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ABSTRACT. This study examined the analgesic and cardiopulmonary effects of intravenous
(IV) tramadol during general intravenous anesthesia in calves. Calves were premedicated with
diazepam (0.2 mg/kg, IV) with tramadol (2 mg/kg, IV) (group T) or saline (group S). Anesthesia
J. Vet. Med. Sci. was induced by thiamylal sodium (4 mg/kg, IV) and maintained with an infusion (2 ml/kg/hr) of
83(12): 19881993, 2021 5% guaifenesin containing thiamylal sodium (2 mg/ml). Additional thiamylal sodium (1-2 mg/
o . ' kg, IV) was administered when interference from the calves was observed during surgery. The
doi: 10.1292/jvms.21-0196 total counts of additional thiamylal sodium administration, analgesia score using a visual analog
scale, recovery time, and cardiopulmonary function in the different groups were assessed and
) . compared. Group T showed significantly fewer counts of additional drug administration and a
Received: 2 April 2021 significantly higher analgesia score. Tramadol may provide adequate analgesia with minimal
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General anesthesia, local anesthesia, sedation, and tranquilization are required in common bovine practice, including castration,
cesarean section, claw amputation, umbilical hernia, and disbudding, which is regarded as a painful condition in cattle [1, 13,

16, 17]. Inhalation anesthesia may only be possible in an equipped hospital environment, but injectable anesthesia is used in the
field easily without specific devices [18, 19]. Several types of calf injectable anesthetics are available, such as thiamylal sodium—
guaifenesin combination and xylazine —ketamine combination [8]. In calves, diazepam can be used instead of xylazine to avoid the
cardiovascular adverse effects of a,-adrenergic agonists [10].

Pain management of livestock is becoming ethically important, and appropriate guidelines should be established during the
surgical procedures [2]. Pain is better controlled through a combination of regional and systemic analgesics [6]. Nonsteroidal anti-
inflammatory drugs (NSAIDs) and local anesthetics are commonly administered to cattle to manage pain during the perioperative
period [9]. Because pain control is also advantageous for animal welfare, effective pain management needs to target various
mechanisms to cover all pain, such as NSAIDs and opioids [12]. The consumers’ awareness of beef cattle welfare is growing [23],
and the recognition and management of pain is an essential element of good animal welfare [20]. Appropriate analgesics, such
as NSAIDs, opioids, and local anesthetics, are essential [6, 9, 10]. Many studies have emphasized the poor pain management of
painful procedures in cattle [9]. In one study, a local anesthetic was administered for perioperative NSAIDs to manage pain in the
feet of dairy cattle [4]. Effective pain management using various mechanisms, such as NSAIDs and opioids, is essential for welfare
issues [12]. This study examined the use of analgesics in calves.

Tramadol is believed to induce analgesia via the p-opioid and o,-receptors with a low risk of substance dependence [14].
Recently, tramadol has shown potential opioid analgesic effects in horses and dogs [15, 22], and it is not a controlled drug in South
Korea [22]. Although several studies have examined the effects of tramadol during the postoperative period in dogs undergoing
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an ovariohysterectomy [15], few studies have evaluated the clinical responses to tramadol during general anesthesia in calves.
Tramadol is a centrally acting opioid analgesic used to control moderate-severe pain in humans [21]. In cattle, tramadol has been
used as epidural anesthesia in many studies [3, 5]. One study reported that intravenous tramadol reduced postoperative nociception
in young calves after disbudding calves [7].

This study examined the analgesic and cardiopulmonary effects of tramadol and during general intravenous anesthesia in
calves. Twelve Holstein male calves (average age four weeks, average weight 49.2 + 5.8 kg) were used in this experiment. The
Experimental Animal Committee of Obihiro University of Agriculture and Veterinary Medicine approved this randomized, blind,
two-way crossover design study (Approval No. 24-2). Each calf used in the study was healthy based on a physical examination and
laboratory tests, including a complete blood cell count and biochemical profile.

The calves were weighed and underwent a physical examination in the preparing room. Food and water were withheld for 2 to
4 hr before the experiment. A jugular vein was catheterized with an 18 or 20 G, 3.5-inch extended use catheter (BD Angiocath,
BD Medical, Sandy, UT, USA) for drug administration and complete blood count analysis. The auricular artery was catheterized
with a 22 G, 1.25-inch over-the-needle catheter (BD Angiocath, BD Medical) to measure the arterial blood pressure and sample
the arterial blood. The arterial blood pressure was measured using a blood pressure transducer (Transpac IV Monitoring Kit, ICU
Medical, San Clemente, CA, USA) positioned and zeroed at the heart level. The calves were equipped with electrocardiogram
monitoring pads for the base-apex lead and rectal temperature for data collection.

All calves received intravenous diazepam (0.2 mg/kg, IV; Horizon, Astellas Pharma, Tokyo, Japan). Subsequently, tramadol (2
mg/kg, IV; Tramal, Nippon Shinyaku Co., Kyoto, Japan) (group T) or an equal volume of saline (group S) was administered to
each of the six calves five min later. Anesthesia was induced by thiamylal sodium (4 mg/kg, IV; Isozole, Nichiiko Pharmaceutical,
Toyama, Japan) five min later and was maintained with a combination of 500 ml of 5% guaifenesin (Guaifenesin, ALPS
Pharmaceutical Industries, Gifu, Japan) and 1,000 mg of thiamylal sodium by constant rate infusion (2 mg/kg/hr) during surgery
(Fig. 1). Additional thiamylal sodium (1 to 2 mg/kg, IV) was administered when any interference from the calves was observed
during surgery. Oxygen (1 to 2 /min) was supplied with a facemask to prevent hypoxemia. A 10 to 14 mm endotracheal tube was
prepared in the case of an emergency.

During general anesthesia, all calves were subjected to a partial radial nerve neurectomy for another experiment to evaluate
the nerve regeneration factors. The skin over the radial nerve was clipped and disinfected using 70% isopropyl alcohol and
povidone-iodine scrub swabs on the right lateral recumbency. Local anesthesia with 10 ml of 2% lidocaine (Xylocaine Injection
2%, AstraZeneca, Osaka, Japan) was performed subcutaneously and intramuscularly as a line block at the surgical sites. The
calves received a 3 cm long skin and muscle incision over the humerus. After exposing the radial nerve, the nerve was identified
by electrical stimulation (1 mA, 30 Hz, 2 sec) using an electrical stimulator. (JM-1A, Wuxi Jiajian Medical Instrument, Inc.,

Wuxi, China). After 1 cm of radial nerve was resected, the incised muscle was closed with absorbable suture material (Vicryl #
2-0, Ethicon, Edinburgh, UK). The skin was sutured either with simple continuous or simple interrupted sutures (Prolene # 2-0,
Ethicon).

The duration of anesthesia and recovery time, including the time to head up, time to sternal recumbency, and time to stand after
finishing the last skin suture, were recorded. The analgesic effects of tramadol were assessed by comparing the administration count
of additional thiamylal sodium between groups T and S.

In addition, the analgesic effects of tramadol were also assessed by comparing the analgesic score between groups. The analgesia
score (AS) was assessed using a reversed-10 cm visual analog scale (VAS) at six time points; 10 cm represented complete

analgesia, and 0 cm indicated a loss of analgesia. The
VAS assessments considered spontaneous movements
Induction (stryggling and ﬂinching.) and Vogaliza.tion of the calves as
Local block 5“’?{:?;5:; a dlrf:ct requnse? to surgical manlpulatlon: 1 to.2 cm when
Skin incision l continuous flicking and paddling and vocalization were
l present, 3 to 4 cm when continuous flicking and struggling
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Fig. 1. Time points for data collection in 12 Holstein calves before blinded to the treatments recorded the AS at each time

(baseline) and after the radial neurectomy. All drugs were administered point.

intravenously. D: diazepam (0.2 mg /kg), T: tramadol (2 mg/kg), S: To evaluate the cardiorespiratory function, heart rate
0.9% normal saline (2 mg/kg), GT: 5% guaifenesin (500 ml) + thi- (HR), respiratory rate (RR), body temperature (BT), arterial
amylal sodium (1,000 mg) combination at a rate of 2 mg/kg/hr, TS: blood pressure, and capillary refilling time (CRT) were
thiamylal sodium (2 mg/kg); 1: minutes from the initial administration recorded at 0, 5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90,
of the drugs and measure of the heart rate (HR), respiratory rate (RR), 100, 110, 120, 150, 180, and 210 min after the induction of
capillary refilling time (CRT), and rectal temperature (RT); white anesthesia (Fig. 1). The HR, BT, systolic arterial pressure
arrow {: minutes from the initial administration of drugs and complete (SAP), mean arterial pressure (MAP), and diastolic arterial

blood test (CBC) and arterial blood gas analysis (ABGA).
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pressure (DAP) were recorded using a Colin BP-500 patient monitor (Nippon Colin, Tokyo, Japan). The RR was determined by
the movement of the thorax and abdomen. The CRT was measured by pressing the calves’ gums using the thumb for two seconds
and observing the color change. Blood samples were collected at 0, 30, and 60 min after the induction of anesthesia and analyzed
using a blood gas analyzer (Rapidlab 348, Bayer Medical Co., Tokyo, Japan) and a complete blood cell counter (Celltac o, Nihon
Kohden, Tokyo, Japan).

The descriptive statistics are summarized as the mean = standard deviation (SD). The statistically significant differences in
recovery time and the total amount and count of the additional anesthetics were evaluated using a Wilcoxon rank-sum test. A linear
mixed model, including the random effects of calves, was used to measure the statistical association of tramadol administration
with the cardiopulmonary functions and AS of two examiners. The covariance error structure for repeated measures of an
individual calf was selected using the Akaike information criterion (AIC), and the first-order auto-regressive matrix was finally
selected. The statistical significance was accepted at P<0.05. All statistical analyses were performed on R (V 3.6.3) in R studio (V
1.1.447).

Group T required significantly fewer counts of additional thiamylal than group S (Fig. 2). Group T showed significantly higher
AS for one to six stages than group S (Fig. 3). The recovery time, including the time to reach the sternal position and the time to
reach the standing position from the end of the closure of the skin, were similar in the two groups. The MAP was significantly
lower in the T group than the S group but within the normal reference values. The HR, RR, BT, CRT, SAP, and DAP were similar
in the two groups throughout the experiment. The cardiopulmonary parameters (PaO,, PaCO,, HCO5™, SaO,, PCV, and Hb) were
similar and within the normal reference values. Eleven out of 12 calves recovered well from anesthesia. One of them died, and the
autopsy revealed pulmonary edema and hemorrhage.

In the present study, tramadol was administrated preoperatively as premedication to provide preemptive analgesic effects during
surgical procedures. Preemptive tramadol might help reduce pain throughout the surgical procedure because the total amount
of additional thiamylal was significantly lower in group T than group S. Many studies reported that tranquilizers, sedatives, and
analgesics decrease the requirement for subsequent anesthetic drugs [8]. The CRI of lidocaine reduced the isoflurane requirement
during umbilical surgery in calves [24]. The CRI of detomidine reduced the halothane requirement in horses than with halothane
alone [25]. In the present study, group T required less anesthetic drug and used a lower amount of additional anesthetics (Fig. 2).
This suggests that the analgesic effects of tramadol may have helped reduce the additional injectable anesthetic agent.

The prolonged recovery times may have been associated with the relatively deep level of anesthesia maintained throughout the
procedure [25]. On the other hand, the recovery time to standing from finishing the last skin suture was similar in the two groups in
the present study. The mean recovery time was 315 £ 65 and 351 £+ 143 min in groups T and S, respectively, but the recovery time
from anesthesia was similar in the two groups.

The cardiovascular function was one of the indicators monitored to assess the degree of anesthesia [2, 24]. The HR is used as
an indicator of pain in dehorning [11], but some studies showed that the administration of tramadol affects the blood pressure in
calves. In the present study, increases in the HR and blood pressure at 20 min might have been caused by pain related to the skin
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Tramadol saline two approaches showed that two observers showed moderate agree-
Treatment . . . . .

ment in the analgesia score. The data were analyzed in a linear mixed
model, including the fixed effects. The covariance error structure with
a first-order auto-regressive matrix was used to evaluate the repeated
measures of an individual calf. The two groups showed a significant
difference in the analgesia score. (P<0.05). Group T showed a signifi-
cantly higher analgesia score than Group S. The mean + SD in group T
and S was 8.5 £ 0.5 and 7.8 £ 0.9, respectively.

Fig. 2. Comparison of the additional thiamylal administration in
groups T and S. The two groups showed a significant differ-
ence in the count of additional drug administration (P<0.05).
Group T required fewer counts of additional IV administration
of thiamylal than Group S.
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incision in group S, whereas they were stable in group T (Fig. 4). The HR might have increased due to pain, and blood pressure

is likely to rise simultaneously. In addition, the HR and blood pressure from 50 to 100 min for electrical stimulation, neurectomy,
and skin closure were higher in group S than group T (Fig. 4). Group T showed a significantly lower MAP than group S. Managing
pain might be related to the relative blood pressure in the control group. In addition, it might be related to the lower counts of the

additional thiamylal administration in group T for adequate anesthesia management.
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Because group T showed a significantly high AS, it might be effective pain control during a surgical procedure. On the other
hand, it might also be associated with the dose of other additional anesthetics. Nevertheless, the estimate is uncertain because it

might be related to the relatively different dose of other additional thiamylal for an individual.

One of the 12 calves died of respiratory failure during surgery; the autopsy revealed pulmonary edema and hemorrhage. This
might be due to the idiopathic respiratory failure despite the endotracheal intubation in an emergency, and it is not due to the

tramadol because the calf belonged to the control group.

In conclusion, tramadol showed analgesic activity with minimal differences in the cardiopulmonary function and reduced the
additional amount of injectable anesthetics during the surgical procedure in calves. This suggests that preoperative intravenous
tramadol may be helpful in general anesthesia for surgical procedures in calves.
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