
Vol 55, No 5
September 2016

Pages 570–576

Journal of the American Association for Laboratory Animal Science
Copyright 2016
by the American Association for Laboratory Animal Science

570

Blood collection is one of the most common and important 
techniques of in-vivo research. However, blood collection 
in mice, the most common research animal, is complicated 
by their small size and anatomy. The challenge is obtaining 
high-quality blood samples without adversely affecting the 
animal’s physiology and wellbeing. The largest volume that 
can be collected humanely is nonetheless a very small volume 
from the perspective of the bioanalytical scientist. Hemolysis 
and clotting unintentionally and negatively affect sample qual-
ity and data.16,28 When large volumes (100 μL per sample) of 
unhemolyzed or unclotted blood are needed at a nonterminal 
time point, retroorbital and submandibular bleeding are the 2 
most commonly referenced techniques. 

Retroorbital blood collection involves inserting a small-diam-
eter glass tube (typically a narrow-mouthed Pasteur pipette or 
a microcapillary tube) into the venous sinus behind the eyeball 
and exerting pressure to penetrate the sinus. The literature 
sometimes refers to the retroorbital venous sinus as a retrobul-
bar venous plexus or periorbital sinus, but the correct term is a 
venous sinus rather than a venous plexus, as is often incorrectly 
cited in the literature.27 The use of the retroorbital method is 
not universally acceptable.2,5,12,13,17,21,22,29-31 In general, when 
performed incorrectly, the retroorbital method has potential 
to have more animal welfare complications than other mouse 
phlebotomy methods. Trauma from the method is thought to be 
somewhat higher than the 1% to 2% reported with other meth-
ods5,30 but may go undetected due to the location deep within 

the orbit.2,5,17,29 Many institutions require general anesthesia 
followed by topical anesthetics when retroorbital bleeds are 
performed.2,5,13,17,29 The introduction of anesthetics may not be 
compatible with every research study and may pose a risk to 
some animal models.4,9 Retroorbital bleeding without the use of 
anesthesia is often discouraged—but not strictly banned—in the 
United States, although some institutions allow this technique to 
be performed without pain relief when sufficient and scientific 
justification is provided. Therefore, finding an alternative to 
retroorbital bleeding is desirable.

Blood collection from the submandibular region can also yield 
large-volume, high-quality blood samples.10,26 This method is 
commonly referenced as superficial temporal vein or facial vein 
blood collection in regard to the specific vessel being targeted 
or as submandibular blood collection in regard to the anatomic 
region from which it is collected. The method is sometimes er-
roneously referred to as submandibular vein collection, but this 
is likely the result of incorrect nomenclature being attributed 
to one or more of the target vessels.11 The superficial temporal, 
maxillary, linguofacial, and facial veins are all potential targets, 
given the variations among practitioners in restraint and lan-
cet penetration techniques. Therefore, we refer to the method 
as ‘submandibular blood collection’ throughout this article. 
Although the submandibular method has been proposed as 
a humane alternative to the retroorbital method,10 scientific 
proof is scarce. To date, we have identified 3 studies directly 
comparing animal welfare impacts. Two found the subman-
dibular method to be more stressful,23,26 and one found that 
it resulted in excessive hemorrhaging.14 In general, we found 
the submandibular approach difficult to train and consistently 
collect. This technique involves blind insertion of the lancet into 
an area covered with fur, and the target vessel may shift due to 
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AAALAC-accredited facility in sterile ventilated microisola-
tion housing on corncob bedding and with enrichment items. 
All research protocols were approved by the IACUC. Animals 
had unlimited access to pelleted feed (Harlan 2920X, Madison, 
WI) and reverse-osmosis–purified water through an automatic 
watering system. Mice were maintained on a 12:12-h light:dark 
cycle in rooms kept at approximately 72 ± 2 °F (22.2 ± 1.1 °C) 
and 30% to 70% humidity in an SPF facility as determined by 
quarterly sentinel surveillance. Sentinel mice were negative for 
respiratory and enteric bacterial pathogens, Helicobacter spp., 
Mycoplasma pulmonis, Sendai virus, murine norovirus, mouse 
hepatitis virus, pneumonia virus of mice, minute virus of mice, 
mouse parvovirus types 1 through 4, reovirus 1 and 3, mouse 
rotavirus, ectromelia virus, lymphocytic choriomeningitis vi-
rus, polyoma virus, K virus, mouse adenovirus types 1 and 2, 
mouse cytomegalovirus, lactate dehydrogenase-elevating virus, 
mouse thymic virus, Hantaan virus, Seoul virus, Theiler murine 
encephalomyelitis virus, endoparasites, and ectoparasites.

Supplies. Equipment included 4- and 5-mm Goldenrod animal 
lancets (Medipoint, Mineola, NY), uncoated 50-μL Microcaps 
microcapillary tubes (Drummond, Broomall, PA), K2EDTA-
coated Microtainer collection vials (BD, Franklin Lakes, NJ), 
facility-sterilized 4×4-in. Curity all-purpose medical sponges 
(Covidien, Mansfield, MA), and Isoflo isoflurane (Abbot Labo-
ratories, Abbot Park, IL).

Study overview. Phlebotomists attempted to collect ap-
proximately 150 μL of blood from each mouse, for a total of 3 
collections and with a 2-wk recovery period between collections. 
For the submental and submandibular groups, phlebotomists 
were allowed to perform no more than 2 attempts per collec-
tion, which were restricted to the right side (collection 1), the 
left side (collection 2), and the right side (collection 3). For the 
retroorbital group, the phlebotomist was allowed to make only 
one entry into the orbit of the right eye (collection 1), left eye 
(collection 2), and right eye (collection 3). Collections from the 
3 groups occurred on the same day at approximately the same 
time of day (± 1 h). Submental and submandibular collections 
were performed in the animal husbandry room under a lami-
nar downdraft hood. Retroorbital collections were performed 
in a procedure room directly across the hall from the animal 
husbandry room, in a biosafety cabinet, which was necessary 
because of the isoflurane anesthesia.

The submental venipuncture method was performed by first 
restraining the animal by the scruff near the ears so that its head 
was immobilized and tilted back to expose the submental region, 
using a grip sufficient to draw back any lose skin or fatty tissue 
from the access site yet not so tight as to restrict breathing or 
blood flow to the region. In most mice, a dark area was visible 
where the facial and submental veins converge (Figure 1) and 
could be directly targeted. When not readily visible, this area 
was located by moving slightly rostrolateral from a group of 
hairs located on the midline of the throat and finding a slightly 
softer spot in the tissue just medial to the facial vein. As an al-
ternative target, a visible portion of the facial vein could have 
been targeted directly (Figure 2); in our experience, this yields 
a slightly smaller sample volume than does targeting the area 
of vascular convergence and therfore was not practiced in this 
study. A 4- or 5-mm mouse phlebotomy lancet (as chosen by 
the phlebotomist) was used to pierce the animal. The lancet was 
inserted and withdrawn in a smooth, firm fashion. Blood was 
allowed to drip freely into the collection vial without manipula-
tion of the puncture site. After collection, each mouse was placed 
in a gauze-lined recovery cage until all bleeding had stopped. 
Wound compression was not used on any animal in this group 

animal movement, differences in restraint techniques, or due 
to individual animal anatomy. Difficulties experienced dur-
ing a study can result in multiple collection attempts or blood 
samples of insufficient volume or poor quality. In addition, we 
observed that the submandibular method occasionally results 
in animal lethargy or hemorrhage prior to or after sample col-
lection. Similar observations have been reported elsewhere.8,14,25

We identified a third approach—submental collection—that 
similarly enables the collection of larger nonterminal blood 
volumes in mice. The submental technique is similar to the sub-
mandibular method but with slight modifications in sampling 
location and animal restraint. By accessing the mouse vascu-
lature under the chin—that is, the submental region—we can 
target blood vessels that are visible under the skin in a sparsely 
furred area. There are few muscles and no major glands in this 
region. We term this method ‘submental blood collection’ in 
regard to the anatomic region in which it is performed rather 
than a specific submental vein, given that multiple veins are 
likely to be involved when performing venipuncture in this 
area. We found that the submental approach is easy to learn and 
frequently can be performed by using a smaller phlebotomy 
lancet than might be indicated19 for submandibular collections 
from similarly sized mice. Submental venipuncture does not 
appear to result in arterial hemorrhage or the lethargy seen with 
the submandibular method. The maximal blood volume obtain-
able with the submental method appears to be somewhat less 
than that from either a retroorbital or a submandibular blood 
collection, but it is nonetheless generally easy to obtain approxi-
mately 10% of a mouse’s circulating blood volume. The current 
study was conducted because, prior to widely recommending 
this new approach at our facility, we had to demonstrate that 
the submental technique was neutral to or better than the ret-
roorbital and submandibular methods, from the viewpoints of 
animal welfare and research. Terminal blood collection methods 
(for example, cardiocentesis) and those used for smaller blood 
volumes (for example, saphenous vein and tail vessel) were not 
considered as part of this study.

Materials and Methods
The present study examined the submental blood collection 

method by comparing it with the retroorbital and submandibu-
lar methods. Phlebotomists collected approximately 150 μL of 
blood through serial sampling conducted at 2-wk intervals, 
for a total of 3 collections per animal. Large mice were used to 
better tolerate repeated high-volume blood draws. Because we 
sought to evaluate the methods as commonly performed in the 
research setting, retroorbital blood collections were performed 
under general anesthesia, whereas submental and submandibu-
lar collections were performed without anesthesia. In addition, 
we recruited our most skilled phlebotomist for each method, on 
the basis of personal preference and evaluation of proficiency. 
All phlebotomists received training on sample handling as part 
of their jobs. Prior to the start of the study, the phlebotomists 
collaborated to ensure that their sample-handling techniques 
were consistent with each other’s.

Animals. Female CD1 mice (age, 12 to 13 wk) were obtained 
from a commercial vendor (Harlan, Indianapolis, IN) and were 
housed until each weighed more than 30 g (age, 23 wk). Large 
mice were used to better tolerate the effects of repeated large-
volume blood draws. Mice were group-housed at a density of 5 
per cage on arrival. Cage mates were assigned to study groups 
without randomization (n = 15 per group, submental, subman-
dibular, and retroorbital). Animals were cared for in accordance 
with the Guide for the Care and Use of Laboratory Animals15 at an 
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was then placed in a gauze-lined recovery cage until all bleed-
ing had stopped, with additional compression when needed.

The retroorbital venous sinus blood collection method2,13 
was performed by first anesthetizing each mouse with 5% 
isoflurane delivered in an induction chamber at a rate of  
2 L/min, with a duration of exposure sufficient to ensure that the 
animal would remain unconscious throughout the procedure. 
The anesthetized mouse was then held by the scruff so that 
its head was pointing down, with the skin was pulled away 
from the eyeball and the eyeball gently protruding from the 
socket. A microcapillary tube was inserted into the ventrocaudal 
corner of the eye at an approximate 45° angle and was gently 
rotated and pressed forward until blood was visualized flow-
ing through the microcapillary tube. At this point, the mouse 
and tube were inverted so that blood could drip freely from the 
end of the microcapillary tube into the collection vial. When 
approximately 100 μL of blood had collected in the vial, the 
microcapillary tube was removed from the retroorbital venous 
sinus, and the remaining blood was dispensed to the collection 
vial by capillary action. Gauze was used gently to stop any 
blood loss. Each mouse was then placed in the gauze-lined 
recovery cage until fully recovered from the anesthesia. Prior 
to being returned to the home cage, each mouse was observed 
for behavioral changes that might indicate injury or trauma to 
the eye (squinting, pawing at the eye).

Any difficulties or complications were noted at the time of 
collection. The size of the phlebotomy lancet used and incidence 
of repeat attempts were noted for the submental and subman-
dibular groups. All mice were observed daily throughout the 
study for signs of injury or distress. Animals were weighed prior 
to phlebotomy and at 24 and 48 (± 2) h after phlebotomy. Sample 
volumes were calculated by weighing the collection vials be-
fore and after sample collection and then using the conversion 
factor: 1.06 g blood = 1 mL blood.1 Extraneous blood loss was 
assessed indirectly by calculating the weight of any residual 
blood, beyond that collected in the sample vials. To this end, a 
quantity of gauze was weighed and used to line the surfaces 
of the collection field and a recovery cage, and a portion was 
placed at-hand for use in wound compression or blotting up 
blood. The gauze was situated in a manner that would ensure 
any blood not collected in the sample would be caught by the 
gauze. Used phlebotomy lancets were wiped with gauze before 
being discarded, and the microcapillary tubes used for the ret-
roorbital bleeds were weighed before and after collection. To 
avoid contaminating the gauze with urine, the urinary bladders 
of the mice were expressed away from the collection field prior 
to beginning the collection.

After the final phlebotomy was complete, a veterinarian 
performed a postmortem examination of the collection sites in 
mice comprising the submental and submandibular groups. 
Approximately half of the animals were examined 2 d after the 
final blood collection, and the remaining mice were evaluated 
7 d after the final phlebotomy. Mice were euthanized via CO2 
asphyxiation followed by cervical dislocation. The skin was dis-
sected away from the collection site, and the amount of tissue 
damage was assessed visually. Mice were scored as having no 
gross visible tissue damage (score, 1); a trace mark at the collec-
tion site but no hematoma (score, 2); or a hematoma covering 
the collection site (score, 3).

Samples were assessed for hemolysis and clotting by submit-
ting the blood samples to be processed in our clinical pathology 
lab and scored by a pathologist. For the hemolysis assessment, 
a microhematocrit tube was prepared, and blood samples  
were scored visually using a sample hemoglobin scale with 

because bleeding from the submental region stops rapidly once 
the animal is released from restraint and resumes a normal head 
position. However, if any animal had bled excessively (more 
than 1 drop of blood in the recovery cage), wound compression 
would have been applied.

The submandibular venipuncture method10 was performed 
by first restraining the animal by the scruff near the shoulder 
blades so that its head was immobilized and the loose skin 
around the face was retracted sufficiently but not excessively. 
A 4- or 5-mm mouse phlebotomy lancet (as chosen by the 
phlebotomist) was used to pierce the submandibular region 
of the mouse along the posterior edge of the mandible. We 
believe that the superficial temporal and maxillary veins were 
the most commonly achieved targets for this venipuncture, but 
we acknowledge that some of the mice might have been bled 
from the linguofacial or facial veins. The lancet was inserted and 
withdrawn from the animal in a smooth, firm fashion. Blood was 
allowed to drip freely into the collection vial without manipula-
tion of the puncture site. Gauze compression was applied after 
collection, when needed, to help stop blood loss. Each mouse 

Figure 1. The darker areas indicate vessels under the skin, and the 
black dot indicates the location of the hair or fur whorl. Circled areas 
indicate the approximate sites where the facial and submental veins 
converge. Neck shaved for photography.

Figure 2. The anterior facial veins are visible. Neck shaved for pho-
tography.
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The combined extraneous blood loss across all 3 collections, 
as measured by the weight of residual blood on the collection 
materials, was 0.61 g for the submental group, 1.87 g for the 
submandibular technique, and 0.88 g for the retroorbital process 
(Table 1). The submental method incurred an average hemoly-
sis score of 0.28, which was significantly lower than those for 
the submandibular method (1.09, P < 0.0001) and retroorbital 
method (1.55, P < 0.0001) (Figure 4). The submental method 
incurred an average clotting score of 0.92, which did not dif-
fer from that of the submandibular method (1.34, P = 0.0507) 
but was lower than that for the retroorbital method (1.81, P = 
0.0002; Figure 5). The submental method yielded more good-
quality compared with variable-quality samples than did either 
other method (submental compared with submandibular, P = 
0.0142; submental compared with retroorbital, P < 0.0001). The 
submental method also yielded more good-quality samples 
overall as compared with variable-quality samples + incidents 
of missed collection (submental compared with submandibular, 
P = 0.0344; submental compared with retroorbital, P < 0.0001). 
However, the retroorbital method yielded fewer missed collec-
tions than did the submental technique (P = 0.0496; Table 2).

Lancet size differed between the submental and submandibu-
lar methods (P < 0.0001), although this outcome was driven by 
phlebotomist preference. The number of repeat attempts did 
not differ between the submental and submandibular methods 
(Table 3). At 2 d after the final phlebotomy, the submentally bled 
mice were judged to have subjectively less severe injury at the 
access site, but no animals from either group exhibited grossly 
visible tissue damage at 7 d afterward (Table 4). In addition, 3 
mice in the submental group and 5 in the submandibular group 
in which the final phlebotomy resulted in a missed collection 
showed no grossly visible tissue damage at 2 d thereafter.

Discussion
Compared with the submandibular method, the submental 

method of blood collection from mice did not result in adverse 
animal welfare outcomes. This result may reflect the relative 
ease with which the method can be performed due to the ease 
of finding the target vessels. The small phlebotomy lancet used 
for most of the submental collections presumably limited the 
amount of extraneous blood loss and trauma to the collection 
site. However, in our experience, the method appears less likely 
to result in hemorrhaging and staunches more rapidly than 

representative values at 0 mg/dL (score, none), 40 mg/dL (score, 
1+) 80 and 120 mg/dL (score, 2+), 160 mg/dL (score, 3+), 200 
and 320 mg/dL (score, 4+) and 360+ (score, abnormal). For the 
clotting assessment, a whole-blood smear was prepared, and 
the degree of clotting was based on the number of clots found 
at the peripheral or ‘feathered’ edge of the smear according a 
scale of none, rare (1 clot), few (2 to 10 clots), and many (more 
than 10 clots).

Statistical analysis. A P value of less than 0.05 was used as the 
benchmark for statistical significance in all analyses. Analysis of 
weight change, hemolysis, and clotting were performed using 
SAS (SAS Institute, Cary, NC). Comparison between methods 
for missed collections, overall sample quality, and repeat bleed 
attempts was performed by using the 2-tailed Fisher exact test 
(Excel, Microsoft, Seattle, WA).

For the analysis of weight change, each individual mouse’s 
change in weight first was averaged over the 3 phlebotomy ses-
sions. A repeated-measures ANOVA model was used to assess 
differences between methods. The model included factors of 
phlebotomy method, day of collection, and their interaction. The 
submental method was compared with the submandibular and 
retroorbital blood collection methods at both the overall level 
(all 3 blood collections combined) and on individual collection 
days. The Dunnett multiple comparison adjustment was applied 
in each set of comparisons.

For analyses of hemolysis and clotting, sample volumes of 
less than half that targeted (that is, less than 75 μL) were desig-
nated as ‘missed collections’ and excluded; such low volumes 
are strongly suggestive of difficulties during collection. Many of 
these samples were extremely low in volume or were extremely 
poor in quality. In biomedical studies requiring large volumes of 
high-quality blood, such samples would typically be discarded 
and another collection attempted or the mouse skipped for that 
collection. Remaining scores were first converted into numerical 
scores on a scale from 0 to 5 (hemolysis) and 0 to 3 (clotting). 
Scores were then averaged over the 3 phlebotomy sessions per 
mouse. An ANOVA model was used for evaluating the effect 
of the blood collection methods. The submental method was 
compared with the submandibular and retroorbital methods 
by using the Dunnett multiple-comparison adjustment.

Samples of sufficient volume with little to no hemolysis 
and little to no clotting are highly desirable from a biomedical 
standpoint. Overall sample quality was designated as ‘good’ 
for samples where: sample volume, 75 μL; hemolysis score, 
none or 1+; and clotting score, none or rare. Sample quality 
was designated as ‘variable’ when the volume exceeded 75 μL, 
but hemolysis or clotting did not meet the criteria designating 
good-quality samples.

Results
According to daily observation of the mice, no technique-

related complications or distress occurred in the submental 
and submandibular groups. The retroorbital group included 
2 mice that exhibited minor inflammation at the corner of the 
eyelid where the microcapillary tube had been inserted, but no 
tearing or squinting, for a few days after collection. This minor 
inflammation resolved without medical intervention within a 
few days.

The average postcollection weight changes at 24 and at 48 h 
was –0.4% and –0.4% for the submental group, –1.2% and –1.9% 
for the submandibular method, and –0.6% and –1.0% for the 
retroorbital group, respectively, calculated as a combined aver-
age for all 3 bleeds in all 45 animals (Figure 3). Differences in 
weight change between groups were not statistically significant. 

Figure 3. Weight change after phlebotomy for all 3 blood-collection 
methods (pooled samples). No significant difference was found be-
tween methods. Bar, 95% confidence interval.
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mice,1,5,21,29 such that a 30-g adult mouse has a total blood vol-
ume of 1.7 to 2.4 mL (55 to 80 mL/kg × 0.03 kg = 1.7 to 2.4 mL). 
Therefore, the maximal amount of blood available for removal 
during a nonterminal bleed is 170 to 240 μL (10% of 1.7 to  
2.4 mL). Using the conversion factor of 1 mL blood = 1.06 g,1 we 
estimate an average of 39 μL extraneous blood loss per mouse 
per submandibular collection (1.87 g of blood residue / 1.06 g/
mL = 1.76 mL blood; 1.76 mL/45 collections = 0.039 mL [that is, 
39 μL] per mouse per collection). For the submental method, we 
estimate an average of only 13 μL of extraneous blood loss per 
mouse per collection (0.61 g blood residue / 1.06 g/mL = 0.57 mL 
blood; 0.57 mL/45 collections = 0.013 mL per mouse per collec-
tion). The choice of a smaller lancet did not correspond to more 
repeat attempts or missed collections. Sample hemolysis scores 
were lower for the submental compared with submandibular 
method. Although less trauma at the collection site may have 
influenced this outcome, the fur over the submandibular region 
might have increased the associated hemolysis, given that RBC 

the submandibular method, which also limited the amount of 
extraneous blood loss regardless of lancet size used. Despite 
the decreased lancet size, the submental method resulted in 
fewer repeat attempts and a similar frequency of missed col-
lection. The current study might be criticized for allowing the 
phlebotomist’s preference to drive the selection of lancet size. 
The phlebotomy lancets used for the submandibular collections 
were in line with the manufacturer’s recommendations,19 based 
on the age range of the mice (2 to 6 mo). The animals used in 
the study were of a large stock approaching the end of the rec-
ommended age range (23 wk). We believe that the difference 
in lancet size is more likely to be linked to inherent differences 
in the way the 2 techniques are accomplished. The extraneous 
blood loss incurred in the submandibular group (1.87 g) is 
concerning given that most institutions allow the withdrawal 
of no more than 10% of the circulating blood volume every 2 
to 4 wk.2,5,13,18,22,29 As a general guideline, the total circulating 
blood volume ranges from approximately 55 to 80 mL/kg in 

Table 1. Extraneous blood loss

Blood collection number

1 2 3 Combined

Submental 0.23 0.18 0.20 0.61
Submandibular 0.57 0.92 0.38 1.87
Retroorbital 0.43 0.26 0.19 0.88

Data are presented as total weight (in grams) of blood residue on col-
lection materials for all mice.

Figure 4. Average hemolysis score. For blood collections combined: 
submental compared with submandibular, P < 0.0001; submental com-
pared with retroorbital, P < 0.0001. Statistical significance was not cal-
culated for individual collections. Bar, 95% confidence interval.

Figure 5. Average clotting score. For blood collections combined: sub-
mental compared with submandibular, P = 0.0507; submental com-
pared with retroorbital, P = 0.0002. Statistical significance was not  
calculated for individual collections. Bar, 95% confidence interval.

Table 2. Sample quality and missed collections

Submental Submandibular Retroorbital

Good sample 28a,b 17a 5b

Variable sample 8 18 37
Missed collection 9c 10 2c

The total number of blood collections was 45 for both the submental 
and submandibular methods and 44 for the retroorbital technique. A 
good sample had a volume of 75 μL or more, a hemolysis score of N 
or +, and a clotting score of none or rare. A missed collection was one 
with a volume of less than 75 μL.
aP = .0142 versus ‘Variable sample’, P = 0.0344 versus (‘Variable sample’ 
+ ‘Missed collection) 
bP < 0.0001 versus ‘Variable sample’ and P <0.0001 versus (‘Variable 
sample’ + ‘Missed collection’)
cP = 0.0496 versus (‘Good sample’ + ‘Variable sample’)

Table 3. Lancet size and repeat attempts

Submental (n = 45) Submandibular (n = 45)

4-mm lancet used 35a 0a

5-mm lancet used 10a 45a

Repeat attempts 10b 19b

Data are presented as the number of mice affected.
aP < 0.0001
bP = 0.0702

Table 4. Postmortem evaluation of access site

Submental Submandibular

2 d after phlebotomy
  No gross injury noted 4 0
  Trace access mark, no hematoma 3 4
  Hematoma over access site 0 1

7 d after phlebotomy
  No gross injury noted 5 5
  Trace access mark, no hematoma 0 0
  Hematoma over access site 0 0

A total of 5 mice were accessed per method, except for the 2-d submen-
tal time point (n = 7). Data presented as the number of mice affected. 
Three mice from the submental group and 5 from the submandibular 
group had ‘missed collections’ on the final day of phlebotomy; these 
animals also were assessed at 2 d after phlebotomy and had no grossly 
visible injury.
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to the nature of the assessments, whereas hemolysis scores and 
postmortem assessment of injury would be somewhat more 
vulnerable to bias; future studies could better control for these 
factors. Furthermore the anesthesia used for the retroorbital 
group might have confounded the comparison. If the retroorbi-
tal bleeds had been performed without anesthesia, we presume 
the method would have been more traumatic to the mice, re-
sulting in more poor-quality samples due to animal movement. 
Conversely, if the submental and submandibular methods had 
been performed with anesthesia, we presume the collections 
would have been easier and may have resulted in better study 
outcomes. Future research studies could investigate these pos-
sibilities, particularly in light of how the techniques typically 
are performed at other institutions.

As a general rule, variations in individual skill with a particu-
lar technique can have a substantial effect on animal welfare, 
experimental outcome, and reproducibility.2,3,5-7,12,13,18,30 A 
wide variety of blood parameters are influenced by the col-
lection site.3,7,20,24 Therefore, the adoption and promotion 
of a standard venipuncture method that is (in general) easy 
to learn and perform must certainly have a positive effect 
through obtaining data of improved quality and consistency. 
As a result of our study, the submental blood collection method 
was determined to be an acceptable venipuncture method for 
collecting large, nonterminal volumes of blood from mice. In 
practice, the submental technique has become the preferred 
method at our facility due to its relative ease of implementation, 
improved animal wellbeing compared with the submandibular 
method, and ability to yield high-quality blood samples. Ad-
ditional technical and scientific staff members have become 
competent in the technique and have used it in many research 
studies. Prior to adoption of the submental method we often 
experienced reluctance among investigators to move away 
from the retroorbital method. Difficulties experienced with 
the submandibular method led to complaints about sample 
quality; therefore, many investigators felt that the retroorbital 
method was the only way to obtain blood samples of sufficient 
volume and quality for their studies. The ease of training and 
execution of the submental method has positively influenced 
our investigators’ interest in and commitment to change their 
previous venipuncture approach. Since adoption of the sub-
mental method, the retroorbital method has been phased out 
of many research protocols. Submandibular blood collection is 
not performed frequently in our facility, given that personnel 
generally prefer to learn and implement the submental method.
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