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ABSTRACT
This study was carried out to evaluate the anesthetic, cardiorespiratory, and sedative effects of lidocaine,
medetomidine and lidocaine-medetomidine used for intravenous regional analgesia (IVRA) in the hind
limb of goats. The anatomical venous map of the pes region was evaluated. Twenty-one mature native
female goats were allocated to this study. They were divided into two groups: The first group (n.= 6)
was subjected to anatomical evaluation and the second group (n.= 15) was randomly divided into three
equal subgroups, which were subjected to the technique of IVRA. The animals received lidocaine HCl
(LID), medetomidine HCl (MED), and combination of the two drugs (LID-MED) in the 1st, 2nd, and 3rd
subgroups respectively. The anesthetic score and cardiorespiratory values were recorded at the baseline
(0), and at 5, 10, 20, 30 and 45 minutes post anesthetic injection and at 5, 10, 20 and 30 minutes after
removal of the elastic tourniquet. The results revealed that the venous networking in the dorsal aspect
of the pes composes of two metatarsal veins in four specimens and three veins in two specimens, which
unite at the proximal third of the metatarsal to form a single vein. The onset of desensitization was
12.0±6.0 seconds in LID and LID-MED subgroups. The duration of sedation was 85.0±12.0 minutes
(MED) and 91.0±10.0 minutes (LID-MED). The anesthetic score was significantly (P≤0.05) higher in LID
and LID-MED subgroups. Marked bradycardia and increased respiratory rate were observed in MED
and LID-MED subgroups. It could be concluded that the lidocaine-medetomidine combination that
used for intravenous regional anesthesia in goats gives satisfactory results regarding to the sedative
and anesthetic effects.
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Introduction
In 1908, German physician August Bier developed a new
anesthetic technique for body's extremities based on the injection of local anesthetics intravenously distal to a tourniquet.
The technique named intravenous regional anesthesia (IVRA)
or Bier's block (Holmes, 1963). IVRA is commonly used when
undertaking any form of surgery on the area distal to the
tarsal or carpal joints. Such anesthesia is very common in
human (Gentili et al., 1999; Acalovschi et al., 2001; Choyce and
Peng, 2002; Memis et al., 2004; Sen et al., 2006). In veterinary
practice, it was previously applied in ovine (Babalolal and Oke,
1983; Zabady et al., 2004), dogs (Webb et al., 1999), buffaloes'
calves (Manohar et al., 1971) and in cows (Weaver, 1972; Prentice et al., 1974; Weaver and Bogan, 1982). It is reliable than
other methods of regional or local analgesia such as nerve
block or ring block (Dyce et al., 2010).
Lidocaine HCl is the most widely used anesthetic drug in
veterinary practice. Although the sedative, hypnotic and analgesic action of the medetomidine, it has marked adverse car*Corresponding author: Sayed F. El-Hawari
E-mail address: sayedelhawari@gmail.com

diovascular effects (bradycardia, arterial hypertension followed by hypotension and reduced cardiac output). Furthermore, it causes respiratory depression. Nevertheless, at normal
sedative doses in non-ruminant animals the PaCO2 does not
rise to an excessive level and there is less depression of the
ventilatory response to CO2 than that commonly seen in anesthetized animals (Hall et al., 2001).
In human practice IVRA was widely used by injection of
lidocaine alone or addition of dexmedetomidine (Memis et al.,
2004 and Esmaoglu et al., 2005) or nitroglycerine (Selda et al.,
2006) or clonidine (Gentili et al., 1999) or tramadol (Acalovschi
et al., 2001) or dexamethasone (Bigat et al., 2006) or lornoxicam (Sen et al., 2006) to shortens the onset of sensory and
motor block, decreases tourniquet pain and improves postoperative analgesia.
The importance of the venous map in the pes regions to
the intravenous analgesia has initiated and boasts the interest
to establish more accurate and specific anatomical facts as it
received a little attention, according to the authors knowledge,
there is no available publications concerning this item in goats
(Estill, 1977; Baggot, 1982; Christodoulopoulos, 2009). The aim
of the current study was to evaluate the anesthetic effect of
intravenous regional injection of lidocaine HCl, medetomidine,
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and combination of lidocaine-medetomidine in the hind limb
of goats with reference to the venous map of the distal hind
limb.

Materials and methods
Animals and study design

The present study was carried out on a total of 21 mature
native female goats weighing from 19 to 30 kg body weight
(B.W) (23.2±4.8). Age of animals ranged from 2-4 years. Animals were divided into two groups: The first group included 6
apparently healthy goats, which were used for anatomical
evaluation of the venous architecture in caprine pes region.
The second group included 15 apparently healthy goats were
subjected to anesthetic evaluation. The latter group was subdivided into three equal subgroups. Body temperature, respiratory rate and heart rate were evaluated before IVRA
(baseline) and at 5, 10, 15, 20, 30 and 45 minutes after IVRA
(before removal of the elastic tourniquet). As well as, they were
evaluated again at 5, 10, 15, 20 and 30 minutes post tourniquet removal. This study was approved by Sohag university
and follow ethics standards of care and use of experimental
animals.
Anatomical study

The external iliac artery was flushed with normal saline solution in order to clean the venous network of the limbs. Colored gum milk latex solution (60%) colored red with Rotring®
ink injected in three specimens for routine anatomical dissection of the veins. Each needed approximately 40 ml of latex.
Urographine was used as a contrast medium and was injected
in the femoral vein of the other three specimens for radiographic study. The goats were purchased alive from animals'
markets in Minia Governorate and slaughtered for anatomical
examination.

ification from that described by El-Hawari et al. (2018) (Table
1). The anesthetic score and cardiorespiratory parameters
were evaluated and recorded before (time 0), and at 5, 10, 15,
20, 30, 45 minutes after the injections of the drugs. As well as,
they were recorded again at 5, 10, 15, 20 and 30 minutes after
removal of the elastic tourniquet.
Statistical analysis

All data for cardiorespiratory variables were statistically
calculated and expressed as mean ± standard deviation for
each group. The obtained data were analyzed and compared
between groups by one-way analysis of variance followed by
sidak post-hoc test and against the baseline using paired sample T-test. Data of anesthetic scale were expressed as median
and range. For all analysis, P values ≤0.05 were considered significant.

Results
Anatomical study

The dissection as well as the radiographic examination of the pes region revealed that the venous network in the
area distal to the tarsus includes deep and superficial sets on
both sides collect blood from the foot. Those of the superficial
set were larger and carry most of the blood and were represented mainly by two veins (Fig. 1. No. 1 and 2) One of these
veins represents the continuation of the common dorsal digital vein (Fig.1. NO. 2).

Anesthetic evaluation

Goats were recumbent on the lateral side. The area distal
to tarsus was aseptically prepared. A tourniquet was applied
5 cm proximal to tarsus. It was tightly tied for 45 minutes from
the beginning of IVRA in all groups. Five mL of lidocaine HCl
2% (Debocaine: lidocaine hydrochloride 2% produced by the
Arab caps for Al-Debeiky pharma, Egypt.) was completed with
5 mL normal saline and injected intravenously in the hind limb
via a previously inserted (20 gauge) cannula in LID subgroup.
The animals in MED subgroup were injected by 20 µg/kg of
medetomidine hydrochloride (Domitor: medetomidine hydrochloride 1 mg/mL- Orion corporation Farmos Finland). A
combination of LID-MED (10 mL lidocaine hydrochloride 1%
and 20 µg/kg medetomidine) was injected in animals. Onset
of desensitization after IVRA and duration of sedation were
recorded. Loss of sensation was assessed blindly (the examiner
did not know the type of the injected drug) through anesthetic
scale ranged from one to three. This anesthetic scale is mod-

Fig. 1. Dorsal radiographic view of left hind limb in a goat (1: V. metatarsalis
dorsali III; 2: V. digitalis dorsali communis; 3: Vv. digitalis dorsalis propria
axialis).

Table 1. Showing the character of each anesthetic score ((modified from that previously mentioned by El-Hawari et al., 2018)
Score

Character

1

Animal cry, react strongly to pin prick method, react strongly to pinching of the interdigital skin by mosquito forceps
and move limb away.

2

Animal react moderately to pin prick, sluggish movement of the leg after pinching of the interdigital skin by mosquito
forceps, skin shivering and no muscular stiffness.

3

No reaction to pin prick method, no reaction to pinching of the interdigital skin, no skin shivering and completely relaxed
leg.
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It was found that the remaining metatarsal veins united at
the proximal third of the metatarsal into a single vein. This vein
receives tributaries from the dorsum of dew claws, tarsal joint
(Fig. 2. No. 4), which join the common dorsal digital vein (Fig.
2 No. 5) to continue as cranial tributary of V saphenous lateralis (Fig. 2. No. 1). On the planter aspect; the plantar venous
plexus was composed of one to three large veins at the plantar
digital area. It was observed that plantar proper digital vein
(Fig. 2. No. 8) leads to the distal plantar arch just proximal to
the fibrous pad on the fetlock joint, from, which the plantar
common digital veins arise (Fig. 2. No. 6), after receiving tributaries from the proximal plantar arch continued as V. saphenous Medialis (Fig. 2. No. 2).

the elastic tourniquet, MED group had a lower anesthetic
score than LID and LID-MED groups (P = 0.034, 0.029 and
0.015 respectively). There were no significance differences between groups at the period started at 30 minutes after intravenous injection and lasts up to 30 minutes after removal of
the elastic tourniquet.
Regarding to cardiorespiratory variables, comparing with
the baseline, in LID group; slight hyperthermia was observed
at 30 and 45 minutes (P = 0.035 and 0.037 respectively) before
removal of elastic tourniquet and at 20 and 30 minutes after
removal of the elastic tourniquet (P = 0.01 and 0.005 respectively). Comparing data from the LID-MED group with the
baseline revealed hypothermia at 30 and 45 minutes before
removal of the elastic tourniquet. There were no significant
differences in rectal temperature between all groups. In comparing with the baseline, marked bradycardia was observed in
MED group at 15 minutes (P = 0.001). In comparing with the
baseline and between groups, bradycardia was also observed
in MED group at 20 minutes before removal of elastic tourniquet and lasts up to 30 minutes after removal of the elastic
tourniquet. In LID-MED group, bradycardia than baseline and
other groups was observed at 25 minutes post intravenous injection and lasts up to 30 minutes after removal of the elastic
tourniquet. Increased respiratory rate in LID-MED group than
the baseline and other groups was observed at 45 minutes
before removal of elastic tourniquet and lasts up to 30 minutes
after tourniquet removal (Table 2).
There was no sedation effect observed in LID group. The
duration of sedation in MED group was 85.0±12.0 minutes
while it was 91.0±10.0 minutes in LID-MED group without significant differences between these two groups. Sedation appeared in the form of recumbency, head directed backward
and rest on abdomen, closed eye and salivation. Frequent urination was detected in MED and LID-MED groups.

Fig. 2. Medial radiographic view of left hind limb in a goat (A: Tibia; B:
Talus; C: Metatarsal bone; D: Proximal seasamoid bones; E: Proximal phalanx; F: Middle phalanx; G: Distal phalanx; 1: cranial tributary of V saphenous lateralis; 2: V. saphenous medialis; 3: Medial tarsal vein; 4: R. perforans
tarsalis proximalis; 5: Dorsal common digital vein; 6: Vv. Digitalis plantaris
communis; 7: V. digitalis dorsalis communis; 8: Vv. digitalis plantaris
properis).

Anesthetic evaluation

The onset for desensitization was observed 12.0±6.0 seconds in LID and LID-MED groups. While it started in MED
group at 4.0±2.0 minutes. In comparing with the baseline, the
anesthetic score was significantly higher in LID group (median
= 3 at 5, 30 and 45 minutes and range = 2:3) before removal
of elastic tourniquet (Fig. 3). After removal of elastic tourniquet, the anesthetic score decreased gradually (median = 2 at
5, 10 and 15 minutes, median = 1 at 30 minutes and range
1:3). In MED group the anesthetic score had a significant difference than the baseline. The median anesthetic score was 1
at 5, 15 and 20 minutes while it was 2 at 30 and 45 minutes
(range=1:2) before removal of the elastic tourniquet. After removal of the elastic tourniquet the median anesthetic score
was 2 at 5, 15 and 20 minutes and it was 1 at 30 minutes
(range= 1:2). In LID-MED group the anesthetic score is significantly higher than the baseline before removal the elastic
tourniquet (P = 0.038). The median anesthetic score was 3 before removal of elastic tourniquet (range = 2:3). After removal
the elastic tourniquet, the median anesthetic score was 3 at 5,
15 and 20 minutes while it was 2 at 30 minutes (range = 2:3).
At 5, 10 and 15 minutes after IVRA and before removal of

Fig. 3. Median anesthetic score at different times in LID, MED and LIDMED groups.
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23.0±2.0 aA
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23.0±9.0 aA

47.0±8.0bB

21.0±8.0 aA

18.0±2.0bA

28.0±7.0 aA

20.0±6.0 aA

31.0±3.0bA

33.0±2.0 aA

24.0±4.0 aA

26.0±1.0 aA

95.0±8.0
102.0±16.0

aA

46.0±8.0bB
88.0±1.0bA

64.0±3.0bB

99.0±2.0 aA

95.0±5.0 aA

22.0±9.0 aA

90.0±1.0 aA

87.0±7.0 aA

21.0±9.0 aA

27.0±4.0 aA

28.0±2.0 aA

100.0±1.0 aA

103.0±5.0 aA

25.0±3.0 aA

26.0±4.0 aA

25.0±3.0 aA

MED

LID-MED

LID
Respiratory rate
(breath/minute) MED
LID-MED

88.7±8.0

98.0±8.0

97.0±8.0

100.0±8.0
102.0±21.0

Heart rate
(beat/minute)

LID

aA
aA

Discussion

Data are expressed as mean ± standard deviation in each group. In row, different small letter means significant P<0.05 while in each column, each capital letter means significant P<0.05. lidocaine (LID),
medetomidine (MED), lidocaine-medetomidine (LID-MED).

47.0±4.0bB
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38.1±0.3aA
38.3±0.2aA
38.4±0.3aA
38.5±0.2aA
38.6±0.3bA
38.6±0.3bA
38.7±0.4aA
38.0±0.3aA
38.9±0.4aA
38.9±0.3aA
39.0±0.3aA

aA

38.0±0.4aB
38.1±0.3aA
38.3±0.3aA
38.4±0.3aA
38.5±0.2aA
38.6±0.3aA
38.8±0.3aA
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LID-MED

LID

Rectal temp. (oC) MED

39.5±0.7bA
39.5±0.7bA
39.5±0.7aA
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39.2±0.7aA
39.2±0.7aA

30
20
15
10
5
45
30
20
15
10
5

Minutes after removal the elastic tourniquet
Minutes Before removal the elastic tourniquet
Baseline
Groups

Cardiorespiratory
valuables

Table 2. Time changes in cardiorespiratory valuables of goats subjected to intravenous regional anesthesia by lidocaine, medetomidine or lidocaine-medetomidine
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The present study explored the clinical importance of the
venous network of the pes region of goat's hind limb, which
was agreed with previous studies on the terminal arch (Nickel
et al., 1981; konig and liebich, 2009). Moreover, blood
drainage of the different veins in distal to proximal anatomical
pattern (Dyce et al., 2010) was in the same line as proved in
this article. The current study and other studies (Konig and
liebich, 2009) were in agreement about the networking of the
superficial and deep dorsal arches. The communication between planter and dorsal venous arches in the pes region enable obvious blood flow for the region that may aid in
distribution of the injected local anesthetic. In the present
study, the elastic tourniquet is left in its place for 45 minutes
to avoid drug toxicity if the tourniquet was early removed and
also to avoid local metabolic changes as hypoxia, hypercapnea, acidosis, hyperkalemia, and increased lactate concentration if the tourniquet remains for long time (Webb et al., 1999).
Desensitization was rapidly appeared in LID and LID-MED
groups. It may be due to the anesthetic effect of lidocaine.
While slight desensitization was observed in MED group after
longer time due to the analgesic effect of medetomidine
(Tunio et al., 2003). Although adding dexmedetomidine to lidocaine for IVRA in human medicine may shorten the onset
of sensory and motor block, improve postoperative analgesia
and relief the pain of tourniquet (Memis et al., 2004), but in
the present study the anesthetic effect in LID and LID-MED
groups had no significant differences. Postoperative analgesia
and pain induced by tourniquet were not evaluated in the
present study, but the onset of desensitization was not significantly different between LID and LID-MED groups, which may
be attributed to the small dose of medetomidine (20 µg/kg)
used in the present study. The anesthetic effect remained up
to 15 minutes after removal of the elastic tourniquet in both
groups, which may be attributed to the slow absorption of
anesthetic drug from the hind limb (Memis et al., 2004). Sedation was observed in MED and LID-MED groups as a consequence for the sedative effect of medetomidine (ὰ-2
agonists). Although slight, non-significant, anesthetic effect
was noticed in the present study due to the effect of medetomidine IVRA, but further investigation is required to evaluate
the analgesic effect, which was described in human medicine
by Memis et al. (2004) and Esmaoglu et al. (2005). Slight significant hypothermia was detected in the present study in
MED and LID-MED groups due to the systemic effect of
medetomidine as previously mentioned by Carroll et al. (2005)
and Tariq et al. (2011). Bradycardia was detected in MED and
LID-MED groups after 15 minutes from intravenous injection
and lasts up to 30 minutes post tourniquet removal. This
bradycardia might be due to the effect of medetomidine (Hall
et al., 2001; Carroll et al., 2005). In contrast with Carroll et al.
(2005) and Tariq et al. (2011) the respiratory rate increased in
the present study in MED and LID-MED groups. Shallow and
rapid respiratory rate was noticed in the current study, which
may be attributed to the lateral recumbency and ruminal stasis
with gas production causing cranial pushing of the diaphragm.
Monitoring the pressure of the elastic bandage is considered
one of the limitations in the present study.

Conclusion

Lidocaine-medetomidine combination used for intravenous regional anesthesia in goats gives satisfactory anesthesia. Anesthetic effect remains up to 15 minutes post
tourniquet removal. Sedative effect is the additional effect of
lidocaine-medetomidine combination than lidocaine alone.
So according to anesthetic onset, anesthetic duration, anes-
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thetic score and sedative effect LID-MED is considered the
most reliable anesthetic combination used for surgical operation in pes region in goats. Further investigation is required
for co-adjuvant intravenous regional anesthesia in veterinary
practice in small ruminants.
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