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Introduction
Point of care (POC) clinical ultrasonography iscuaeross multiple medical specialties to guide

diagnosis and treatment, and to enhance the safetynvasive procedures. POC clinical
ultrasonography is defined as a focused ultras@pdge examination, performed and interpreted
by the treating clinician, to answer a specific sfim or to guide a procedureEmergency
department physicians were early adopters of PQ@sainography in the late 1990’s; since
then, technological advances have resulted in exdtbportability, improved image quality, and
user-friendly interfaces, expanding the use of PQ@Ifrasonography at the bedside.
Subsequently, this method has been validated byiptaulstudies as a safe, rapid, and cost-
effective clinical tool which improves patient c&ré > © "For example, a recent meta-analysis
showed sensitivities and specificities in the h@gls when emergency medicine physicians used
POC ultrasonography for diagnosing deep vein thasis#3 Renal ultrasonography is
increasingly used to help diagnose and manage ol@piasis, especially when recurrent, when
cumulative radiation from CT is a concérROC ultrasonography can be used to investigate
lung pathology, including pulmonary edema or pnethhoi@x, and it is more sensitive and
specific than physical examination for soft tissnfections’ Real time visualization of critical
and pathological anatomy increases the safety ofyrmpaocedures which have historically been
performed without ultrasound imaging guidance. Timsludes removal of retained foreign
bodies, incision and drainage, regional anesthésieture and joint dislocation reduction, and

needle placement and cannulation.

In Allergy and Immunology, a role for POC ultrasgnaphy was highlighted by multiple studies

demonstrating that the standard epinephrine aeidioi (EAI) needle length was inadequate for

intramuscular delivery of epinephrine, particulafty women, at risk of anaphylaxis.** 2
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Point of care ultrasonography in the allergy anchimology clinic 2

Conversely, for pediatric patients (weighing und&rkg), commercially available EAI needle
lengths may be too long, risking inadvertent insssemus injection and resultant cardiovascular
complications™® * Other promising venues for the use of ultrasonuuyain Allergy and
Immunology entail needle guidance for subcutaneallesgen immunotherapy injections, to
reduce the chance of inadvertent intramuscularciige and systemic side effects. As well,
ultrasonography is an integral component of intrgdpatic allergen immunotherapy, which

consists of three ultrasound guided inguinal noiections over a period of two months'®

The following review summarizes evidence supporting use of POC ultrasonography as an
adjunct clinical tool for Allergists and Immunolsts. We discuss the utility of ultrasound in an
Allergy clinic in ensuring adequate epinephrine=ation in the setting of anaphylaxis. We also
discuss how POC ultrasonography can be routinedg us the Allergy clinic to help minimize
the risk of intramuscular subcutaneous immunothetiagections and adverse systemic side
effects. Lastly, we discuss novel uses of POC sdimagraphy in Allergy and Immunology,

including its role in intralymphatic immunotherapy.
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Point of care ultrasonography in the allergy anchimology clinic 3

Role of ultrasonography in enhancing safe delivery of epinephrinein anaphylaxis

In the setting of anaphylaxis, epinephrine has lbegn established as the initial choice of
treatment” '® °Once anaphylaxis is recognized, rapid adminismatif epinephrine can be
life-saving. Recommendations regarding route atedaiepinephrine injection were solidified in
landmark randomized controlled trials of childremdaadults at risk for anaphylaxis. These
studies demonstrated that peak plasma epinephoneentrations were achieved significantly
faster after intramuscular (IM) injection by mearisan epinephrine auto-injector (EAI) into the
vastus lateralis than after subcutaneous (SC)tinjemto the deltoid muscle. Greater absorption
of epinephrine from the vastus lateralis muscleamparison with the deltoid muscle is thought
to be due to greater blood flow in the highly vdadmed vastus lateralis. In contrast, delayed
peak plasma concentration of subcutaneous epimeplwirelated to its vasoconstrictive effects;
in fact, this property is exploited in medical pedares, where concomitant administration of
subcutaneous epinephrine delays local absorptionlocél anesthetics. Ensuring prompt
intramuscular delivery of epinephrine is therefpegamount in the safe and timely management

of anaphylaxis.

The recommended dose of epinephrine for anaphylexi8.01 mg/kg (maximum 0.5 mg)
administered intramuscularly every 5-15 min as s&mg/. Given the time and training needed
to ensure proper dosing, EAI are the standard tob&dministering epinephrine outside of the
hospital setting. In North America, the Epipen® aAdvi-Q® (previously available as
Allerject® in Canada) are the most commonly présati EAI. Different EAI are available in
Europe with distinct physical characteristics, utthg pressure required for delivery of the

medication and needle lengths [Tablé1}?
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Point of care ultrasonography in the allergy anchimology clinic 4

Given the differences in needle lengths, a sigaifimumber of patients may receive epinephrine
subcutaneously with the currently available BAP> 2 22A 2009-2011 survey found that 26 %
of Canadian adults are obese, including 27.2% aof arel 25.5% of womefi. Accordingly, in

an increasing proportion of the population, EAIl dledengths may need to compensate for the
increased skin to muscle depth (STMD) due to irsedasubcutaneous tissue. Recent studies
have investigated epinephrine injection by EAIs ngsiballistic gel models, computed
tomography, pig subcutaneous tissue and ultrasapbgrin human$® ** 2* *Findings from
both CT and ultrasound studies found that 28% ahem had STMD longer than the EAI needle
length, factoring in eight pounds of compressiori® In addition, a cross-sectional study of 60
men and 60 women presenting to an emergency degartfound that 28% of women had
STMD longer than 15.9 mm (length of longest EAl dleeat time of study)! Females therefore
seem to be at an increased risk of subcutaneoestion from an EAI due to the increase in

STMD.

Duvauchelle et &l compared EAI (Anapén) and pre-filled syringes (PFS) in males with BMI
of 18-26 kg/m (defined as normal weight) and women with BMI &-24 kg/nf (defined as
overweight). When using an EAI in overweight fensaléhe epinephrine fluid depot was located
subcutaneously in 10/12, intramuscularly in 1/1#] aot located in 1/12 patents. Although the
length of the depot traveled further than the lergtthe EAI needle, it was unable to reach IM
in the vast majority. Epinephrine was injected e tinferior third anterolateral thigh in the
overweight females and still not delivered to thesole. Plasma adrenaline levels and systolic

blood pressure were measured over time for eaclenpatinterestingly, the delivery of
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86 epinephrine in the overweight women showed a noifgignt delay in time to initial peak
87 plasma level. Also of note, women in this group dathyed decline in plasma adrenaline level
88 and prolonged heart rate increase, possibly suggesigher bioavailability over the four hour
89 period.

90

91 The Duvauchelle et &l study had limitations regarding possible gendéated differences in
92 epinephrine absorption, and mismatch of adminismmatsites between men and women.
93 However, the localization of the epinephrine byradbnography suggests that subcutaneous
94  Dboluses of epinephrine remain in the subcutaneouspartment. This discrepancy has been
95 Dbrought to worldwide media attention after the itadeath of fifteen-year old Natasha Ednan-
96 Laperouse, who had a severe allergic reactiondamnse while on a flight from London in 2016.
97 During the inquest, the coroner's report concludkdt the EpiPed needle length was
98 ‘“inherently unsafe,” leading to subcutaneously adstéred epinephrin@.

99

100 Conversely, in children weighing <15 kg with confed food allergy, a significant proportion
101 may be at risk of receiving the injection into theriosteum or bone, especially via the pediatric
102 EAI needle length (12.7 mm). One study found th@862of children had skin to bone depth
103  (STBD) less than the pediatric needle length (Figlk)!* A more recent study found 43.1% of
104  children between 7.5 kg and 15 kg at risk of inss®mus injection using a pediatric EAIA
105 new EAI with a needle length of 7.5 mm has beenramu by the U.S. Food and Drug
106 Administration as of November 2017 for childrery.5-15 kg. However, intraosseous injection
107 has also been reported in a child of 25kiyleasurement of STBD (Figure 1A) in small children

108 could have a role in determining the risk of injestinto the intraosseous space.
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The factors of compression and propulsion have lse¢opic of debate. Compression force
required for EAl administration is estimated totve to eight pounds. Dreborg eftompleted
an ultrasound study of 401 patients at risk of agkgxis studying the risk of subcutaneous and
intraosseous injection. It was found that the agpion of EAI with high pressure resulted
primarily in muscle compression (>90%) affectingB®¥ rather than STMD. The subcutaneous
space was compressed by only 11%. Song %traported that the injection bolus in pig
subcutaneous tissue spread 94% beyond the needledugh propulsion. However, Diacono et
al*® reported that the fascia was an impermeable baaiguids injected by an EAI. In addition,
proper intramuscular injection required the entieedle orifice to be in the muscle. Epinephrine

spread within loose epimysium tissue when parhefrteedle orifice was within the epimysium.

There has been debate as to the clinical relevahneedle penetration through the deep fascia.
Although epinephrine delivery has not been spadlficstudied, needle free auto-injectors have
been shown to be capable of injecting through &s$cto muscle. One study was able to
complete successful IM saline delivery in 35 out3af patients validated by MRI imagif9.

Although this has exciting implications as to futevelopment of needle free EAI, the usage of
this concept as validation of delivery by traditiiEAl beyond needle length through fascia is
limited. The mean maximum pressure delivered bydince to achieve this was 212 bars of
pressure, with a mean initial pressure of 155 BEng is significantly greater than the described
spring force of the 0.3 mg Epipen® at 1.57 barbdd equals 14.5 pound-force per square inch).
Even taking into account the described eight polimcis of pressure required to activate the

epinephrine injector, this difference is dramakig(re 1B).
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While more evidence is needed to clarify the sigaifice of optimal needle length in the setting
of anaphylaxis, there is a potential role for ephmne injectors of varying needle length.
Imaging studies are warranted to reassess thealimhportance of intramuscular epinephrine
and help characterize patients at risk of non-imtrscular injection. In an allergy clinic,
ultrasonography can be a useful tool for both rerthesearch studies and patient education.
Ideally, all patients prescribed EAI should haveeadound measurement to assist in identifying
patients at risk of subcutaneous or intraossegestion. Findings by Johnston ef“asuggest
BMI > 30 and female gender as predictors for ineelaSTMD and encourage ultrasound at
point of prescription to aid needle length selectid-or patients at risk of subcutaneous
injections, an EAI with a longer needle could besgribed to reduce the risk of subcutaneous
epinephrine delivery. In addition, counseling regag the importance of carrying a second
prescribed EAI could be warranted to ensure th#ténsetting of anaphylaxis, patients can carry
sufficient doses of epinephrine. Another possipikt modified administration of the EAI to the
anterior thigh rather than the anterolateral thighdings by Kim et al suggest weight <15 kg as
a predictor for risk of intraosseous injectiror children at risk, an EAI with a shorter needle
could be prescribed. Additionally, a modified adisiration of the EAI by pinching the thigh

muscle to increase STBD could be used (Figure 2).
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Ultrasonography as a clinical tool to enhance safety of subcutaneousimmunotherapy
Introduced in 1911, allergen-specific subcutaneimusiunotherapy (SCIT) is a longstanding,
safe, and effective method to treat allergic risfibnjunctivitis and allergic asthni&.>* 33 34
SCIT is indicated in patients with moderate to sewsymptoms who do not respond adequately
to allergen avoidance and medical pharmacothetaespite its clear benefits, SCIT is
considered to be underutilized, possibly in pag thuthe lengthy treatment commitment and the
potential for adverse systemic reacti6hs’ *According to North American allergists surveyed
by the American Academy of Allergy, Asthma, and Ilomology (AAAAI) between 2008 and
2012, very severe systemic allergic reactions geduonce per 1 million injections, and overall
systemic allergic reactions occurred at a rate.b%3° Exact figures vary between studies due
to differences in definitions, technique, and adstration frequency, but it is estimated that the

rates of severe systemic reactions are <1% andsome cases, >30% in conventional

immunotherapy and rush immunotherapy, respectitely.

AAAAI guidelines recommend that SCIT be given usangyringe with a needle length of either
9.5 or 13 mn? In Canada, the standaRD Safety Glide™allergy syringe features a needle
length of 13 mn?° In patients, these needles are injected intotbewtaneous space in the mid-
posterolateral upper arm, where there is a greateunt of subcutaneous tissue than adjacent
areas. Subcutaneous injections create a depoleofjeh extracts that are slowly absorbed from
the subcutaneous tissue. If the injection goes plast subcutaneous compartment, rapid
absorption of the allergen may lead to a systesmction. As such, measuring a patient’s skin-

to-muscle depth (STMD), the distance from the owslan to the inner aspect of the muscle
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fascia, may characterize their risk of receivingedtions intramuscularly and, potentially,

anaphylaxis.

A recent observational study of 200 patients rengi\SCIT between the ages 18 and 65 in
Kitchener, Ontario, Canada found that 80% of p&tiérad a STMD less than or equal to 13 mm
(a standard needle length in the United States@amthda), and that 91% of patients had a
STMD greater than 4 mii. The latter implies that 9% of patients had an STMBs than or
equal to 4 mm. Body mass index was the only sicguifi predictor of STMD. While strategies
exist to try to maximize the STMD and reduce thek rof intramuscular administration, by
injecting the needle at a 45° angle to the skin ‘@mching” the skin, the data suggest that the
current needle length for SCIT may not be as slateds many patients. This  finding  has
parallels to observations in patients with diabef@isposable plastic insulin syringes (and, if
necessary, raising of a skinfold) was assumed tsistently deposit insulin into subcutaneous
tissue, with negligible risk of penetrating musdtmwever, Smith et & demonstrated through
measurements of STMD by ultrasonography that thgniha of children with diabetes had
insulin inadvertently injected into muscle. Vaagaét found intramuscular injections of insulin
led to higher serum insulin levels when comparesutacutaneous injections, possibly impacting
glycemic control and placing patients at risk fgpaglycemia. With the realization that patients
with diabetes have differing STMD where insulinngected, insulin needles of various lengths

are now offered®

In light of the above, Kim et 3l have proposed for all patients receiving SCIT nolergo an

POC ultrasonography to confirm their STMD. Havimgstinformation would allow healthcare
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workers administering SCIT to better appreciate tbal depth to the intramuscular space,
thereby reducing the risk of inadvertent intramuecinjections and, potentially, anaphylaxis.
Although the routine use of ultrasonography woulld & the associated costs, expertise, and
time required to provide treatment, Kim et al be#ighat most allergists would find learning to
read these relatively simple ultrasounds as stifaigiard. As well, recent cuts in costs have
made ultrasonography equipment financially feasifde most clinics. These beliefs are
supported by Bee and Thitfgwho write that even a one to two-day basic skillsasound
course would be sufficient to train general pramiers to perform musculoskeletal ultrasound-
guided joint and soft-tissue injections. They adpeculate that declining costs of point-of-care
ultrasound machines and the abundance of educhtippartunities to train in MSK ultrasound
will precipitate a new paradigm where such a sa@enarcommonplace. Programs that trained
nurses to perform ultrasound-guided peripheral uenaccess have been found to be cost-
effective and can even improve quality-of-caté study that looked at medical students found

that 85% of students achieved adequacy in bas#&sekind skills after a 5-hour coufSe.

With proper identification of a patient's STMD, Higaare workers can better gauge the depth
required to inject needles of current standard leelohgths while remaining in subcutaneous
tissue®™ Alternatively, since 91% of patients have STMD ajez than 4 mm, risk of
intramuscular injections could be further decredsgdeducing the standard needle length for
syringes used for SCIT to 4 mm. This would have #uglitional benefit of simplifying
administration in the majority of patients, as atjen angles and pinching of skin would no
longer be necessary for them. Proper administratio®CIT would likely reduce the risk of

systemic reactions and may increase the use of §&i€rally*> *® As per current AAAAI and
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CSACI recommendations, SCIT should only be perfarnre suitably staffed and equipped

clinics3® “® widespread prevalence of ultrasound machinesesetitlinics would enhance their

qualifications as the setting of choice for treattredministration.
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How | use ultrasonography in theallergy clinic

In our pediatric and overweight patients with atdng of anaphylaxis, who are at risk of
intraosseous and subcutaneous epinephrine injscticspectively, we routinely perform
ultrasonography to ensure adequate epinephrineedglin case of a reaction. The EAIs that are
available in North America require high force tmgger the delivery of the epinephrine. In order
to simulate the injection force of the EAIs, we fpem ultrasonography with firm force
(estimated at 10 pounds of pressure) (Figure 1Bg. dltrasound probe is held perpendicularly to
the long axis of the femur. With an adequate trars ultrasound image of the mid-thigh, we
measure the STMD and STBD (Figure 1A). We docuntieede distances in the patient record.
We tell the patient if the prescribed EAI will dedr epinephrine intramuscularly as preferred. If
there is a high risk of subcutaneous or intraosseojection, we notify the patient and/or the
caregivers about this risk. Because we do not &&es with longer length needles (e.g.,
Emerade) in Canada, we instruct patients with lkaofssubcutaneous injections to always carry
two EAIs, and to call emergency medical servicesa as possible to be taken to the ER for
monitoring and further treatment. If the patiengtsrisk of intraosseous injections, we instruct
the caregiver to squeeze the vastus lateralis e carefully inject the EAI into the mid-
thigh. With this technique, the soft tissues witit tompress significantly so preventing deep

injection into the bone.

As well, we determine skin to muscle distance inmatients undergoing subcutaneous allergen
immunotherapy. Ultrasound of the mid posterior upgren is performed to measure the STMD
(Figure 1B). The image is captured applying minimedssure because pressure is not applied

for allergy injections. After an adequate ultrasdumage is captured, the distance from the skin
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to inner aspect of the fascia of the triceps musci@easured. This distance is documented on
the health record and/or communicated to the plarsscwho will be giving the subcutaneous
immunotherapy. The nurses and/or physicians gitlreginjections are instructed not to inject
SCIT deeper than the measured skin to muscle distaensuring subcutaneous, but not

intramuscular, injections.
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Future directions - emerging role of ultrasonography in Allergy and mmunology

Ultrasound guidance plays a key role in the prowvisof intralymphatic immunotherapy, a

promising novel allergen immunotherapy approddn. intralymphatic therapy, ultrasonography
is used to guide delivery of low concentrationsatéérgenic antigens directly to a local lymph
node (typically the inguinal node¥).'® Compared to uptake of the antigen from a largesedo

injected into subcutaneous tissue, direct lymphenddlivery maximizes immunogenicity. As

well, there is a lower risk for systemic adverserdgs and a significantly shorter course of
therapy compared to SCIT (one to two months vefisesyears). Ultrasonography can also be
helpful in reducing risk of intramuscular injectiauring the administration of omalizumab

(which can enhance the tolerance of SCIT in patienth allergic asthma), and, potentially, in

improving efficacy and safety of SCIT in patienfsspecial considerations, including pregnant
women, children, and the eldefty. ** *° Similar to other areas of medicine, POC
ultrasonography can thus be utilized in the Alleagy Immunology clinic as a rapid and cost-

effective clinical tool that improves patient sgfet
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Figurelegends

Figure 1A. Schematic showing an epinephrine auto-injector (EAIl) penetrating the skin,
subcutaneous tissue, fascia lata, endomysium, and muscle?® STBD, skin to bone distance;

STMD, skin to muscle distance.

Figure 1B. Ultrasound imagesin a patient with A. minimal pressure and B. maximal pressure.™

Figure 2. Modified technique for epinephrine administration in a pediatric patient. By pinching
the thigh muscle, the skin to bone depth is increased, avoiding inadvertent intraosseous

epinephrine delivery.



Table 1. Characteristics of epinephrine auto-injectors available in Europe and North America.

Data obtained from respective companies or according to Reference 50.

Epinephrine autoinjector Needle Estimated Activation Force Maximu

and dose length (mm)  Skin to (N) m
Muscle pressure
Distance applied
(mm) (N)

Range Mean

Epipen Jr® 0.15 mg 12.7 10.7 8535 20-22° 35

Epipen® 0.3 mg 152 13.2 8535 20-21° 35

Auvi-Q® 0.1 mg 75 55

Auvi-Q®/Allerject® 0.15 12.7 10.7

mg

Auvi-Q®/Allerject® 0.3  15.2 13.2 8553 27 53

mg

Jext® 0.15/0.3 mg 15.7 13.7 21-43° 28° 43°

Emerade® 0.15 mg 16 14 8-25 15-17° 25

Emerade® 0.3/0.5mg 23 21 8-25 15-17° 25

Abbreviations: mm, millimeters, mg, milligrams; N, Newtons (1 N = 0.266 pound; 1 pound =

4.425N).
®Estimated from Figure 5, Reference 50.
PV ariation between batches.
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Key M essages

1.

Point of care (POC) clinical ultrasonography is used across multiple medical specialties
to guide diagnosis and treatment, and to enhance the safety of invasive procedures.

In Allergy and Immunology, POC ultrasonography is underutilized.

The standard epinephrine autoinjector (EAI) needle length may be inadequate for
intramuscular delivery of epinephrine, particularly for women, at risk of anaphylaxis.
Ultrasonography can identify the need for longer EAI needle lengths to compensate for
increased skin to muscle depth (STMD) due to increased subcutaneous tissuein this
patient population.

Conversely, for pediatric patients, commercially available EAl needle lengths may be too
long, risking inadvertent intraosseous i njection and resultant complications.
Ultrasonography can evaluate skin to bone depth (STBD) in these patients, which may
reguire adjustment to epinephrine administration.

POC ultrasonography can also be used in needle guidance for subcutaneous allergen
immunotherapy injections, to reduce the chance of inadvertent intramuscular injection

and systemic side effects.



