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Key Points  

•  Intermittent opioid +/- an NSAID does not provide sufficient relief of severe pain. 
• Analgesic infusion provides a more consistent level of relief. 
• Using a multidrug analgesic mixture allows smaller doses of individual drugs to provide 

effective relief, reducing risk of adverse side effects. 
 

In patients with severe pain, IM morphine in conjunction with NSAID administration does 
not provide sufficient relief. Increasing the dose of IM morphine can improve the level of relief 
provided, but the combination of higher morphine and pain levels increases the risk of GI 
complications. Using a constant rate infusion (CRI) technique to deliver a steady state of 
analgesic support provided by a combination of drugs was the next logical step to try in these 
patients. The drug mixture used in the pain CRI has been modified and refined over time. The 
five-drug mixture (lidocaine, ketamine, morphine, detomidine, and acepromazine) that resulted 
from this quest has been used in dozens of horses and proven to be effective in alleviating all but 
the most extreme pain in these patients (1-2). Due to its five components and CRI delivery it was 
given the name Pentafusion.  

Food animal clinicians requested a similar approach for ruminant patients, but were 
concerned about the continuous delivery of the alpha2-adrenergic agonist (detomidine) and 
acepromazine components of Pentafusion. Having no experience with continuous delivery of 
these drugs in ruminant patients to neutralize their concerns, I modified the technique, creating 
Trifusion. Trifusion is a mixture of lidocaine, ketamine, and an opioid. I have used both 
butorphanol and morphine as the opioid component of Trifusion. I have used Trifusion in four 
adult cattle and two camelids with severe to extreme pain (3-4). The first ruminant patient 
received a butorphanol-based combination, while the next three received a morphine-based 
combination. Both of the camelids received butorphanol at the request of the primary clinician. 
Trifusion provided obvious relief in these patients but did not eliminate the pain. The small 
number of patients makes comparison of the opioid component difficult at this point. The initial 
pain level in these patients was quite high. Based on experience in horses, detomidine enhances 
the analgesic efficacy of the pain CRI and its inclusion may have provided greater analgesic 
support to these patients. Because detomidine is dosed similarly in cattle and horses, Pentafusion 
may eventually prove to be useful in ruminant patients as well. I have not used detomidine in a 
camelid patient to date, but expect an infusion rate could be worked out.  

Opioids and alpha2-adrenergic agonists decrease GI motility. Pain also produces an adverse 
effect on GI motility. The incidence of GI complications has been low in equine patients and has 
not been observed in food animal/camelid patients, though usage in these patients has not been 
nearly as extensive. GI motility and fecal output (volume and moisture content) should be 
carefully monitored when opioids, Pentafusion, or Trifusion are used. Pentafusion has been 
administered for 17 days without complication, though the typical duration is shorter. Trifusion 
was administered for several days in each of the patients with no adverse effects noted. 
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Trifusion and Pentafusion CRI Technique 
A CRI technique may seem complicated, but it is much easier than it first appears. Using 

a stock solution created for a prototypical patient (e.g. 450 kg horse) simplifies the technique. 
Delivery rate is adjusted to the patient's weight using a ratio. If the base infusion rate for a 450 
kg patient is 68 ml/hr, the base infusion rate for a 45 kg patient would be 6.8 ml/hr (45 kg/450 kg 
= 0.1, 0.1 x 68 ml/hr = 6.8 ml/hr). Creating "12" hour volumes (e.g. 1000 ml @ 68 mL/hr = 14.7 
hr, 100 mL @ 6.8 mL/hr = 14.7 hr) minimizes waste should mixture adjustments be required. 
The patient's fluid status should be evaluated to determine if a reduction in maintenance fluids 
rate may be necessary to accommodate the analgesic volume delivered.  

The same basic approach is used to mix and deliver both Trifusion and Pentafusion. In 
ruminant and camelid patients a smaller loading dose of lidocaine (1 mg/kg IV) is used (loading 
doses of lidocaine should be administered slowly to prevent adverse cardiovascular or CNS 
effects). Lidocaine, ketamine and opioid infusion rates are the same in both Trifusion and 
Pentafusion. Butorphanol can be substituted for morphine when using Trifusion or Pentafusion, 
though analgesic support may be reduced. The loading dose of butorphanol (0.05-0.1 mg/kg IV 
or IM in smaller ruminants and camelids, 0.02-0.05 mg/kg IV or IM in larger ruminants and 
camelids) and the CRI dose for butorphanol (0.022 mg/kg/hr) are substituted in the protocols 
described below (Table 3 &4). Placing all the drugs to be delivered in one bag (one-bag 
administration) requires less equipment and disposables, though you lose some of the flexibility 
provided by delivering drugs via two bags (two-bag administration). I typically use the one-bag 
approach to deliver Trifusion and the two-bag approach to deliver Pentafusion.  
 
(Table 3) Pentafusion stock solution for a 450 kg patient 

Drug Dose Amount Required Base Delivery Rate 

Bag # 1 
  68 ml/hr 

Lidocaine  3 mg/kg/hr 1 liter  

Ketamine  0.6 mg/kg/hr 4,000 mg  

Bag #2 
  68 ml/hr 

NaCl NA 1 liter  

Morphine 0.025 mg/kg/hr 170 mg  

Detomidine 0.0044 mg/kg/hr 30 mg  

Acepromazine 0.0022 mg/kg/hr 15 mg  
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(Table 4) Trifusion stock solution for a 450 kg patient. Morphine can be placed in Bag #1 for 
one-bag administration.  

Drug Dose Amount Required Base Delivery Rate 

Bag # 1 
  68 ml/hr 

Lidocaine  3 mg/kg/hr 1 liter  

Ketamine  0.6 mg/kg/hr 4,000 mg  

Bag #2 
  68 ml/hr 

NaCl NA 1 liter  

Morphine 0.025 mg/kg/hr 170 mg  

 
The drug volumes added to the bags are small enough to not alter the effective 

concentrations and removal of a commensurate volume of carrier solution is not required when 
using this technique. The infusion mixtures should be created in the bags before attaching and 
filling the lines. Otherwise, the extensive void volume of the lines will prevent delivery of 
medication for quite some time, limiting the usefulness of any loading boluses administered and 
delaying the onset of relief. Loading doses of several of the drugs can be given before starting 
the CRI to speed the onset of relief. I always administer a loading dose of lidocaine (1.3 mg/kg 
IV equine, 1.0 mg/kg IV for ruminants and camelids, administer slowly). If the patient has not 
recently received morphine as part of its prior therapeutic regimen, I generally give a loading 
dose of it as well (0.1 mg/kg IV) to speed onset of relief. I generally do not administer a loading 
dose of ketamine, detomidine, or acepromazine. Time to peak relief is typically several hours, so 
some patience is required. When pain relief allows, we reduce the acepromazine-morphine-
detomidine infusion rate (typically by half initially, and then perhaps by half again) before 
reducing the lidocaine-ketamine infusion rate. This allows us to alter the degree of analgesic 
support while at the same time reducing the administration rate drugs with the greatest concerns 
regarding GI motility.  
 
Pentafusion: Equipment Required 

I use a two-bag approach to deliver Pentafusion. The ketamine and lidocaine are 
combined in one bag and the morphine, detomidine, and acepromazine combined in the second 
bag. The two-bag approach allows greater flexibility in altering the levels of the drugs being 
delivered, which facilitates titration of the relief provided, adjustments to counter potential side 
effect produced by the drugs used, and eventual weaning when desired. The two-bag approach 
requires 2 infusions pumps and a slighter greater amount of disposables (Table 1). A one-bag 
approach can be used, if desired, by placing the morphine, ketamine, detomidine, and 
acepromazine in the bag containing the 2% lidocaine. The one-bag approach only requires one 
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infusion pump and fewer disposables, though wastage will be higher if solution must be 
reformulated to alter delivery (Table 2).  
 
(Table 1) Equipment Required for Two-Bag Administration 
Equipment Source 

2 Fluid Pumps 

Heska Vet/IV 2.2, Heska Corporation, 
Loveland, CO (compact rechargeable unit 
made for the veterinary market; many other 
models of infusion pumps are available 
including used human units 

2 Solution Administration Sets 
Baxter Healthcare Corp., 10 drops/ml and 
approximately 68 inches long 

4 Coiled Extension Sets CE8010, International Win, Ltd 
1 liter normal saline  
1 Sterile 1 liter bag (a liter bag of fluids can 
be emptied) 

Intra Via Container, Baxter Healthcare 

1 High Flow Double T Extension Set 8575, Mila International, Inc 
1 Needle-lock device (if pain CRI is to be 
connected to IV fluid line) 

2C7833, Baxter Healthcare Corp 

 
(Table 2) Equipment Required for One-Bag Administration 
Equipment Source 

1 Fluid Pump 

Heska Vet/IV 2.2, Heska Corporation, 
Loveland, CO (compact rechargeable unit 
made for the veterinary market; many other 
models of infusion pumps are available 
including used human units 

1 Solution Administration Set 
Baxter Healthcare Corp., 10 drops/ml and 
approximately 68 inches long 

2 Coiled Extension Sets CE8010, International Win, Ltd 
1 Sterile 1 liter bag (a liter bag of fluids can 
be emptied) 

Intra Via Container, Baxter Healthcare 

1 Needle-lock device (if pain CRI is to be 
connected to IV fluid line) 

2C7833, Baxter Healthcare Corp 

 
 
Methods for Controlling IV Infusion Rate 
Infusion Pumps 

An infusion pump is the preferred method for controlling the delivery of IV solutions 
containing potent drug mixtures. An infusion pump ensures medically accurate delivery of 
intended volume per unit time (typically ml/hr). Infusion pumps are equipped with audible 
alarms that sound when delivery is impeded, typically due to an occluded line or catheter. Direct 
observation is required to detect delivery problems with all of the other methods discussed. The 
digital readout provided by most infusion pumps (delivery rate, volume infused, and volume to 
be infused), make adjustments and documentation easier. In situations where an infusion pump is 
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not available, there are alternative methods that can be used to control delivery. It is important 
that the clinician understand the limitations of the devices to minimize patient risk.  
 
Dial-A-Flo 
 
An IV flow control device such as a Dial-A-Flo (LifeShield Regulator IV Extension Set, Dial-A-
Flo with Option-Lok, list # 11742-48, Hospira, numerous manufacturers produce similar 
devices) can be utilized to prevent a marked increase in the drug delivery rate should the distance 
between the solution and the patient's catheter increase. A coiled extension set (Coiled Extension 
Set, CE8010, International Win, Ltd.) can be used to provide additional free-play. Using a Dial-
A-Flo type device to control CRI delivery adds approximately $7 to cost. The Dial-A-Flo has 
"settings" (ml/hr) of OFF, 20, 30, 40, 50, 60, 70, 80, 100, 125, 165, 210, 250, and OPEN, but 
intermediate delivery rates (e.g. not indicated on dial) can be set to accommodate patient size. 
With 70 ml/hr representing full delivery for a 450 kg patient, the appropriate weight for other 
settings is easily determined (e.g. 50 ml/hr ÷ 68 ml/hr = 0.73 x 450 kg = 330 kg) (Table 5). Dial-
A-Flo type devices are designed to work within a certain specified height differential (solution 
container to patient catheter). They seem to provide steady delivery outside of this range, but rate 
may vary from the marked setting. Delivery rate should be verified initially and periodically 
evaluated when using a Dial-A-Flo type device (using drip rate and drops/ml conversion factor 
for the solution administration set). Periodic inspection is also required to detect occlusive 
problems in delivery system.  
 
(Table 5) Patient weight (kg) and corresponding Dial-A-Flo setting for "maximal" safe delivery 
when using a "stock 68ml/450kg/hr" analgesic mixture (with or without undiluted lidocaine as a 
carrier solution).  

Setting 
(ml/hr) 

20 30 40 50 60 70 80 100 125 

Weight 
(kg) 

130 200 265 330 400 450 530 660 830 

 
 
Elastomeric Infusion Systems 
 
Another option for controlling an analgesic CRI is the use of an "elastomeric infusion system", 
such as the Homepump Eclipse or C-Series (Homepump Eclipse E401000, I-Flow Corporation, 
numerous manufacturers produce similar devices, a variety of pre-set delivery rates and volumes 
are available). The "elastomeric infusion system" is attached directly to the patient so the risk of 
delivery interruption should the patient roll is reduced. "Elastomeric infusion systems" are more 
expensive than the Dial-A-Flow (Homepump Eclipse E40100 cost $15.50) and the limited 
number of fixed delivery rates and volumes require a more customized approach. Certain 
"elastomeric infusion systems" (I-Flow Homepump) use the diameter and length of the attached 
tubing to control delivery rate. Others (MILA 7100, 100ml volume) use a variety of extension 
sets containing a flow limiter to control delivery (0.8, 2.5, 5, 20, & 40 ml/hr delivery rates are 
available). The flow limiters located in the tubing are temperature sensitive. They are designed to 
operate at skin temperature, so the distal portion of the tubing containing the flow limiter should 
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be in contact with the skin to ensure accurate delivery. It is more difficult to visually estimate 
remaining volume when using an elastomeric infusion system. Catheter should be checked 
periodically to ensure patency.  
 
Creating a mixture to be delivered using an "elastomeric infusion system" is actually quite 
simple. Delivery rate determines the drug concentrations required in the carrier solution. Drug 
concentrations are used to determine the amount of each drug required for a pre-selected volume 
of carrier solution. The Homepump Eclipse E401000 delivers 100 ml/hr with a nominal capacity 
of 400 ml (package insert provides information on minimum and maximum fill volumes, which 
are 200 ml and 500 ml respectively for this unit, and their impact on delivery rate, which varies 
slightly). When filled with 400 ml this unit provides a 4-hour duration of delivery. In this 
example you would add a 4 hr amount of each drug (based on the doses provided in Tables 3 & 
4) to the device and then fill remaining volume with carrier solution (which again can be a 
properly adjusted lidocaine solution if desired). Attach to IV catheter.   
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