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Use of Human Nasal Cannulas during
Bronchoscopy Procedures as a Simple Method
for Maintaining Adequate Oxygen Saturation in
Pigtailed Macaques (Macaca nemestrina)

Matthew J Thomas," Leon R Flanary,? Bruce A Brown,? Michael G Katze,? and Carole R Baskin' 2

Rising concerns over respiratory illnesses caused by agents such as avian influenza viruses and SARS coronavirus have
prompted intensive research efforts and the resurgence of nonhuman primates as models for these human diseases. In the
context of studying influenza infection and vaccine development, serial bronchoscopic procedures, including bronchial
brush biopsies and bronchoalveolar lavage, were performed in pigtailed macaques (Macaca nemestrina). The possible need
for oxygen supplementation during these procedures was anticipated because of the size of the animals relative to the 5-mm
bronchoscope. We therefore monitored oxyhemoglobin saturation, a measure of arterial blood oxygen content, before and
after insertion of the bronchoscope, during bronchoalveolar lavage, and after initiation of oxygen supplementation. Although
more data are required to draw definitive conclusions, our findings suggested the need for oxygen supplementation during
such procedures in nonhuman primates, despite the fact that human patients undergoing bronchoscopy and lavage do not
routinely get oxygen unless they are already compromised. Our data also suggested that the need for supplementation could
not be predicted from simple parameters such as size of the animal, presence of respiratory clinical signs, or experimental
treatment. Finally, we show a simple and cost-effective method of using human nasal cannulas for delivering oxygen to
pigtailed macaques during bronchoscopic procedures, and we believe that, after further testing, this method could be used

safely and effectively in other nonhuman primate species.

Abbreviation: spO,, oxygen saturation of arterial hemoglobin

Nonhuman primates have been important models of human
respiratory diseases, and recent concerns about avian influenza
as a zoonotic pathogen and SARS coronavirus as an emerging
cause of human morbidity and mortality have intensified use
of these animals in a research setting.>!%1416 One relatively
noninvasive method of monitoring and documenting progres-
sion of pathology in the respiratory tract of the live animal has
been the use of flexible bronchoscopy.>”!® Bronchoscopy also
allows the use of bronchial brushes or biopsy forceps through
the instrument port to sample cells and tissue from consistent
anatomical locations to be processed for further analyses. One
important risk of bronchoscopy is the partial but considerable
obstruction of the airways during visual exploration and tissue
sampling.?’ This obstruction worsens during bronchoalveolar
lavage and often leads to a drop in the saturation of arterial
oxyhemoglobin.” Such a drop is presumably indicative of hy-
poxemia and can lead to hypoxic hypoxia, the 1st term being
defined as a drop in arterial content of oxygen and the 2nd as
a decrease in tissue oxygen supply below normal levels that
can be caused by airway obstruction, among other etiologies.!”
Hypoxia secondary to bronchoscopic procedures is discussed in
the human medical literature, in terms of reliably predicting who
will need supplementation while avoiding the cost of providing
oxygen for everyone undergoing the procedure.®!1220
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In this report, we describe a set of data that suggests the
difficulty of predicting which animals will require oxygen
supplementation during a bronchoscopic procedure and a
simple, quick, and cost-effective technique for oxygen delivery
in pigtailed macaques (Macaca nemestrina) involving the use of
human nasal cannulas and monitoring with pulse oximetry. This
method could easily be modified for other species after adequate
safety testing and should be considered when performing bron-
choscopic procedures in nonhuman primates.

We developed this protocol to provide optimal supportive
care during serial bronchoscopic procedures in pigtailed ma-
caques used as models of influenza infection and in the context
of testing a new live attenuated vaccine. Bronchoscopy was used
to monitor inflammatory changes in the upper respiratory tract
and to obtain bronchial brush biopsies, as well as being used
during bronchoalveolar lavage.

Materials and Methods
For the purpose of this study, we obtained 7 female and 2

male pigtailed macaques (Macaca nemestrina), ranging in age
from 3.25 to 13.6 y and in weight from 6.6 to 13.6 kg, from
the Washington National Research Primate Center, a facility
accredited by the Association for the Assessment and Accredi-
tation of Laboratory Animal Care, International. None of these
animals had undergone any major treatments in the past. These
animals were seronegative for type D simian retrovirus, simian
T cell leukemia virus, and simian foamy virus. In addition, a
preliminary physical exam 2 wk prior to assignment, as well
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Figure 1. Placement of the human nasal cannula. The nasal cannula
is inserted into both nostrils over the cord of the O, saturation probe,
passed under both ears, and cinched behind the base of the skull to help
secure it in place. The O, saturation probe is placed on the lip so as to
not interfere with placement of the bronchoscope.

as a complete blood count and serum chemistry panel (both
processed at the University of Washington Medical Center),
ruled out health problems that would have rendered an animal
unsuitable for the present study. All animals were moved into
the room several days prior to start of the experiments, to ensure
acclimation. Animals were housed in 3 experimental groups
of 4, which represented a mock group and 2 groups who were
administered different vaccine regimens. These groups and
their experimental status were not determined relevant for the
studies described in this paper. During the study, the room was
categorized as Enhanced Biosafety Level 2, and all procedures
were performed according to guidelines approved by the Uni-
versity of Washington Environmental Health and Safety Office,
Occupational Health Administration, Primate Center Research
Review Committee, and the Institutional Animal Use and Care
Committee. Animals were fed a standard diet throughout the
study (Fiber Plus Monkey Diet 5049, LabDiet, PMI Nutrition
International, St Louis, MO) which was supplemented with
daily fresh produce through the institutional environmental
enrichment program, and they were monitored daily for ap-
petite and general health.

Complete physical exams were performed on animals that
were chemically restrained (tiletamine-zolazepam at 2 to 10
mg/kg intramuscularly® and atropine at 0.02 to 0.05 mg/kg
intramuscularly) prior to every bronchoscopic procedure to
rule out conditions that might preclude them from undergoing
procedures safely. Atropine was used in all animals to reduce
saliva production and subsequent risks of aspiration.!3 Atropine
would have also decreased airway resistance and therefore
improved lung oxygenation.! Although the use of atropine
is contraindicated in some pulmonary patients with cough

Nasal cannulas for providing O, during bronchoscopy of macaques

Figure 2. Photograph showing the typical placement of the bronchoscope
during these procedures. For all of the O, saturation measurements, we
placed the bronchoscope at the primary bifurcation of the trachea.

because the drug thickens bronchial secretions, this side effect
did not occur in these animals.! Pulse oximetry measurements
were made continuously with a pulse oximeter (Model 9847V,
Nonin Medical, Plymouth, MN,). The pulse oximeter sensor
was consistently and securely placed on the bottom lip of the
animals (Figure 1), and that placement resulted in a reliable
signal. Although the manufacturer recommended placing the
sensor on an animal’s tongue, this option was not practical
during bronchoscopy.

Bronchoscopy was performed with a 5-mm video broncho-
scope (model BE-P200, Olympus America, Melville, NY) with
the animal in lateral recumbency. The 2.2-mm instrument port
on that model was the smallest available that could accom-
modate the sheathed bronchial brushes that were needed to
fulfill the goals of the main study. For the purpose of measur-
ing the percentage of oxyhemoglobin saturation, the flexible
bronchoscope, inserted with the help of a laryngoscope of ap-
propriate size (WelchAllyn, Skaneateles Falls, NY), was placed
immediately proximal to the primary bifurcation of the trachea
(the carina; Figure 2). Bronchial lavages were done by quickly
injecting and aspirating 10 ml of standard bronchoalveolar
lavage fluid* through the bronchoscope’s instrument port. This
volume has provided diagnostic cytology in the past® and was
in part chosen because the experimental protocol for the main
study required serial lavages.

Oxygen was supplemented at 21/min through a nasal cannula
of a type commonly used in human medicine (Ozone Services,
Burton, British Columbia, Canada). These cannulas have a fun-
nel-type connector and easily fit standard oxygen flow meters.
The tips of the cannula were inserted into the animal’s nostrils,
and the tubing was passed under both ears and positioned so
that the adjustment ring was behind the head (Figure 1). The
cannula then was secured by sliding the adjustment ring to
create a tight fit of the tubing around the skull.

Measurements of oxygen saturation of arterial hemoglo-
bin (spO,) were taken every 30 s for 5 min, starting prior to
insertion of the bronchoscope. Oxygen delivery was initiated
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Figure 3. Percentage saturation of oxyhemoglobin for all 9 animals dur-
ing bronchoscopy without O, supplementation, with the bronchoscope
placed as shown in Figure 2. There was a wide range of responses to
the procedure without discernable influence of age or weight. Several
of the animals (solid lines) had an initial drop but quickly recovered on
their own. Others (dashed lines) had more variations but did not require
oxygen supplementation. Animals that dropped below 70% saturation
(dotted lines) received O, at 2 1/min without delay. All other animals
were given oxygen after 300 s.

whenever spO, dropped below 70% for 30 s or 2 consecutive
measurements. After 5 min, all animals were supplemented
with oxygen regardless of their spO, value. On a different day,
measurements were performed according to the same protocol,
but a bronchoaveolar lavage was added after 5 min, and all
animals were supplemented with oxygen, regardless of their
spO, value, 2 min after the lavage was initiated.

Statistical calculations were made using the statistical cutoffs
described in the results section with SigmaStat for Windows
(Systat Software, Point Richmond, CA) and figures were made
with SigmaPlot for Windows (Systat Software, Point Richmond,
CA).

Results

Effect of bronchoscopy on oxyhemoglobin saturation. All base-
line spO, measurements were greater than 90%, indicative of
adequate lung oxygenation. After insertion of the bronchoscope,
spO, values showed wide variation that could not be attributed
to their respective experimental groups or to other physical
parameters (Figure 3); although all animals exhibited a drop in
spO, within the first 90 s after placement of the bronchoscope,
the magnitude of this change varied from a few percent to almost
30%. Those animals that demonstrated a very modest drop in
oxyhemoglobin saturation recovered quickly on their own to
their baseline level or even higher. Other animals showed wide
fluctuation in spO, during bronchoscopy but never dropped to
a level that would be cause for concern. In these animals, spO,
rose to 100% almost instantly when oxygen administration was
initiated after 5 min. However, 3 animals exhibited dramatic
decreases in spO, below 70% and had to be supplemented with
oxygen almost immediately. These animals quickly recovered
when oxygen was administered (Figure 4). We confirmed that
spO, measurements were significant (P < 0.02, 2-way repeated
measures analysis of variance) between these identified groups.
Among all animals, however, time was the only significant (P
= 0.05) factor in accounting for spO, variations. Finally, time,
age, and weight all were unsuccessful in predicting spO, in
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Figure 4. Percentage saturation of oxyhemoglobin before and after O,
supplementation of the 3 animals whose oxyhemoglobin saturation
dropped below 70% during bronchoscopy alone (Figure 3). Once oxygen
was administered at 21/min (arrows), oxyhemoglobin returned to 100%
O, saturation within 30 s. Likewise, all animals that did not need O,
supplementation reached 100% oxyhemoglobin saturation within a few
seconds once O, was administered after 300 s (not shown).

best-subset regression analysis.

Effects of bronchoscopy and bronchoalveolar lavage on oxy-
hemoglobin saturation. A similar procedure was performed on
a different day to measure spO, during bronchoalveolar lavage
in addition to bronchoscopy without concurrent oxygen supple-
mentation. The lavage was initiated 5 min into the procedure to
allow for spontaneous recovery of oxyhemoglobin saturation
in some animals, as previously described. One animal did not
undergo lavage because its hemoglobin oxygen saturation
quickly dropped to 70% during bronchoscopy, and this animal
had to be supplemented with oxygen. Of note, this animal did
require oxygen supplementation during the 1st set of measure-
ments. The placement of the flexible bronchoscopy was at the
same location as described earlier, and it was apparent that the
lavage fluid was causing physical obstruction of the airway
(Figure 5). All remaining animals exhibited a clinically signifi-
cant drop in spO, during and immediately after delivery of the
lavage solution (Figure 6): although the oxyhemoglobin satura-
tion did not warrant oxygen supplementation according to our
preset standards, it did reach levels as low as 75%. At 2 min into
the lavage procedure, all animals were given oxygen, and all
quickly returned to preprocedural levels, although 2 of the 9
animals took as long as 2 min to fully recover. Neither of these
2 animals had required oxygen supplementation during the 1st
set of measurements. We confirmed that spO, measurements
were significant (P < 0.01, 2-way repeated-measures analysis of
variance) between these 2 groups. Among all animals, however,
time was the only significant (P < 0.01) factor in accounting for
spO, variations. Again, time, age, and weight were unsuccessful
in predicting spO, in best-subset regression analysis.

Discussion

Oxygen supplementation is not used during routine
bronchoscopic procedures in human patients, although it is
recommended." Pigtailed and other macaques are significantly
smaller than adult humans, but human-size bronchoscopes are
commonly used in these animals because of the lower cost and
greater availability of refurbished models; therefore, the need for
oxygen supplementation is likely to be much higher. The present
data suggest that clinically significant obstruction of the airways
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Figure 5. Extent of airway obstruction during bronchoalveolar lavage.
Although the fluid is absorbed within a few seconds, impairment of
effective airway oxygenation may last longer in some animals, as our
data suggest.

occurs frequently and unpredictably in pigtailed macaques un-
dergoing bronchoscopy, even without bronchoalveolar lavage.
Indeed, in all cases, the need for oxygen supplementation did
not depend on size, age of the animal, or experimental group
(Figures 3, 4, and 6). The role of gender was more difficult to
gauge because of the disproportionate numbers of females used
in the study, but it would not be expected to play a significant
role. The fact that 2 of the animals that had difficulties during the
2nd set of measurements and during the lavage were different
from the ones who did require oxygen during the 1st session
also suggests the unpredictability of the need for supplementa-
tion. Interestingly, both of these animals belonged to the same
experimental group, which could have been a factor.
Assessing oxyhemoglobin saturation by measuring light ab-
sorbance of pulsating vascular tissue at 2 different wavelengths
(650 and 805 nm) provides only an estimate of arterial blood
oxygenation, but this estimate is considered to be accurate, and
pulse oximetry is regarded as a time-tested and reliable clinical
tool.2 Although bronchoscopy has been used increasingly in
veterinary medicine, the question of oxygen supplementation
in small animals and nonhuman primate species has not been
pursued, to the best of our knowledge, except in patients with
respiratory compromise.3!” In contrast, the subject has been
fairly extensively discussed in human medicine, even when
respiratory distress due to a pre-existing condition is not a
concern.'20 After the relatively modest initial investment in the
pulse oximeter, nasal cannulas and oxygen use for these short
procedures constitute a nominal additional investment with
potentially great benefits, considering the costs of the animals
and bronchoscopic apparatus. More data is needed to ascertain
the safety and efficacy of supplementing oxygen during all
bronchoscopic procedures in this and other nonhuman primate
species, but all animals in this small study responded positively,
even though their responses were very variable among different
individuals and from one day to the next. Therefore, we recom-
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Figure 6. Measurement of spO, over time for 8 of the 9 animals before
and during bronchoalveolar lavage (BAL). One animal was excluded be-
cause it was wheezing slightly during the physical exam. Most animals
experienced an initial drop in spO, after the lavage fluid was injected,
and they recovered to different extents during the following 120 s (light
shading). All animals benefited from having oxygen administered after
that time (diagonal shading); most recovered completely within 50 to
110 s of oxygen administration, although 2 animals took as long as 150
s (dashed lines). The animal (dotted line) that had dropped below 70%
spO, after 60 s and prior to the lavage was given oxygen at 2 1/min
arrow), after which its spO, returned to 100% within 30 s.

mend that oxygen supplementation should be further tested
for routine use during bronchoscopic procedures in nonhuman
primates and other species.
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