdoses. However, the reversal agents carry risks as well. Generally give these drugs im or at a reduced
dose slowly iv. Due to the short half life of these drugs, animals can also resedate when the reversal agent is given iv-
the reversal agent wears off before the sedative does. The reversal dose can be split between iv and im routes to speed
recovery and minimize resedation. Give the im dose first.

Yohimbine is not very effective in ruminants. Standard dose is 0.125-0.2 mg/kg. It does not reverse the GI inhibition
effects of the alpha agonists. However, it is the cheapest.

Tolazaline is more effective at reversing the full effects of the alpha agonists and is the most commonly used agent.
Standard dose in cattle is 1.1-2.2 depending on how long it has been since the xylazine was given. Administer slowly as
it produces strong peripheral vasodilation and histamine-like reactions; rapid iv administration can cause death.

Camelids are very sensitive to the effects of tolazoline; use cautiously and keep animals intubated through recovery. IM
or SQ routes should be safer than IV administration.

Atipamezole (20-60 ug/kg) tends to be cost-prohibitive but is effective at reversing full effects of alpha agonists. Used at
0.2 mg/kg im in pot-bellied pigs.

Idazoxan is dosed at 0.05 mg/kg iv

Overdosage or rapid iv administration effects the cardiovascular, respiratory and CNS systems. The biggest
complication is hypotension from peripheral vasodilation.

Ket stuns and drug combos

See the following chapter

Reminder: When used, clients should be given withholding directions.

RESOURCES

Podcasts, 2019

Field Sedation and Anesthesia of Ruminants, VCNA 2016 — has good information on duration of effect of various
protocols

Ruminant and swine anesthesia, 2006

Guidelines for anesthesia and analgesia in ruminants, 2017

Plumb’s Veterinary Drug Handbook and app (lots of versions out there in different formats and prices)






Food Animal Standing Sedation Protocols

Most small ruminant procedures are performed with the patient recumbent.
Camelids will tend to kush (lie down) regardless of what you do but some will stay standing.
Pigs do the opposite of whatever you want and noisily.

Cattle are generally happy with standing sedation using only a local block or an epidural. Any surgical procedure
in a non-anesthetized cow (standing or recumbent) involves some form of local analgesia. We typically use
lidocaine as a local infusion, inverted “L” block, or paravertebral block for abdominal surgeries. An epidural
block with lidocaine may be used for rectal or vaginal procedures.

The following protocols are useful for those dairy and beef cattle that are a bit more restless, worried or aggressive
but not so recalcitrant that they throw themselves down on the ground (Scottish Highlanders) or so tired of life
that they just lie down (pregnant Jerseys):

Acepromazine/Butorphanol or Acepromazine/Morphine

This combination provides neuroleptanalgesia for moderately to lengthy procedures. It is very useful for C-sections or
penile exams/surgery in healthy animals that aren’t hypotensive.

The onset of action is slow. Anticipate at least 20 minutes, even with iv administration. The drugs can be given iv, im or
sq.

Acepromazine 0.035 mg/kg im + Butorphanol 0.05 mg/kg im or Morphine 0.1 mg/kg im (500kg cow = ~7.5 mg ace +
~10 mg butorphanol iv)

Xylazine/Butorphanol

This combination provides synergistic sedation + analgesia for shorter to midlength procedures.
The onset of action is rapid. The drugs can be given iv, im or sq. Too much sedation will lead to recumbency.

Xylazine 0.05 mg/kg im + Butorphanol 0.05 mg/kg im or Morphine 0.1 mg/kg im (500kg cow = ~10mg xylazine +
~10 mg butorphanol iv)

Acepromazine/Xylazine

This combination provides sedation for moderate to lengthy procedures. It does cause significant cardiovascular
depression; animals must be healthy. It avoids narcotics and narcotic management.
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The full onset of action is delayed up to 20 minutes.. The drugs can be given iv, im or sq. Too much sedation will lead to
recumbency.

Xylazine 0.05 mg/kg im + Acepromazine 0.05 mg/kg im (500kg cow = ~10mg xylazine + ~10 mg acepromazine iv)

Standing Ketamine Stun (xylazine, ketamine, butorphanol)

This combination provides dissociative anesthesia and analgesia. Cattle get a stunned effect and don’t seem to care
about much of anything. Higher doses can lead to recumbency. Unfortunately, stunned cattle are resistant to attempts to
make them stand up again.

The bovine standing ket stun is basically Llama lullaby with lower xylazine amounts.

Bovine ketamine standing stun:
» IV: xylazine 0.02 mg/kg, butorphanol 0.01 mg/kg, ketamine 0.05-0.1 mg/kg

o for a 500-600kg cow,this is ~ 5 mg butorphanol, 10 mg xylazine and 20 mg ketamine (25-50
mg)
» Double the doses for im or sq stuns (less intense, longer duration). Try SQ unless the animal is very unruly.
* Morphine can be used in cattle instead of butorphanol (0.05 mg/kg iv).
Cow prestun

Cow poststun

Remember withholding requirements apply!

RESOURCES

Chemical restraint of ruminants- ketamine stun techniques, Abrahamsen circa 2008

Field sedation and anesthesia of ruminants, Seddighi and Doherty, VCNA 2016

Local blocks, Kathy Whitman, Great Plains Education Center (ppt will download)



Food Animal General Anesthesia Protocols

As with other species, anesthesia involves

+ sedation — xylazine (occasionally detomidine, dexmedetomidine, romifidine or acepromazine)

o optional additional sedatives or analgesics -butorphanol or acepromazine (given with
sedatives) AND/OR diazepam or midazolam (given at induction)

+ induction — ketamine, telazol, guaifenesin

» maintenance — repeated doses of sedatives and induction agents or infusion of drugs and drug
combinations

Ruminants, camelids and pigs are generally not intubated or maintained on inhalant anesthetic agents except in
specialty or referral settings.

Ruminants do like to regurgitate and drool during
anesthesia. Atropine only makes the drool thicker so
we don’t use it. It is important to ensure that drool and
rumen contents drain out. The nose should be lower
than the poll, often with the neck elevated with a pad
to ensure everything runs downhill and out, not back
into the airways.

Ruminants also like to bloat when sedated. This
impairs respiration as the rumen compresses
diaphragmatic vessels and impairs return of blood to

the heart. To minimize rumen fill, adult large \ 1
ruminants are held off feed for ~ 24 hours when pyps./instruction.cvhs.okstate.edu/vmed5412/FoodAnimals.htm
possible (small ruminants need ~18 hours). Many

references recommend removal of water. This may not be necessary unless animals are drinking excessively.

Monitoring is typically through vital signs (pulse quality and rate, respiratory quality and rate, ocular reflexes
and positioning). Pulse oximeters are portable and easy to use. Doppler blood pressure monitoring is useful
particularly in smaller patients.

Common induction and maintenance agents:

Ketamine

Schedule III
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-

Ketamine is a dissociative anesthetic agent used to induce recumbency after sedation when given at higher doses.

It is commonly combined with other drugs (xylazine, diazepam or midazolam, guafenesin) to prolong the aneshetic
duration and to enhance relaxation.

Ketamine is a relatively safe drug with minimal cardiovascular or respiratory depressant effects. “It is hard to kill with
ketamine.” Unlike in horses, there is minimal excitement phase in ruminants. Both the sedative and induction agents can
be combined in the same syringe (eg ketamine/diazepam or xylazine/ketamine) and given at the same time.

Cattle:

+ xylazine 0.05-0.1 mg/kg and ketamine 2 mg/kg iv (double for im administration)
* diazepam/midazolam 0.1 mg/kg and ketamine 2 mg/kg iv

+ recumbent iv ketamine stun: xylazine 0.05 mg/kg + butorphanol 0.05- 0.1 mg/kg + ketamine 0.5 -1 mg/kg

o for a 500-600kg cow, this 20/25/250 mg of B/X/K

+ infusion: 1-1.5g ketamine added to 1L electrolyte solution along with 50 mg xylazine or with 25-50 mg
benzodiazepenes administered as iv drip

Llamas: xylazine 0.4-0.5 mg/kg and ketamine 4-6 mg/kg im
Alpacas: xylazine 0.6-0.8 mg/kg and ketamine 6-8 mg/kg im

Swine: xylazine 2 mg/kg and ketamine 20 mg/kg im

Telazol and Telazol combinations

Schedule III

Telazol is a combination of tiletamine (dissociative agent like ketamine) and zolazepam (benzodiazepene like
diazepam). It lasts longer than ketamine/diazepam but is more expensive.

The drug needs to be reconstituted prior to use and then has a limited shelf life.
Telazol-xylazine: reconstitute telaxol with 500 mg xylazine instead of the standard diluent. Give 3-5ml to large bulls im.

TKX: reconstitute telazol with 100-150mg xylazine and add ketamine to total volume of 5 ml. Useful with pole syringe
administration or dart gun for wild or aggressive cattle (5ml/600-800 kg).

Other example protocols

cattle: 0.1 mg/kg xylazine + 1-2 mg/kg telazol iv
sheep: 2-4 mg/kg telazol iv

llama: 0.25 mg/kg xylazine + 2 mg/kg telazol im
swine: 2.2 mg/kg xylazine + 4.4 mg/kg telazol im

GG and Triple Drip

Triple drip is a combination of xylazine, ketamine and guafenesin used to maintain anesthesia.

Xylazine (50-100 mg), ketamine (1000 mg or 1 g), in a liter of 5% guaifenesin (50mg/ml), given at 1ml/lb/hr.
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Guafenesin (GG) is a muscle relaxant that helps counteract the rigidity associated with ketamine. The combination must
be compounded and can be explosive if done incorrectly.

It can be used for induction (0.5-2 ml/kg) but has a slightly delayed effect so overdosing is a risk. However, the gradual
induction minimizes the apnea risk.

Maintenance with triple drip is relatively easy in cattle. The anesthetic plane is rapidly adjusted by changing the drip
rate (0.5-2 ml/kg/hr).

Side effects : Very irritating perivascularly. Use a catheter. Overdoses of GG can lead to increased muscle tone, making
the animal appear too light vs too deep. Ruminants are sensitive to xylazine and xylazine may cause pulmonary edema,
especially in sheep.

Double drip

Double drip infusion avoids the risk of xylazine for ruminant anesthesia maintenance.
Ketamine (1mg/ml or 1g/L) is added to 5% Guafenesin.

Butorphanol or morphine should be added for analgesia. Butorphanol (0.05-0.1 mg/kg IV or IM in smaller ruminants,
0.02-0.05 mg/kg IV or IM in larger ruminants) or morphine (0.05-0.1 mg/kg IV or IM).

https://www.acvs.org/files/proceedings/2011/data/papers/211.pdf

Llama lullaby

To one bottle of ketamine (10 ml of 100 mg/ml) add 1 ml of 100 mg/ml xylazine and 1 ml of 10 mg/ml butorphanol.
Given 1 ml /50 1bs BW IM for 40-50 min procedures.

More specific doses of ket stuns for camelids:

+ xylazine 0.22-0.55 mg/kg + ketamine 0.22-0.55 mg/kg + butorphanol 0.08-0.11 mg/kg im

Please double check all doses in these protocols before using. Withholding requirements do apply to these drugs!
Nothing is approved so AMDUCA rules also apply

RESOURCES

Podcasts, 2019

UMN Students can self enroll in the anesthesia moodle site. Key word is sleepy

Chemical restraint of ruminants- ketamine stun techniques, Abrahamsen circa 2008

Field sedation and anesthesia of ruminants, Seddighi and Doherty, VCNA 2016

Ruminant and swine anesthesia. OK State, Lyon Lee
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Guidelines on Anesthesia and Analgesia in Ruminants, UMI, 2018

Large Ruminant Anesthesia, 2012 ACVS

Allweiler FA anesthesia lecture ppt

Plumb’s Veterinary Drug Handbook and app (lots of versions out there in different formats and prices)



Camelid Sedation and Anesthesia

Camelid sedation

= UNIVERSITY

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1063

Camelid GA

General off feed 12-18 hours, free choice water.

Camelids can regurgitate and aspirate so head position should be managed to ensure any regurgitation drains out
of the mouth, not back down the throat, similar to small ruminants.

Sick camelids tend to develop metabolic issues after anesthesia so should be carefully monitored.

The alpha2 agents may be reversed in camelids but yohimbine is expensive and tolazoline has significant side
effects. Most use atipamezole and cautiously.

PS : It is really hard to open the mouth wide enough for intubation if the halter is still on. Just saying.
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Llama lullaby

To one bottle of ketamine (10 ml of 100 mg/ml) add 1 ml of 100 mg/ml xylazine and 1 ml of 10 mg/ml
butorphanol. Given 1 ml /50 Ibs BW IM for 40-50 min procedures.

More specific doses of ket stuns for camelids:

xylazine 0.22-0.55 mg/kg + ketamine 0.22-0.55 mg/kg + butorphanol 0.08-0.11 mg/kg im

-
=
w
54
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-
=
- |

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1063

Resources

New World Camelids, UTenn, Tom Doherty, 2011

Chemical restraint, anesthesia and analgesia for camelids, Abrahamsen, VCNA 2009
Camelid anesthesia and drugs— Merck Manual

Medications for Camelids, PG Walker




Swine Sedation and Anesthesia

“Piggy Magic” intramuscular sedation.

+ Butorphanol 0.2 mg/kg
« Midazolam 0.2 mg/kg
+ Ketamine 2-6 mg/kg
We typically use the higher end of the ketamine dose. Mix together in a syringe and give im.

This protocol provides a decent plane of sedation for minor procedures and lasts about 30-45 minutes.
Good for casting, radiographs — basically for anything that requires them to lie still.

Also try forking — it really works to calm them and has a slight residual.
Useful for injections, temperature taking, listening to hearts, etc.

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1071

Pot-bellied pig sedation, 2017
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Anesthesia of pot-bellied pigs, 1998

Ruminant and swine anesthesia, 2006

Guidelines on Anesthesia and Analgesia in Swine, UMI, 2018

Practical sedation and anaesthesia of pigs, In practice, 2007

SEDATIVE AGENTS COMMONLY USED IN THE PIG

Agent Dose rate Route of administration
Azaperone 1 to 8 mg/kg Deep intramuscular

Azaperone and 1 mg/kg Together deep intramuscular
ketamine 5 mg/kg

Azaperone, 1 to 2 mg/kg All together deep intramuscular
ketamine 5 mg/kg

+ butorphanol
Acepromazine

Acepromazine and
ketamine

Midazolam

Midazolam and
ketamine

Diazepam

Diazepam and
ketamine

Xylazine,
ketamine
+ butorphanol

0-1to 0-2 mg/kg
0-03 to 0-1 mg/kg
0-03 to 0-05 mg/kg
5 mg/kg

0-1 to 0-5 mg/kg

0-2 mg/kg
5 mg/kg

0-5 to 2 mg/kg
1 to 10 mg/kg

2 mg/kg
5 to 10 mg/kg

1 to 3 mg/kg
5 mg/kg
0-1 to 0-2 mg/kg

Deep intramuscular

Together deep intramuscular

Deep intramuscular or intravenous

Together deep intramuscular

Intravenous
Deep intramuscular

Intravenous followed by
intravenous to effect

Together deep intramuscular

Note that none of the drugs listed above are licensed for use in pigs. An agent can only be used if
it appears in one of the annexes (I to IV) of the Council Regulation (EEC) 2377/90

Anesthesia agents and complications in VPBP (vietnamese pot bellied pigs), JAVMA 2011

Objective—To document complications associated with preanesthetic and anesthetic agents used in Vietnamese
potbellied pigs and identify predictors of complications.

Design—Retrospective case series.

Animals—27 potbellied pigs (14 female and 13 male) ranging in age from 0.25 to 15 years old and ranging in
body weight from 5.9 to 169 kg (13.0 to 371.8 1b) that were anesthetized on 32 occasions between 1999 and
2006.

Procedures—Data, including perianesthetic management, anesthetic agents and dosages, complications, and
outcome, were retrieved from medical records. Patient information, anesthetic agents, and duration of anesthesia
were evaluated as predictors for development of complications.

Results—Anesthesia was maintained with isoflurane or sevoflurane during 30 anesthetic episodes. Commonly
used premedicants were butorphanol, atropine, and midazolam administered in combination with xylazine or
medetomidine and a combination of tiletamine-zolazepam and butorphanol. Anesthesia was induced with an
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inhalation agent on 15 occasions, via injection of ketamine on 10 occasions, and via injection of propofol on 3
occasions. Complications included hypoventilation (16/24 [67%]), hypotension (16/25 [64%]), hypothermia (15/
31 [48%]), bradycardia (9/32 [28%]), and prolonged recovery time (7/32 [22%]). None of the factors evaluated
were associated with development of these complications. All pigs survived anesthesia.

Conclusions and Clinical Relevance—Results suggested that a variety of anesthetic agent combinations can be
used to provide anesthesia in potbellied pigs with satisfactory outcomes. Although there were high incidences of
hypoventilation, hypotension, and hypothermia, no specific anesthetic agent was associated with development of
these complications.







Small ruminant sedation and anesthesia

Drugs

Typical general anesthesia protocols for healthy small ruminants

ANESTHESIA Drug Dose (mg/kg) Route
Pre-operative analgesia Flunixin meglumine 1.1 mg/kg Iv
Sedative (if needed) Acepromazine 0.2 mg/kg im
Induction protocol option 1 Xylazine 0.05 mg/kg iv

Butorphanol 0.05-1 mg/kg iv

Ketamine 0.5-0.1 mg/kg Iv
Induction protocol option 2 Midazolam 0.1-0.2 mg/kg Iv

Ketamine 2-5 mg/kg iv
Maintenance Redosing, iv infusions, inhalant

anesthesia

Remember : the alpha2 agonists (xylazine, detomidine) can cause fatal pulmonary edema in sheep! If you must
use it, give it slowly and be prepared to reverse it.

Xylazine also stimulates urine production and is not ideal in blocked goats unless you can perform cystocentesis
or surgery.

Local blocks are good things and can minimize the need for general anesthesia. Go easy. Assume maximum dose
of 6 mg/kg.

Atropine is not useful in stopping salivation and can be detrimental as it makes the saliva thicker.
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Peri-anesthetic Support

Food should be withheld for 12-18 hours to minimize bloating in adult animals. Neonates should not be fasted
more than 4 hours. Because of the danger of pregnancy toxemia in late gestation, those animals should be
minimally fasted or carefully supported.

Young small ruminants can become hypothermic; this is usually not a problem in older ruminants.

Hypoventilation and apnea are not uncommon. Fluid therapy and supplemental oxygen
should be considered for longer procedures.

Due to copious salivation and high risk of regurgitation, animals should be positioned so
the head is tilted downward. It can help to elevate the neck, creating a “V” at the poll or
withers.

head tilted down for drainage of saliva and regurgitant

Monitoring

Pulse oximetry and other monitoring devices can be very useful in small ruminants. Without these tools,
monitoring is challenging and requires careful attention. If in doubt, reduce the anesthetic depth until signs of light
anesthesia become apparent.

For most anesthesia, the pupil should be central and moderately constricted. Rotation of the globe is not useful for
monitoring and the corneal reflex should be maintained.

Too light:

* Moydriasis is observed at a light plane and again at a deep plane.
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» Chewing, esophageal activity and limb movement indicates too light of a plane.
* Increased muscle tone (jaw tone)
* Nystagmus
Too deep:

* Mydriasis combined with no palpebral reflux is likely a deep plane.
* Decreased muscle tone (jaw tone); some jaw tone persists even at deep planes
» Slowed heart rate

» Shallow or paradoxic respiration (chest contracts during inhalation vs expands)

Recovery

Recovery from anesthesia is usually uneventful. Hypothermia will prolong recovery so animals should be kept
warm and dry. Animals should be placed in sternal recuambency and, if used, the endotracheal tube left in position
with the cuff inflated until the animal can swallow. Once the animal can cough and swallow the tube can be
removed; the cuff can be left inflated during removal if regurgitation occurred.

Resources

Seddighi and Doherty,. Field sedation and anesthesia of ruminants, VCNA 2016

Anesthesia and Pain Management Goplen 2016
AD Galatos. Anesthesia and Analgesia in Sheep and Goats. Vet Clin Food Anim 27 (2011) 47-59
Drugs approved for small ruminants, JAVMA 2004

Small ruminant clinical diagnosis and therapy, 2001 (starts with a formulary)
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Ruminant Pings

Left sided pings
* Rumen
+ LDA

» Uterus (bilateral)

» Pneumoperitoneum (bilateral)

Rumen or pneumoperitoneum ping.

LDA
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Uterus

Right sided pings

* duodenum

* abomasum

+ small intestine
* cecum

* spiral colon

+ uterus (bilateral)

» pneumoperitoneum (bilateral)

 rectum (post palpation)




Duodenal ping

Spiral colon or small intestinal pings

cecum or pneumoperitoneum

Ruminant Pings 99
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rectal ping

uterus



Abdominal ultrasound

Ultrasound is a valuable tool for identifying peritoneal and GI tract abnormalities in cattle. Many structures look

similarly when normal; location is an important key as is knowing the normal sonographic appearance. Most of

these evaluations can be performed with a linear probe.

Start by scanning ventrally for fluid pockets. Check to the right of midline and under the flank fold, just beside

the udder.

Left side evaluation

Left side structures are the rumen, and spleen.

Reticulum

The reticulum can be visualized both the left and right of the sternum, ventral to the point of the elbow.

Braun, VCNA 2009

The reticulum normally has a half-moon shape. Due to
the gas content, foreign bodies and magnets are not
visible. In this diagram, 1 is the reticulum, 2 is the
craniodorsal blind sac of the rumen, and 3 is the
ventral sac of the rumen. Regular contractions that can
be evaluated to determine whether motility is
normal. The reticulum should have one
biphasic contraction per minute; this is

typically immediately followed by a rumen contraction.

Scan the caudoventral reticular wall to evaluate for hardware related reticuloperitonitis and reticular abscesses.
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Braun, VCNA 2009

Reticuloperitonitis Reticular abscess

Rumen

The rumen is visible along most of the left side. The gas cap means only the external layer is visible dorsally.
More fluid contents can be seen ventrally.

From Braun, VCNA 2009. 6 is rumen 4 is rumen, 2 is spleen

Spleen

The spleen has a hyperechoic texture with prominent vessels. Occasional abscesses can be observed within the
spleen.

Right side evaluation
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Structures on the right side include the omasum, abomasum, small intestine and large intestine.

Omasum

The omasum is a crescent shaped structure on the right, in the 6th to 11th intercostal spaces (ICS). It is easiest to

see in the 9th ICS since it is closest the body wall in the 8th-9th ICS. The omasum should not contract. The leaves
are not visible unless there is fluid reflux from the abomasum.

Normal omasum Omasum with fluid reflux

Abomasum

The abomasum is typically found 10 cm caudal to xiphoid on the midline and just to either side.

Contents have a heterogenous echogenicity. A dorsal gas cap may be evident normally and is typically the only
change seen with displaced abomasum. Location is important for diagnosis. With an RDA, the normal liver is
blocked by the displaced gas filled abomasum.

No obvious changes are visible with abomasal ulceration unless peritonitis occurs.
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Braun, 2003

Normal abomasum Displaced abomasum with gas cap

Small Intestine

Small intestine is visible ultrasonographically from the tuber coxae to the 8th ICS ranging from the transverse
processes dorsally to the midline ventrally.

The duodenum is wrapped in omentum in the central aspect of the right paralumbar fossa.

Braun, 2009 ' Braun, 2003

Normal small intestines Normal duodenum
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Detectable abnormalities include intestinal ileus or motility disturbances, hemorrhagic bowel syndrome and

intussusceptions.

©Braun; 200 < s Braun, 2003

_Braun;2009

Amotile intestinal loops Hemorrhagic bowel syndrome Intussusception

Large Intestine and Cecum

The large intestine is a gas filled structure medial to the descending duodenum. The spiral colon will often have a
garland appearance. The cecum is nondescript but can be identified when distended and resonant.

Wy —— e ———e =

Braun, 2003 "L Braun, 2009

Spiral colon garlands Distended cecum
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Liver

The liver is visible ultrasongraphically on the right, extending from just caudal to the last rib up to the 5th ICS. It
is often partially obscured by the lung.

Normal liver is fairly homogenous with visible gall bladder and biliary tree.

Braun, 2009

11*1Cs 10t 1Cs 9th ICS

Resources

Braun. Ultrasonography of the Gastrointestinal Tract in Cattle. VCNA 25 (2009) 567-590
Braum. Ultrasonography of the Liver in Cattle, VCNA 25(2009) 591-609

Braun. Ultrasonography in gastrointestinal disease in cattle. The Veterinary Journal, 2003, Vol.166(2), pp.112-124



How to - Standing Gl Surgery

Indications

Standing GI surgery is a common field and referral procedure in cattle. Right flank approaches allow for
abdominal exploratory, correction of abomasal displacements, typhlotomy and other procedures. Left flank
approaches allow for rumenotomy, Csection and correction of LDAs.

Relevant anatomy

The musculature of the flank includes the exterior abdominal oblique, the internal abdominal oblique and the
transversus. Each muscle layer becomes progressively thinner, with the transversus muscle usually being a fibrous

sheath. There is no strength layer in the flank — muscles tear easily.

A\

External abdominal oblique

The nerve sensation to the flank muscles comes from the spinal nerves T13, L.1 and L2. These can be blocked
using local infiltration or paravertebral blocks. The peritoneum is difficult to numb.

The vasculature supply for the area is robust, leading to good healing.

The abdominal cavity is under negative pressure normally. When the peritoneum is opened, air flows in,c creating
an audible noise. If air does not flow in, the main differentials are recent abdominal surgery or a ruptured viscus
(leaking air).

The retroperitoneal space is relatively large in cattle. If an incision is made too dorsally, this space will be visible.
The surgeon may feel they have encountered lots of adhesions. In the peritoneal cavity, the duodenum should be
directly visible in the incision on the right and the rumen on the left.
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Duodenum

Retroperitonal space

Preoperative management

Food restrictions: NA
NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics: Recommended. As cows can wall off infection, there can be surprises inside. If milking, ceftiofur 2.2
mg/kg im is standard. In beef or non-lactating cattle, other options do exist. Remember: the label dose of procaine
penicillin is ineffective!

Local blocks: A line block, inverted L or paravertebral are all reasonable options.

Position/preparation: Healthy cows tolerate standing surgery very well. Many do not need sedation but will do
fine with just a local block. If the cow is hypocalcemic or if the mesentery is stretched (by lesion or by exposure
for evaluation), the cow may lie down. If this is a concern, we try to make it more likely that she will land incision
side up.

Head toward incision; ropes
between outside legs

Place ropes on the far legs and tie her head toward the incision. If she starts to lie
down, nonsurgical personnel pull on the ropes and pull her legs out from under her. With the head tied in this
direction, she is also more likely to fold that way and stay incision side up.

The flank is clipped, scrubbed, and the block performed.
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Clipping over the backbone makes cleaning easier. Prep is usually a degreaser, 3 scrubs with water rinses.
After the block, a final scrub and alcohol rinse.

Usually the most challenging part of the procedure is the block. Cows do not like needles. Options include a tail
jack, towel over the face, or sedation. Or all 3. The EasyBossE is another humane restraint device that may help.

mad cow stunned cow .
A sterile paper drape can be

clipped to the skin of the back
using towel clamps. This is a cheap way to keep things clean and to minimize suture contamination. Gowns are
less useful than the drape...

Surgeons should wear gloves and sterile sleeves.
Double gloves are useful if a contaminated procedure
is expected as the top layer of gloves can be removed
quickly. Caps and masks are recommended but not
often worn. Gowns are not helpful for sterility unless

Putting the clamps on at the same time minimizes injury as she doesn’t know who to kick. A nonsterile tech can help.

Positioning the towel clamps as far apart on the back of the cow keeps the drape useful and not in your way water impermeab]-e bUt do he]-p keep the Surgeon d bit
cleaner and warmer.

Surgery Supplies:

 Standard surgery pack
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+ Sterile sleeves for internal palpation
* Scalpel blade and handle
+ 2 or 3 absorbable suture material for muscle closure
» 3+ nonabsorbable suture material for skin closure
» Biopsy instruments and formalin- optional

* DA simplex — long flexible tubing attached to a 10ga needle for viscus decompression -optional

Surgical procedure

After the cow is prepped, blocked and draped, a large window is cut in the drape. This window should be as large
as possible without exposing any hair or facilities (side gate etc).

A g A vertical incision is made, typically in the center of the paralumbar
X ' fossa, starting about 10 cm below the transverse processes and
extending about 20 cm. [If you are struggling later, make the

incision longer. It heals side to side, not end to end.]

Incise through the external abdominal oblique.

To safely and quickly cut through each muscle layer:

the hole should be big enough to not be in your
way

* First determine how thick a muscle is by starting with a 3 cm
incision at the top, shaving until you reach the white fascia layer.

* Once the fascia is seen, slide a set of long thumb forceps under the external abdominal oblique and
above the fascia (it should go easily), and turn these so the tongs are flat, creating a “groove director”
between them.

» Use the center “groove director” as a guide for your incision. If the cow moves, the thumb forceps will
help protect the deeper layers from accidental incision and enable you to incise without worry.
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Incise the internal abdominal oblique (it will be thinner). Tent the transversus and cut with scissors or with the
blade turned so the cutting edge is facing the surgeon. This is to ensure you don’t cut too deeply.

Alternative to avoid: occasionally the muscles are split along their fibers rather than being cut. This is referred to
as gridding. It is useful in rumenostomies but otherwise not useful. It creates a small deep hole that is very
difficult to close.

Incise the peritoneum, listening to see if air rushes in. Extend the peritoneal opening to allow easy palpation with
one arm.

Place a sterile sleeve on your left arm (regardless of whether left or right handed). If it is large for your hand, add
a sterile glove over the top to improve your palpation skills. Generally this is one size larger than your normal
glove size. *REMOVE ANY HEMOSTATS USED FOR BLEEDERS**. Finding these in the belly is somewhat
challenging.

Exploration should be done from clean to potentially (or known) contaminated regions. In cattle, the riskiest areas
are by the reticulum (hardware disease), liver (abscesses) and abomasum (perforated ulcers). As all of these are
cranioventral, we typically start caudodorsal and to the left, followed by caudo ventral, craniodorsal and finally,
cranioventral.

A prophylactic omentopexy is often performed at the conclusion of right flank procedures, even if not for
abomasal displacement.

Closure:

The internal abdominal oblique and transversus can be closed as a unit, using 2 chromic gut or similar suture
in simple continuous pattern. High levels of air in the abdomen can lead to pain so the cows are often “burped”

during closure. Start the closure at the ventral aspect of the muscle layers. As you reach the top, preplace the final
sutures and the first throw but do not tighten. Push in on the cow’s flank to push the gas out. With the flank still
shoved in, tighten the last throw and then tie.

The external abdominal oblique is typically closed by itself in a similar fashion but no burping required.
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Some practitioners close all muscles together. As muscles tear, that can be risky if the cow falls during the healing
period.

The skin is closed with a Ford Interlocking pattern using nonabsorbable suture in size 3 or 5. This is a great time
to finish with an Aberdeen knot. A cruciate or simple interrupted suture is often placed at the ventral aspect. This
can be removed to allow drainage if seroma or abscess develops.

Hint: Suturing cow hide is like sewing leather. If you try to insert your needle at an angle to the skin, you make
it harder. If the needle is perpendicular to the skin, it goes in easier. The easiest way to do this is the change how
you hold the skin. Make the skin perpendicular to the needle. It also helps to “choke up” on the needle — grasp it
closer to the tip.

i

Postoperative care

* Suture removal in 10-14 days
* Monitor the cow for any signs of infection or peritonitis

» Consider rumen transfaunation if available

Complications

+ Incisional dehiscence (rare)
+ Incisional infection (common)

e Peritonitis
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Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3025
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3025
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3025

Resources

PRACTICAL APPROACHES TO ON-FARM BOVINE SURGERY, Dr. Gordon Atkins, University of Calgary
Veterinary Medicine






How to - Bovine Abdominal Exploratory- Right

Indications

An abdominal exploratory is a relatively cheap and effective diagnostic tool both in the field and in the hospital.
Since most cows will not be shipped to a referral center, many diagnostics are not available. Lab-work typically
needs to be run at the clinic or shipped off. Ultrasound is a powerful tool and can be utilized in the field. In most
cases with an abnormal ultrasound, exploratory surgery is indicated. If ultrasound is negative, the next useful tool

is exploratory laparotomy.

Relevant anatomy

The right flank is the preferred approach to an exploratory. Due to the rumen, ventral incisions are useful only
for direct evaluation of structures in the abomasal area. From the right flank, most structures are palpable if not

visible.
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Fig 1. Note the duodenum(D) and greater omentum (GO)
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Left side (note reticulum position) Right side (note reticulum position)

Fig. 2 Reticulum position

Fig. 3 Note the ileocecal and cecocolic junctions

Preoperative management

Food restrictions: NA
NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics: Recommended. As cows can wall off infection, there can be surprises inside. If milking, ceftiofur 2.2
mg/kg im is standard. In beef or non-lactating cattle, other options do exist. Remember: the label dose of procaine
penicillin is ineffective!

Local blocks: A line block, inverted L or paravertebral are all reasonable options.
Position/preparation: See How to- Standing GI Surgery
Surgery Supplies:

+ Standard surgery pack
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+ Sterile sleeves for internal palpation
* Scalpel blade and handle
+ 2 or 3 absorbable suture material for muscle closure
» 3+ nonabsorbable suture material for skin closure
» Biopsy instruments and formalin- optional

* DA simplex — long flexible tubing attached to a 10ga needle for viscus decompression -optional

Surgical procedure

Follow the guidelines for standing GI surgery.

Place a sterile sleeve on your left arm (regardless of whether left or right handed). If it is large for your hand, add
a sterile glove over the top to improve your palpation skills. Generally this is one size larger than your normal
glove size. **REMOVE ANY HEMOSTATS USED FOR BLEEDERS**. Finding these in the belly is somewhat
challenging.

Exploration should be done from clean to potentially (or known) contaminated regions. In cattle, the riskiest areas
are by the reticulum (hardware disease), liver (abscesses) and abomasum (perforated ulcers). As all of these are
cranioventral, we typically start caudodorsal and to the left, followed by caudo ventral, craniodorsal and finally,
cranioventral.

The omental sling will be in the palpation path unless pulled out of position by a late term pregnancy. In most
cases, the duodenum and sling will be the only things visible in the incision (Fig 1). If there is a distended
structure, it can be the abomasum (RDA or abomasal torsion) or gas in the omental bursa. Gas in the omental
bursa develops after abdominal surgery or with a ruptured abomasal ulcer.

* Reach caudally and curve your left arm so that you can check the rumen and the left side. Palpate
forward along the left body wall. Check the rumen gas cap and rumen pack. The rumen should have a
small gas cap and be easily indentable.

o An LDA will palpate as a second rumen gas cap.
» Return to the pelvis. Evaluate the structures in this region:

o bladder — she will urinate

o sublumbar lymph nodes

o uterine — check involution

o ovaries — evaluate for normal size and structure

» Evaluate the caudal intestines. The intestines should be fairly empty and located in the back 1/3 of the
abdomen.

o The intestines cannot be traced from duodenum to cecum
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Closure :

o If the intestines need to be evaluated, exteriorize the cecum (a blind-ended sac with no
bands). The spiral colon is connected on the dorsal surface and the ileum enters on the
ventral surface. (Fig 3)

Evaluate the kidneys. Reach forward on the inner aspect of the sling. The kidneys are both on the right
side of midline, lobulated and should be nonpainful.

Evaluate the ventral abdominal floor. Pass your hand along the ventral abdomen. It should pass easily
without obstruction.

Return to the outer surface of the sling and palpate the cranial abdomen.
Evaluate the liver

o Edges should be sharp. Rounded edges indicate likely fatty liver.

o The gall bladder will be distended in cattle that are anorexic.
Evaluate the ascending duodenum.

o It should not be distended. Normal attachments connect it to the liver.
Evaluate the abomasum

o The abomasum can be identified by a mucosal slip.

o The abdomen should be mostly empty and should be located on the right side of midline in
the ventral abdomen

o The pylorus is muscular but should be evenly muscled and a lumen should be palpable.
Evaluate the omasum

o This is a round firm basketball medial to the abomasum
Evaluate the reticulum (Fig 2)

o To find the reticulum, pass your hand down along the body wall, palm side down. Aim for
the ventral midline about 6-12" forward from the incision (NOT up by the tonsils). Turn your
hand palm side up. The reticulum will usually be in your palm. The reticulum is a mostly
empty sack that should be easily movable. It often contains sand. The honeycomb pattern is
variably distinct.

Evaluate the diaphragm

o It should be intact with no herniation or defect.

Follow the guidelines for standing GI surgery.

Postoperative care

See standing GI surgery.
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Complications

» See standing GI surgery.

Videos

Resources






How to - Bovine Abdominal Exploratory- Left

Indications

Left flank exploratories are less common but are useful when the animal is showing signs of vagal indigestion or
other left sided abnormalities. Anytime a procedure is performed on the left (Csection, rumenotomy) it should be

accompanied by a full exploratory.

Relevant anatomy

The rumen takes up considerable space. How much of the intestinal structures are palpable depends on the size
of the cow, arm length of the surgeon and the amount of intestinal fill.
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Preoperative management

Food restrictions: NA
NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics: Recommended. As cows can wall off infection, there can be surprises inside. If milking, ceftiofur 2.2
mg/kg im is standard. In beef or non-lactating cattle, other options do exist. Remember: the label dose of procaine

penicillin is ineffective!
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Local blocks: A line block, inverted L or paravertebral are all reasonable options.

Position/preparation: See How to- Standing GI Surgery

Surgery Supplies:

Standard surgery pack

Sterile sleeves for internal palpation

Scalpel blade and handle

2 or 3 absorbable suture material for muscle closure
3+ nonabsorbable suture material for skin closure
Biopsy instruments and formalin- optional

DA simplex — long flexible tubing attached to a 10ga needle for viscus decompression -optional

Surgical procedure

Follow the guidelines for standing GI surgery.

Place a sterile sleeve on your right arm (regardless of whether left or right handed). If it is large for your hand,

add a sterile glove over the top to improve your palpation skills. Generally this is one size larger than your normal
glove size. *REMOVE ANY HEMOSTATS USED FOR BLEEDERS**, Finding these in the belly is somewhat
challenging.

Exploration should be done from clean to potentially (or known) contaminated regions. In cattle, the riskiest areas

are by the reticulum (hardware disease), liver (abscesses) and abomasum (perforated ulcers). As all of these are

cranioventral, we typically start caudodorsal and to the right, followed by caudoventral, craniodorsal and finally,

cranioventral.

Reach caudally and curve your right arm so that you can check the intestinal fill on the right side.
Return to the pelvis. Evaluate the structures in this region:
» bladder — she will urinate
= sublumbar lymph nodes
= uterine — check involution
= ovaries — evaluate for normal size and structure
Evaluate the rumen pack
o Normal fill and layers?

Evaluate the ventral abdominal floor. Pass your hand along the ventral abdomen. It should pass easily
without obstruction.
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» Evaluate the cranial abdomen
o Palpate the reticulum - is it freely movable? Adhered?
o If no issues, reach across to the abomasum.
» Normal fill and position?
+ Evaluate the diaphragm and spleen
o Diaphragm should be intact with no herniation or defect.

o Spleen should be smooth, not nodular
Adhesions should NOT be broken down. They are usually attempting to wall something off.

Closure : Follow the guidelines for standing GI surgery.

Postoperative care

» See standing GI surgery.

Complications

» See standing GI surgery.

Videos

Resources






FA Gl Topics

Quick notes

127






Hardware disease

Traumatic reticuloperitonitis secondary to hardware is more common in the postpartum period, often related to
the straining of parturition.

Clinical presentation

» Distended rumen
+ Painful on board or hand pressure test

» Does not scootch with withers pinch
Confirmation is most easily performed with ultrasonography rather than radiographs.
Treatment

» Conservative — treat medically with antibiotics and rest; allow to wall off. Add a magnet if she doesn’t
have one to stabilize the wire (may not get into the reticulum though). Transfaunate.

» Surgery — Rumenotomy to remove the object and/or drain the abscess. Abscesses must be cranial to be
worth draining. Ensure one magnet and transfaunate.

e Cull — not a bad idea for some cows

Rumenotomy

Administer procaine penicillin G (gram positive anaerobes in the rumen). Left flank incision, ideally in the
gas cap but the surgeon has to be able to reach the reticulum. Suture the rumen to the skin or use a rumen
board to hold it out in order to minimize peritoneal contamination.

Once the rumen is secured, a vertical incision is made in rumen. A path is cleared out to the reticulum by
removing ingesta. The reticulum is then searched for any hardware. If you lift up on the reticulum, it should
be freely movable. If not, check the adhered area carefully as that is where the hardware exited the rumen.

If an abscess is cranial, it can be drained into the rumen. Otherwise, place one magnet, transfaunate and then
close the rumen. Clean well and set it free.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1583




How to - Rumenotomy

Indications

Rumenotomy is indicated for vagal indigestion, hardware disease, rumen acidosis and some forms of choke.
Rumenotomy allows exploration of the rumen, reticulum and parts of the omasum.

Relevant anatomy

The rumen is a large fermentation vat. The layers should be gas (dorsal), recent fiber, older fiber and fluid
(ventral). The reticulum is sac off the dorsal aspect. The esophagus empties into the rumen from the dorsal
cranial wall while the reticulum empties into the omasum on the medial wall just above the pillar separating
the rumen and reticullum. The omasum and abomasum are often palpable through the rumen wall.

esophagus

abomasum
reticulum

Preoperative management

Food restrictions: If possible the cow should be held off feed for 24 hours prior to rumenotomy.
NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics:Recommended. If milking, ceftiofur 2.2 mg/kg im is standard. In beef or non-
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lactating cattle, other options do exist. Pencillin is often effective; however, remember
that the label dose of procaine penicillin is ineffective!

Other: If possible, plan on rumen transfaunation.

Local blocks: A line block, inverted L or paravertebral are all reasonable options.

Position/preparation: See How to- Standing GI Surgery

Surgery Supplies- Additional

» Extra sleeves and gloves

» Additional laceration or surgery pack is ideal

» Sterile saline for lavage

* Rumen board — optional

* Wound drape — optional

» 2 suture on a cutting needle for securing rumen

+ 2-0 or 0 absorbable suture for closing rumenotomy

* Wet-dry vac -optional
Surgery Supplies — Standard

+ Standard surgery pack

+ Sterile sleeves for internal palpation

* Scalpel blade and handle

*+ 2 or 3 absorbable suture material for muscle closure

e 3+ nonabsorbable suture material for skin closure

Surgical procedure

After exploratory, the rumen is tacked to the body wall to hold it in position. This will minimize the work needed
to hold it up and decrease the risk of peritoneal contamination.
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Tack to skin

The rumen is secured to the body wall with some extra “poof™

It is important to control contamination. This can be via use of a rumen board, rumen protector or by creating
a water tight seal through inverting suture pattern. The latter is the most effective. Secure the rumen to the skin
using a continuous Cushing pattern of 2 suture on a cutting needle. When completed accurately, no suture should
be visible. Any gaps should be closed with a mattress suture, especially at the ventral aspect. NOTE that the rumen
should be poofed out a bit. However, too much poof leads to a poor match with the skin and more gaps.

Separate rumenotomy instruments (scalpel, saline, gauzes, needle holders, suture, scissors) from closure
instruments. Cover closure instruments to keep sterile and move them away from the area. Consider adding
protective gear to minimize lingering smells. Garbage bags are good protection. At this stage, the procedure is not
a sterile one.

Incise the rumen. Remove ingesta along the path to the reticulum for hardware or all of it for rumen acidosis. A
wound protector can minimize trauma to the rumen surface. Another option would be to tack the rumen open or
temporarily suture it open to minimize exposure to the serosal surface.
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Barrier protection for surgeon, incising rumen Wound drape- circle goes in rumen Rumen tacked open

Explore the reticulum, esophageal opening and omasal opening. If the reticulum does not move, investigate
the adhered area for penetrating foreign bodies. Palpate through the wall for any abscesses that need drainage.
Hardware should be removed as should any extra magnets. One magnet should be left or placed. Rumen
transfaunation is easiest at this stage.

If an abscess is identified, it can be drained into the rumen through the area adhered. Any incision that extends
beyond that area will leak ingesta into the peritoneum. Note: Pus does not drain up hill well. And if you lose a
scalpel blade, you have to find it. Tie it to your wrist before taking it into the rumen.

If contamination occurs or peritonitis identified, DO NOT lavage the abdomen. Cows can wall off infection if
localized.

Rumen closure

The rumen drapes or shields are removed and the rumen surface cleaned. The rumenotomy incision is closed
in two layers with an inverting pattern uppermost. After the first layer is closed and the rumen surface cleaned,
the garbage bags are removed from the surgeons, gloves changed and the clean instruments used. The rumen is
slowly released from the body wall so that it can be cleaned well prior to return to the abdominal cavity.

Body wall closure

Follow the guidelines for standing GI surgery.

Postoperative care

» Continue NSAIDs and antibiotics for at least 3 days
* Provide new rumen flora if possible

» Monitor for infection

Complications

» Lack of improvement
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* Peritonitis

 Incisional infection

Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3260
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3260
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3260

Resources






How to - Rumenostomy

Indications

Rumenostomy is performed in growing calves with chronic bloat and in any age ruminant to provide nutritional
support. Rumenostomies can be performed instead of rumen trocarization for improved results. Rumenostomies
are also performed for feed trials to enable direct feeding and/or sampling. Finally, a rumenostomy can be placed
in an adult cow to provide easy access to microflora (rumen donor). Rumenostomies typically have smaller
openings designed to close over time (calves) or are kept open with a rumen cannula sized to fit the need.

Relevant anatomy

The rumen is located on the left side of the abdomen. A rumenostomy is centered in the left paralumbar fossa.

Preoperative management

Food restrictions:

Surgery is harder with a full rumen. Animals should be held off feed for 24 hours if not urgent. Bloating calves
are NOT typically held off feed as the procedure may be needed on an emergency basis.

NSAIDs/analgesics:

Animals should be given flunixin meglumine or other NSAID prior to surgery
Antibiotics:

Procaine penicillin G is typically given preoperatively

Local blocks:

Line block, inverted L or paravertebral block with lidocaine

Position/preparation:
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Standing and restrained. Larger animals can be restrained in chutes or
headgates; younger animals are often restrained by people.

Surgery Supplies:

+ Standard pack

* Scalpel blade and handle

» 2-0to 0 absorbable, taper needle for the inner layer

+ 2-0to 0 nonabsorbable or absorbable, cutting needle for the outer layer
» Cannula (optional); soaking in hot water

» Syringe case, 0 suture, umbilical tape (optional)

Surgical procedure

After the area is clipped, prepped and blocked, a circular incision is made in the center of the flank through the
skin. In a standard rumenostomy, this is the diameter of two ribs. If a cannula is being inserted, this is the inner
diameter of the cannula. The circle of skin is removed. A circle of external abdominal oblique muscle is removed.
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Remove circle of skin and of external abdominal oblique

The internal abdominal oblique and transversus muscles are separated along their fibers to grid the opening. This
creates a natural valve effect that minimizes rumen fluid leakage.
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The rumen is grasped with allis tissue forceps and pulled gently out the incision

until is “poofed out” and is filling the the hole. Some exteriorization is needed
to minimize tension on the suture line. Excessive exteriorization creates folds
and areas that can necrose under a cannula.

The rumen is secured to the external abdominal oblique with an inverting pattern
using 2-0 or 0 absorbable suture (taper needle). This pattern (blue lines in image)
is placed as far from the center of the circle as possible to avoid interference
with the final layer. This pattern creates a water tight seal that protects the
abdominal cavity from contamination.

A circle of rumen is removed stepwise. One quarter of the arc is incised. The cut
edge of the rumen is sutured to the cut skin edge in a continuous appositional
pattern using the 2-0 or 0 suture (cutting needle).

After the first quarter is incised, another quarter is transected and sutured. At this stage, the continuous pattern
should be knotted to prevent a pursestring effect. The suture is not cut free but is simply tied in place and then
continued in use. The third quarter is transected and sutured. This is continued until a full circle of rumen wall is
removed and the remaining rumen secured to the skin.

If a cannula is being placed, it is inserted at this time. Having it soaking in hot water helps the pliability. It should
fit snugly. A temporary cannula can be constructed out of a syringe case for cases of bloat. The case is secured
to loops of suture using umbilical tape. The cap can be put back on the case to minimize fluid leakage; bloat will
blow the cap off and the gas can escape. Both can keep the site open, potentially longer than needed.
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Cannula being inserted Syringe case can be capped

Postoperative care

NSAIDs are continued for 2-3 days, antibiotics for 5 days

The flank is coated with vaseline and cleaned as needed to minimize scalding from the rumen juices.

Nonabsorbable sutures are removed at 10-14 days

» Without a cannula, the rumenostomy site will gradually shrink and eventually close in most situations.
If sized appropriately, the bloat should be resolved by the time it closes.

Complications

Peritonitis- animals may have a fever and be off feed. Some cattle can wall off the infection.
Incisional infection- part of the suture line may need to be opened to allow drainage.
Skin scald — can be treated with cleaning, zinc oxide and vaseline

Lack of closure — with constant manipulation from cleaning or continued cannulation, the site will stay open. It
can be closed if needed. Closure involves resecting the fistula and should be done by an experienced surgeon.

Videos

This videos were taken as part of a teaching laboratory; calves are in lateral recuambency rather than standing.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3109
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3109

Resources






Abomasal displacement

Right displaced abomasum

These can occur in any animal with an abomasum. Rare in small ruminants.

Left displaced abomasum

Classically these occur in the early (first 6-8 weeks) postpartum dairy cow.

Clinical findings:

 scant loose feces

left sided ping on a line from tuber coxae to elbow, centered on 12th ICS

sunken left PLF

o

ketosis

rumen usually pushes the left body wall out. With an LDA, the abomasum pushes the rumen

toward the center line

dehydration

metabolically alkalosis

hyponatremia, hypochloremia, hypokalemia, hypocalcemia

Treatment options

Fluid therapy — hypertonic saline and oral water after surgery; avoid LRS

» Surgical options

o

o

o

Roll and toggle or tack

Right sided omentopexy and/or antropexy (pyloropexy)
Left side abomasopexy

Right paramedian abomasopexy

Laparoscopic abomasopexy
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548

Roll and toggle

Cow is put on her back with casting ropes and/or sedation (acepromazine, xylazine and/or butorphanol). When
she is on her back, the abomasum should float into its normal position. After the abomasum is identified by
pinging, two toggles can be placed in the abomasum. Quick work is needed to identify the abomasum before the
gas leaves. Potential complications include not being able to find the abomasum and toggling the pylorus. Other
risks include tacking other structures, tacking the abomasum in the wrong position and problems associated with
dorsal recumbency. If the cow is not doing well 2 days postoperatively, the toggle should be cut loose. If she
recovers, the toggle should be cut free in 2-3 weeks to prevent fistula formation.

https://youtu.be/OLy30GdwYBo

This is a tack suture vs a toggle but you can see the general procedure:
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548

This one has lots of details : MSU roll and toggle
Right sided omentopexy

This procedure is done standing with a local block. An incision is made in the right paralumbar fossa and the
abomasum identified through palpation of the far side of the abdomen. The abomasum is decompressed using 10
gauge needle attached to tubing. Once it is deflated, the surgeon reaches underneath the viscera and pulls it over
to the right side. This can be a scoop after lifting the viscera or a pull on the omentum. Once it is pulled to the
right side, the omentum just caudal to the pylorus is used for the pexy. There are many versions of omentopexy.
Commonly, horizontal mattress sutures are used to attach the omentum to the muscles on the cranial aspect of the
incision. If desired, part of the antrum (slipped mucosa) can also be attached to the cranial incision.

Complications include breakdown of the pexy, particularly in very fat cows or pregnant cows. If adhesions are
present, the abomasum often cannot be brought to the right side.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548

Left sided abomasopexy

This procedure is done standing with a local block. An incision is made in the left paralumbar fossa and the
abomasum identified as a gas distended structure in the incisional area. A short run of ford interlocking sutures are
preplaced in the greater curvature. These will create your pexy through adhesion formation. A needle is placed on
each end of the suture and these ends run out the ventral body wall to the right of midline, just behind the xiphoid.
An assistant is generally needed to grab the needles as they exit the body wall. The abomasum is deflated and the
sutures pulled tight. This will pull the abomasum to its normal position. After checking to make sure no structures
are stuck between the abomasum and the body wall, the sutures are tied to each other, creating the pexy.

Complications include entrapment of viscera, breakdown of the adhesion and abomasal fistula formation. Can be
useful if adhesions.

Cannot be done for an RDA or abomasal volvulus.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548

Right paramedian abomasopexy

This procedure is done with the cow in dorsal recumbency as for the toggle procedure. A 4" incision is made 4"
caudal to the xiphoid and 4" to the right of midline, avoiding the milk veins. Once the peritoneal cavity is entered,
the abomasum is identified. It should have returned to its normal position and can be identified via the mucosal
slip. The pexy is performed by incorporating the abomasum into the closure of the internal rectus sheath using a
continuous pattern. The pexy should extend for ~ 6 bites and finish ~4" from the reticuloabomasal fold.

Complications include problems with recumbency (worsening pneumonia) and with standing up. Cows with
nervous ketosis, musculoskeletal issues and pneumonia should not be put into dorsal recumbency.

Should not be used with an abomasal volvulus or anything that might be a volvulus.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548

Laparoscopic abomasopexy
This is basically a visualized toggle procedure and generally requires casting the cow.

Resources
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1548




How to - Right flank omentopexy/antropexy

Indications

Stabilization of the abomasum is indicated with any DA surgery and is generally performed any time a right flank
exploratory is performed (prophylactic tack). Right flank omentopexy is one option. Omentopexy combined with
a tack of the antrum (often called pyloropexy) is a modification that may be stronger.

Relevant anatomy

The abomasum is normally located on the ventral abdomen, typically just to the right of midline. It often shifts
horizontally across the midline during late gestation. When gas filled, the abomasum can displace to either the left
or the right sides of the abdomen and float up. The pylorus will stay more ventral while the body of the abomasum

floats more freely upward.
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Normal location (left) and changes in abomasal position

with stage of gestation.
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Assoc 2005; 227:1469-1475

Fig 1. Normal position of the abomasum and changes with gestation.

The abomasal antrum is exposed while the pylorus and proximal duodenum are encased in omentum. The “sows

ear” is not necessarily close to the antrum.
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duodenum

pylorus

antrum

The “sow’s ear” is a fold of omentum (*) at a variable distance from the pylorus

Fig 2. Abomasal antrum and sow’s ear

The greater curvature of the abomasum is encased within the omental bursa — a potential space formed by the
greater and lesser omentum (omental leaves). The greater omentum has two layers. The superficial layer connects
the descending duodenum, abomasum and the left longitudinal groove of the rumen. The deep layer connects the
duodenum, abomasum and the right longitudinal groove of the rumen. This creates the “sling” and the omental
bursa between the layers. The lesser omentum connects the abomasum, liver and ascending duodenum.

Mesoduodenum Sigmoid flexure

Descending
duodenum

Superficial wall Rumen

of greater omentum
Omental bursa

Deep wall

.~ Reticuloabomasal
of greater omentum

ligament

Pyloroduodenal
juncture
Small intestine Antrum  Body

Farm Animal Surgery, 2" Edition

Fig 3. Note how the angle between the duodenum and the abomasum is ~ 45 degrees. This is important to remember when
pulling up the abomasum

The flank musculature is comprised of the external abdominal oblique, internal abdominal oblique and transversus
abdominus muscle.
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A\

External abdominal oblique

Fig 4. Flank musculature shown as grided

Preoperative management
Food restrictions: NA
NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics: Recommended. As cows can wall off infection, there can be surprises inside. If milking, ceftiofur 2.2
mg/kg im is standard. In beef or non-lactating cattle, other options do exist. Remember: the label dose of procaine
penicillin is ineffective!

Local blocks: A line block, inverted L or paravertebral are all reasonable options.
Position/preparation: See How to- Standing GI Surgery
Surgery Supplies — Additional

* 2 chromic gut, 2 vicryl, 2 nylon or similar for the pexy
» DA simplex — long flexible tubing attached to a 10ga needle for viscus decompression
0 vicryl or similar for the abomasotomy with abomasal volvulus

+ Large bore stomach tube — for abomasal volvulus

Surgery Supplies- Standard

» Standard surgery pack

+ Sterile sleeves for internal palpation

* Scalpel blade and handle

* 2 or 3 absorbable suture material for muscle closure

» 3+ nonabsorbable suture material for skin closure

Surgical procedure

Follow the guidelines for Standing GI surgery. , How to — Abdominal Exploratory
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To replace a left displaced abomasum

Identify the top part of the abomasum or as high as you can reach. Take the DA simplex (tubing with 10 ga needle
attached) into the abdomen, protecting th needle by having it in your palm or folded backwards. When you reach
the abomasum, tunnel the needle through the wall of the DA for a few mm and then direct it perpendicularly into
the lumen. Push down to encourage as much gas as possible to escape. Remove the simplex and drop it on the
floor or hand to a nonsterile assistant (contaminated).

Reach under the sling and grab the pylorus OR grab the omentum that is in the cranioventral aspect of the
omentum and gradually pull on that at a 45 degree angle (see Fig 3) to pull the abomasum over to the left side.
This may take some wiggling or manipulation inside the cow. If the omentum starts to tear (much more likely in
very fat cows), stop and try to find the pylorus to pull the abomasum over directly. NOTE: Pulling vertically pulls
on the rumen and pulling horizontally pulls on the liver. Neither will help reposition the abomasum. Pull at an
angle.

If it is not moving check for

* excessive gas — repalpate craniodorsally and repeat the gas removal if necessary

+ adhesions — previous pexy or ulcer — palpate along the ventral body wall. If present, close and move to
plan B

* torn omentum — attempt to grab the pylorus itself
To replace a right displaced abomasum

Identify the gas distended viscus and verify displaced vs twisted. Run your hand down the medial aspect. If you
hand can follow the medial aspect down to the ventral abdomen, it is just displaced. A twist will stop your hand
midway down. A twist is also usually accompanied by displacement of the omental sling. If you have a twist, see
below.

Decompress the abomasum using the tunneling technique + direct stab. Once the gas is relieved, dispose of the
simplex and grab the pylorus. The abomasum has flipped up in a counterclockwise manner as viewed from the
rear. Push down the body of the abomasum while pulling up on the pylorus. f you move too slowly, the gas will
redevelop and you will need to repeat the decompression.

To correct an abomasal volvulus

With a volvulus, the abomasum has moved into the RDA position (flipped up) and then twisted counterclockwise
as viewed from the right side of the cow. You need to twist it clockwise into RDA position and then flip it down.
However, it is usually full of fluid. Untwisting can be challenging until you remove the fluid.

Cover both arms with sterile sleeves and overgloves, set up gastrotomy instruments (needle holders, suture
scissors, suture, blade) and move the clean instruments aside. Preplace two pursestring sutures of 0 vicryl in the
exposed abomasal body — one with a center diameter of 4 cm and one encircling that with a slightly larger central
diameter. Leave the ends of each pursestring long. Create a stab incision in the center, big enough for your large
bore stomach tube. Quickly insert the stomach tube, passing it into the ventral aspect of the abomasum. Abomasal
fluid will start to siphon off. Adjust the tube as needed to remove as much fluid as possible. Remember, as you
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pull the tube out, the tube is contaminated. Remove the tube fully and tighten the pursestring sutures. Clean the
surface and remove the overgloves and sleeves. Use the suture in the last pursestring or an additional strand to
cover the knots with an inverting pattern.

Reposition the abomasum by pushing it forward and then down (or pull on the pylorus clockwise and then correct
the RDA).

Omentopexy

Prior to closure, palpate the abomasal wall for ulcers and perform the omentopexy. There are several viable
methods. This is one of them:

Pull the abomasum up (or extend the incision down) so that the abomasal antrum is visible (Fig 1). Clamp the
omentum dorsal to the antrum to the dorsal aspect of the incision to hold it in place. The pylorus should not be
elevated more than necessary or it puts the cow at risk of duodenal torsion.

Place 2 horizontal mattress sutures across the cranial incisional musculature and the omentum + 1 horizontal
mattress across the musculature and the antrum.

* Omentopexy bites: Starting on the external abdominal oblique using 2 suture material, insert the needle
1 cm caudal to the cut edge, through the internal abdominal oblique, through the transversus, through
the omentum (the part that is just caudal to the pylorus or duodenum) from cranial to caudal, back
through the omentum from caudal to cranial, back through the transverus, back through the internal
abdominal oblique and back through the external abdominal oblique. Tighten up the suture so the
omentum is tightly against the body wall. Tie. Repeat for 1-2 more sutures.

Needle moving cranial to Needle moving caudal to Omentopexy completed
caudal through omentum cranial back through omentum

» Antropexy bite: Using the same process, insert the needle through the musculature, through the slipped
wall (mucosa not included) of the abomasal antrum, back through the slipped wall of the abomasal
antrum and back through the musculature. With an RDA, you may be able to get 2 horizontal mattress
sutures in the antrum instead of just one.

Closure is as described in How to- Standing GI Surgery. If the internal abdominal oblique muscle slid away during
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the pexy, you cannot use it for closure. Attach the caudal aspect to whichever layer you prefer. One wound, one
scar applies anyway. In 10 days, you can’t tell the difference.

Postoperative care

* Suture removal in 10-14 days
* Monitor the cow for any signs of infection or peritonitis
+ Consider rumen transfaunation if available

+ Continue antibiotics for 5 days and NSAIDs for 3 days if abomasotomy performed

Complications

+ Incisional dehiscence (rare)
+ Incisional infection (common)
* Peritonitis
Abomasal volvulus
» Abomasal necrosis — if a portion of the abomasum is purple or if the pursestring sutures pull out, the
abomasum is devitalized. Quit.

» Abomasal atony — in some cases the abomasal wall is so stretched, it never works again. Cull.

» Unable to detorse — sometimes the omasum and/or reticulum are involved and detorsion is very
challenging. Refer or quit.
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Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3208
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3208
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slip mucosa away, then take the bite

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3208
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3208

Resources

Farm Animal Surgery (Second Edition), 2017

Wittek T et al. Ultrasonographic assessment of change in abomasal position during the last three months of
gestation and first three months of lactation in Holstein-Friesian cows. J Am Vet Med Assoc 2005; 227:1469-1475






Cecal dilatation

RESOURCES
Surgery of the bovine large intestine, VCNA 2008

Clinical findings and treatment in cows with caecal dilatation, Vet Record 2012
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How to - Typhlotomy

Indications

Typhlotomy is performed to quickly remove fermenting contents in cattle with enlarged ceca due to hypocalcemia
and poor motility and with cecal displacements and torsions.

Relevant anatomy

Cecum (blue), and ileum (green) are visible. The spiral colon (orange) is visible through the omental sling

The cecum is a blind ended sac with the tip pointing caudally. It is connected to the spiral colon dorsally and to
the ileum ventrally. It has no identifiable features on palpation in the abdomen but is usually found sitting on top
of the viscera between the rumen and omental sling. When distended it is easier to find and will usually protrude
out the incision. It can distend to up to 3 feet, creating a “ping” that runs the length of the abdomen below the
transverse processes. It is not tacked to the body wall so can displace and can twist on its long axis.
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Preoperative management

Food restrictions: NA

NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics:Recommended. As cows can wall off infection, there can be surprises inside. If milking, ceftiofur 2.2

mg/kg im is standard. In beef or non-lactating cattle, other options do exist. Remember: the label dose of procaine

penicillin is ineffective!

Other: If the cow has signs of hypocalcemia (cold ear tips, slow PLR), calcium should be started.

Local blocks: A line block, inverted L or paravertebral are all reasonable options.

Position/preparation: See How to- Standing GI Surgery

Surgery Supplies- Additional

Extra sleeves and gloves

Additional laceration or surgery pack is ideal

Sterile saline for lavage

Sterile assistant

Lap sponge forceps -optional

3-0 absorbable suture (taper needle) for typhlotomy

DA simplex — long flexible tubing attached to a 10ga needle for viscus decompression -optional

Biopsy instruments and formalin- optional

Surgery Supplies — Standard

Standard surgery pack

Sterile sleeves for internal palpation

Scalpel blade and handle

2 or 3 absorbable suture material for muscle closure

3+ nonabsorbable suture material for skin closure

Surgical procedure

See How to- Standing GI Surgery and How to — Abdominal Exploratory
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It may not be possible to complete the exploratory until after the typhlotomy but it should be attempted to
minimize contamination risk.

Instruments should be separated into typhlotomy (will be dirty) and closure sets (should stay clean). The
typhlotomy set should include a scalpel blade, sterile saline, gauzes, needle holders, suture, scissors and lap
sponge forceps or large hemostats. The closure set (the rest of the instruments) should be covered to minimize
the risk of contamination. The surgeon and assistant surgeon should wear sterile sleeves and overgloves to ease
clean up after the typhlotomy.

Exteriorize the cecum as much as possible.

The assistant is in charge of making sure the cecal contents and lavage fluid do not go into the abdomen. The
assistant should hold the cecum near the tip but not at the tip. This will allow the assistant to direct the contents
away from the abdomen and to keep the fluid flow downbhill.

Create a 3-5 cm incision at the tip of the cecum. Use the sponge forceps or large clamp to pull out any obstructing
chunks so the cecum empties as much as possible. Saline lavage can be provided by the sterile team or by an
unsterile assistant.

Once the cecum is emptied, the assistant should elevate the tip of the cecum so that the incision is no longer
ventral. This will minimize continued ingesta flow and keep the cecal incision clean for closure. The incision
line is flushed gently (be careful of flush wanting to go back into the cow) and cleaned of any gross debris. The
incision is closed with a double inverting pattern or a single continuous Lembert. It is important to ensure this line
is tight. Midway through the pattern and at the end, hold the working end of the suture in your right hand and use
the left to slide down the suture, pushing the sutured cecal tissue toward the suture knot. The cecum will gather
slightly but leaks will be minimized. Once the closure is complete, the cecum is again cleaned and returned to the
abdomen.

Occasionally the cecum will quickly refill. The incision can be opened and the process repeated.

The typhlotomy pack is covered or removed and the dirty sleeves and gloves removed. The remainder of the
procedure can be completed as described in How to- Standing GI Surgery, making sure the cecum is in its normal
position with the tip pointing caudally.

Postoperative care

+ Antibiotics and NSAIDs should be continued for at least 3 days.

* Monitor calcium levels and for signs of peritonitis

Complications

 Peritonitis
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« Incisional infection

» Continued motility disturbances

Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3197
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3197

Resources






Rectal and perirectal disorders

An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2338
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Practice

An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2307

An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2307

An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2307

An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2307

An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2307
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Female urogenital surgery

Vaginal prolapses, rectovaginal trauma and repair of injured structures
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Perineal analgesia

Your choices for regional anesthesia in the perineal area are local infiltration, epidurals, perineal nerve block, and/
or splash blocks. General anesthesia would also work but is often more challenging as the anatomy is changed by
the change in animal position.

Local infiltration

Line blocks can be quick and easy. We routinely use lidocaine (without epinephrine) and a small gauge needle.
Small ruminants are sensitive to lidocaine so monitoring the total dose is important.

Line blocks are very useful for caslicks, lacerations, and other superficial procedures.

Epidurals

Epidurals are relatively easy in dairy cattle and harder but generally doable in the other food animal species.
Lidocaine is used routinely. The main side effect of lidocaine is ataxia and that is typically not as problematic
in food animals. Lidocaine works quickly so you can tell if it worked. Assume it will wear off in about an
hour. If you need longer duration effects, other options include a combination of xylazine + lidocaine or the use
of mepivicaine.

Local anesthesia chapter

Pudendal nerve block

This is a really cool block. It is great for bull penis surgery and for some cow urogenital procedures.

@ An interactive or media element has been excluded from this version of the text. You can view it online here:

https://open.lib.umn.edu/largeanimalsurgery/?p=2442
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2442

Splash blocks

Lidocaine is absorbed through mucous membranes. Spraying or splashing the lidocaine into the vulva will help
a little. This is often an added analgesic; rarely is it enough on its own (or your dentist would not actually inject
your gums for dental work).



Perineal anatomy, trauma and repair

Anatomy
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There are 3 main barriers to the uterus:

vulvar seal due to good anatomic closure of the vulvar lips

vestibular sphincter (vestibulovaginal ring) due to the
perineal body and vaginal tone

cervix- cervical seal due to good muscle tone

The perineal body is a muscular structure surrounding the
vagina. It is composed of the constrictor muscles of the

vestibule and vulva.
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Urethral tubercle
Pelvic symphysis
Bladder Urethra

Vestibule

Right horn of uterus  Visceral peritoneum

Clitoris
Vulva

Fossa for clitoris

https://veteriankey.com/vagina-vestibule-and-vulva/ Note muscular tissue
surrounding the vulva and vestibule

With trauma and/or normal aging, these can be disrupted.

Vulvar seal

The vulvar seal can be disrupted by direct trauma (including foaling) or with aging changes. As the mare goes
through multiple deliveries and/or weight changes, the vulva can be pulled into a tilt or the constrictor muscles
weaken. The vulva should be vertical with 75% of the vulva below the pelvic bone.

Mares can develop “splanchnoptosis”, a tilt to the vulva due to forward traction by the viscera.
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Splanchnoptosis Good conformation

When the vulvar seal is disrupted, mares develop pneumovagina (windsucking) and vaginitis.

Treatment is performance of a Caslicks suture to artificially create vulvar closure. If the mare is bred, the Caslicks
does need to be transected prior to foaling!

Selected Reproductive Surgery of the Broodmare

Y

A B C D

MA, Careful trimming of the mucocutaneous junction without removing skin from the vulval lips facilitates many more identical surgeries. B, Simple continuous suture is all that is

necessary, but suture placement will help avoid fistulas. C, A scalpel blade is recommended for the first Caslick a mare has, especially maidens in work. D, A breeding stitch may be useful in
preventing the Caslick from opening with vaginal examination or natural service.

Local anesthesia is generally via a line block on each side of the vulva. This does create temporary swelling.
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Place sutures more closely together than normal to avoid gaps when the swelling resolves. 2-0 absorbable or
non-absorbable suture on a cutting needle works well.

Vestibular seal

Over time or with deliveries, the sphincter muscles can be damaged, resulting in a thinned or ineffective perineal
body. The perineal body can be reconstructed using a similar approach as for a Caslicks. This procedure may be
useful if a Caslicks does not resolve the windsucking or vaginitis.

Perineal body
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If the perineal body is
damaged, the vestibular seal
is disrupted.

Perineal body reconstruction
can be done to support the
roof of the vagina

Cervical seal

Generally damage to the cervix is iatrogenic and caused by veterinary manipulation during dystocias. Cervical
trauma is identified as a thinned area of the cervix rather than a distinct gap. The cervix is pinched between the
thumb and first finger (one of which is in the lumen of the cervix) to identify a thinned area. This is easiest to
detect in diestrus. Fixing cervical tears is challenging, requires special instruments and is considered a referral
procedure.

Key Takeaways

Caslicks -Recreates the vulvar seal. Useful for pneumovagina and vaginitis occurring due to lack of a vulvar seal.
Contraindicated if severe slope (splanchnoptosis) and if doing one would make urine hit the Caslicks and bound back
into the vagina. Needs to be removed for natural service or parturition

Perineal body transection-. Separates the pull of the viscera from the vagina. Useful for urine pooling due to severe
slope and for realigning vulva so a Caslicks can be done without creating more issues. Left to heal by second intention.

Perineal body reconstruction — Creates more support to the vestibule to help reinforce the vestibular sphincter. Useful
for pneumovagina and vaginitis that is related to aging changes and/or trauma during parturition. It provides extra
strength to a Caslicks at the dorsal aspect.

Cervical reconstruction — Fixes thinned areas of the cervix. Performed for defects in the cervical seal. Referral
recommended
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Resources

Vulvar conformation, vulvar injuries and the Caslick, equine reproduction.com-

» Note: good for caslicks and first degree tears. Not good advice for repair timing on third degree tears!

This video shows a good Caslicks but with poor instrument handling

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1171
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1171







How to - Caslick's suture

Indications
A Caslick’s suture is used in mares to treat vulvar trauma, pneumovagina, vaginitis and infertility. It should not be
used if splanchnoptosis is severe and the Caslicks would impair urine flow.

A deep (thick) Caslick’s may be used as a permanent means of preventing vaginal prolapse.

Relevant anatomy

The vulvar lips comprise the first barrier to the uterus. If the vulvar lips do not seal totally, a Caslick’s suture is
placed to create the seal.

Preoperative management

Food restrictions: NA

NSAIDs/analgesics: NSAIDs are recommended preoperatively.
Antibiotics:NA

Tetanus prophylaxis is recommended.

Local blocks: Typically a line block on each side of the vulva is performed.

Position/preparation: The patient is sedated as needed and restrained in stocks (mares) or headgates (cattle).
Sterile gloves are recommended.

Surgery Supplies:

Scalpel blade and handle
* Metzenbaums
e Suture scissors

» 2-0 suture on a cutting needle
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Surgical procedure

A thin strip of tissue is removed from each side of the vulva at the mucocutaneous junction, extending from the
dorsal junction to the pelvic brim (approximately 2/3 of the length). The cut edges are sutured together using a
split thickness Ford Interlocking or continuous pattern of 2-0 absorbable or nonabsorbable suture material. Due to
the local block, bites should be taken closely together (1/2 cm) and pulled snugly to prevent gaps.

*
J
L

' AN

ST R A, Careful trimming of the mucocutaneous junction without removing skin from the vulval lips facilitates many more identical surgeries. B, Simple continuous suture is all that is
necessary, but suture placement will help avoid fistulas. C, A scalpel blade is recommended for the first Caslick a mare has, especially maidens in work. D, A breeding stitch may be useful in

preventing the Caslick from opening with vaginal examination or natural service

NOT split thickness

Split thickness suturing

Postoperative care

» Sutures are removed in 10-14 days.

+ Episiotomy is performed to open the Caslick’s prior to parturition

Complications

* Gaps may develop between the vulvar lips if the suture pattern is too loose.
 Natural breeding with the vulvar lips closed can lead to trauma to the mare and/or stallion

*» Foaling through the closed vulva can lead to trauma to mare and/or foal
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» Each time the Caslick’s is replaced, it becomes thicker and harder to create a seal.

Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3295

Resources






How to - Perineal body reconstruction

Indications

The perineal body is reconstructed when it is weakened by trauma or torn with parturition.

Relevant anatomy

The perineal body is a muscular structure dorsal to the vagina and ventral to the rectum. It provides support to the
vestibular seal, the second barrier to the uterus as well as to the vulvar lips.

—

)
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Due to its location, it is easily traumatized during parturition.
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At the time of injury, tissues are very friable and undergoing more necrosis. Surgery should be postponed until the
area is well healed.

Preoperative management

Food restrictions: NA

NSAIDs/analgesics: Preoperative NSAIDs are recommended
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Antibiotics: Preoperative antibiotics are recommended.
Tetanus prophylaxis is recommended.
Local blocks: Local infiltration or epidural

Position/preparation: Repair at the time of injury is unrewarding as most will dehisce. Repair should wait until
the area has developed fibrous tissue, at least 3-4 weeks. The procedure is done standing with the patient sedated
as needed. Surgeon should be gloved.

Surgery Supplies:

* Scalpel and handle

* Metzenbaum scissors

» Thumb forceps

» Needle holders

* Suture scissors

» 2-0to 3-0 absorbable suture, taper needle

» 2-0 suture, cutting needle (Caslick’s)

Surgical procedure

Stay sutures are held by an assistant or clamped to the perineum to provide exposure. The healed epithelial tissue
is dissected off the surface, creating fresh edges in a roughly triangular pattern, extending the depth of the tear.

Once the edges are freshened, the two sides are apposed starting the in deeper tissues and using any pattern. Often
cruciates are most useful
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The most superficial layer is closed as for a Caslicks (continuous split
thickness pattern) or with an interdermal pattern.

Postoperative care

» Keep the area clean and dry.

* Suture removal if needed in 10-14 days

Complications

The perineal body will not be as strong or as flexible as it was originally; this may lead to tears with parturition.

Videos

Resources

Vulva, vestibule, vagina and cervix, Equine Surgery

Surgery of the Bovine Reproductive System and Urinary Tract, Farm Animal Surgery 2nd edition



Urine pooling, perineal body transection and urethral extension

Mares (or cows) with poor conformation, particularly splanchnoptosis, can develop urine pooling due to a tilt in
the vaginal vault

Vulvar tilt and evidence of urine pooling

view of urine inside the vagina (cervix at 12:00)

Urine is highly irritating and can create further vaginitis and/or enter the uterus. Urine in the uterus causes fibrosis
and leads to infertility.
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Treatment

Since vaginitis can lead to urine pooling, the first treatment is typically a Caslicks. This is a bad idea if the vulva
is severely tilted and mostly above the pelvic brim.

If problems persist, the perineal body can be transected (Pouret’s procedure), removing the traction from the
viscera. This is a simple procedure performed with an epidural or line block. The tissue is transected until the
vulva is again vertical. This is reflected internally as a flatter vaginal vault. While the article below describes
closure, these usually do well when left to heal by second intention.

Equine Perineal and Vulvar Conformation Correction Using a Modification of

Pouret’s Technique

§

Fig. 1. Note the abnormal vulvar conformation before surgery, with the vulvar labia partially
opened and the horizontal skin incision of 3-4 cm, which was made half way between the
anus and the upper commissure of the vulva.

a]-2

Fig. 2. Horizontal skin incision of 3-4 cm between the anus and the upper commissure of the
vulva and the 10-cm-deep internal perineum divulsion with ligaments and internal muscle
dissection, with just the vaginal mucosa and submucosa remaining. After divulsion, the vulva
turns back to its normal anatomic position.
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If perineal body transection is not sufficient, the urethra tunnel can be extended so that urine is released close to

the vulvar lips, giving minimal opportunity to flow back toward the cervix. Both procedures can also be done at
the same time.

R s
SR FEEE

Perineal body transection Urethral extension

Key Takeaways

To fix urine pooling:

+ Perform Caslicks if slope isn’t too severe

+ Perform perineal body transection if splanchnoptosis

Perform urethral extension if still not fixed
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Resources

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=2657




How to - Perineal body transection

Indications

Perineal body transection is performed for severe splanchnoptosis, for pneumovagina unresponsive to Caslicks,

and for mild cases of urine pooling.

Relevant anatomy

The perineal body is located between the dorsal vagina and the rectal floor. It is comprised of sphincter muscles
that create tone for the vestibule, help maintain the vestibular sphincter, and also connects the vaginal vault to the

rectum and viscera (this isn’t always helpful).

—

Preoperative management

Food restrictions: NA
NSAIDs/analgesics: Preoperative NSAID recommended

Antibiotics: NA
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Tetanus prophylaxis is recommended.
Local blocks: Line block or epidural

Position/preparation: Standing procedure. The rectum should be emptied prior to surgery. The area is cleaned
and blocked. Surgeon should be gloved.

Surgery Supplies:

* Scalpel blade and handle

» Towel clamps

Surgical procedure

A towel clamp is hung on the dorsal aspect of the vulva. A 4-6 cm inverted U incision is made between the rectum
and vagina. Sharp scalpel dissection is carried forward until the vulva is vertical. Slight additional dissection may
be helpful to minimize changes after healing.

The towel clamp is removed and the area left open for second intention healing.

Postoperative care

* Clean the wound daily until epithelialized.
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Complications

* Very extensive dissection could enter the peritoneal cavity but this would be difficult as the peritoneal
reflection is approximately 12" deep

Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3241

Resources

O’Kinnon and Vasey, Mare Surgery






How to - Urethral extension

Indications

Urethral extension is indicated for urine pooling that does not respond to Caslicks and/or perineal body
transection. There are multiple techniques.

Relevant anatomy

The urethra opens on the floor of the vaginal, approximately 6" from the vulvar lips. The floor of the vagina is
used to create a new tunnel.

Preoperative management

Food restrictions:NA
NSAIDs/analgesics:NSAIDs are recommended preoperatively.

Antibiotics: Antibiotics are generally considered optional. If used, trimethoprim sulfa is fine in horses. Ceftiofur
or penicillin could be used in cattle.

Tetanus prophylaxis is recommended in horses
Local blocks: Epidural +/- splash block
Position/preparation:

The patient is restrained in a standing position and sedated as needed. The surgeon wears sterile gloves and uses
sterile gel lubrication to ease manipulation within the vagina.

The tail is tied to the side, the rectum is emptied and the perineal area cleaned.

Pass a urinary catheter or foley into the urethra. The bovine urethral opening is tightly closed unless the cow has
just urinated. The opening is approximately wrist deep, just past the blind urethral diverticulum. The tissue just
beyond the diverticulum is actually two layers and is the opening of the urethra. Sometimes a urethra papilla can
be palpated on the floor. Push forward and down over the papilla.
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Uterus Cervix

Vagina
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The urethral opening is much less open than it appears in the diagram.

Surgery Supplies:

 Urinary catheter

* Scalpel and scalpel handle

* 0 suture, taper needle

+ 2-0 suture, taper needle

» Needle holders

» Metzenbaum scissors

* Suture scissors

* Speculum or stay sutures

* Headlamp

« Allis tissue forceps — optional

» New methylene blue -optional

Surgical procedure - Shires & Kaneps

The vaginal vault is held open by stay sutures on the vulvar lips or use of a speculum. The floor of the vagina
is loosely tacked up over the catheter using 2-3 horizontal mattress sutures of 0 suture material. The goal of this
step is to hold the tissue in place; a water tight seal is not needed. Leave the suture ends long in case removal is
needed.
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The catheter is removed. If the tunnel is tight, the horizontal mattress sutures can be cut free.

Surgical procedure — McKinnon & Vasey
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After gaining exposure of the vaginal vault, the transverse fold is grasped with Allis tissue forceps, retracted
caudally and split into dorsal and ventral shelves using scalpel dissection horizontally across the fold. The
dissection is continued on the vaginal walls, creating a flap of tissue on either side. Each flap should extend to
the vulvar labia. The dissection is continued until both flaps can reach past the midline without tension. It can
be challenging to determine where the dissection is complete due to the bleeding involved. Sterile new methylene
blue dye can be used to aid in visualization of what is already dissected as the dye sticks only to the submucosal

tissues.

Additional variations on this technique exist, including further dissection of the transverse fold so that the top
layer can be pulled forward and cover the sutured Y part of the repair.

L0 The Universin: of lennessee
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Postoperative care

» NSAIDs should be continued for 3 days

» The patient should be monitored to ensure she can urinate without difficulty

Complications

+ Fistula formation is relatively common. Depending on the size of the fistula, repair may not be

necessary

Videos

Resources

Shires and Kaneps, A practical and simple surgical technique for repair of urine pooling in the mare, AAEP circa
1989

McKinnon and Vasey, Mare Surgery






Rectovaginal lacerations

Rectovaginal tears generally occur with parturition and cause different levels of injury

* injury to the vulva only (type I)
* injury to the vulva and perineal body (type II)

* injury to the roof of the vagina and floor of the rectum (type IIT)

Therapy

Type I tears are treated by Caslick’s procedure.
Type 11 tears are treated by perineal body reconstruction and Caslick’s procedure.

Type I1I tears are treated by reconstruction of the two tubes (vagina and rectum) plus perineal body reconstruction
and Caslicks. This is typically a referral procedure although it can be performed in the field by an experienced
surgeon. The laceration does NOT extend into the peritoneal cavity in most situations.

Peritoneal reflection usually >12” in from
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For

i+
acute injury

initial care, animals generally require NSAIDs and often
antibiotic therapy due to local tissue damage. For cattle, this is

typically flunixin meglumine and ceftiofur or similar antibiotic.

ready for repair

For horses, this is typically either flunixin meglumine or
phenylbutazone and trimethoprim sulfa.

Due to the amount of tissue trauma, it is pointless to repair these at the time they occur. The amount of blunt
trauma results in continued tissue deterioration and any sutures placed will dehisce in 2-3 days. Granulation tissue
develops in 5 days and is mostly vessels. It does not hold suture. While the vulva and perineal body can often be
repaired at 2-4 weeks, type IlII tear repair requires fibrous tissue formation and should be delayed until 4-6 weeks
after injury.

Type III tears are challenging to repair due to the high flora content, presence of collagenase producing bacteria
and, in horses, firm fecal balls. Mares should be on a laxative diet and have soft feces prior to repair. If the foal
is alive and nursing, repair should be delayed until after the foal is weaned. It is unreasonable a mare to produce
enough milk on the adjusted diet.

Prognosis is actually very good with appropriate repair. While the vagina does get contaminated until the tear
is fixed, it can rapidly clear the inflammation during the next heat cycle. The rectum and vagina typically heal
quickly. The biggest issue is fistula formation due to tension on the repair. Second attempts are common.

Resources

Urogenital surgery with the mare standing, VCNA 2014 -details at the end of the article; just if interested



How to - 3rd degree rectovaginal tear repair

Indications

3rd degree tears are the result of dystocia. The baby splits the roof the vagina, the perineal body and the floor of
the rectum. This creates two tubes that do not extend the normal distance.

Relevant anatomy

The trauma creates two tubes that do not extend the normal distance. Neither tube has a sphincter (no anal
sphincter, no vulvar lips).

Preoperative management

Food restrictions: Mares should be on a low bulk diet — mostly grass and easily digestible feedstuffs. No hay.
No dietary change is needed for most cattle due to the softer feces.

NSAIDs/analgesics: Perioperative NSAIDs are recommended.

Antibiotics: Perioperative antibiotics are needed.

Tetanus prophylaxis is recommended for horses

Local blocks: Epidural

Position/preparation: This is an advanced procedure; the surgeon should have advanced skills and a hospital
environment is best. The procedure is done at least 3-4 weeks after the injury to allow fibrous tissue formation.
The patient is standing and the surgeon is gloved.
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Surgery Supplies:

+ Standard surgery pack

* Headlamp

* Retractor suture or speculum

+ 3-0 absorbable suture, taper needle
+ 2-0 absorbable suture, taper needle
+ 2-0 suture, cutting needle (Caslicks)

* headlamp

Surgical procedure

The goal of the surgery is to recreate the anal tube, the vaginal tube, the perineal body and some version of
sphincter for each.

Create anal tube and vaginal tube

The shelf between the rectum and vagina is split horizontally, keeping the rectal side thicker than the vaginal side.

The incision is continued along both walls to the external mucocutanous junction. The wall dissections are
undermined up the wall of the rectum and down the wall of the vagina to create two shelves that easily pass the
midline.
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Once the shelves are created, they are apposed in three layers — the floor of the rectum, the perineal body, and the
roof of the vagina. This can be done in a 6 bite technique all at once or in steps individually.

Auer, Equine Surgery
For the individual layers, 2 or 3 suture lines are run in tandem. One line closes the rectal floor using a simple
continuous pattern. The perineal body and vaginal roof can be closed individually or in combination. A few bites

are taken with one strand of suture, then a few bites with the other. The strands are alternated until the tube reach
the level of the perineal body, approximately 1-2" from the skin.

Hectum

Vagina

Auer, Equine Surgery

Once that level is reached, it is followed by perineal body reconstruction and a Caslicks.
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Postoperative care

* Soft feces are maintained until recheck. The incision lines can be checked in 7-10 days for any fistulas
needing further repair.

Complications

Fistula formation is common, particularly with insufficient undermining of shelves and firmer feces.

Videos

Resources

Vulva, vestibule, vagina and cervix, Equine Surgery



Vaginal prolapses

Vaginal prolapses are not uncommon in food and fiber species, being most predominant in heavily pregnant cattle,
sheep and pigs. Older animals are more
commonly affected. Prolapses are occasionally seen in beef heifers and at other stages of gestation.

Besides pregnancy, other risk factors include coughing, obesity, hormonal changes (including estrogenic feeds),
trauma, short tail docks and previous vaginal prolapses. Poor quality roughage and severe cold weather have
been implicated. Breed predispositions occur with Herefords, Shorthorn cattle and llamas more prone to vaginal
prolapses. Bos indicus breeds are more prone to a variant involving cervical prolapse.

Differentials include rectal and uterine prolapses. Uterine prolapses are covered with caruncles (“bread loaf”
appearance). Animals may develop secondary prolapses (eg rectal prolapse from straining due to a vaginal
prolapse).

Recurrence is common.

Therapy

The 3 R’s apply to fixing vaginal prolapses:

* Replace
* Retain

* [Prevent] recurrence

In the middle of that we try to deliver a live neonate.
Epidural anesthesia is indicated. Pudendal nerve block may help.

If prolapsed tissue isn’t damaged, osmotic agents (hypertonic saline, dextrose*) are used to reduce swelling and
return it to its normal position. The bladder is sometimes involved; emptying it can help with replacement (lift
prolapse toward anus). *some concern that sugar and salt granules can directly damage the mucosa.

If the tissue is damaged or the swelling just won’t go back in, we can perform surgery to remove the damaged
area, using either mucosal resection/anastomosis or a complete amputation and anastomosis.

Retention can be via:

- closing the vulva lips and preventing anything from extruding

* creating scar tissue to hold the vagina in position (pexy)
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» removing the vaginal tissue to minimize the amount that can prolapse

As the animals are often pregnant, it is necessary to choose a technique that will not cause delivery issues. This
can vary depending upon accuracy of due dates and level of calving supervision. However, sometimes you need
more than one technique initially. If you can get the prolapse back where it belongs, the swelling goes down. It
may be 24 hours with a Buhner stitch before a Minchev pexy is feasible.

Standing sedation (if needed) and local anesthetic blocks are effective for these procedures. A pudendal nerve
block can help with relaxing the vagina as well as providing analgesia if pexy techniques are performed (see page
22 in the linked reference).

Sheep are often treated with a commercial retention device, rather than surgery.

Buhner stitch

The Buhner stitch is basically a pursestring around the vulva, designed to hold everything in place. It must be
removed prior to parturition or delivery will result in trauma to mom and baby. A large Buhner needle is used to
place umbilical tape deeply around the vulva. This is tightened until only 1-2 fingers can fit into the vulva.

Ideal : two small incisions ventrally (to keep the knot from disappearing) and one at the top (so the suture material
sinks SQ)

Cattle do develop signs of impending parturition that can be used as markers (milk in the udder, relaxed tail head,
etc).

Variations of the Buhner include horizontal mattress sutures (easier to put in but less physiological ) and bootlace
patterns (suture loops on each side of the vulva are placed for umbilical tape to be threaded through; this variant
can be opened and reclosed without surgery but is not as strong).
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1175

Minchev Pexy

The Minchev procedure creates an adhesion between the vagina and the sacrosciatic ligament (in the pelvis)
to prevent prolapse. This technique keeps the vagina open and does not need to be removed for delivery. It is
important to avoid the rectum when performing the pexy. Typically we place two sutures to distribute forces. The
sutures should be on the same side to avoid squeezing the rectum between them. “Buttons” are used to distribute
pressure; without such stents the suture tends to cut through the tissue. Sutures are left in place until after calving.
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1175
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1175

Cervicopexy

Since the prolapse typically originates from the floor of the vagina just in front of the cervix, that would be an
ideal location for a pexy. However, there is a large artery in the area. The ideal procedure actually involves a flank
approach as well as a vaginal approach. One surgeon inserts the needle vaginally, pushing it into the abdomen.
The second surgeon grabs the needle, passes it through the prepubic tendon and then back vaginally to the first

surgeon.

The procedure is easier if the cow is off feed and with pneumovagina.

Primary Resources

Malone ppt on Vaginal prolapse repair options
Cervical and vaginal prolapses, Merck manual

Prolapse section, Veterinary Care of Sheep and Goats textbook
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Secondary Resources

Management of uterine and vaginal prolapse in the bovine, VCNA 2008 — pp 214-end. Note : While this article
says vaginal prolapses can be either pre or postpartum, the majority are prepartum unless the cow is on hormones
for superovulation. More useful for uterine prolapses

cervicopexy notes from ACVS, 2016

Bovine Prolapse surgeries

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1175
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=1175







How to - Buhner stitch

Indications

A Buhner stitch is used for vaginal prolapse retention. It can be used short term until a more permanent procedure
can be performed in beef cattle and embryo flush cows or can be used as the primary control method in dairy
cattle with monitored calving.

Relevant anatomy

The Buhner stitch is placed deeply around the vulva, exiting the perineal body dorsally and the subcutaneous
tissues ventrally.

Preoperative management

Food restrictions: NA

NSAIDs/analgesics: NSAIDs are recommended.

Antibiotics:NA

Local blocks: Epidural or pudendal nerve block

Position/preparation: The cow is restrained in a standing position. Sedation is not usually required
Surgery Supplies:

e Buhner needle
* Scalpel blade

* Umbilical tape

Surgical procedure

A lcm full thickness skin incision is made just below the vulva at the 5:00 position. The Buhner needle is inserted
in this incision and directed upwards. The vulvar skin is manipulated on the Buhner needle until the needle exits
dorsally above the vulva and below the anus. A 1 cm skin incision can be made horizontally above the vulva to
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make it easier to exit the needle. Once the needle is exteriorized, umbilical tape is threaded through the opening
in the needle. The needle and tape are pulled ventrally so that one end of the tape exits the original incision. A
long strand is left exiting from the dorsal incision.

DEEP path
Starts and ends under vulva
Minimize exposed suture
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Figure 4.1 Buhner suture.

The procedure is repeated on the opposite site starting with a 1cm incision at 7:00 and exiting out the same dorsal

incision. The dorsal free end of the umbilical tape is threaded through the needle and pulled down through the
ventral incision.

The two strands of umbilical tape are tied in a bow, tightly enough to keep the prolapse inside the vagina but
loosely enough to allow urination.

Postoperative care

* The tape must be removed prior to parturition.

Complications

* Localized infection (and odor) will develop

» Trauma to dam and baby if the tape is in place during parturition
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Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3297

Resources






How to - Minchev pexy

Indications

The Minchev technique is used for retention of vaginal prolapses particularly when animals will not be observed
for parturition and when continued retention is likely (eg embryo flush cows).

Relevant anatomy

The suture is passed from the vaginal vault through the sacrosciatic ligament. The rectum and internal iliac artery
should be avoided. The artery runs horizontally across the pelvis and the pulse is palpable.

ligament

Preoperative management

Food restrictions: NA

NSAIDs/analgesics: Perioperative NSAIDs are recommended.
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Antibiotics: Preoperative antibiotics are recommended.
Local blocks: Epidural, pudendal and/or line block

Position/preparation: The patient is restrained standing. The surgeon is gloved. The vagina is cleaned as is the
skin over the gluteal muscles. An assistant with a rectal sleeve can be used to move the rectum out of the line of
fire.

Surgery Supplies:

+ Straight needle (strong, at least 3" long), Buhner needle or Minchev kit

* Umbilical tape or large nonabsorbable suture
+ Buttons, inserts from ligapak, gauze rolls or stents

* Gauze (padding for glove) or thimble- optional

Surgical procedure

The surgeon palpates vaginally to find the internal iliac artery and determine placement of two buttons. These
should be placed as close to the cervix as possible. The surgeon can push on the vaginal wall and see the exit site
on the outside of the cow.

The prolapse device or Buhner needle are inserted vaginally and exited out the vaginal wall at 1-2:00, avoiding
the artery. Manipulation is minimal due to the size of the instruments. The prolapse device has a locking pin and
buttons. It is self-retaining after the stylet is removed and the pin inserted.

Buhner needle

Once the Buhner needle is exited, umbilical tape is threaded through it and it pulled back into the vagina, bringing
the tape through. The procedure is repeated to create a horizontal mattress. The tape is threaded through a stent,
button or around gauze both externally and internally to prevent suture pull through.

A second pexy is repeated on the same side to strengthen the adhesion without constricting the rectum.
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Straight needle

With the straight needle, a long piece of suture is threaded on the needle. The needle is inserted into the vaginal
wall at the desired location.

Minchev exit points

Padded glove and glove+ sterile sleeve+ lube holding needling

The surgeon pushes the needle through (a thimble inside the glove or a gauze padded palm make this less painful)
and an assistant grabs it as it exits.
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One strand of the suture is pulled to the outside and held. The internal strand is threaded through a button or stent
and the needle replaced on that strand. The procedure is repeated close to the first puncture.

A second pexy is repeated on the same side to strengthen the adhesion without constricting the rectum.

Rectal palpation should be used to verify no suture has entered the lumen.

Postoperative care

* Sutures should be left in place through parturition or at least for 3 weeks if the animal is not pregnant.

Complications

Infection is common but rarely leads to an abscess. Suture that enters the lumen of the rectum should be removed.

Prolapse is still possible, particularly if the pexy isn’t far enough cranial, if the sutures tear out or if just bad luck.
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Videos

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3300
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=3300

Resources



How to - Cervicopexy

Indications

Cervicopexy is indicated for valuable cattle with recurrent vaginal prolapses. It is fairly complex so is generally
used for prolapses not responding to other therapies.

Relevant anatomy

The floor of the vagina is sutured to the prepubic tendon, avoiding the artery and the bladder.

Bladder
lempty)

Preoperative management

Food restrictions: Animals should be held off feed for at least 24 hours to decrease abdominal fill.
NSAIDs/analgesics: Perioperative NSAIDs are recommended

Antibiotics: Preoperative antibiotics are recommended.

Local blocks: Epidural and local blocks

Position/preparation: The animal is restrained in a standing position. The surgeon working vaginally is gloved.
A second surgeon should be ready for abdominal surgery. Place a rigid catheter into the bladder.
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Surgery Supplies:
+ Standard surgery pack

* Bent needle — S needle bent into backwards C with the lower leg shorter than the upper bit

* 3 Vetafil approximately 12 feet long

Surgical procedure

This procedure uses on surgeon in the vagina and one working through the right flank.

The surgeon in the vagina introduces the curved needle through the vaginal floor, just off midline in the fornix.
The needle is pushed into the peritoneal cavity.

The surgeon in the peritoneal cavity takes the needle, passes it through the prepubic tendon and pushes it back
into the vagina on the opposite of midline.

The first surgeon passes the needle through the ventral aspect of the cervix (not into the lumen) and ties the ends.
The cervix is pulled down as tightly as possible.
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The surgeon in the flank incision verifies nothing is caught on the abdominal side and then closes the incision.
Colpotomy version

The procedure can be performed by one surgeon if a colpotomy incision is made in the vagina to allow access
to the peritoneal cavity. Risk of contamination is greater as is the risk of evisceration if the animal continues
straining.

Postoperative care

» Antibiotics and NSAIDs are continued for 3 days.
* Monitor for vaginal discharge

* The suture should be considered permanent.
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Complications

Contamination of the procedure may lead to persistent drainage and/or peritonitis and require suture removal.

The procedure can be challenging in obese cattle.

Videos

Resources






Ovariectomy

Ovariectomy is performed to remove abnormal ovaries, for uterus unicornus (stop ovulation on the side with the
missing horn), to improve production in feedlots and to allow shipment of cattle from TB regions.

Ovariectomy can be done transvaginally through a colpotomy incision or via the flank.

Special instruments exist to assist heifer spaying. An ecraseur is effective in older animals but requires a flank
incision or larger colpotomy.
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How to : Colpotomy

Indications

Colpotomy is useful for access to the peritoneal cavity for ovariectomy, mummy removal and cervicopexy.

Relevant anatomy

The peritoneal cavity is entered at 2:00 or 10:00 from the vaginal fornix. This avoids the rectum (12:00), bladder
(6:00) and iliac arteries (3:00 and 9:00). The upper incisions also decrease the risk of evisceration.

Preoperative management

Food restrictions: Hold patients off feed for 24 hours to minimize abdominal fill.
NSAIDs/analgesics: Perioperative NSAIDs are recommended.

Antibiotics: Perioperative antibiotics are recommended as it is a contaminated procedure.
Local blocks: Epidural and splash block

Position/preparation: The patient is restrained standing. Sedation is recommended.
Surgery Supplies:

» Colpotomy spear — scissors, ovariectomy device, ring blade or scalpel

Surgical procedure

After the vaginal is cleansed, the surgeon punctures the wall of the vagina and the peritoneum. This should be done
quickly and relatively forcefully or the peritoneum will be pushed away rather than punctured. As the peritoneum
is hard to block, this portion of the procedure can be painful.

The incision is made at 2:00 or 10:00, above the cervix.

The incision is left open in most cases. Closure would require laparoscopic type instruments.
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Postoperative care

+ Stall or pen rest for 3 days

» Horses may be restrained in a standing position to minimize the risk of evisceration.

Complications

 Peritonitis

Intestinal evisceration
» Trauma to internal organs

+ Inability to puncture the peritoneum

Videos

Resources



Teat and udder diagnostics

Common teat issues include lacerations, congenital anomalies and blunt force trauma. Many are fixable but with
a poor long term prognosis. Determining which are reasonable to fix is important.

Palpation and ultrasound are key.

Palpation

Palpation of the teat can identify if it is filled with milk, identify fibrosis and signs of inflammation. A sterile teat
cannula can be inserted into the teat and used to palpate the lining. The cannula should be easy to insert and the
lining should be smooth. Milk should flow from the cannula in a normal lactating animal.

Ultrasound

Ultrasound can be used to
1) determine the location of the obstruction

Milk can be identified in a normally functioning teat and gland. With stimulation, milk should enter the teat canal.
A teat may be normal and be devoid of milk if the milk is not being produced or if milk cannot enter the teat. A
common obstruction is a membrane at the junction of the teat and gland. With careful positioning, this membrane
can be observed ultrasonographically in some cows.

12:28 6 OTCE/7. ST P 108 6
FR 172

UNIVERS|TY OF AINMESOTR
188 0 4cn

AUSONICS

Normal teat with milk Normal teat without milk Membrane between teat and gland

Ultrasound can often detect fibrosis and intraluminal obstructions. However, agenesis of the teat lumen (lack of
formation) appears the same as a normal teat without milk flow.
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A

Teat with scar tissue Teat with luminal obstruction Teat with agenesis of the teat canal

2) determine if the gland is normal and active

Two issues can arise with the gland. Congenital anomalies often come with other congenital anomalies. A
malformed teat may coexist with malformed gland. And, if the teat has been obstructed for >5 days, the gland will
start to dry off, even if normally structured. The quarter should be compared to the contralateral quarter to assess
structure. A common abnormality is lack of gland cisterns (collection sites). This will significantly impact milk
quantity.

Normal gland anatomy and sonographic appearance

solid gland; minimal collecting system

3) identify abnormal milk flow
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Supernumerary teats come in many forms. Conjoined teats are one version. Ultrasound can show the two teat
lumens.

6. BTCE/18. BNHZ P 188% 6 180%
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Theloscopy

Evaluation of the internal structure of the teat can be performed by thelotomy (incision) or by scoping the teat
with a needle scope. This is a referral procedure.

This teat has been stepped on and the teat sphincter damaged. The damaged portion has everted into the teat
lumen. This causes intermittent obstruction of milk flow.
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Theloscopic view of normal sphincter. View of traumatized sphincter

Contrast Radiography

Occasionally, contrast studies are used to identify anomalies and structural changes.
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Narrowed gland and teat cistern. Conjoined teat
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How to - Surgical Mastectomy

Indications
Relevant anatomy

Preoperative management

Food restrictions:

NSAIDs/analgesics:

Antibiotics:

Tetanus prophylaxis is recommended.
Local blocks:

Position/preparation:

Surgery Supplies:

Surgical procedure

Postoperative care

Complications
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Videos

Resources



Other stuff

Occasionally a prolapsed uterus is too damaged to replace or just won’t go back in. These can be amputated. Be
aware that other tissues can prolapse into with the uterus- intestines or bladder may be within the prolapse prior
to amputation. Per a UMN graduate — two Callicrate banders work well and are more efficient than suturing!
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Practice

Crossword puzzle

An interactive or media element has been excluded from this version of the text. You can view it online here:
https://open.lib.umn.edu/largeanimalsurgery/?p=2325

An interactive or media element has been excluded from this version of the text. You can view it online here:
https://open.lib.umn.edu/largeanimalsurgery/?p=2325

An interactive or media element has been excluded from this version of the text. You can view it online here:
https://open.lib.umn.edu/largeanimalsurgery/?p=2325
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Food/Fiber Cesarean Sections

This section will cover C-sections in cows, small ruminants and camelids. Additional resources are found in the
anesthesia section.
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Left flank Cesarean section

Overview

Csections in cattle, ACVS

Csections can be performed from many different approaches. Left flank standing Csection is standard for large
ruminants.

A left flank approach is easier than the right because the rumen functions to keep everything else inside the cow
so you don’t have to worry about intestines getting contaminated or traumatized, etc. An oblique incision provides
more direct exposure to the uterus. This can be beneficial for smaller surgeons.

Complications

Almost all cattle will develop retained placentas. There is recent evidence that flunixin meglumine increases this
risk. However, NSAIDs do a lot of good things and retained placenta is readily treated in cattle. These are not as
life threatening as in horses and are left to resolve on their own.

Incisional infections may develop and are treated by removal of a distal suture to allow drainage

Prognosis is good for fertility if the uterus was healthy at the time of surgery.

PRIMARY RESOURCES

Surgical approaches for Csection in cattle, 2008 CVJ- Nice review of approach options (with pictures) and general
dos/don’ts. While he says monofilament suture for the uterine closure, I do like braided absorbable suture to close
the uterus; the uterus doesn’t tear as easily if you take decent bites.

Field Csections, 2008 VCNA — Very detailed, step-by-step approach. Lots of hints so good for future reference. I
would not give 2.2 mg/kg banamine BID to a fresh cow; too ulcerogenic. Either 2.2 mg/kg SID or 1.1 mg/kg BID
and always iv. His PPG dose is what I recommend (22000 1U/kg) but needs to be BID. And not my first choice
of antibiotics for a lactating animal due to milk withholding times. Please don’t do abdominal lavage— with or
without antibiotics! Cattle try to wall things off. If you spread it around, you are making it harder.

Perioperative antibiotics chapter
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SECONDARY RESOURCES

Malone Csection ppt -bovine- see first slide for rope placement; more pictures
Trent Csection notes-covers a variety of species

Utrecht suture pattern

A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/

largeanimalsurgery/?p=960
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A YouTube element has been excluded from this version of the text. You can view it online here: https://open.lib.umn.edu/
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How to - Left Flank Csection

Indications

Cesarean section is indicated for many causes of dystocia, as a preventive measure for animals with anticipated
dystocia and for gnotobiotic calves.

Relevant anatomy

The uterus can be accessed from either side. The rumen holds in the intestines on the left, making that the preferred
approach. The uterus can be challenging to exteriorize via the left flank if the pregnancy is in the right horn or
with uterine torsions. A ventrolateral approach is preferred for weak cows, damaged or emphysematous uteri.

The body of the calf will be in the pregnant horn, forcing limbs into the nonpregnant horn. That makes the
nonpregnant horn easier to manipulate.

Preoperative management

Food restrictions: NA
NSAIDs/analgesics: Recommended preoperatively. Flunixin meglumine 1.1-2.2 mg/kg iv is standard.

Antibiotics: Recommended if any vaginal manipulation or prolonged dystocia. In general, the cervix is open and
preoperative manipulations ensure the uterine fluids are contaminated. Timing is important to ensure the drugs are
at high concentrations at the time of surgery (see earlier chapter). If milking, ceftiofur 2.2 mg/kg im is standard. In
beef or non-lactating cattle, other options do exist. Remember: the label dose of procaine penicillin is ineffective!

Local blocks: A line block, inverted L or paravertebral are all reasonable options. A line or inverted L is required
for an oblique incision as the paravertebral will not cover the ventral aspect. An epidural can help minimize
straining if the cow is actively in labor.

Position/preparation: See How to- Standing GI Surgery

Position/preparation: Standing. Healthy cows tolerate standing surgery very well. Many do not need sedation
but will do fine with just a local block. However, if they are heavily pregnant, (and particularly if they are Jerseys)
they may just decide to lie down in the middle of the procedure. If this is a concern, we try to make it more likely
that she will land incision side up.
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Head toward incision; ropes
between outside legs

Place ropes on the far legs and tie her head toward the incision. If she starts to lie
down, nonsurgical personnel pull on the ropes and pull her legs out from under her. With the head tied in this
direction, she is also more likely to fold that way and stay incision side up.

An assistant is almost always necessary. This can be an untrained assistant that is garbed in sterile gloves (rectal
sleeves are fine) and told what to touch and not touch. If the calf is alive, another person is needed for calf care
and should be asked to set up an area for drying and warming the calf. This person can act as a nonsterile assistant
and help with calf removal etc.

Surgery Supplies — Supplemental

2 absorbable suture material for uterine closure

 Calf hooks and chains

* Oxytocin

+ Uterine forceps — optional

+ Sterile envelope cutter — optional for incising the uterus

* Gigli wire and handles — optional

Surgery Supplies — Standard

* Standard surgery pack

+ Sterile sleeves for internal palpation

» Scalpel blade and handle

* 2 or 3 absorbable suture material for muscle closure

» 3+ nonabsorbable suture m