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Cardiovascular e�ects of
intravenous morphine in
anesthetized horse

Emma Hoeberg*, Henning Andreas Haga and Andreas Lervik

Department of Companion Animal Clinical Sciences, Norwegian University of Life Sciences, Ås,
Norway

Objectives: To investigate whether morphine causes a change in mean arterial

blood pressure (MAP) heart rate (HR) and oxygen extraction (OE) rate in healthy

horses anesthetized with isoflurane and a dexmedetomidine infusion.

Material andmethods: The study designwas prospective clinical, randomized,

blinded two groups including 33 horses. All horses were sedated with

romifidine IV, and anesthesia was induced with midazolam IV and ketamine

IV and maintained with isoflurane in oxygen and medical air and a

dexmedetomidine infusion. As a baseline venous and arterial blood, HR and

MAPwere sampled. Thereafter eithermorphine 0.1mg kg−1 IV or an equivalent

volume of NaCl 0.9% IV was administered. HR and MAP were then further

sampled for 5min before venous and arterial bloodwas again sampled. OEwas

calculated based upon arterial and venous blood gas analysis. To evaluate the

change in minimumMAP, mean HR, and OE, the di�erences between baseline

and observation period values were further termed delta MAP, delta HR, and

delta OE. Individual delta MAPs were normalized to the minimum baseline

value and are reported as a percentage. Alpha was set to 0.05. Confidence

intervals 95% (CI) were calculated for delta MAP, delta HR, and delta OE within

groups, and for the di�erence between groups.

Results: The 95% CIs for delta MAP (%), delta HR (min−1), and delta OE (mL/dL)

in themorphine groupwere−20.5 to−9.0, 0.6 to 3.1, and−0.1 to 0.6 and in the

placebo group were −17.4 to −10.1, 0.2 to 2.0, and −0.2 to 0.3, respectively.

The 95% CI for the di�erences in delta MAP (%), delta HR (min−1), and delta

OE (mL/dL) were −5.5 to 7.6, −2.3 to 0.7, and −0.7 to 0.2, respectively. The

minimum MAP of one horse in the morphine group decreased around 50%

between baseline and observation period with almost unchanged OE and HR.

Conclusion and clinical relevance: The e�ects of morphine 0.1mg kg−1 IV

on HR, MAP, and OE in healthy horses anesthetized with isoflurane and a CRI

of dexmedetomidine are minimal.

KEYWORDS
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Introduction

Morphine is a µ agonist with some κ agonist effect (1). It is used as an analgesic in

different species (1) and is often a part of balanced anesthesia in horses (2). Opioids may

produce cardiovascular changes in mammals, and in dogs, bradycardia (1) and increased

plasma histamine concentration are potential causes of hypotension (1, 3). In cats,
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increased histamine release and decreased blood pressure have

been described (4, 5). The cardiovascular effect of intravenous

morphine in horses has been investigated to some extent (2, 6–

11). Three studies have investigated the cardiovascular response

to morphine in conscious horses, reporting increases in heart

rate (HR) and invasive blood pressure (IBP) (6, 7, 10). Most of

the studies examining the cardiovascular response to morphine

during general anesthesia in horses did not detect a significant

difference in IBP and HR between horses receiving morphine

before or during anesthesia (8), during anesthesia (2, 9) or

when different doses were administered during anesthesia (2).

However, one study found a significant decrease in mean arterial

blood pressure (MAP) and increase in oxygen extraction (OE)

ratio but no change in HR after administration of morphine

0.2mg kg−1 (11). One study in horses investigated immediate

cardiovascular changes by recording cardiovascular variables

only once 2min after injection of morphine (8). Also, studies

in other species indicate an immediate cardiovascular change

(1, 3–5). Therefore, it is of interest to continually measure the

immediate effect an intravenous injection of morphine has on

the cardiovascular system in horses.

A highly important part of equine anesthesia is to secure

adequate perfusion of the large muscles and thereby tissue

oxygenation (12, 13), as an impairment might have a negative

impact on survival rate of horses during general anesthesia (14).

Cardiac output (Qt) is the product of stroke volume and HR

but is rarely measured in equine patients during anesthesia.

Measurement of IBP is often taken as an indicator of tissue

perfusion, but this parameter does not always reflect blood flow

and oxygen delivery (12, 13). Insufficient oxygen tissue supply

can result from globally decreased delivery of oxygen (DO2) or,

as is the case in anesthetized horses, decreased muscle perfusion

pressure. If Qt decreases and oxygen consumption (VO2) is

unchanged, OE will increase as long as DO2 meets the VO2

requirements (15, 16). Therefore, in an anesthetized animal

where VO2 likely is stable and DO2 is adequate, OE may be

used as a surrogate measure for reflection of changes in Qt. To

evaluate the effect of intravenous morphine on cardiovascular

function in anesthetized horses, we decided to measure OE in

combination with IBP and HR.

The primary objective of this study was to investigate

if morphine causes a change in MAP, and secondary

was to investigate the effect of morphine upon HR and

OE in healthy horses anesthetized with isoflurane and a

dexmedetomidine infusion.

Materials and methods

The study was approved by the National Animal Research

Authority, FOTS id 14/04723-66. A prospective clinical,

randomized, blinded two groups study was performed. An a

priori power analysis was performed using a standard deviation

of 5.8 mmHg based upon a pilot study including five horses,

a beta of 0.8, an alpha of 0.05, and a minimum effect size of

6mm Hg resulting in a total sample size of 32 horses. Horses

were randomized into two groups based upon permuted block

randomization in blocks of four horses prior to study start.

Adult (≥ 1 year) horses weighing at least 200 kg of either sex

admitted to our veterinary teaching hospital for elective surgery

were considered for inclusion. Prior to inclusion, the history of

the horse was taken, and a clinical examination was performed.

Horses assigned an American Society of Anesthesiologist (ASA)

physical status grade I–II were included after informing owner

or trainer consent. Exclusion criteria were if sedation was

deemed inadequate for safe induction of anesthesia after a

total dose of 0.12mg kg−1 romifidine (Sedivet vet, Boehringer

Ingelheim, Vetmedica GmbH Ingelheim/Rhein, Germany) IV,

if the placement of arterial line was unsuccessful, and if MAP

was below 60mm Hg at the start of the study. If MAP fell below

50mm Hg at any time during the study infusion of dobutamine

0.5 µg kg−1min−1 was started, further data were excluded.

Preparation, anesthesia, and
instrumentation

Animals admitted for elective surgery were hospitalized

overnight, with withdrawal of food overnight (9–13 h) but with

free access to water. All horses had a physical examination the

day before or at the day of anesthesia. Horses were weighed and

an intravenous cannula (Secalon T, Merit Medical Ltd, Galway,

Ireland) was placed into a jugular vein.

Horses were pre-medicated in the induction box with

romifidine; start dose was based on the demeanor of the horse

and thereafter given to effect at 0.02mg kg−1 increments, with a

maximum 0.12mg kg−1 IV. The aim was adequate sedation for

induction and the assessment of sedation was performed using

subjective, clinical judgement. This would include lowering of

the horse’s head, dropped lower lip and unresponsiveness to

movement and sound. Anesthesia was induced with ketamine

(Ketamine Le Vet, Le Vet Beheer B.V, Holland) 2.5mg kg−1

IV and midazolam (Midazolam, B. Braun Melsungen AG,

Melsungen, Germany) 0.05mg kg−1 IV. After induction of

anesthesia and endotracheal intubation, the horse was placed on

a padded surgical table in either lateral or dorsal recumbency

and connected to the anesthesia machine (Tafoinus large animal

ventilator, Ventronic Service Ltd). Anesthesia was maintained

with isoflurane (Isoflo Vet, Zoetis, Florham, New Jersey, USA) in

oxygen andmedical air. The fresh gas flow (FGF) was set to 10ml

kg−1min−1 with FiO2 40–60 % and the isoflurane vaporizer on

3.5 %. A multiparameter anesthetic monitor (Carescape B650,

GE Healthcare Finland Oy, Helsinki Finland) was connected.

Intermittent positive pressure ventilation (IPPV) was instituted

with a respiratory rate of 10 min−1, I:E ratio of 1:2, and tidal
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volume was adjusted to achieve a PE’CO2 of 5.0–7.5 kPa. A

20–22G catheter (BD Venflon Pro safety, Becton Dickinson

Infusion Therapy, Helsingborg, Sweden) was placed in the facial

artery. Before initiating the measurement of invasive arterial

blood pressure, the pressure transducer (TrueWave, Edwards

Lifesciences LLC, One Edwards Way, Irvine, CA, USA) was

placed in level with the heart and zeroed to atmospheric

pressure. Throughout the anesthesia, all horses were provided

an infusion of Ringers Lactate (Infusolec, Decra Veterinary

products AS, Oslo, Norway) 5–10ml kg−1h−1 intravenously.

FIGURE 1

The figure showing the structure of the clinical trial A, arterial; AT, after treatment; BL, baseline; HR, heart rate; MAP, mean arterial pressure;
V, venous.
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An infusion of dexmedetomidine (Dexdomitor, Orion Pharma,

Oslo, Norway) 1 µg kg−1h−1 given by a syringe driver (Agilia

SP MCWIFI NO, Fresenius Kabi AG, Bad Homburg, Germany)

was started as the endotracheal tube was connected to the

anesthetic machine.

Clinical trial

An outline of the study is presented in Figure 1.

After an instrumentation period of 15–20min, HR andMAP

were sampled during a two-minute period as a baseline, and

venous blood was sampled from the right or left jugular vein

and arterial blood from the intra-arterial catheter. Thereafter,

either morphine (Morfin Takeda, Norway Holding AS, Asker,

Norway) of 0.1mg kg−1 IV or an equivalent volume of NaCl

0.9% IV (Natriumklorid, B. Braun Melsungen AG, Melsungen,

Germany) was administered as a rapid bolus. Syringes were

prepared and labeled based on prior randomization by a person

not involved in the study. HR and MAP were then further

sampled for 5min, and venous blood was sampled from the

right or left jugular vein and arterial blood from the intra-arterial

catheter. The values were collected, both continuously with a

computer software for clinical data collection (iCollect Version

5.0, GE Healthcare, Finland) and manually every minute. The

venous and arterial samples were analyzed on a benchtop

analyzer (Radiometer ABL 90 FLEX PLUS, Radiometer Medical,

Copenhagen, Denmark) within 30min from collection. After

completion of data sampling, horses previously administered

morphine were administered saline and vice versa.

The clinical trial was carried out by the same person (EH).

Both the person responsible for the trial and the anesthetist

responsible for case management were blinded to treatment.

After administration of test drugs was finished, acepromazine

(Plegicil Vet, Pharmaxim AB, Helsingborg, Sweden) of 0.02mg

kg−1 IM was administered as a part of the hospital standard

anesthetic protocol. Thereafter, the trial was ended. The

intended procedure was performed, and anesthesia and recovery

were now up to the anesthetist attending the case.

OE (mL/dL) was calculated as follows:

OE =
((

1.34 × Hb × SaO2
)

+ (0.023 × PaO2 )
)

−
((

1.34 × Hb × SvO2
)

+ (0.023 × PvO2 )
)

Values of hemoglobin (Hb), SaO2, SvO2, PaO2, and PvO2 were

obtained from arterial and venous blood. The median value of

the four Hb values for every horse was used in the calculation.

The end tidal isoflurane concentration (EtISO) wasmanually

noted every 10min, and linear interpolation was used to find the

EtISO at baseline and after the last measurement of IBP.

Statistics

A graphical plot was made of the data and visually inspected.

For data where a normal distribution was assumed, Student’s t

statistics were used and data presented as mean ± SD. For data

where no specific distribution was assumed, Wilcoxon-signed

rank test was used and data presented as a median and range.

For MAP, the difference between the minimum value during

baseline and the minimum value for the observation period was

calculated and termed deltaMAP. DeltaMAPwas normalized to

the minimum baseline value and is reported as a percentage. For

HR, the difference between themeanHR during baseline and the

mean HR for the observation period was calculated and termed

delta HR. For OE, the difference between baseline OE and OE

during the observation period was calculated and termed delta

OE. Alpha was set to 0.05.

Confidence intervals 95% (CI) were calculated for the delta

MAP, delta HR, and delta OE within groups, and for the

difference between groups. Statistical analysis was performed

using a statistical software JMP v.14.1.0 (SAS Institute Inc., Cary,

NC, USA).

Results

An owner consent was received in 38 horses. All horses

recovered uneventfully and were discharged from the hospital.

Two horses were not included in the study due to the lack

of adequate sedation for induction after romifidine 0.12mg

kg−1 IV and a total of three horses were excluded, two due

to hypotension and one because of a non-functional arterial

catheter within 20min from the start of the study. Two horses

received thiopental (Pentacur, Abcur, Helsingborg, Sweden) of

1mg kg−1 IV due to movement before the study was started

and one horse received acepromazine of 0.02mg kg−1 IM > 2 h

prior to premedication; none of these three horses were excluded

TABLE 1 The table showing breed distribution for all horses and

within each group.

Breed All

horses

Morphine

group

Placebo

group

Warm blooded riding horse 12 5 7

Norwegian cold-blooded trotter 5 3 2

Standardbred 4 1 3

Thoroughbred 3 2 1

Dole horse 2 1 1

Fjord horse 2 2

Icelandic horse 2 1 1

Friesian horse 1 1

Northlands horse 1 1

Quarter horse 1 1
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TABLE 2 The table showing demographic data and anesthetic drug doses for all horses and within each group.

All horses Morphine group Placebo group

Age (mean± SD) 6.4± 4.2 years 5.3±3.6 years 6.8± 4.5 years

BW (mean± SD) 501± 82 kg 484± 66 kg 514± 94 kg

Sex Mare 14 7 7

Stallion 12 6 6

Gelding 7 4 3

Total dose romifidine (mean± SD) 0.09± 0.02mg kg−1 0.09± 0.02mg kg−1 0.09± 0.02mg kg−1

End-tidal isoflurane concentration (median, range) baseline 1.1 (0.8–1.3) % 1.1 (1.0–1.3) % 1.1 (0.8–1.3) %

End-tidal isoflurane concentration (median, range) after final IBP measurement 1.2 (1.1–1.4) %. 1.2 (1.1–1.4) % 1.2 (1.2–1.4) %

IBP, invasive blood pressure; SD, standards deviation.

FIGURE 2

Boxplot showing minimum mean arterial blood pressure (mmHg) on the y-axis, before and after administration of either morphine or NaCl IV.
The x-axis represents two baseline measurements with 1min interval and five measurements after administration with 1min interval. The solid
line represents the morphine group and the staple line the placebo group. Boxplot characteristics: upper line = maximum value, excluding
outliers, upper line of box = Q3 (75th percentile); middle line in box = median: lower line in box = Q1 (25th percentile) lower line = minimum
value excluding outliers. AT, after treatment; BT, baseline. 1–5 = minutes before or after treatment.

from the study. No horse received dobutamine due to MAP <

50 mmHg. In total, 33 horses completed the study, 17 in the

morphine group, and 16 in the placebo group. Breeds included

in the study are represented in Table 1. Demographic data and

dose of anesthetic drugs are presented in Table 2.

Due to software (iCollect) failure, only 20 horses had

continuous data collection, nine in the morphine group, and

eleven in the placebo group. For the remaining horses, manually

recorded data were used in the analysis.

Figures 2–4 represent, respectively, MAP, HR, and OE

for the baseline and observation period. MAP and HR were

higher in the placebo group compared to the morphine group

throughout the study.

The 95% confidence intervals for delta MAP, delta HR, and

delta OE and the confidence interval for the difference between

the two groups for these variables are presented in Table 3. No

significant differences between morphine and placebo groups

were found for any of the parameters (Table 3).

The minimum MAP of a 6 years old, Norwegian cold-

blooded trotter gelding in the morphine group had a minimum

MAP of 76mm Hg before administration and minimum MAP

of 40mmHg during the observation period. The OE and HR for
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FIGURE 3

Boxplot showing mean heart rate (min−1) on the y-axis, before and after administration of either morphine or NaCl IV. The x-axis represents two
baseline measurements with 1min interval and five measurements after administration with 1min interval. The solid line represents the
morphine group and the staple line the placebo group. Boxplot characteristics: upper line = maximum value, excluding outliers, upper line of
box = Q3 (75th percentile); middle line in box = median: lower line in box = Q1 (25th percentile) lower line = minimum value excluding outliers.
BT, baseline; AT, after treatment. 1–5= minutes before or after treatment.

FIGURE 4

Boxplot showing oxygen extraction (mL/dL) on the y-axis, before and after administration of either morphine or NaCl IV. The x-axis represents
baseline and after treatment of either morphine or NaCl 0.9% IV. The solid line represents the morphine group and the staple line the placebo
group. Boxplot characteristics: upper line = maximum value, excluding outliers, upper line of box = Q3 (75th percentile); middle line in box =

median: lower line in box = Q1 (25th percentile) lower line = minimum value excluding outliers, dots = outliers. AT, after treatment; BL, baseline.
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TABLE 3 The table shows the 95 % confidence interval for the change

in minimummean arterial pressure, mean heart rate and oxygen

extraction before and after administration of either morphine or

NaCl IV.

Group 95 % CI

within group

95 % CI

(p-value)

between

groups

Min MAP delta (%) M −20.5 to−9.0 −5.5 to 7.6 (0.96)

P −17.4 to−10.1

Mean HR delta (min−1) M 0.6–3.1 −2.3 to 0.7 (0.38)

P 0.2–2.0

OE delta (mL/dL) M −0.1 to 0.6 −0.7 to 0.2 (0.29)

P −0.2 to 0.3

The p-values and the confidence intervals for the difference between the two groups is

also shown. BL, baseline; CI, confidence interval; HR, heart rate; M, morphine; MAP,

mean arterial pressure; OE, oxygen extraction; P, placebo.

the same horse were almost unchanged between baseline and the

observation period.

Discussion

The cardiovascular effect of morphine after intravenous

injection in horses is only investigated to some extent (2,

6–11), and this is one of the first studies investigating the

cardiovascular effect of morphine in horses during general

anesthesia. This study established 95% confidence intervals for

the possible effect of morphine upon MAP, HR, and OE in

anesthetized horses. We consider the confidence intervals to

be quite narrow, and all values included in the confidence

intervals are likely of little clinical significance. This thus

supports the conclusion that the potential cardiovascular

consequence of administration of 0.1mg kg−1 morphine

IV to horses during general anesthesia in general seems

negligible. This is also a likely explanation that why no

significant cardiovascular effects were found in previous studies

(2, 8, 9).

When testing for statistical significance or establishing a

confidence interval, it is usually the central tendency of the

general populations that is tested (17). In the clinical setting,

individuals are anesthetized, while the central tendency in a

population is compared statistically. Interestingly, in this study,

one horse in the morphine group had a decrease in minimum

MAP around 50%. This can very well be a coincidental finding,

or an individual with an idiosyncratic reaction to morphine. In

total, three Norwegian cold-blooded trotters were included in

the morphine group and no other had the same decrease in

MAP. However, a much larger sample size would be needed

to estimate the proportion of horses responding like this to

morphine. This highlights the difficulty in revealing rare clinical

events of importance, but it emphasizes the general wisdom of

performing intravenous injection under anesthesia slowly and

observing the response.

All values encompassed in the 95% confidence interval for

delta mean MAP in both groups imply a clinically relevant

change in MAP in the start of the anesthesia, but not so for

HR or OE. A likely cause is the cardiovascular changes caused

by a rising blood isoflurane concentrations. The quite narrow

confidence interval of delta OE indicate that the global DO2 was

adequate during this period.

Compared to other studies examining morphine’s

cardiovascular effects in horses, this study differs in multiple

ways. Our study investigated morphine’s cardiovascular effect

immediately after administration whereby other studies

investigated the effect 2 (8), 10 (2, 11), and 30 (9) min after

administration. The study measuring the IBP and HR 2min

after administration of morphine or placebo only did one

measurement within the first 5min (8) whereby our study

do one every minute the first 5min. All horses in this study

were premedicated, induced, and maintained with romifidine,

ketamine, midazolam, isoflurane, and dexmedetomidine

continuous rate infusion (CRI). The rationale behind the chosen

drugs was to use drugs normally used for general anesthesia

in horses at our hospital but also generally used for equine

anesthesia. Similar drugs were used in other studies (2, 8, 9);

however, only one previous study (18) used the combination

of isoflurane and dexmedetomidine for the maintenance

of anesthesia. The dose of morphine used differs between

studies. One study used two different doses (8); however,

both lower than used in this study. The other studies used

same or higher doses than used in our study (2, 9, 11). One

study in horses found a significant decrease in MAP after

intravenous injection of morphine (11) and similar decreases

have been shown in other species (3–5). In dogs and cats, an

increased histamine release was documented concurrently

with the cardiovascular changes (3–5). However, doses used

in these studies were high, 1mg kg−1, 2–4 mg kg1, 2–6 mg

kg−1, and 0.2mg kg−1, respectively, (3–5, 11) compared to

this study. A progressively increase of the cardiovascular effect

with increasing morphine doses can, therefore, not be excluded

when comparing to existing studies in horses. The results in

dogs and cats might indicate a dose-response effect of morphine

on cardiovascular parameters, and that the conventional doses

used in horses might be too low to elicit such effects. Two

studies investigated the cardiovascular response in anesthetized

horses after morphine 0.15mg kg−1 bolus followed by and

infusion of 0.1mg kg−1 h−1 with varying results (18, 19). One

study found a significant decrease in HR and increase in OE

ratio, but no change in MAP compared to baseline (18). The

other study found no significant change in HR or MAP between

the morphine and placebo group and, the need of dobutamine

infusion was similar between groups (19).

By coincidence, the baseline measurement of minimum

MAP differed between the groups. Therefore, the change in
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minimum MAP between baseline and after treatment was

normalized for both groups to ease for statistical comparison

and interpretation.

In this study, both p-values and confidence intervals were

used. A p-value can only answer the dichotomous question

whether a significant predetermined alpha level is reached or

not in a hypothesis testing situation. A confidence interval

will capture the true central tendency of the population with

a certainty specified as a percentage. Thus, there is more

information in a confidence interval. The approach of using

confidence intervals has increasingly been advocated (20, 21).

The advantage is illustrated in the current study where quite

narrow confidence intervals for the variables of interest were

found giving the opportunity to state more clearly that whether

the possible change is of clinical interest or not instead of only

being able to state that no significant effect was found.

Prior to the study, we expected a hypotensive effect upon

MAP. The minimum value of MAP within the baseline and

observation period was used for comparison to ensure that a

possible rapidly decreasing MAP, which then stabilized again,

still would be taken fully into account. If a mean had been used,

the effect of nadir MAP would be less since the value would

be to some extent canceled by the other values. If HR or OE

was influenced by morphine, a change in both directions was

considered likely, and thus the mean value was used.

Horses in either lateral or dorsal recumbency were included

in this study since it reflects the clinical nature. Both

recumbencies affect the blood pressure (22) and cardiac index

CI (23) during halothane anesthesia. The greatest effect on

the blood pressure is reported in dorsal recumbency; however,

no statistically significant difference between the positions was

found (22). Also, a non-significant decrease in CI is reported

when changing position from lateral to dorsal recumbency (23).

No horse in our study had a change in position during the study.

Several limitations for this study exist. Dobutamine

administration to the horse with minimum MAP of 40

mmHg during the observation period was not initiated since

it was revealed when the data were interpreted after the

anesthesia. The dose of morphine may have been too low

to elicit a cardiovascular effect. However, the dose used is

commonly administered to horses in the perianesthetic period.

Also, a delayed cardiovascular effect extending beyond the

5min study period cannot be excluded. Only three different

parameters were used to evaluate the cardiovascular change

after administration of morphine IV. Other parameters could

have been of interest when investigating the cardiovascular

changes and tissue perfusion, for example Qt, perfusion

index, or plethysmography variability. Also, measurement of

histamine plasma concentration would have been of interest

since an increase have been described in other species (3–

5). However, due to the clinical nature of this study, only

MAP, HR, and OE were deemed to be most suitable. The use

of dexmedetomidine might have influenced the cardiovascular

response since bradycardia, hypertension (15, 24), and increased

OE (15) are reported in horses. However, all horses received the

same dose of dexmedetomidine, and the possible effect should

be similar between the groups.

Conclusion

The effects from administration of morphine 0.1mg kg−1

IV upon HR, MAP, and OE to horses anesthetized with

volatile anesthetics and dexmedetomidine are small and without

clinical relevance.
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