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Background: The objective of this work was to assess res-
ident education regarding contemporary management of
hereditary angioedema using a web-based survey.

Methods: An 11-item, multiple-choice, electronic question-
naire was sent to all 106 accredited otolaryngology train-
ing programs in November 2016. Questions focused on res-
ident education, management principles, and formalized
assessment.

Results: A total of 34 program directors responded,
representing 32% of otolaryngology residences. Ninety-
seven percent believed otolaryngology residents should
be knowledgeable in the management of hereditary an-
gioedema due to Ci1 inhibitor deficiency (Ci1-INH-HAE).
Specifically, 38% and 26% of program directors felt their
residents were comfortable and very comfortable in
Ci1-INH-HAE management, respectively. Of those sur-
veyed, 18% have educational simulation activities and a pro-
tocol in place for Ci-INH-HAE management. Forty-seven
percent of respondents felt their training program pro-

in-person lectures. Seventy-one percent of programs had
no formal assessment of resident competency in C1-INH-
HAE management.

Conclusion: This study is the first to offer insight into
C1-INH-HAE education and management principles in oto-
laryngology training programs. Surveyed program directors
believe residents need a strong knowledge base in the
management of Ci-INH-HAE but less than half feel their
trainees acquire the necessary exposure to this emergent
disease process. Future research efforts in this area should
aim to determine optimal educational activities as well as
how to best incorporate this into otolaryngology residency
curricula. © 2018 ARS-AAQA, LLC.
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vided adequate education and exposure to Ci-INH-HAE.
Over the last 5 years, 45% felt residents were exposed to 1
to 5 cases of C1-INH-HAE. Sixty-seven percent of residents
were trained in the management of C1-INH-HAE through

Patel VA, Siddique L, Stahl L, Carr MM. Hereditary an-
gioedema education in otolaryngology residencies: survey
of program directors. Int Forum Allergy Rhinol. 2018;00:
1-7.

Marcello Donati,' who wrote of a young count with de-
veloping lip edema from an egg allergy. The first clinical
reference to hereditary angioedema due to C1 inhibitor defi-
ciency (C1-INH-HAE) resulting in fatal suffocation was re-
ported by Osler in 1885.> The presentation of angioedema
without wheals varies between subtypes, although in all
forms, it can occur within any organ system. The edema
observed is non-pitting, with ill-defined borders, and may
be flesh-colored or erythematous. Episodes may also be
accompanied with either a burning or tingling sensation.
Genetically, C1-INH-HAE is a rare Mendelian autosomal
dominant disorder estimated to affect 1/10,000 to 50,000
individuals.? This is caused by insufficient levels or dys-
function of the C1 esterase inhibitor (C1-INH), which is
involved in regulation of the complement system. This de-
crease in functional C1-INH is believed to result in in-
creasing levels of bradykinin, which has been implicated

A ngioedema, also known as Quincke’s edema or an-
gioneurotic edema, was first described in 1586 by
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in the development of angioedema.* Classically, there are 3
clinically indistinguishable types of C1-INH-HAE. Type I
(80-85%) is caused by decreased production of normal
functional C1-INH. Type II (15-20%) is caused by the
production of normal levels of defective C1-INH. In C1-
INH-HAE with normal C1-INH (previously termed Type
II), C1-INH is neither deficient nor defective.’ Recently,
4 types of acquired angioedema (ie, idiopathic histamin-
ergic acquired, idiopathic non-histaminergic acquired, ac-
quired related to angiotensin-converting enzyme inhibitor,
and acquired with C1-INH deficiency) and 3 types of hered-
itary angioedema (ie, hereditary with C1-INH deficiency,
hereditary with FXII mutation, and hereditary of unknown
origin) have been identified and described in a consensus
statement crafted by Cicardi et al.°

Affected patients may experience intermittent attacks af-
fecting many organ systems in an asymmetric distribution,
including involvement of the head and neck (ie, eyelids,
lips, tongue, and larynx) with concern for life-threatening
laryngeal involvement, which may result in asphyxiation.
Specifically, with regard to a disease distribution pattern,
a relationship of 1:70:54 has been described for the lar-
ynx, skin, and abdomen, respectively.” Of these episodes,
laryngeal attacks with respiratory impairment are the most
feared manifestation; patients may require emergent naso-
tracheal intubation, orotracheal intubation, tracheotomy,
or coniotomy to provide a secure airway. It is estimated
that up to 50% of C1-INH-HAE patients will experi-
ence at least 1 laryngeal attack within their lifetime; as
many as one-third of laryngeal attacks are fatal if left
untreated.® The severity of these attacks is variable and
related to a multitude of exacerbating factors and trig-
gers, which include infections, medications, menses, stress,
surgical procedures, and trauma. Fifty-percent of these at-
tacks may be triggered by trauma or stress.” Symptom
onset usually begins prior to youth, with up to 75% of
patients experiencing their first attack before 15 years of
age.!?

Currently, there is a paucity of literature with regard to
otolaryngology resident training in the management of C1-
INH-HAE, a field involving surgical procedures of the head
and neck, which could precipitate C1-INH-HAE attacks.
Furthermore, at our institution, otolaryngology is consulted
on patients with a history or concern for C1-INH-HAE,
particularly in the acute management of a patient’s airway.
Hence, the goal of this study is intended to better under-
stand C1-INH-HAE practice patterns and education, as
otolaryngology residents are likely to encounter situations
where C1-INH-HAE management will be required of them
in their present and future clinical practice.

Materials and methods

Study methodology and survey design were developed
by all involved authors. This study was submitted
and approved by the institutional review board at the
Pennsylvania State University, College of Medicine

(STUDY00005921) on November 04, 2016. All pro-
cedures contributing to this work complied with the
ethical standards of the relevant national and institutional
guidelines on human experimentation, Penn State Hershey
Medical Center Human Subjects Protection Office, and
with the Helsinki Declaration of 1975, as revised in 2008.
On November 23, 2016, an 11-item multiple-choice ques-
tionnaire (Appendix) was sent electronically to program
directors of all 106 accredited otolaryngology residency
programs in the United States using the Research Elec-
tronic Data Capture (REDCap) web survey application.
Potential respondents were provided with the following
instructions:

This brief survey contains questions regard-
ing general practice patterns as well as ed-
ucational exposure during otolaryngology
residency in the management of hereditary
angioedema. This survey is 11 questions
in length and should take no more than
5 minutes of your time. Participation is both
anonymous and voluntary, you can stop
taking the survey at any time.

Questions focused on resident education, management
principles, and formalized assessment. Questions were in
part designed using an existing validated survey method-
ology regarding otolaryngic allergy.'’>'> All program
director responses were included in the reported results,
which was abstracted from REDCap to Microsoft Excel
(2016; Microsoft Corp., Redmond, WA) on December
21, 2016, without respondent identifiers for final data
enumeration. Basic descriptive statistical analyses were
performed using SPSS statistical software (IBM Corp.,
Armonk, NY) on Windows 7. The study was performed at
the Penn State College of Medicine, Hershey, PA.

Results

Of the 106 accredited otolaryngology residency training
programs, 34 program directors responded, with a cal-
culated survey response rate of 32%. All participating
program directors filled out the entirety of the survey, save
participants 9 and 13, who left questions 5 and 10 blank,
respectively. Ninety-seven percent of program directors
believed otolaryngology residents should be knowledgeable
in the treatment and management of C1-INH-HAE. Of the
surveyed programs, 38 % have an allergy practice integrated
into their otolaryngology department or division. Most
program directors felt their residents were comfortable
and very comfortable in the treatment and management of
C1-INH-HAE, respectively (Fig. 1). In general, responses
were mixed as to whether their training program provided
enough education and exposure to C1-INH-HAE (Fig. 2).
Residents were often trained in the management of C1-
INH-HAE through in-person lectures and study materials
with questions (Fig. 3). Eighteen percent of institutions have
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How comfortable do you feel your residents are
with the treatment and management of acute

C1-INH-HAE?
100%
80%
60%

38% "
40% 26% 32%
20%
3% 0%
0% —
Very Comfortable Neutral Uncomfortable Very
Comfortable Uncomfortable

FIGURE 1. Question 3 from C1-INH-HAE survey. C1-INH-HAE = hereditary angioedema due to C1 inhibitor deficiency.

Do you feel your residency program provides
adequate education and exposure to acute C1-
INH-HAE management?

100%

80%

60%

47%

40%

20%

0%
Yes - Enough

Some - Not Enough

41%

12%

No - Little to None

FIGURE 2. Question 4 from C1-INH-HAE survey. C1-INH-HAE = hereditary angioedema due to C1 inhibitor deficiency.

How are your residents trained in the management of
C1-INH-HAE?

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

0% 0%

OnlineOn-  Live Webinars
demand
Modules

67%

In-person
Lectures

24%

Study Materials
with Questions

9%
-

None

0%

Regional
Workshops

FIGURE 3. Question 5 from C1-INH-HAE survey. C1-INH-HAE = hereditary angioedema due to C1 inhibitor deficiency.

educational simulation activities involving C1-INH-HAE
treatment and management. Typically, residents received
education on acute C1-INH-HAE management as part of
the otolaryngology residency curriculum (Fig. 4). But most
otolaryngology training programs have no formal assess-
ment of resident competency in caring for a patient with
C1-INH-HAE (Fig. 5). Eighteen percent of programs have a
protocol in place for C1-INH-HAE management. Over the

last § years, 45% reported their residents were exposed to
1 to 5 cases of C1-INH-HAE (Fig. 6). When residents were
involved in the emergent care of C1-INH-HAE, respon-
dents felt treatment could be provided independently by a
junior resident (21%), with assistance of a senior resident
(26%), with assistance of the attending otolaryngologist
(18%), or in conjunction with another consulting service
(35%).
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What aspects of C1-INH-HAE treatment are taught as part
of your residency curriculum?

100%
90%
80%
70% 65%
60%
50%
40%
30% 26%
20%
10% 0% 6%
0% | —
Acute HAE Management Chronic HAE Perioperative HAE All of the Above
Manage ment Management

FIGURE 4. Question 7 from C1-INH-HAE survey. C1-INH-HAE = hereditary angioedema due to C1 inhibitor deficiency.

How do you assess resident competency in their ability
to care for a patient with C1-INH-HAE?

100%
90%
80% 71%
70%
60%
50%
40%
30% 21%

20% =
0% —— —

Question-based Simulation Based Performance on OTE  No Formal Assessment
Examinations Examinations

FIGURE 5. Question 8 from C1-INH-HAE survey. C1-INH-HAE = hereditary angioedema due to C1 inhibitor deficiency; OTE = Otolaryngology Training
Examination.

How often have your residents provided care for C1-INH-HAE in the
past 5 years?

100%
80%
60% 45%
A0% 26%
18%
- . -
=
0% ]
0 15 6-10 11-20 >20

Cases

FIGURE 6. Question 10 from C1-INH-HAE survey. C1-INH-HAE = hereditary angioedema due to C1 inhibitor deficiency.

Discussion greater frequency, patients with C1-INH-HAE are at high-
est risk for recurrent episodes, making this subpopulation
the most imperative to recognize, diagnose, and treat from a
perioperative perspective. For these reasons, it is extremely
important that otolaryngologists be thoroughly trained in
the management of C1-INH-HAE.

This study is the first to offer insight into C1-INH-
HAE education and training provided in United States
otolaryngology—head and neck surgery residency programs.
To our knowledge, no other training program across
both medical and surgical subspecialties, has developed a

Otolaryngologists are likely to be involved in the air-
way management of patients with acute episodes of
C1-INH-HAE, and possibly during routine surgical proce-
dures which can incite a C1-INH-HAE episode. The estab-
lished consensus of high clinical suspicion and close moni-
toring is necessary for patients with symptoms and evidence
of airway obstruction; a low threshold should remain for
early airway intervention.!> Although acquired and idio-
pathic forms of angioedema may clinically be observed in
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standardized protocol as well as an educational mod-
ule with regards to formal C1-INH-HAE training. Pro-
gram directors surveyed believe residents do need a
strong knowledge base in the management of C1-INH-
HAE, but less than half feel that their residents ac-
quire the necessary experience with this emergent dis-
ease process or are otherwise trained well enough to
feel comfortable in managing C1-INH-HAE. Historically,
gaps have already been identified in other aspects of
an otolaryngology resident’s training including allergy
medicine,'* emergent airway management,!> percutaneous
tracheotomy,'® phonomicrosurgery,'” sleep medicine,'®
and vascular anomalies. !’

The 6-step model proposed by Kern et al.*’ can be used
as a conceptual framework in the development of medical
curriculum for C1-INH-HAE which complies with require-
ments and templates set forth by many accrediting bod-
ies and links newly designed curricula to current health-
care needs. This widely used systematic approach involves
6-steps: problem identification and general needs assess-
ment, targeted needs assessment, goals and objectives, ed-
ucational strategies, implementation, and evaluation and
feedback.?? Our study’s findings define both general needs
as well as targeted needs assessment in the management of
C1-INH-HAE.

Analogous to other otolaryngology residency program
studies, we propose adequate training in C1-INH-HAE
could include simulation activity as well as a protocol
for C1-INH-HAE management. Educational strategies that
could be employed include both physical and virtual-
reality simulators. Simulation has successfully been de-
signed to enhance otolaryngology resident knowledge and
demonstrate procedural skills in laryngeal, otologic, rhi-
nologic, and robotic surgical procedures.’! Educational
mannequins, which have previously been used for both
pediatric?? and adult*® endotracheal intubation, as well as
nasopharyngolaryngoscopy,** could also be repurposed to
create a clinical scenario simulating a patient with acute
angioedema and pending airway compromise.

Given the social, psychological, and financial implica-
tions of C1-INH-HAE, effective perioperative management
of C1-INH-HAE has significant potential to reduce and
ideally prevent fatal C1-INH-HAE attacks. Like C1-INH-
HAE, malignant hyperthermia is a rare pharmacogenetic
disorder of skeletal muscle described in the anesthesia
literature that presents as a hypermetabolic response to
potent volatile anesthetic gases; the incidence of malignant
hyperthermia reactions ranges from 1:10,000 to 1:250,000
anesthetics.”> Much like the clinical manifestations of
C1-INH-HAE, this syndrome is likely to be fatal if left
untreated as it similarly presents in an emergent fashion.
Professional skills in anesthesiology, much like in oto-
laryngology, are acquired during residency training while
caring for patients. It remains impossible, however, to
assure that trainees will gain uniform exposure to clinical
challenges or have a chance to acquire and practice crisis
management skills in a predictable fashion. Most residents

1'20

will encounter few of these critical events (ie, malignant hy-
perthermia and C1-INH-HAE) that they may face during a
practice lifetime. As a result, simulation, as well as formal-
ized education, can create crisis situations in a controlled
atmosphere that permits review and practice without
compromising patient risk. In a study by Holzman et al.,?
68 anesthesiologists and 4 nurse-anesthetists participated
in an anesthesia crisis resource management training
course. Scenarios included an overdose of inhalation
anesthetic, oxygen source failure, cardiac arrest, malignant
hyperthermia, tension pneumothorax, and complete power
failure. The potential to practice anesthesia in a safely
controlled exercise environment was rated highly by both
junior and senior anesthesiologists (ie, 80% and 90%).2°
Although there is no definitive evidence for the effectiveness
of simulator training in the management of C1-INH-HAE
or malignant hyperthermia, simulation training should be
embraced on both ethical and practical grounds.

Practice patterns regarding indications for prophylaxis
remain limited. A retrospective study by Aygoren-Piirsiin
et al.?” in 2013 revealed 335 procedures (71 otolaryngo-
logic) in 144 C1-INH-HAE patients did not receive pre-
operative prophylaxis from a total of 700 procedures in
247 C1-INH-HAE patients. The rate of documented an-
gioedema without prophylaxis across all procedures was
6%; in 25% of procedures, the presence of perioperative
angioedema could not be excluded, leading to a maximum
potential risk of 31%,2” In parallel, the Riedl et al.”® 2009—
2010 survey of 172 general U.S. physicians (not including
otolaryngologists) reported that 16% and 20% of physi-
cians do not prescribe short-term and long-term prophy-
laxis, respectively. Similarly, 9% of respondents did not
recommend any treatment for patients with acute attacks.
A follow-up survey by the same group in 2013 revealed that
57% of physicians do not prescribe long-term prophylaxis
and 1% of physicians do not recommend any treatment
for patients with acute attacks.?’ In this study, only 6% of
respondents believed perioperative C1-INH-HAE manage-
ment should be incorporated as part of the otolaryngology
residency curriculum. Future goals and objectives would
be to define what clinical knowledge is required of oto-
laryngology residents to be proficient in the preventative
management of C1-INH-HAE.

With respect to implementation and development of a
C1-INH-HAE protocol, this may be modeled after the
Difficult Airway Response Team designed by Hillel and col-
leagues at Johns Hopkins in 2008. This multidisciplinary
team consists of providers from anesthesiology, emergency
medicine, and otolaryngology departments. Since the im-
plementation of this protocol, 10 of 14 (71%) patients who
presented with oropharyngeal/supraglottic angioedema
were taken to the operating room for advanced airway
management; 7 (70%) of these patients were exclusively
managed by otolaryngologists using fiber-optic-guided
nasotracheal intubation. In addition, case analysis revealed
that head and neck surgeon involvement significantly
decreased the number of necessary cricothyrotomies from
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7 (0.7%) to 4 (0.2%) after implementation of the Difficult
Airway Response Team.?’

As with most surveys, this study was not without
limitations. The recorded response rate was 32%, which
limits generalization of reported findings and potential
implications; however, this is in line with the typical re-
sponse rate for program director surveys of this type.31~33
Our results may also not reflect the overall education
and practice patterns of C1-INH-HAE among residency
programs nationwide. Collection of demographic data
may have provided additional information about regional
trends and the degree to which respondents reflect a broad
cross-section of otolaryngology programs. This survey
was also limited since results were solely derived from
a single representative at a given residency program (ie,
selection bias), rather than multiple sources, including
otolaryngology residents or training program alumni.
Program directors were selected for the survey because
they were considered the most knowledgeable about their
own program’s resident curriculum and experience in C1-
INH-HAE management. Nevertheless, we feel our survey

has at least shed some light into the imbalance between
actual resident exposure to education about C1-INH-HAE
as well as its perioperative management and the need
for such training from the perspective of their program
directors.

Conclusion

This article suggests that formal C1-INH-HAE education
in many otolaryngology training programs is currently
limited despite emphasis by program directors on resident
knowledge in the management of this emergent condition.
The results from this study will hopefully aid otolaryn-
gology residency programs in assessing, modifying, and
strengthening their training curricula. Further efforts could
be directed toward the development of a standardized pro-
tocol in C1-INH-HAE management. This, in parallel, can
provide a structured framework and treatment paradigm
for otolaryngology residents and ancillary care providers
alike, as these patients often require emergent evaluation
in a variety of clinical settings. €
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Appendix

Hereditary Angioedema (C1-INH-HAE) Education
in Otolaryngology Residencies: Survey of Program

Directors

. In your opinion, should Otolaryngology residents be

knowledgeable in the treatment and management of
C1-INH-HAE?

a. Yes

b. No

. Does your Otolaryngology program have an allergy

practice?
a. Yes
b. No

. How comfortable do you feel your residents are with

the treatment and management of acute C1-INH-
HAE?

a. Very Comfortable

b. Comfortable

c. Neutral

d. Uncomfortable

e. Very Uncomfortable

. Do you feel your residency program provides ade-

quate education and exposure to acute C1-INH-HAE
management?

a. Yes - Enough

b. Some - Not Enough

c. No - Little to None

. How are your residents trained in the management of

C1-INH-HAE?

Online On-demand Modules
Live Webinars

In-person Lectures

Regional Workshops

Study Materials with Questions
None

"o 0 T

10.

11.

. Do you have simulation activity involving C1-INH-

HAE treatment and management at your institution?

a. Yes

b. No
What aspects of C1-INH-HAE treatment are taught as
part of your residency curriculum?

a. Acute C1-INH-HAE Management

b. Chronic C1-INH-HAE Management

c. Perioperative C1-INH-HAE Management

d. All of the Above

e. None

. How do you assess resident competency in their ability

to care for a patient with C1-INH-HAE?

a. Question-based Examinations

b. Simulation based Examinations

¢. Performance on OTE

d. No Formal Assessment
Does your department or division have a protocol in
place for the treatment and management of C1-INH-
HAE?

a. Yes

b. No
How often have your residents provided care for C1-
INH-HAE in the past 5 years?

a. 0

b. 1-5

c. 6-10

d. 11-20

e. >20
In situations where residents were involved in the emer-
gent management of C1-INH-HAE, to what level were
they able to manage the patient?
Independently
With Assistance of a Senior Resident
With Assistance of the Attending Otolaryngologist
In Conjunction with Another Consulting Service
Unable to Provide Care
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