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ABSTRACT: Since 1995, at least three polar bears (Ursus maritimus) have died in the area of
Churchill (Manitoba, Canada) as a direct result of being suspended in a net during helicopter-
assisted translocations. To assess and improve methods of suspending anesthetized polar bears,
we conducted a study during November 1997 to determine the cardiopulmonary responses of
eight captive polar bears to suspension by net and by sling. Each bear was anesthetized on two
occasions in which the sequence of activities followed and the type of data collected was identical,
with only the method of suspension differing. Control data obtained from 11 captive polar bears
during 1995–96 was included in the statistical analyses of cardiopulmonary data to help clearly
differentiate the cardiopulmonary effects of suspension from those of drug metabolism. Sus-
pending polar bears above the ground by net caused acute hypertension (e.g., 17 to 49% increase
in mean arterial pressure), possibly as a result of increased venous return due to body compres-
sion. Increased arousal (e.g., head, tongue, and limb movement) also occurred consistently during
net-suspension and suggested a stress response. Surprisingly, most suspended bears showed little
change in blood gas values, but at least one bear became hypoxemic (i.e., PaO2 , 60 mm Hg)
with each method of suspension. Because of the potential health risks of hypertension and hyp-
oxemia, we recommend modifying the method by which polar bears are suspended with the goal
of reducing body compression.

Key words: Anesthesia, cardiopulmonary effect, hypertension, hypoxemia, polar bear, suspen-
sion, Telazolt, Ursus maritimus.

INTRODUCTION

On 15 November 1973, ‘‘The Interna-
tional Agreement on the Conservation of
Polar Bears and Their Habitat’’ was signed
in Oslo, Norway, by representatives of
Canada, Denmark, Norway, the former
Union of Soviet Socialist Republics, and
the United States of America. In compli-
ance with this international agreement to
manage and conserve polar bears (Ursus
maritimus), researchers and wildlife man-
agers have been intensively studying polar
bear populations in Canada for the past 25
yr. Because chemical immobilization is of-
ten employed in research and manage-
ment programs, considerable effort has
been devoted towards developing and im-
proving drug protocols so as to reduce
handling mortality (Schweinsburg et al.,
1982; Haigh et al., 1985; Ramsay et al.,

1985; Stirling et al., 1989; Cattet et al.,
1997). However, other aspects of handling
also may cause significant risk to anesthe-
tized polar bears, as some die each year as
a direct result of handling without evi-
dence of adverse drug effect. For example,
13 (or 2.6%) of approximately 500 polar
bears handled in western Hudson Bay, the
most intensively researched population in
Canada, died during 1995–97 (Polar Bear
Technical Committee, unpubl. data). The
cause of death in most cases was not de-
termined.

An aspect of handling which may impart
excessive physiologic stress is the suspen-
sion of anesthetized polar bears above the
ground. That is, each year in Churchill
(Manitoba, Canada) polar bears are trans-
located away from the townsite while sus-
pended in a cargo net beneath a helicop-
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FIGURE 1. Body position assumed by polar bears
during two methods of suspension used in this study.
Broken line represents outline of net and sling, re-
spectively.

ter. Three of 13 polar bear deaths over the
past 3 yr have occurred while bears were
suspended in nets. Although necropsies
were not conducted, compromised respi-
ratory function due to inappropriate body
positioning in the net was assumed to have
resulted in fatal hypoxia. In effort to assess
and improve methods of suspending anes-
thetized polar bears, we designed and con-
ducted a study to determine the effect of
suspension on the cardiopulmonary func-
tion of anesthetized polar bears. Within
the context of this primary objective, we
compared two methods of suspending
anesthetized polar bears; one by net as
employed in helicopter-assisted transloca-
tions, and the other by sling as used to
determine body mass of individual bears.

MATERIALS AND METHODS

We conducted our study with eight captive
polar bears at Churchill (Manitoba, Canada;
588450N, 948060W) during November, 1997.
Each bear was initially captured by Manitoba
Department of Natural Resources personnel,
with baited culvert traps or chemical immobi-
lization (Telazolt, i.m. at 6 to 8 mg/kg), and
maintained captive in a holding facility for 5 to
35 days prior to our study. These captures were
conducted as part of an established wildlife
management program designed to reduce the
incidence of polar bears ranging into the vicin-
ity of Churchill.

For this study, eight bears were anesthetized
on two occasions each, with the sequence of
activities followed and the type of data collect-
ed identical during each anesthesia event. Only
the method of suspension differed between
events; the sequence being determined ran-
domly for each bear, e.g., net followed by sling
or vice versa. Each anesthetic event was sub-
divided into three phases in effort to crudely
represent the sequence of activities undertaken
during research and translocation programs, in
which polar bears are anesthetized and main-
tained on the ground for 20 to 30 min, then
suspended for 5 to 20 min, and finally returned
to the ground to recover. Phase 1 lasted 10 min
and began immediately after physiologic equip-
ment was attached to the anesthetized bear and
calibrated, usually within 20 min of anesthesia
induction. Throughout Phase 1, the bear was
positioned in dorsal recumbency on the
ground. Prior to the next phase, the bear was
suspended by net or sling (Fig. 1), its body
mass recorded, and the physiologic equipment
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re-calibrated. Phase 2 lasted 15 min during
which time the bear remained suspended.
Afterwards, the anesthetized bear was lowered
to the ground, re-positioned in dorsal recum-
bency, and the physiologic equipment recali-
brated. Phase 3 was then initiated and lasted
10 min. During each of the three phases, phys-
iologic data was recorded every 5 min, whereas
blood gas data was recorded at the start and
end of each phase.

Study animals were anesthetized with zola-
zepam and tiletamine, in a 1:1 combination by
weight (Telazolt, Fort Dodge Laboratories,
Inc., Fort Dodge, Iowa, USA), at an estimated
total dose of 8 to 10 mg/kg (Stirling et al.,
1989). The drug was prepared in solution (227
mg/ml), by adding 1.8 ml of sterile water to 500
mg of lyophilized Telazolt, and administered as
two portions. The first portion, or induction
dose (estimated 6 to 8 mg/kg), was delivered
intramuscularly by pole syringe or blow gun.
The second portion, or top-up dose (estimated
2 to 4 mg/kg), was delivered by hand injection
into the muscles of the neck approximately 5
min prior to Phase 1. We administered a top-
up dose to avoid the necessity of administering
additional drug while collecting data and po-
tentially causing drug-induced physiologic
change.

Anesthetized bears were prepared for car-
diopulmonary measurements by clipping the
hair and aseptically preparing the skin overlying
their femoral artery. The prepared skin was in-
cised and the artery cannulated with an 18 ga
3 10 cm intra-arterial catheter (Arrow Medical
Products, Ltd., Mississauga, Ontario, Canada).
The catheter was subsequently secured in the
artery with subcutaneous ligatures and con-
nected to a pressure transducer (Uniflow, Bax-
ter Healthcare Corp., Irvine, California, USA),
via non-compliant plastic tubing filled with
heparinized saline. The transducer was, in turn,
connected to a physiological monitor (Propaq
400, Protocal Systems, Inc., Beaverton,
Oregon, USA) used to measure arterial pres-
sures and heart rate. Percent saturation of he-
moglobin with oxygen (SpO2) was monitored
using a reflectance probe inserted in the rec-
tum, and connected to a pulse oximeter (4402
Vet/Oxy pulse oximeter system, Sensor Devic-
es Inc., Waukesha, Wisconsin, USA).

Physiologic parameters measured at 5 min
intervals during each phase were arterial pres-
sures, heart rate, respiratory rate, and SpO2.
We also collected arterial blood samples in 3
ml sterile glass tubes containing anticoagulant
(K3) EDTA (Vacutainert, Becton Dickinson &
Co., Franklin Lakes, New Jersey, USA) to de-
termine hemoglobin concentration, and in 3 ml
heparinized plastic syringes (Monojectt, Sher-

wood Medical Co., St. Louis, Missouri, USA)
for blood gas analyses. Blood samples were
chilled in ice water immediately following col-
lection. Within 3 hr of collection, hemoglobin
and blood gas analyses were completed using
an automated blood counter (Coulter Electron-
ics Inc., Hialeah, Florida, USA) and blood gas
analyzer (238 pH/Blood Gas Analyzer, Chiron
Diagnostics Inc., Halstead, Essex, UK). Blood
gas parameters were corrected for body tem-
perature and hemoglobin concentration. When
measurements were completed on each bear at
the conclusion of Phase 3, physiologic equip-
ment was disconnected, the intra-arterial cath-
eter removed, and the skin incision closed us-
ing absorbable suture (PDS II, Ethiconq, Eth-
icon, Inc., Somerville, New Jersey, USA). All
bears were administered long-acting penicillin
(Dual-Pent, TechAmerica Veterinary Products,
Kansas City, Missouri, USA) for prophylaxis (10
ml per 50 kg i.m.).

Anesthetized bears were suspended during
Phase 2 from a 3 m high tripod constructed of
telescoping aluminum poles (Fig. 1). A square
cargo net constructed of interlaced braided
cord (10 cm mesh size) with braided nylon rope
(2.5 cm diameter) attached along the margins
was used for net suspension. In this, bears as-
sumed a semi-reclined position with head rest-
ing forward on the chest; the position adopted
during helicopter translocations (Fig. 1). A
rectangular sling constructed of nylon webbing,
woven in a criss-cross pattern, with two metal
poles (each 4 cm diameter 3 2.2 m length) at-
tached along its length was used for sling sus-
pension. In this, bears remained in dorsal re-
cumbency with their neck and head supported
and extended, and their forelimbs crossed over
their chest (Fig. 1). We determined the body
mass of suspended bears by linking an elec-
tronic load scale (Senstekt, Norac Systems In-
ternational, Inc., Saskatoon, Saskatchewan,
Canada) between the net, or sling, and tripod.
To avoid causing severe physiologic stress to
suspended bears, acceptable ranges for heart
rate (40 to 140 beats/min) and SpO2 ($60%)
were established based on data collected dur-
ing previous studies (M. Cattet, unpubl.). If a
bear was to exhibit values outside of these rang-
es, it would be lowered to the ground imme-
diately, supportive therapy would be instituted,
and data collection would cease.

All data were analyzed statistically using
SPSS software (SPSS Inc., Chicago, Illinois,
USA) and statistical test values were regarded
as significant when the probability (P) of Type
I error , 5 percent. To compare drug doses
and handling times between treatments or an-
esthesia events, we used t-tests for paired com-
parisons (Zar, 1996). Preliminary examination
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TABLE 1. Comparisona of drug doses and handling times for eight polar bears suspended by net and sling.

Drug dose (mg/kg)

Induction Top-up Total

Time following induction (min)b

Phase 1 Phase 2 Phase 3 Total

Net
Sling

6.6 6 0.73
7.0 6 0.69

2.9 6 0.59
3.7 6 0.70

9.5 6 0.81
10.7 6 0.77

34.3 6 3.13
43.1 6 8.77

49.6 6 4.12
53.8 6 8.28

71.3 6 3.76
74.6 6 8.53

92.6 6 4.50
94.4 6 8.59

a All values expressed as mean 6 SE. Means for all parameters were compared using t-tests for paired comparisons and all
differences between means were non-significant, i.e., P . 0.05.

b Values represent mean duration of time elapsed between induction and beginning of Phase 1, 2, and 3, and conclusion of
experiment, i.e., total.

of the descriptive statistics calculated from the
physiologic data revealed that most bears
showed considerable change over time in many
parameters of cardiopulmonary function. Al-
though some change was expected as a result
of drug metabolism, large variation over time
was not anticipated. This finding raised concern
that we might not be able to distinguish be-
tween the physiologic effects of suspension and
those of drug metabolism. Therefore, data col-
lected from 11 polar bears during previous
studies (Caulkett et al., 1996, 1998) were in-
cluded to serve as a control group in the statis-
tical analyses of cardiopulmonary data. Validity
for this additional ‘control’ data was established
on the basis that (1) the control group was sim-
ilar in body mass to the experimental group (t-
test, P 5 0.20); (2) the total dose of Telazolt
administered in both groups was similar (t-test,
P 5 0.13); (3) there were few significant dif-
ferences in physiologic parameters (with the
exception of values for SpO2) over the initial 30
min following drug administration, i.e., period
of time equivalent to anesthesia induction and
Phase 1 in this study; and (4) both groups were
handled and measured in similar ways, except
during Phase 2 (i.e., 45 to 60 min following
drug administration) where the control group
remained on the ground in dorsal recumbency.

Control and experimental (i.e., net- and
sling-suspension) data were compared during
Phase 2 to identify cardiopulmonary effects of
suspension and differences between methods
of suspension. Comparison was made using
two-way ANOVA for repeated measures (Zar,
1996) where treatment and time were factors.
Tukey’s Honestly Significant Difference (HSD)
test was used to make multiple comparisons
among treatments when significant differences
were identified (Zar, 1996). Within experimen-
tal groups, one-way ANOVA for repeated mea-
sures (Zar, 1996) and Tukey’s HSD test were
used to compare cardiopulmonary function
among phases. Drug metabolism rather than
suspension was considered as a potential cause
when significant difference occurred within an
experimental group among phases, but did not

occur between the experimental and control
group during Phase 2.

RESULTS

Five male and three female polar bears
weighing 169.4 6 19.4 kg (i.e., values re-
ported as mean 6 SE) were each anesthe-
tized on two occasions. The length of time
elapsed between anesthesia events was
63.0 6 3.1 hr. Neither drug doses nor han-
dling times differed significantly between
treatments (Table 1), or between anesthe-
sia events (paired t-tests, all P . 0.25).

Although all bears maintained heart rate
and SpO2 within the pre-defined accept-
able range while suspended by net or
sling, some parameters differed signifi-
cantly among treatments during Phase 2
(Figs. 2, 3). Respiratory rate was signifi-
cantly less in sling-suspended bears than
control bears, whereas the rates for net-
suspended bears were intermediate (Fig.
2). Heart rates were similar in all groups.
Mean arterial pressure was significantly
greater in net-suspended bears than in
control and sling-suspended bears. It is
important to note arterial pressures were
measured at the end of expiration only, be-
cause the magnitude of respiratory waves
in the arterial pressures of suspended
bears was as much as 30 to 50 mm Hg.
Also important to note is bears consistently
showed signs of increased arousal (e.g.
head, tongue, and limb movement) while
suspended by net. Correlation between
SpO2 and hemoglobin oxygen saturation
(SaO2) calculated from a human hemoglo-
bin oxygen dissociation curve was not sig-
nificant (r 5 20.10, P 5 0.35), nor was
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FIGURE 2. Comparison of cardiopulmonary re-
sponses of eight anesthetized polar bears between
suspension by net (v) and sling (V). The mean and
standard error for eight experimental bears is pre-
sented at each measurement time. Ninety-five per-
cent confidence interval for control bears (h) is pre-
sented during Phase 2 only. Significant differences (P
, 0.05) among treatments is indicated by an asterisk
(*).

FIGURE 3. Comparison of blood gas responses of
eight anesthetized polar bears between suspension by
net (v) and sling (V). The mean and standard error
for eight experimental bears is presented at each
measurement time. Ninety-five percent confidence
interval for control bears (h) is presented during
Phase 2 only. Significant differences (P , 0.05)
among treatments is indicated by an asterisk (*).
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there consistent difference between SpO2
and SaO2 values (paired t-test, P 5 0.73).
Surprisingly, SpO2 was significantly greater
in experimental bears (i.e., both net- and
sling-suspended) than control bears. How-
ever, similar differences also were ob-
served between experimental and control
bears during Phase 1. With regard to
blood gas values, only arterial base excess
differed significantly among treatments
during Phase 2, being significantly greater
in control than experimental bears (Fig. 3).

Within experimental groups, significant
differences among phases occurred with
some, but not all, parameters (Figs. 2, 3).
Respiratory rate increased progressively
over time in net-suspended bears, being
significantly greater in Phase 3 than Phase
1 (Fig. 2). The pattern differed in sling-
suspended bears where respiratory rate
was significantly less during Phase 2, and
did not differ between Phases 1 and 3.
Mean arterial pressure was significantly
greater in both experimental groups dur-
ing Phase 2. The pattern of change among
phases in blood gas values differed slightly
between net- and sling-suspended bears
(Fig. 3). In net-suspended bears, PaCO2
values progressively decreased over time
with values in Phase 1 being significantly
greater than values in Phase 3. PaO2 and
arterial pH showed similar progressive
change, but in the opposite direction, i.e.,
Phase 1 values , Phase 3 values. In sling-
suspended bears, blood gas values in Phas-
es 1 and 2 were similar, but differed sig-
nificantly from those in Phase 3; PaCO2
being less, and PaO2 and arterial pH being
greater, in the final phase. Parameters that
did not differ significantly among phases
were heart rate, SpO2, and arterial base
excess.

DISCUSSION

The physiologic effects of drug metab-
olism, and residual drug effects in individ-
ual bears between anesthesia events, could
have potentially confounded data from this
study. However, confidence in distinguish-
ing the cardiopulmonary effects of suspen-

sion from those of drug metabolism was
established by including control data in
the statistical analysis of physiologic data.
In regard to residual drug effects, Telazolt
and its metabolites have been shown to be
eliminated from the plasma of polar bears
within 72 hr (Health and Welfare Canada,
unpubl.). The duration of time between
anesthesia events in our study (e.g., 2 to 3
days) was determined to meet the require-
ments of a concurrent wildlife manage-
ment program, but was probably too short
to ensure adequate drug clearance. Nev-
ertheless, we did not observe significant
differences between treatments or anes-
thesia events with respect to drug doses or
handling times, nor were differences ob-
served between treatment groups with re-
spect to physiologic values during Phase 1.
These findings suggest that drug residues
from the first anesthesia event were not of
sufficient quantity or activity to measur-
ably affect the cardiopulmonary data re-
corded during the second anesthesia
event.

Cardiopulmonary effects following Tel-
azolt anesthesia the 11 polar bears used in
our control group have been described
previously (Caulkett et al., 1996, 1998),
and are summarized as (1) initial mild de-
crease in respiratory rate, PaO2, arterial
pH, and arterial base excess followed by
progressive increase in all parameters; (2)
initial mild increase in PaCO2 followed by
progressive decrease; and (3) mild increase
in heart rate and arterial pressures. How-
ever, in this study, effects on respiratory
rate, arterial pressures, and arterial base
excess differed significantly from those of
control bears suggesting that suspension
by net and sling caused measurable car-
diopulmonary effect.

Sling suspension caused significant de-
crease in respiratory rate. This finding
could have been attributed to measure-
ment error as respiratory movements of
sling-suspended bears were more difficult
to observe than those of net-suspended
bears. However, a comparative analysis of
blood gas values suggests otherwise (see
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Fig. 3). Normally, the mild respiratory ac-
idosis and decrease in PaO2 which imme-
diately follows anesthesia induction with
Telazolt improves progressively after-
wards, as was observed with net-suspend-
ed bears. However, the blood gas values of
sling-suspended bears deteriorated slightly
(i.e., mild increase in PaCO2 and mild de-
creases in PaO2 and arterial pH) at the on-
set of Phase 2, suggesting mild respiratory
depression occurred, possibly due to de-
creased compliance of the chest wall. Sus-
pended bears appeared able to compen-
sate as their blood gas values improved by
the end of Phase 2 despite no change in
respiratory rate.

Both methods of suspension caused in-
creased arterial pressures. With sling sus-
pension, increase was mild and transient.
With net suspension, increase was marked
and progressed throughout Phase 2, re-
turning to baseline values only when bears
were lowered to the ground. Acute hyper-
tension could result, in part, from in-
creased venous return as a consequence of
compression by the net. Presumably, if
body compression was sufficient, venous
blood from skeletal muscle and, possibly,
abdomen would be squeezed toward the
heart. A similar mechanism underlies mil-
itary anti-shock trousers, an inflatable gar-
ment used to combat shock and increase
peripheral vascular resistance (Gaffney et
al., 1981; Lee et al., 1983). Changes in ve-
nous return also may have contributed to
generating the large respiratory waves ob-
served in the arterial pressures of sus-
pended bears.

The significance of acute hypertension
to the health of bears suspended in nets is
not clear-cut. The fact that most polar
bears translocated by helicopter from
Churchill over the years have survived net
suspension, and returned to Churchill in
subsequent years, suggests hypertension is
of little consequence. However, high sur-
vivorship does not reflect morbidity; a fea-
ture often too subtle to be recognized in
wild animals. The pathologic consequence
of acute hypertension in polar bears is not

known, but transient acute hypertension
(e.g., ,10 min duration) can cause revers-
ible and irreversible organ damage, as well
as death, in humans (Sideris et al., 1988),
rats (Olivetti et al., 1985), rabbits (Lacom-
be and Seylaz, 1984), dogs (Lamping and
Dole, 1987), and pigs (Bolande et al.,
1996); largely as a result of widespread mi-
crovascular injury and hemorrhage (Ault
and Ellrodt, 1985; Harrison et al., 1991).
Although severe respiratory depression has
been postulated to be the cause of the
three polar bear deaths which have oc-
curred in nets during helicopter-assisted
translocations since 1995, it appears equal-
ly as likely that death may have resulted
from hypertension. In the event of a future
death, necropsy and histopathology will be
valuable in ascertaining the pathologic sig-
nificance of hypertension.

All bears became aroused while sus-
pended in the net, despite receiving a dose
of Telazolt (range 5 5.9 to 13.3 mg/kg)
equal to or greater than that reported to
provide full immobilization in free-ranging
polar bears (Haigh et al., 1985; Stirling et
al., 1989). Arousal was temporary, howev-
er, and no longer evident after bears were
lowered to the ground. Such findings are
consistent with a stress response but, be-
cause plasma catecholamine and cortisol
concentrations were not determined, this
explanation remains tentative. It is impor-
tant to note, however, if there was signifi-
cant stress, increased sympathetic activity
could have compounded hypertension re-
sulting from body compression, and may
help to explain differences in arterial pres-
sure response observed between the two
methods of suspension, i.e., mild and tran-
sient in sling vs marked and progressive in
net.

Determination of SpO2 in polar bears
was not accurate, nor was it possible to de-
termine a correction factor for the differ-
ence between SpO2 and SaO2 values be-
cause the difference was inconsistent and
highly variable, e.g., ranged from 223 to
119%. The accuracy of SaO2 values was
also uncertain as they were calculated
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based on a human hemoglobin oxygen dis-
sociation curve and might not have been
valid for polar bears. Differences in probe
recording site were the most plausible ex-
planation for significantly greater SpO2
values in experimental bears than control
bears. A reflectance probe was inserted
rectally in experimental bears, whereas re-
cordings from control bears were made us-
ing a clip-type probe attached to the
tongue. The thick, and sometimes pig-
mented, skin of the tongue, and its fre-
quent movement during Telazolt anesthe-
sia, likely inhibited light transmission re-
sulting in lower SpO2 values (Allen, 1992).

Surprisingly, suspension had very little
effect on the blood gas values of most po-
lar bears. Arterial base excess was less in
experimental bears, indicating they were
more acidotic than control bears when sus-
pended by net or sling. However, the dif-
ference was small and not clinically signif-
icant. Although we anticipated that head
positioning of net-suspended bears (see
Fig. 1) would increase airway resistance
and cause some respiratory depression,
PaO2 values remained high in most bears,
e.g., 9 of 16 arterial samples collected from
net-suspended bears had PaO2 values . 90
mm Hg. This was an unexpected finding
in anesthetized animals not receiving sup-
plement oxygen and maintained in less-
than-ideal body position. Nevertheless,
one bear became hypoxemic (PaO2 , 60
mm Hg) while suspended by net, despite
excellent SpO2 values, e.g., concurrent
PaO2 and SpO2 values during Phase 2
were 61 mm Hg and 99% at 0 min, and
55 mm Hg and 98% at 15 min. Similarly,
another bear with consistently good SpO2
values was later found by blood gas anal-
ysis to have been hypoxemic while sus-
pended in the sling. These findings further
underscore our conclusion that oximetry
does not appear to be an accurate means
of determining hemoglobin oxygen satu-
ration in polar bears. More important to
the objective of this study, however, is that
this finding indicates hypoxemia could

threaten the health and survival of some
bears while suspended by net or by sling.

The most important conclusions from
this study are that suspending polar bears
by net will cause acute hypertension in
most bears, and hypoxemia in some bears.
These adverse cardiopulmonary effects
should not be life-threatening to most
bears but could impair the health of some
bears, or cause death in others with pre-
existing health problems. Because sus-
pending bears by sling only mildly im-
proved cardiopulmonary response relative
to net suspension, we recommend modi-
fying the method by which bears are sus-
pended with the goal of reducing body
compression. We suggest a light-weight,
flat tray upon which an anesthetized polar
bear could be positioned and suspended
within a net, without compression, might
offer some solution.
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