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Simple Summary: Anesthesia is often required for the medical management of large tortoise species,
but little has been published regarding effective anesthetic regimens for these species. The purpose of
this study was to review anesthetic regimens that have been used safely and effectively in Galapagos
(Chelonoidis nigra), Aldabra (Aldabrachelys gigantea), and African spurred (Centrochelys sulcata) tortoises,
with the aim of improving medical management.

Abstract: Tortoises belong to the taxonomic family Testudinidae, which is considered one of the
most imperiled families of the order Testudines. Anesthesia is often required for the medical and
surgical management of large tortoises. The objectives of this retrospective study were to review
drug regimens used to successfully anesthetize Galapagos (Chelonoidis nigra), Aldabra (Aldabrachelys
gigantea) and African spurred (Centrochelys sulcata) tortoises, and to compare the times to effect and
to extubation in tortoises administered different premedication protocols. Anesthetic records of
giant tortoises admitted to the University of Florida College of Veterinary Medicine between January
2009 and December 2019 were reviewed. A total of 34 tortoises (six Aldabra, 23 Galapagos, and
five African spurred) were included, resulting in 64 anesthetic events. Frequently used premedica-
tion protocols included an α2-adrenergic agonist and ketamine combined with either midazolam
(group α2−adrenergic agonist, midazolam, ketamine, AMK; n = 34), a µ-opioid receptor agonist
(group α2−adrenergic agonist, µ-opioid receptor agonist, ketamine, AOK; n = 13), or a µ−opioid
receptor agonist and midazolam (group α2−adrenergic agonist, midazolam, µ-opioid receptor ago-
nist, ketamine, AMOK; n = 10). Inhalant anesthetics (isoflurane, n = 21; sevoflurane, n = 23) were
frequently used for maintenance of anesthesia following premedication. Out of the 34 total tortoises,
22 had only one anesthetic event, five had two anesthetic events, three had three anesthetic events,
and four had four or more anesthetic events. Few adverse effects were observed and there was
no mortality reported during the peri-anesthetic period. Sedation and general anesthesia of giant
tortoises can be successfully performed with a combination of an α2-adrenergic agonist and ketamine
in combination with midazolam and/or a µ−opioid receptor agonist.
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1. Introduction

Physical examination and diagnostic evaluation can be difficult in conscious giant
tortoises because of their unique anatomy, large size, and behavior. Consequently, sedation
and anesthesia are often essential to perform medical and surgical procedures. Few pub-
lished studies describe successful anesthesia of the largest tortoise species. Techniques for
anesthesia and analgesia have been described for Galapagos tortoises (Chelonoidis nigra)
undergoing surgical sterilization. These regimens included ketamine and medetomidine
in females, and intrathecal lidocaine in males [1,2]. Medetomidine and ketamine have
also been used to anesthetize Aldabra tortoises (Aldabrachelys gigantea) [3]. Anesthesia of
African spurred tortoises (Centrochelys sulcata) has been reported using combinations of
midazolam, medetomidine, ketamine and morphine [4,5]. All of these reports provide
limited information on time to sedation and recovery and do not describe any potential
adverse effects.

The main objectives of this study were to describe anesthetic protocols used in three
giant tortoise species (Aldabra, Galapagos, and African spurred), and to compare the
dosages used between these species.

2. Materials and Methods

As a retrospective clinical study, approval from the Institutional Animal Care and Use
Committee of the University of Florida was not required. Data retrieval was limited to
complete records of anesthesia of Galapagos, Aldabra, and African spurred tortoises that
underwent general anesthesia at the University of Florida College of Veterinary Medicine
from 2009 to 2019. Records were considered complete if all drug dosages were recorded.
No records were excluded from our analysis. Digital records were identified by search-
ing for all tortoise anesthetic events from this time period, and then sorting them by
species. The data was retrieved and organized by one author using Microsoft Excel soft-
ware. Information retrieved from medical and anesthesia records included species, sex,
age (as reported by the owner or caretaker), weight, presenting complaint, preanesthetic
hematologic analysis, comorbidities, medications, and any anesthetic event within the
past seven days. Anesthetic drugs used for premedication, induction, and maintenance,
antibiotics, fluids, anesthetic reversal agents, and route of administration of all medica-
tions were also recorded. Premedication protocols were categorized based on drug class:
α2-adrenergic agonists, benzodiazepines, dissociatives, and µ−opioid receptor agonists.
Time to intubation and type and size of the endotracheal tube were recorded for animals
that underwent endotracheal intubation. Time to intubation was defined as the time from
administration of the first premedication combination to placement of the endotracheal
tube. In addition, the mode of ventilation (spontaneous, manual or both) was recorded.
Monitoring devices, recorded physiologic variables, and any peri-anesthetic complications
were also noted.

Time to effect (minutes) was defined as that from initial drug administration to
either the start of maintenance anesthesia or when sedation was adequate to facilitate
the intended procedure. Time to extubation (minutes) was defined as either time from
discontinuation of inhalant anesthetic gas to removal of the endotracheal tube, or time
from the end of the procedure to removal of the endotracheal tube for patients that were
not administered inhalants.

To accomplish the main study objective, data from all 64 anesthesia episodes were
included in the analysis. Descriptive statistics were calculated from the signalment and his-
torical data, which included species, age, sex, and body weight. Drug dosages are reported
as mean with a dosing range if appropriate, and all time variables are reported as median
[interquartile range (IQR)]. Ages and weights are reported as mean ± standard deviation
(range). The non-parametric Kruskal–Wallis test was used to test the null hypothesis that
dosages of drugs administered were not significantly different between species. In addition,
a power analysis was performed to evaluate the strength of these comparisons. Analyses
were performed using Sigmaplot Version 14.0 (Systat Software Inc., San Jose, CA, USA).
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3. Results

The 64 anesthetic events included six Aldabra tortoises (aged 32 ± 15 (16–65) years,
weighing 139 ± 32 (52–210) kg), 23 Galapagos tortoises (aged 42 ± 28 (6–85) years weigh-
ing 119 ± 56 (13.5–250) kg), and five African spurred tortoises (aged 11 ± 7 (1–20) years,
weighing 22 ± 23 (0.5–57.7) kg). There were 18 females, 14 males and two that were
undetermined sex. Indications for anesthesia included computed tomography (n = 29),
esophageal feeding tube placement (n = 10), radiography (n = 10), wound care (n = 10),
biopsy (n = 8), venipuncture (n = 6), echocardiography (n = 5), endoscopy (n = 5), cloacal
prolapse repair and reduction (n= 3), fine needle aspiration (n = 3), tracheal or bronchiolar
lavage (n = 3), ultrasonography (n = 3), carapace fracture repair (n = 2), cystolithotomy
(n = 2), and one each for bronchoscopy, cloacolith removal, surgical exploration of an
inguinal mass, and tail amputation. Many of the tortoises had multiple procedures per-
formed during a single anesthetic event. Out of the 34 total tortoises, 22 had only one
anesthetic event, five had two anesthetic events, three had three anesthetic events, and four
had four or more anesthetic events.

Drugs and dosages, route of administration, sedation scores, and complications as-
sociated with the anesthetic events using common drug protocols are summarized in
Tables 1 and 2. Premedication drugs were administered either intravenously (9%, IV),
intramuscularly (78%, IM), or the route of administration was not reported (13%). The most
commonly used drug combination for all anesthetic events was an α2-adrenergic agonist,
midazolam, and ketamine (Group α2−adrenergic agonist, midazolam, ketamine, AMK;
n = 34, 53%). In this group, medetomidine was the most commonly used α2-adrenergic ag-
onist (76%), followed by dexmedetomidine (18%) and detomidine (6%). Administration of
an α2-adrenergic agonist, a µ-opioid receptor agonist, and ketamine (Group α2−adrenergic
agonist, µ-opioid receptor agonist, ketamine, AOK) occurred 13 times (20%). Medetomi-
dine (46%) and dexmedetomidine (46%) were the most common α2-adrenergic agonists
used with this drug combination, followed by detomidine (8%). Morphine was the most
common opioid used with this drug combination (62%) followed by methadone (23%) and
hydromorphone (15%). Finally, a combination of an α2-adrenergic agonist, midazolam,
a µ-opioid receptor agonist, and ketamine (Group α2−adrenergic agonist, midazolam,
µ-opioid receptor agonist, ketamine, AMOK) was used 10 times (16%). For this drug
combination, dexmedetomidine and hydromorphone were most commonly used (50%),
while dexmedetomidine was administered with morphine one time (10%). Medetomidine
and morphine were used twice (20%) while hydromorphone (10%) and methadone (10%)
were combined with medetomidine one time each. The remaining 11% of anesthetic events
involved an alternative premedication drug protocol. For all tortoises, regardless of the
premedication protocol utilized, the median (IQR) time to effect was 62 min (47–90)

Table 1. Individual drugs used for immobilization of Galapagos (Chelonoidis nigra), Aldabra
(Aldabrachelys gigantea), and African spurred tortoises (Centrochelys sulcata), including the num-
ber of times each agent was administered out of 64 anesthetic events and the average dosage used
(reported as mean with the range in parenthesis).

Drug Number of Times Used Dosage (mg/kg)

Ketamine 61 3.7 (1.24–10)
Midazolam 50 0.2 (0.06–0.5)

Medetomidine 39 0.04 (0.01–0.08)
Dexmedetomidine 18 0.02 (0.015–0.05)

Morphine 12 0.4 (0.05–0.88)
Hydromorphone 9 0.2 (0.024–0.26)

Methadone 4 0.2 (0.19–0.33)
Detomidine 3 0.04 (0.014–0.08)
Alfaxalone 1 2.0
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Table 2. Summary of data from the three most commonly used drug class combinations used for immobilizing Galapagos
(Chelonoidis nigra; Gal), Aldabra (Aldabrachelys gigantea, Ald), and African spurred tortoises (Centrochelys sulcata; Sul). The
three most common drug class combinations were an α2-adrenergic agonist combined with a µ-opioid and ketamine, an
α2-adrenergic agonist combined with midazolam and ketamine, and an α2-adrenergic agonist combined with a µ-opioid,
midazolam, and ketamine. Sedation scores were subjectively determined by the individual anesthetist rather than a
structured sedation scoring system. Data for time is reported as mean (range). α2, α2-agonist; Iso, isoflurane; Ket, ketamine;
Midaz, midazolam; Mod, moderate sedation; NE, no sedative effect; N2O, nitrous oxide; NR, not reported; Prof, profound
sedation; Sevo, sevoflurane.

Protocol Species (n) Anesthetic
Events

Time to
Effect

(Minutes)

Sedation
Score (n)

Time to
Intubation
(Minutes)

Inhalation
Agent (n)

Anesthetic
Duration
(Minutes)

Time to
Extubation
(Minutes)

Complications (n)

α2, µ-
opioid, ket

Ald (5)
Gal (7)
Sul (1)

13 80
(50–205)

NE (4)
Mild (5)
Mod (4)
Prof (0)

104.5
(43–232)

Iso (3)
Sevo (10)

170.2
(45–338)
(170.2)

61.8
(30–105)

Prolonged recovery (2);
Bradycardia (1);

Apnea (1);
Hypoventilation (1)

α2, midaz, ket
Ald (8)
Gal (25)
Sul (1)

34 57.6
(15–103)

NE (1)
Mild (5)
Mod (8)
Prof (9)
NR (11)

72.8
(20–150)

Iso (12)
Sevo (8)
N2O (2)
NR (13)

123.2
(50–405)
(123.2)

49.1
(0–225)

Prolonged recovery (3);
Bradycardia (1);

Hypothermia (2);
Hypocapnia (1);

Hypoventilation (1);
Apnea (4);

Hemoptysis (1)

α2, µ-opioid,
midaz, ket

Ald (2)
Gal (3)
Sul (5)

10 79.2
(45–103)

Mild (3)
Mod (4)
Prof (0)
NR (3)

125
(90–160)

Iso (2)
Sevo (4)
N2O (1)
NR (2)

None (1)

157.2
(47–340)
(157.2)

69.7
(30–101)

Prolonged recovery (2);
Bradycardia (1);

Apnea (1);
ETT occlusion (1)

Dosages of various α2-adrenergic agonists and ketamine were compared between
Aldabra, Galapagos, and African spurred tortoises, as these two classes of drugs were
included in the anesthetic protocols of most tortoises. This comparison supported the
null hypothesis that dosages of drugs administered were not significantly different be-
tween species. Medetomidine was the only α2-adrenergic agonist administered to Aldabra
tortoises, and dosages administered to this species (0.05, 0.02–0.1 mg/kg) were not signifi-
cantly different compared with dosages used for Galapagos tortoises (0.05, 0.02–0.2 mg/kg;
p = 0.69). Medetomidine was administered one time to an African spurred tortoise at a
dosage of 0.05 mg/kg. Dosages of dexmedetomidine administered to Galapagos tortoises
(0.03, 0.02–0.06 mg/kg) were similar to dosages administered to African spurred tortoises
(0.03, 0.02–0.05 mg/kg). Ketamine dosages between different tortoise species were not
significantly different (Aldabra 4.6, 2–10.3 mg/kg, Galapagos 4.2, 1.2–10 mg/kg, African
spurred 4.2, 2–9.6 mg/kg; p = 0.99). Power analysis calculated from the study population,
assuming a clinically significant difference in dosages between the species (α 0.05) of
5 mg/kg or greater for ketamine, 0.03 mg/kg or greater for medetomidine, and 0.02 mg/kg
for dexmedetomidine indicated a power of 0.79 for comparing ketamine dosages between
species, 0.87 for comparing medetomidine dosages, and 0.94 for comparing dexmedetomi-
dine dosages.

Sedation scores assigned by the anesthetist following administration of anesthetic
agents included no effect, mild, moderate, and profound. These scores were subjectively
determined by the individual anesthetist rather than a structured sedation scoring system.
Distribution of anesthetist-assigned sedation scores for different anesthetic protocols are
described in Table 2. The score of profound was only assigned to protocols in the AMK
group, and eight of those nine protocols were used for Galapagos tortoises, with the other
for an Aldabra tortoise.

Additional premedication or anesthetic agents were required in 25 of 64 (39%) cases
to improve the quality of sedation or facilitate endotracheal intubation. Of those 25 cases,
seven tortoises required sevoflurane via face mask (2–5% sevoflurane based on the va-
porizer setting) to facilitate endotracheal intubation. Additional injectable drugs were
required in 18 cases. Of those 18 cases, 10 required a second premedication dose, five
were administered a third, and three required four or more injections. The drugs used
for supplementary anesthesia by IM injection included ketamine (2.5, 0.1–5.0 mg/kg),
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medetomidine (0.04, 0.02–0.07 mg/kg), midazolam (0.2, 0.1–0.2 mg/kg), dexmedetomidine
(0.03, 0.02–0.03 mg/kg) and tiletamine–zolazepam (2.1, 1.5–2.5 mg/kg). Anesthetic agents
administered IV following an IM premedication included propofol (1.1, 0.7–1.6 mg/kg),
propofol (1.0, 0.9–1.4 mg/kg) with ketamine (0.3, 0.09–1.0 mg/kg), and ketamine alone
(5 mg/kg). Only one tortoise (5.5%) in group AOK needed additional injectable anesthetic
agents, three (17%) tortoises in group AMOK, 10 (56%) in group AMK, and four (22%)
after administration of another premedication protocol. There was no significant difference
between the dosages of either α2-adrenergic agonist, opioid, or ketamine administered as
premedication agents between these groups. All Aldabra, 11 Galapagos, and one African
spurred tortoise required additional premedication agents beyond the initial premedica-
tion drugs. Table 3 illustrates which protocols required additional injections or inhalant
anesthesia for each species. A total of 48 animals were intubated and the median (IQR)
time to intubation for all tortoises was 80 (42–129) min.

Table 3. Summary of additional premedication or anesthetic agents administered to each species by the most commonly
used drug class combinations. The three most common drug class combinations were an α2-adrenergic agonist combined
with a µ-opioid and ketamine (AOK), an α2-adrenergic agonist combined with midazolam and ketamine (AMK), and an
α2-adrenergic agonist combined with a µ-opioid, midazolam, and ketamine (AMOK).

Species Protocol Number That Received
Additional Injectable Drugs

Number That Received
Sevoflurane via Face Mask

Number That Did Not Receive
Supplemental Anesthetic Drugs

Galapagos
AMK 6 1 19
AOK 1 6 0

AMOK 1 0 2

Aldabra
AMK 4 0 4
AOK 0 0 5

AMOK 1 0 1

Sulcata
AMK 0 0 1
AOK 0 0 1

AMOK 1 0 4

Inhalant anesthetics (isoflurane 48%, sevoflurane 52%) were administered to 44 of
48 (92%) intubated tortoises. Nitrous oxide was administered to three animals (7%) in
addition to oxygen as the carrier gas, and the remainder were administered only oxygen.
Supplemental drugs administered IV to maintain an appropriate anesthetic depth were
required for eight tortoises. These included either a single injection (0.05–1.14 mg/kg; n = 6),
or a constant rate infusion (CRI) of propofol (0.05–0.1 mg/kg/hour; n = 1), a ketamine bolus
(0.8–3.18 mg/kg; n = 3), or midazolam bolus (0.8 mg/kg; n = 1). Additional analgesics were
administered to seven tortoises, including meloxicam (0.1–0.3 mg/kg; n = 3; subcutaneously
[SQ] or IM), hydromorphone (0.02 mg/kg; n = 1, IM), or morphine (0.2 mg/kg; n = 2, IV).
Infiltration with local anesthetics was performed twice; once with lidocaine (0.3 mg/kg)
and once with a combination of lidocaine (0.95 mg/kg) and bupivacaine (0.1 mg/kg).
Coccygeal intrathecal administration of medication was performed in two tortoises: once
with lidocaine (0.26 mg/kg) and once with morphine alone (0.01 mg/kg). Pharmacologic
intervention for bradycardia, hypoventilation, or apnea that occurred during general
anesthesia was administered to six animals, including antagonist drugs (atipamezole
0.1 mg/kg, n = 2, flumazenil 0.002 mg/kg, n = 1), atropine (0.02–0.03 mg/kg, n = 4),
glycopyrrolate (0.008 mg/kg, n = 1), and epinephrine (0.08 mg/kg, n = 1).

Monitoring was performed using a variety of different multivariable monitors and
included capnography, doppler assessment of heart rate (HR, Parks Medical Electronics,
Beaverton, OR, USA), electrocardiography, pulse oximetry, visual assessment of respiratory
rate (RR), and temperature monitoring with either an infrared thermometer gun (Raytek,
Santa Cruz, CA, USA) or an esophageal temperature probe (Smiths Medical, Minneapolis,
MN, USA; Philips, Cambridge, MA, USA). Thermal support was provided by the use of
a heat lamp or warming blanket (Bair HuggerTM, 3M, St. Paul, MN, USA). Monitoring
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results at the start of anesthesia were evaluated. Across all species and protocols HR was
16 ± 8 bpm, spontaneous RR was 6 ± 4 bpm, manual ventilation was 6 ± 4 bpm, end-tidal
carbon dioxide tension was 27 ± 9 mmHg, and body temperature was 25 ± 3 ◦C. Manual
ventilation was performed for 24 (38%) tortoises, five ventilated spontaneously (8%), and
21 had a combination of both (33%). Ventilation was not reported in six (9%) cases, and
eight tortoises were not intubated (12%).

Reversal agents, including atipamezole, flumazenil, and naloxone were administered
at the beginning of the recovery period in 50 cases, not administered in three cases, and not
reported in 11. Atipamezole was administered 48 times (0.17, 0.004–0.5 mg/kg). Flumaze-
nil was administered 33 times (0.01, 0.001–0.01 mg/kg), and naloxone three times (0.01,
0.003–0.02 mg/kg). Reversals were administered IM except in two tortoises where ati-
pamezole was administered IV. Epinephrine (0.03, 0.0008–0.1 mg/kg) was administered
during recovery 10 times across nine cases and was administered IV once, intraosseous
(IO) once and IM eight times. For all anesthetic events, the duration of anesthesia ranged
from 45 to 405 min (125 [80–185] min) and time to extubation ranged from 7 to 225 min
(58 [30–73.5] min). There were four outliers (3 Aldabra, 1 Galapagos tortoise) in this
data set that had significantly longer times to extubation than the other tortoises (range
101–225 min). There were no consistent differences in clinical condition, anesthetic pro-
tocols, or anesthetic duration between these outliers versus animals with more rapid
recoveries. All of the tortoises in this outlier group were administered reversal agents in
the recovery period and none of these tortoises were administered epinephrine. In the
recovery period, ventilation was noted to be supported manually in 22/64 (34%) anesthetic
events while temperature support was noted in 3/64 (5%) events.

Reported complications were noted in 18 out of 64 total anesthetic events (28%), and
included prolonged recovery (seven tortoises, 11%), apnea (seven tortoises, 11%), bradycar-
dia (three tortoises, 5%), hypothermia (two tortoises, 3%), endotracheal tube obstruction
(one tortoise, 2%), expectoration of blood and mucus (one tortoise, 2%), hypocapnia
(one tortoise, 2%), and hypoventilation (one tortoise, 2%). The distribution of complications
in the most commonly used protocols are outlined in Table 2. These complications were
subjectively determined by the anesthesia team involved in each individual anesthetic
event. There were no mortality events during the anesthetic period in this population
of tortoises.

4. Discussion

The majority of premedication protocols used in the giant tortoises under study in-
volved combinations of ketamine and an α2-adrenergic agonist. These premedication drugs
were then co-administered with either a benzodiazepine alone or with a µ-opioid receptor
agonist. The dosages of medetomidine and ketamine used in the tortoises were lower than
dosages described in previous studies [1,3,6]. This is likely due to the clinical opinion that
there would be synergistic effects of co-administered anesthetic drugs, allowing lower
dosages of ketamine and α2-adrenergic agonists. Previous reports of midazolam adminis-
tration with an α2-adrenergic agonist and ketamine in chelonians resulted in a reduction
in all drug dosages, less cardiac depression, and shorter recoveries compared with use of
α2-adrenergic agonists and ketamine alone [7]. The opioid dosages reported in this study
were also lower than those that have been published in previous studies [4,8]. This may
be due to the clinical perception of differences in species, patient size, the existence of
comorbidities in this population of tortoises, or the co-administration of multiple differ-
ent premedication agents permitting the use of lower dosages to achieve an adequate
anesthetic plane. It is also possible that as tortoise body mass increases, metabolism de-
creases, therefore, necessitating lower dosages to achieve therapeutic results [9]. Also,
these previous studies described dosages in relatively healthy populations of tortoises,
while all the tortoises under study in this review were anesthetized to address underly-
ing medical concerns, which may have motivated anesthetists to use lower dosages of
premedication agents.
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The sedation score following initial premedication was subjectively assigned by the
individual anesthetists, and inter-individual variation in scoring is expected. Additionally,
a standardized scoring system was not used and several of the sedation categories likely
overlapped. The score of profound was only reported for AMK protocols, which was the
most frequently used protocol. This may have contributed to more variation in sedation
scores associated with this protocol. Also, AMK was used most frequently for Galapagos
tortoises, and eight of the nine profound scores were assigned to this species. It is possi-
ble that Galapagos tortoises are more sensitive to the effects of this anesthetic protocol,
contributing to a higher frequency of profound sedation.

Both isoflurane and sevoflurane were used to successfully maintain anesthesia in
the majority of giant tortoises. A lack of difference in recovery variables using inhalants
of varying blood–gas solubility has been previously reported in other reptiles, including
Dumeril’s monitors (Varanus dumerilii) and green iguanas (Iguana iguana) [10,11]. There are
several factors beyond inhalant solubility that can influence the speed of anesthetic recovery
from inhalant anesthetics in chelonians. This includes anesthetic duration and maintenance
dose, co-administration of other premedication or anesthetic agents, the use of reversal
agents, body temperature, minute ventilation rate in the recovery period, and the degree
of right-to-left cardiac shunting that delays the development of an appropriate inhalant
partial pressure within the functional lung unit to facilitate anesthetic wash-out [12–14].
Pulmonary shunting can be reduced or eliminated by parenteral administration of atropine
or epinephrine, which can, respectively, significantly reduce the delivered concentration of
isoflurane required to maintain general anesthesia, and hasten the return of spontaneous
ventilation, spontaneous movement, and extubation times during recovery from inhalant
agents in chelonians [12,13,15].

No mortalities were reported in this review and all complications were easily ad-
dressed with either reversal of anesthetic drugs, intubation and ventilation, or thermal
support. The majority of tortoises required ventilatory support during the anesthetic pe-
riod and into recovery, and apnea was one of the most commonly reported complications.
Respiratory depression is a known sequela of anesthesia with α2-adrenergic agonists and
µ-opioid receptor agonists in mammals and in reptiles [8,16–18]. Hypoventilation has
been reported in desert tortoises (Gopherus agassizii) following medetomidine sedation, and
IV administration of medetomidine and ketamine induced moderate hypoventilation in
gopher tortoises (Gopherus polyphemus) [6,16]. These anesthetic agents were used in this
population of tortoises, and likely contributed to hypoventilation and apnea. However,
there are other factors influencing ventilation requirements in anesthetized tortoises, in-
cluding impairment of muscular motion of the limbs that normally facilitates movement
of gases through the respiratory system and the use of high concentrations of oxygen
as a carrier gas during inhalant anesthesia, which may suppress the ventilatory drive of
chelonians [5,7,19–21]. Body temperature and positioning also have a profound effect
on ventilation in reptiles [22,23]. In freshwater turtles (Chrysemas picta bellii), pulmonary
ventilation and oxygen uptake both increased along with a rise in body temperature [19].
Variations in ambient and patient temperature may have also contributed to hypoventila-
tion and apnea observed in the present report.

Additional premedication drugs were necessary to achieve an appropriate plane of
sedation or anesthesia in several tortoises. Fewer animals required supplemental drugs
in the AOK group compared with either AMK or AMOK groups, but similar dosages
were used for the individual drugs across the different premedication protocol groups.
A myriad of other factors exist that contribute to the ability of injectable anesthetics to
achieve a desired plane of anesthesia in chelonians, including route and location of drug
administration, ambient and body temperature, the degree of activity and excitation prior
to drug administration, the body condition of the patient, body position during anesthesia,
and the overall clinical status of the patient [7,23]. Due to the retrospective nature of this
review, these factors could not be controlled.
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This study had several limitations. Complications and sedation scores reported here
were assigned by individual anesthetists and were not always clearly defined or assigned
based on the same criteria. Data collected during anesthesia could not be standardized
across anesthetic events, due to the retrospective nature of this study; consequently, in-
formation such as body temperature was often omitted. Due to these omissions, more
in-depth statistical analysis of the data, such as factors affecting time to recovery, were not
performed. Analysis was also impacted by the small sample size for sulcata tortoises. This
study was slightly underpowered, especially to detect subtle differences in ketamine dosing
between the species. However, there are many other factors influencing the dosage of ke-
tamine beyond species differences, including other medications administered, health status
of the animal, and body temperature. In addition, this review relied on anesthetic records
from a single referral veterinary hospital, where the majority of the animals included in
the study were clinically ill or injured. Therefore, information gained from this study may
not translate to a healthy population. Pharmacokinetic and pharmacodynamic studies on
anesthetic drugs are warranted to better elucidate their clinical effects in giant tortoises.

5. Conclusions

Anesthesia of Galapagos, Aldabra, or African spurred tortoises was safe and effective
with any of the drug combinations reported here. A combination of an α2-adrenergic
agonist, midazolam, and ketamine was the most common induction protocol. No mor-
talities were reported in this review and all complications were resolved using
appropriate interventions.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.3390/
ani11102920/s1, Table S1: Anesthetic drug combinations used in Galapagos (Chelonoidis nigra; Gal), Aldabra
(Aldabrachelys gigantea; Ald), and African spurred tortoises (Centrochelys sulcata; Sul), including the
dose ranges and average dose used, the species they were used in, the effect (NR: not reported;
Mod: moderate; Prof: profound), time to effect, and reported complications. Drugs used include
medetomidine (Med), morphine (Morph), ketamine (Ket), midazolam (Midaz), methadone (Meth),
detomidine (Detom), dexmedetomidine (Dex), hydromorphone (Hydro), and alfaxalone (Alfax).
Drug dosages and time to effect are reported as a range and mean.

Author Contributions: Conceptualization, R.C.T., B.J.G., A.B.A. and D.J.H.; methodology, R.C.T. and
B.J.G.; formal analysis, R.C.T., B.J.G. and J.A.H.; investigation, R.C.T. and B.J.G.; resources, B.J.G.,
A.B.A., C.A.-P., A.V. and D.J.H.; data curation, R.C.T. and B.J.G.; writing—original draft preparation,
R.C.T.; writing—review and editing, B.J.G., A.B.A., C.A.-P., A.V. and D.J.H.; funding acquisition,
D.J.H. All authors have read and agreed to the published version of the manuscript.

Funding: The APC was funded by the Department of Comparative, Diagnostic, and Population
Medicine at the University of Florida College of Veterinary Medicine.

Institutional Review Board Statement: As a retrospective clinical study, approval from the Institu-
tional Animal Care and Use Committee of the University of Florida was not required.

Data Availability Statement: The data presented in this study are included in this article and
Supplementary Table S1.

Acknowledgments: The authors would like to thank Jane Christman, Kyle Donnelly, Jessica Emerson,
James X. Wellehan, Vaidehi Paranjape, Marta Garbin, Douglas Castro, Luisito Pablo, as well as all
members of the University of Florida Anesthesia and Analgesia and Zoological Medicine services
from 2009 to 2019 for their hard work and dedication to the successful anesthetic management of the
tortoises discussed in this review.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/ani11102920/s1
https://www.mdpi.com/article/10.3390/ani11102920/s1


Animals 2021, 11, 2920 9 of 9

References
1. Knafo, S.E.; Divers, S.J.; Rivera, S.; Cayot, L.J.; Tapia-Aguilera, W.; Flanagan, J. Sterilisation of hybrid Galapagos tortoises

(Geochelone nigra) for island restoration. Part 1: Endoscopic oophorectomy of females under ketamine-medetomidine anaesthesia.
Vet. Rec. 2011, 168, 47. [CrossRef] [PubMed]

2. Rivera, S.; Divers, S.J.; Knafo, S.E.; Martinez, P.; Cayot, L.J.; Tapia-Aguilera, W.; Flanagan, J. Sterilisation of hybrid Galapagos
tortoises (Geochelone nigra) for island restoration. Part 2: Phallectomy of males under intrathecal anaesthesia with lidocaine. Vet.
Rec. 2011, 168, 78. [CrossRef] [PubMed]

3. Lock, B.A.; Heard, D.J.; Dennis, P. Preliminary evaluation of medetomidine/ketamine combinations for immobilization and
reversal with atipamezole in three tortoise species. Bull. Assoc. Reptil. Amphib. Vet. 1998, 8, 6–11. [CrossRef]

4. Mans, C.; Sladky, K.K. Endoscopically guided removal of cloacal calculi in three African spurred tortoises (Geochelone sulcata). J.
Am. Vet. Med. Assoc. 2012, 240, 869–875. [CrossRef] [PubMed]

5. Vigani, A. Chelonia. In Zoo Animal and Wildlife Immobilization and Anesthesia, 2nd ed.; West, G., Heard, D., Caulkett, N., Eds.; Wiley
Blackwell: Ames, IA, USA, 2006; pp. 365–387.

6. Sleeman, J.M.; Gaynor, J. Sedative and cardiopulmonary effects of medetomidine and reversal with atipamezole in desert tortoises
(Gopherus agassizii). J. Zoo. Wildl. Med. 2000, 31, 28–35. [CrossRef] [PubMed]

7. Mans, C.; Sladky, K.; Schumacher, J. General Anesthesia. In Mader’s Reptile and Amphibian Medicine and Surgery, 3rd ed.; Divers, S.J.,
Stahl, S.J., Eds.; Elsevier: St. Louis, MO, USA, 2019; pp. 447–464.

8. Schnellbacher, R.W.; Shepard, M. Sedation. In Mader’s Reptile and Amphibian Medicine and Surgery, 3rd ed.; Divers, S.J.,
Stahl, S.J., Eds.; Elsevier: St. Louis, MO, USA, 2019; pp. 441–446.

9. Mayer, J. Allometric Scaling. In Mader’s Reptile and Amphibian Medicine and Surgery, 3rd ed.; Divers, S.J., Stahl, S.J., Eds.; Elsevier:
St. Louis, MO, USA, 2019; pp. 1186–1190.

10. Bertelsen, M.F.; Mosley, C.; Crawshaw, G.J.; Dyson, D.; Smith, D.A. Inhalation anesthesia in Dumeril’s monitor (Varanus dumerilii)
with isoflurane, sevoflurane, and nitrous oxide: Effects of inspired gases on induction and recovery. J Zoo Wildl Med 2005, 36,
62–68. [CrossRef] [PubMed]

11. Brosnan, R.J.; Pypendop, B.H.; Barter, L.S.; Hawkins, M.G. Pharmacokinetics of inhaled anesthetics in green iguanas (Iguana
iguana). Am. J. Vet. Res. 2006, 67, 1670–1674. [CrossRef] [PubMed]

12. Balko, J.A.; Gatson, B.J.; Cohen, E.B.; Griffith, E.H.; Harms, C.A.; Bailey, K.M. Inhalant anesthetic recovery following intramuscular
epinephrine in the loggerhead sea turtle (Caretta caretta). J. Zoo. Wildl. Med. 2018, 49, 680–688. [CrossRef] [PubMed]

13. Greunz, E.M.; Williams, C.; Ringgaard, S.; Hansen, K.; Wang, T.; Bertelsen, M.F. Elimination of intracardiac shunting provides
stable gas anesthesia in tortoises. Sci. Rep. 2018, 8, 17124. [CrossRef] [PubMed]

14. Goe, A.; Shmalberg, J.; Gatson, B.; Bartolini, P.; Curtiss, J.; Wellehan, J.F. Epinephrine or GV-26 electrical stimulation reduces
inhalant anesthetic recovery time in common snapping turtles (Chelydra serpentina). J. Zoo. Wildl. Med. 2016, 47, 501–507.
[CrossRef] [PubMed]

15. Sladky, K.K.; Mans, C. Clinical anesthesia in reptiles. J. Exot. Pet Med. 2012, 21, 17–31. [CrossRef]
16. Dennis, P.M.; Heard, D.J. Cardiopulmonary effects of a medetomidine-ketamine combination administered intravenously in

gopher tortoises. J. Am. Vet. Med. Assoc. 2002, 220, 1516–1519. [CrossRef] [PubMed]
17. Hansen, L.L.; Bertelsen, M.F. Assessment of the effects of intramuscular administration of alfaxalone with and without medetomi-

dine in Horsfield’s tortoises (Agrionemys horsfieldii). Vet. Anaesth. Analg. 2013, 40, e68–e75. [CrossRef] [PubMed]
18. KuKanich, B.; Wiese, A.J. Opioids. In Veterinary Anesthesia and Analgesia; Grimm, K.A., Lamont, L.A., Tranquilli, W.J., Greene, S.A.,

Robertson, S.A., Eds.; John Wiley & Sons, Inc.: Ames, IA, USA, 2015; pp. 207–226.
19. Glass, M.L.; Boutilier, R.G.; Heisler, N. Effects of body temperature on respiration, blood gases and acid-base status in the turtle

Chrysemys picta bellii. J. Exp. Biol. 1985, 114, 37–51. [CrossRef]
20. Heard, D.J. Reptile Anesthesia. Vet. Clin. North Am. Exot. Anim. Pract. 2001, 4, 83–117. [CrossRef]
21. Landberg, T.; Mailhot, J.D.; Brainerd, E.L. Lung ventilation during treadmill locomotion in a terrestrial turtle, Terrapene carolina. J.

Exp. Biol. 2003, 206, 3391–3404. [CrossRef] [PubMed]
22. Ackerman, R.A.; White, F.N. The effects of temperature on acid—base balance and ventilation of the marine iguana. Respir.

Physiol. 1980, 39, 133–147. [CrossRef]
23. Mans, C.; Drees, R.; Sladky, K.K.; Hatt, J.M.; Kircher, P.R. Effects of body position and extension of the neck and extremities on

lung volume measured via computed tomography in red-eared slider turtles (Trachemys scripta elegans). J. Am. Vet. Med. Assoc.
2013, 243, 1190–1196. [CrossRef] [PubMed]

http://doi.org/10.1136/vr.c6520
http://www.ncbi.nlm.nih.gov/pubmed/21257559
http://doi.org/10.1136/vr.c6361
http://www.ncbi.nlm.nih.gov/pubmed/21257586
http://doi.org/10.5818/1076-3139.8.4.6
http://doi.org/10.2460/javma.240.7.869
http://www.ncbi.nlm.nih.gov/pubmed/22443442
http://doi.org/10.1638/1042-7260(2000)031[0028:Saceom]2.0.Co;2
http://www.ncbi.nlm.nih.gov/pubmed/10884120
http://doi.org/10.1638/04-033
http://www.ncbi.nlm.nih.gov/pubmed/17315458
http://doi.org/10.2460/ajvr.67.10.1670
http://www.ncbi.nlm.nih.gov/pubmed/17014314
http://doi.org/10.1638/2017-0182.1
http://www.ncbi.nlm.nih.gov/pubmed/30212344
http://doi.org/10.1038/s41598-018-35588-w
http://www.ncbi.nlm.nih.gov/pubmed/30459408
http://doi.org/10.1638/2015-0264.1
http://www.ncbi.nlm.nih.gov/pubmed/27468022
http://doi.org/10.1053/j.jepm.2011.11.013
http://doi.org/10.2460/javma.2002.220.1516
http://www.ncbi.nlm.nih.gov/pubmed/12018381
http://doi.org/10.1111/vaa.12045
http://www.ncbi.nlm.nih.gov/pubmed/23672199
http://doi.org/10.1242/jeb.114.1.37
http://doi.org/10.1016/S1094-9194(17)30053-1
http://doi.org/10.1242/jeb.00553
http://www.ncbi.nlm.nih.gov/pubmed/12939371
http://doi.org/10.1016/0034-5687(80)90041-9
http://doi.org/10.2460/javma.243.8.1190
http://www.ncbi.nlm.nih.gov/pubmed/24094268

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

