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FROM THE EDITOR

Anaphylaxis: Expanding
our perspective

This month in our “Guidelines to Practice” series, Weller and Hsieh
review the 2020 practice parameter update on anaphylaxis.!” I suspect
that most of us have a Frank Netter-like caricatured image of the patient with ana-
phylaxis (aka anaphylactic shock): mottled skin with some flush, swollen lips, some
urticaria, hypotensive, tachycardic with wheezing heard on lung exam on the verge
of cardiovascular collapse. But as highlighted by Weller and Hsieh, this is an extreme
presentation on the spectrum of severity of anaphylaxis.

As the use of infused new protein-based medications increases across all specialties,
we are spending more time reading package inserts and using drug databases to famil-
iarize ourselves with the possible adverse effects of the medications. And we often find
anaphylaxis listed as a rare but reported side effect. But as Weller and Hsieh point out,
anaphylaxis is not always the extreme scenario we learned about in medical school.
Rather, there is a range of far milder allergic infusion reactions that are nonetheless
anaphylaxis.

This is not to minimize the potential impact of these reactions on patients and on
what we should think about before prescribing these medications. While corticosteroid
and antihistamine pretreatment is understandably provided before infusion of medica-
tions that have a perceived or recognized risk of hypersensitivity reactions, we still lack
studies clearly demonstrating that these protocols reduce the occurrence of anaphy-
laxis.

Instructive from reading the summary of the practice update is the strong recom-
mendation for the administration of epinephrine, and the reminder that some patients
experience biphasic anaphylaxis—a potentially serious delayed occurrence warranting
prolonged observation of some patients after the initial anaphylactic event has re-
solved. Interestingly, administration of glucocorticoids at the time of the initial allergic
reaction does not seem to prevent this second reaction.

For those of us who don’t deal with severe allergic reactions on a daily basis, but do
care for patients at risk of having one as a result of our therapeutic interventions, the
paper by Weller and Hsieh is worth reading.

Brian F. Mandell, MD, PhD
Editor in Chief

1. Weller KN, Hsieh FH. Anaphylaxis: Highlights from the practice parameter update. Cleve Clin J Med 2022;
89(2):106-111. doi:10.3949/ccjm.89a.21076

2. Shaker MS, Wallace DV, Golden DBK, et al. Anaphylaxis—a 2020 practice parameter update, systematic review,
and Grading of Recommendations, Assessment, Development and Evaluation (GRADE) analysis. J Allergy Clin
Immunol 2020; 145(4):1082-1123. doi:10.1016/j.jaci.2020.01.017

doi:10.3949/ccjm.89b.02022
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1-MINUTE CONSULT
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Q: Does my hospitalized patient need an
NPO-after-midnight order preoperatively?

69-year-old man with osteopenia is brought

to the emergency department after falling
while walking on his driveway. He suffered no loss
of consciousness. Initial evaluation reveals a right
intertrochanteric hip fracture, and he is admitted
to the hospital medicine service. On admission,
the nocturnist is asked to place an order for noth-
ing by mouth (NPO) after midnight, as the pa-
tient will be an “add-on” for surgery the next day.
The next day, the patient is taken to the operating
room at 3:45 pm, almost 16 hours after the order
disallowing food or drink was placed.

o Not every inpatient awaiting surgery
¢ under general anesthesia requires an

order for nothing by mouth (NPO) after mid-
night, and it is important for internists to be
aware of recommendations on this matter.

Ordering NPO after midnight has been a
common practice to lower the risk of aspira-
tion of gastric contents during general anes-
thesia, which is due in part to suppression of
laryngeal reflexes from anesthesia.!* Unfortu-
nately, delays, cancellations, and postpone-
ments of surgical procedures are common, and
disallowing oral intake for prolonged periods
in these situations may lead to patient harm
and frustration. A recent review by Black et
al’ reported that orders for NPO after mid-
night were low-value patient care, a practice
that is not evidence-based practice and that
causes significant patient dissatisfaction.

Further, the use of midnight as the cutoff
for oral intake is arbitrary, chosen more for the
convenience of the operating room schedule
and the ordering provider rather than the pa-
tient. A 2003 Cochrane review* concluded that
there was no support for lengthier fasting peri-
ods such as the standard NPO after midnight
doi:10.3949/ccjm.892.21061

CLEVELAND CLINIC JOURNAL OF MEDICINE

when compared with shortened fluid fasts. In
fact, the American Society of Anesthesiologists
(ASA) guidelines for preoperative fasting allow
light meals up to 6 hours and clear liquids up to
2 hours before elective procedures utilizing gen-
eral anesthesia.” These guidelines are similar to

those of the European Society of Anaesthesiol-
ogy and Intensive Care (ESAIC).°

I CONSIDERATIONS BEFORE ORDERING
NPO AFTER MIDNIGHT

When placing a preoperative NPO order, the

following should be considered:

e Orders for NPO after midnight should be
used sparingly

e Providers should be aware of the potential
harms of prolonged fasting

e  When patients are expected to undergo in-
patient procedures, communication between
providers is key to ensure preoperative rec-
ommendations from all teams are followed

e Major society guidelines should serve as a
backbone for the development of protocols
that utilize dietary modifications and briefer
periods of fasting before elective procedures

e Allowing clear liquids 2 hours or a light
breakfast 6 hours before administration of
anesthesia is preferred.

M ELECTIVE OR SEMI-URGENT PROCEDURES

We suggest that institutions utilize published
guidelines as a basis to implement multidisci-
plinary protocols incorporating brief, evidence-
based fasting periods before elective surgical
procedures. Furthermore, given the potential
harm to the patient of prolonged fasting, an
individualized approach should be made re-
garding NPO-after-midnight orders, including
patients undergoing semi-urgent procedures.

VOLUME 89 ¢ NUMBER 2
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NPO-AFTER-MIDNIGHT ORDERS

The benefits of a patient-centered approach
avoiding prolonged fasting when appropriate
is well-cited. In a study of bariatric surgery pa-
tients, Nossaman et al’ reported that instituting
a policy allowing patients access to water up to 2
hours before surgery resulted in shorter hospital
length of stay compared with patients in a post
hoc analysis before the policy was instituted. In-
terestingly, no perioperative aspiration events
were reported in either group.”

Il PATIENTS AT HIGH RISK OF ASPIRATION

Prolonged fasting became a standard in the
mid-1900s, when catastrophic surgical com-
plications were reported in obstetric patients
who aspirated during labor.® Although this
practice has incorrectly been extrapolated to
nearly all surgical and radiologic procedures,
patients in labor, patients with obesity, those
with a history of esophageal surgery, and those
with gastrointestinal obstruction are at high-
est risk of aspiration! and thus may require a
prolonged fast. Clinicians should be able to
identify these patients early in the hospital
course when taking a careful history.

Il THE BOTTOM LINE

Although the practice of prolonged preopera-
tive fasting has been considered the best way to
prevent aspiration, overutilization of NPO-af-
ter-midnight orders represents low-value care,
and it violates at least 3 of the 6 healthcare
quality domains (safety, efficacy, and patient-
centeredness) without leading to improved
outcomes. Furthermore, prolonged fasting is an

obstacle to maintaining appropriate hydration
preoperatively, thus making it more difficult to
optimize hemodynamics after induction of gen-
eral anesthesia.” Unfortunately, the evidence-
based guidelines for perioperative dietary al-
lowance published by the ASA and ESAIC
are not widely adopted as standard of care for
inpatients in need of nonelective procedures.>®

Evidence shows that more liberal NPO
policies do not increase cases of aspiration or
surgical case cancellation.!® In the case of the
patient in the opening scenario, it would be
prudent for the nocturnist to order an early
breakfast of clear liquids after a discussion
with colleagues in orthopedic surgery and an-
esthesiology. This should not interfere with
the patient’s surgery, even if the surgery occurs
earlier than originally anticipated.

An optimal approach to NPO in hospital-
ized patients awaiting surgery would be for over-
night nursing staff to be able to confirm operat-
ing room scheduling before leaving their shift.
Scheduling of add-on surgeries should be refined
in patient-centered ways, as this is a root cause
leading to the practice of ordering NPO after
midnight. This would help ensure that patients
receive their meals appropriately. This approach
would best be developed through systemic so-
lution planning that would include representa-
tives from nursing (operating room and bedside
staff), hospital medicine, surgical and procedur-
al specialties, and anesthesiology. |
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Hypertrichosis and topical
corticosteroid use

Hypertrichosis
is an adverse
, , , _ effect of topical
Figure 2. Arrows point to striae atrophicae on the . .
patient’s left forearm. Hair growth on the right corticosteroids
forearm is normal.
Figure 1. Thick hair growth on the
p;?tient's left forearrgn. had subsided within a short period. However,
she had continued to apply the corticosteroid
. . to her left arm for more than 2 years after the
N 8o-YEAR-OLD WOMAN with mild de- . ) .
. . . dermatitis had subsided, and she was still us-
mentia presented to our clinic with a | . .
. : : ing it at the time of presentation.
chief complaint of recent hair growth on her : .
o i The hair on the left forearm was signifi-
left forearm. On examination, the hair was .
hick and - ted to the ul de of the lof cantly longer and denser than on the right
thickand restricted to the uinarside of the left - g, earm. The abnormal hair growth occurred
for.earm (Flggre 1)’.The left forearm also had  ere the topical steroid was applied. Because
striae atropblcae (Flg.ure 2?‘ these findings were unilateral, we excluded
The patient’s medical history revealed that  conditions such as hirsutism, ovarian hyper-
2 years earlier she had been prescribed the top-  thecosis, androgen-secreting ovarian and ad-
ical steroid betamethasone butyrate propio-  renal tumors, and Cushing disease, and we
nate for treatment of xerotic dermatitis, which  diagnosed her with hypertrichosis caused by
doi:10.3949/ccjm.892.21048 long-term use of steroid ointment.
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HYPERTRICHOSIS

I DIFFERENTIAL DIAGNOSIS
OF HYPERTRICHOSIS

Hypertrichosis is an abnormal amount of hair
growth that can be distributed anywhere on
the body. Regarding the differential diagnosis,
it is important to separate hypertrichosis from
hirsutism, which is defined as abnormal hair
growth on the skin of females in androgen-
influenced areas that are considered charac-
teristic for hair growth in males, such as the
mustache region.!

Race and ethnicity also affect the differen-
tial diagnosis of hypertrichosis. For instance,
regardless of the serum androgen concentra-
tion in women of reproductive age, East Asian
and Native American women usually have
less body hair, while women of Mediterranean
ethnicities have many more body hair.

Furthermore, hypertrichosis is not a ma-
lignant condition, whereas hirsutism implies
an underlying hormonal disorder because it
is most frequently caused by polycystic ovary
syndrome.? Idiopathic hirsutism is the appear-
ance of hirsutism in females without abnormal
serum androgen concentrations, menstrual dis-
orders, or other clinical disorders.?

In addition, endocrine disorders associated
with excessive androgen production such as
congenital adrenal hyperplasia, androgen-se-
creting tumors, and ovarian hyperthecosis can
cause hirsutism. Drugs such as danazol and any
type of androgen therapy are also associated
with excessive hair growth. Hypertrichosis can
also be caused by topical minoxidil for alopecia
areata and prostaglandin analog therapy.*

Il TOPICAL CORTICOSTEROIDS
AND HYPERTRICHOSIS

Although topical corticosteroids are consid-
ered safer than systemic corticosteroids, they

can cause local cutaneous and systemic adverse
effects. The most common local side effects
are atrophy, striae, rosacea, perioral dermatitis,
acne, and purpura, while hypertrichosis, pig-
ment alteration, delayed wound-healing, and
exacerbation of skin infection are less com-
mon.’ Widespread use of high-potency topical
corticosteroids or chronic topical corticosteroid
use can cause suppression of the hypothalamic-
pituitary axis.’ Less frequent but important sys-
temic effects of these drugs are hyperglycemia,
glaucoma, and adrenal insufficiency.®

I CASE CONCLUSION

Our patient had been using betamethasone
butyrate propionate ointment, which is avail-
able in Japan but not in the United States. It
is a dermatologic corticosteroid categorized as
a potent (group III) drug by the World Health
Organization Anatomical Therapeutic Chemi-
cal classification system,” which classifies topi-
cal steroids from group I (weak) to group IV
(very potent).

We considered that the patient’s localized
use of this topical corticosteroid for more than
2 years led to the hypertrichosis and striae atro-
phicae on her left forearm. We tapered the dose
of topical corticosteroid, and consequently, the
amount of hair decreased considerably.

The key to successful topical corticosteroid
use is accurate prescription and good commu-
nication with patients. Clinicians should cau-
tion patients that excessive use and overuse of
topical corticosteroids can lead to hypertrich-
osis as a cutaneous adverse effect. |
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Soft tissue sarcoma:

Recognizing a rare disease

ABSTRACT

The recognition of a malignant soft tissue mass can be
challenging, given the rarity of soft tissue sarcoma and
the extensive overlap between benign and malignant
presentations. Awareness of the signs and symptoms
of soft tissue sarcoma in primary care practice ensures
prompt referral to a sarcoma center for appropriate as-
sessment and treatment to optimize outcomes.

KEY POINTS

The rarity of soft tissue sarcoma, its heterogeneity, and
overlap of symptoms with benign conditions are chal-
lenges to timely diagnosis.

A smaller tumor at diagnosis (< 5 cm) is associated with
better prognosis.

Patients suspected of having a soft tissue sarcoma
require prompt referral to a sarcoma center for assess-
ment and treatment.

doi:10.3949/ccjm.89a.21078

HE FINDING OF A SOFT TISSUE MASS on the
T trunk or limbs can be the source of anxi-
ety and distress for patients, and a diagnostic
challenge for clinicians. While in most cases
the masses are benign,! early recognition of
the signs and symptoms of soft tissue sarcoma
(STS) and prompt referral to a center with ex-
pertise in STS are essential to ensure effective
multidisciplinary team management and opti-
mize outcome.

I THE EPIDEMIOLOGY OF SOFT TISSUE
SARCOMA

STS is rare. About 3,300 cases per year are
reported in the United Kingdom,? and 13,500
new cases were reported in the United States
in 2021, with 5,300 deaths, for an incidence
rate of 15 to 35 per 1 million of the adult popu-
lation.?

In the United States, the average overall
5-year survival rate for STS is approximately
65%.’> The rate is 81% for patients who pre-
sent with localized STS vs 15% for those who
present with distant metastases.’ Survival rates
vary depending on tumor type, size, grade, re-
sponse to treatment, and some patient demo-
graphic factors. Almost half of patients who
present with intermediate-grade or high-grade
tumors develop metastatic disease, although
this rate is highly dependent on the presenting
site and timing of diagnosis.*

STS accounts for only 1% of all adult can-
cer diagnoses,’ and primary care physicians are
likely to diagnose only 1 patient with STS in
their entire career. But STS is also an impor-
tant and often overlooked cause of death in
patients ages 14 to 29, and it represents 7%

to 10% of all childhood cancers.” Therefore,
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SOFT TISSUE SARCOMA

TABLE 1 I FEATURES THAT GUIDE
THE DIFFERENTIAL DIAGNOSIS

The differential diagnosis of a soft tissue mass
can include infections such as abscess, benign
Increasing size lesions such as ganglion, lipoma, and schwan-
noma, trauma (myositis ossificans), other can-
cers, and secondary cancers. Infections tend
Deeper-lying mass (deep to fascia) to present with a fluctuant mass along with
systemic symptoms of fevers and night sweats.
A thorough history and physical examination

Patient has potential risk factors (previous radiotherapy, chronic can usually narrow the differential diagnosis
lymphedema, inherited syndrome such as Gardner syndrome, and guide further investigation.

Li-Fraumeni syndrome, and von Recklinghausen disease) A detailed examination of a lump includes

Local symptoms and signs of infiltration its site, size, shape, contour, color, consistency,
tenderness, tethering, transillumination, and
fluctuance. Specific examination findings such
The greater the number of clinical features, the greater the risk as transillumination (ganglion), bruits or pal-
of malignancy. pable thrills (hemangiomas, arteriovenous
malformations), variability in size (ganglion,
hemangiomas), a “doughy” softer consistency
(lipoma), and a positive Tinel sign (schwanno-
ma) may help to narrow the diagnosis further.!

STS tends to present as a large, painless,

B CHALLENGES TO CLINICAL RECOGNITION unexplained mass anywhere in the body that
OF SOFT TISSUE SARCOMA has been increasing in size. The belief that

STS is a heterogeneous group of tumors of ~ only painfu.l mgssesﬁ are worrisome is wrong.
The average mesenchymal cell origin that can occur any- The UK guidelines suggest that a 111“_113 that
5-year survival where in the body, affecting the extremities in 1S larger than 5 cm, exhibits growth, is deep

\ 50% of cases, the trunk and retroperitoneum 1D the quy’ and is painful should be.consid~
for a patient in 40%, and the head and neck in 10%.3 ered malignant until proven otherwise (Ta-

with an STS is Awareness of STS is low among both the ble 1). Increasing size is the best individual

. . . . 5
imatel general public and healthcare providers. The indicator C?f a greater risk of mghgnancy. A
approximately wide range in presentation sites, lesion size, ~ 355 8IOWINg slowly over a period of wecks

0 ) .
65% and patient ages and the overlap of symptoms months, pamful. or not, should raise more
with those of benign conditions make this di- concern than a painful mass growing rapidly

. . . over a period of days. No change in the size
agnosis challenging. Lumps may often be dis- of a tumor over a longer time period favors a
missed or misdiagnosed as harmless cysts or benign diagnosis
fatty tissue. A UK survey found that patients Adding to the diagnostic challenges is a
with STS were significantly more likely to be

df b dici dvised th lack of known risk factors for STS. In most
treated for another condition oradvised that  ca5e5  there is no identifiable underlying
their symptoms were not serious.® In 2006,

. ; : cause. The risk of developing sporadic STS is
Grimer et al” published a sarcoma database  jj,creased in patients with a history of previous

review that included a plea for greater rec- radiotherapy and chronic lymphedema. Cer-
ognition of potential malignant lumps and  (ain genetic mutations, particularly chromo-
bumps, especially those larger than a golf ball  somal translocations, and inherited syndromes
(5 cm). This led to a campaign to raise public  such as Gardner syndrome, Li-Fraumeni syn-
awareness of STS in the United Kingdom."  drome, and von Recklinghausen disease can
But despite attempts to increase recognition  also predispose patients to STS.!' Systemic
of STS, the typical size at presentation (10  signs such as weight loss, fatigue, fevers, chills,
cm) has changed very little. and night sweats are uncommon.'

Clinical features of soft tissue masses
that require urgent investigation

Size greater than 5 cm (ie, golf-ball size)

Firmer than surrounding tissue

With or without pain (large painless lumps should raise concern)

lumps and bumps presenting in all age groups
should be viewed with a degree of caution.
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Late diagnosis affects the prognosis
Studies have found an almost linear relation-
ship between the increasing lesion size and
poorer prognosis that is independent of other
factors, even for patients without metastatic
disease at diagnosis.” This is particularly true
of tumors larger than 5 cm, emphasizing the
point that a smaller tumor at diagnosis and
treatment is associated with better prognosis.’
A smaller lump is easier to remove and reduces
the surgical and long-term functional impact
on the local anatomical area. Other factors
associated with worse clinical outcomes are
high-grade histology, positive margins after
resection, and patient age over 60.
Unfortunately, in the United Kingdom,
the average wait for a patient from noticing
symptoms to referral and subsequent investi-
gations is 92 weeks. By the time of diagnosis,
the average tumor size is 10 cm or larger.”!?
According to guidelines, a patient with a con-
cerning lump or mass that is increasing in size,
larger than 5 cm, in the deep fascia, and pain-
ful should be referred immediately to a sarco-
ma center for further evaluation, even if the
risk of malignancy is only 3% to 4%.>" Early
referral is important to improve the outcomes.

B WHICH DIAGNOSTIC TESTS
ARE PREFERABLE?

Ultrasonography

A patient suspected of having STS should
initially undergo ultrasonography. Blood tests
provide no benefit in the diagnosis of STS and
thus are not recommended. Ultrasonography
is proven to be cost effective, with a high neg-
ative predictive value for soft tissue masses.!*°
The diagnostic specificity is further increased
if the procedure is performed by an experi-
enced musculoskeletal radiologist.

The National Institute of Clinical Excel-
lence (NICE) recommends that all adults be
referred for ultrasonography within 2 weeks of
presentation and within 48 hours in pediatric
patients. Referral can made to a sarcoma cen-
ter. If ultrasonography raises suspicion of STS
or is inconclusive, the patient must be referred
to a sarcoma center.’ Features that raise con-
cern are increased size, irregular margins, het-
erogeneity (ie, tissue existing where it should
not), and architectural distortion. Outgrowth

CLEVELAND CLINIC JOURNAL OF MEDICINE

of blood supply with concomitant central ne-
crosis seen on color Doppler ultrasonography is
usually indicative of a higher-grade sarcoma.!¢
If requesting ultrasonography in the primary
care setting could introduce delay, then urgent
referral to a sarcoma center is recommended.

The most common soft tissue lesions diag-
nosed from an initial workup are lipomas, ie,
benign tumors of fat cells. Both ultrasonogra-
phy and magnetic resonance imaging (MRI)
have a high sensitivity and specificity for this
diagnosis. Studies have shown that ultraso-
nography has an overall sensitivity of 86%
and a specificity of 96% in the diagnosis of li-
pomas.'

The role of magnetic resonance imaging

If the diagnosis remains uncertain or if there
are concerning features, then the most sensi-
tive and specific imaging modality available is
MRI. MRI with contrast enhancement is pre-
ferred over noncontrast MRI to assess charac-
teristics of the mass. Obtaining contrast MRI
results first helps save time and reduces the
need for repeated investigations. MRI is con-
sidered the technical standard for localizing
and staging STS as it enables accurate analysis
of the soft tissue structure as well as its rela-
tionship to surrounding local structures. It is
often used for biopsy and surgical planning.!>!®
MRI has a very high negative predictive value
(100%) for distinguishing a benign lipoma
from a malignant lipoma."

The role of biopsy

The standard diagnostic approach must also
include biopsy, in most cases multiple percu-
taneous core needle specimens obtained un-
der ultrasonographic guidance.’ In some cases,
incisional or excisional (open) biopsy may
be required. Biopsy should be performed by a
team composed of a tumor-trained orthopedic
surgeon, radiologist, and pathologist to en-
sure that optimal samples are taken and ana-
lyzed without compromising the final surgical
treatment and unnecessary contamination of
healthy tissue. Poorly performed biopsies can
lead to a higher risk of adverse outcomes and
expenses.?’

A high degree of suspicion for STS based
on the biopsy results should trigger prompt re-
ferral to a sarcoma center for triple assessment
of clinical history, imaging, and biopsy, all of
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which should be done on the same day.” And if
STS is diagnosed, these centers have multidis-
ciplinary teams trained to maximize long-term
survival, minimize local recurrence, optimize
function, and minimize morbidity, and they
also have resources to perform additional stag-
ing studies to identify distant spread of proven
STS. This additional information helps tailor
treatment to the individual patient.

I AVOIDING A "WHOOPS PROCEDURE'

The term “whoops procedure” describes when
a mass assumed to be benign is resected and
the final pathologic diagnosis comes back,
unexpectedly, as sarcoma or other pathology.
At one sarcoma center, approximately three-
quarters of referrals originated from a whoops
procedure undertaken in a primary or second-
ary care unit.”! Misdiagnosis occurs most often
in soft tissue tumors that are smaller than 5
cm, painless, and superficial to the fascia.”? A
retrospective review of almost 400 cases found
that a lack of appropriate preoperative workup,
including imaging and biopsy, was responsible
for whoops procedures.” In short, they are es-
sentially a result of low awareness among prac-
titioners for the presence of a potential STS.
Whoops procedures have been shown to
cause the following:
e Lower rates of local control and limb salvage
e A shorter mean time to recurrence and
subsequent metastasis
e An increase in wound complications and
amputation rate
e A higher rate of postoperative wound com-
plications and greater need for flap coverage
e QOverall poorer functional outcomes.?"**
To avoid a whoops procedure, a patient with a
suspected soft tissue lump of unknown pathology
should be referred to a sarcoma center for appro-

CLEVELAND CLINIC JOURNAL OF MEDICINE

priate imaging and assessment. Appropriate biop-
sy procedures also dramatically reduce the degree
of mismanagement and overall harm to patients.

Il LITIGATION AND COST

Medical malpractice claims related to STS
care have been increasing in both the United
Kingdom and the United States, and common
reasons are poor awareness, lack of knowledge,
false reassurance, and late referrals.?>?° In one
review, litigation rates dramatically fell if a pa-
tient had been referred to a sarcoma center.?®
In the United States, the mean indemnity
payment favoring the patient was approxi-
mately $2.30 million (£1.7 million) in 2020,
with delay in diagnosis being the main reason
(86%).” These cases were mostly filed against
the primary care physicians.” Thus, educating
practitioners and raising awareness of STS in
order to prompt early referral are keys to provid-
ing better care and reducing malpractice claims.

B TAKE-HOME MESSAGE

Effective management of patients with suspect-
ed STS requires practitioners to be aware of the
signs and symptoms and to know the appropri-
ate testing procedures. Referring patients with
known or suspected STS to a sarcoma center,
which has knowledgeable multidisciplinary
teams and is equipped for accurate diagnosis
and subsequent management, will ensure the
most optimal outcomes. It is important to not
delay a referral. Early referrals can also reduce
the number and devastating impact of the so-
called whoops procedures. ]

I DISCLOSURES

The authors report no relevant financial relationships which, in the context
of their contributions, could be perceived as a potential conflict of interest.

VOLUME 89 ¢ NUMBER 2

Features that
raise concern
for a malignant
soft tissue mass
include
increasing size,
irregular
margins, and
architectural
distortion

FEBRUARY 2022 79



80

SOFT TISSUE SARCOMA

11.

12.

13.

CLEVELAND CLINIC JOURNAL OF MEDICINE

REFERENCES

. Mayerson JL, Scharschmidt TJ, Lewis VO, Morris CD.

Diagnosis and management of soft-tissue masses. J Am
Acad Orthop Surg 2014; 22(11):742-750.
doi:10.5435/JAA0S-22-11-742

. Cancer Research UK. Soft tissue sarcoma statistics. https:/

www.cancerresearchuk.org/health-professional/cancer-
statistics/statistics-by-cancer-type/soft-tissue-sarcoma.
Accessed January 20, 2022.

. American Cancer Society. Key statistics for soft tissue sar-

comas. https://www.cancer.org/cancer/soft-tissue-sarcoma/
about/key-statistics.ntml. Accessed January 20, 2022.

. Coindre JM, Terrier P, Guillou L, et al. Predictive value of

grade for metastasis development in the main histo-
logic types of adult soft tissue sarcomas: a study of 1240
patients from the French Federation of Cancer Centers
Sarcoma Group. Cancer 2001; 91(10):1914-1926.
doi:10.1002/1097-0142(20010515)91:10<1914::aid-cncr1214>3.0.c0;2-3

. Dangoor A, Seddon B, Gerrand C, Grimer R, Whelan J,

Judson I. UK guidelines for the management of soft tis-
sue sarcomas. Clin Sarcoma Res 2016; 6:20.
doi:10.1186/s13569-016-0060-4

. Geraci M, Birch JM, Alston RD, Moran A, Eden TO.

Cancer mortality in 13 to 29-year-olds in England and
Wales, 1981-2005. Br J Cancer 2007; 97(11):1588-1594.
doi:10.1038/s.bjc.6604080

. Birch JM, Alston RD, Quinn M, Kelsey AM. Incidence

of malignant disease by morphological type, in young
persons aged 12-24 years in England, 1979-1997. Eur J
Cancer 2003; 39(18):2622-2631.
doi:10.1016/j.ejca.2003.08.006

. Younger E, Husson O, Bennister L, et al. Age-related sar-

coma patient experience: results from a national survey
in England. BMC Cancer 2018; 18(1):991.
doi:10.1186/s12885-018-4866-8

. Grimer RJ. Size matters for sarcomas! Ann R Coll Surg

Engl 2006; 88(6):519-524. doi:10.1308/003588406X130651

. Sarcoma UK. Impact of sarcoma: National Sarcoma

Survey 2020. https://sarcoma.org.uk/sites/default/files/re-
sources/impact_of_sarcoma_2020_national_sarcoma_sur-
vey_-_technical_report_-_accessible.pdf

American Cancer Society. Risk factors for soft tissue
sarcomas. https://www.cancer.org/cancer/soft-tissue-sar-
coma/causes-risks-prevention/risk-factors.html. Accessed
January 20, 2022.

Sarcoma UK. Soft tissue sarcoma. https://sarcoma.org.uk/
sarcoma-types/soft-tissue-sarcoma. Accessed January 20,
2022.

Grimer R, Judson |, Peake D, Seddon B. Guidelines for
the management of soft tissue sarcomas. Sarcoma 2010;
2010:506182. doi:10.1155/2010/506182

VOLUME 89 ¢ NUMBER 2

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Farfalli GL, Aponte-Tinao LA, Rasumoff A, Ayerza

MA, Muscolo DL. Intraoperative ultrasound assis-

tance for excision of impalpable musculoskeletal soft
tissue tumors. Orthopedics 2011; 34(9):e570-e573.
doi:10.3928/01477447-20110714-03

Church DJ, Krumme J, Kotwal S. Evaluating soft-tissue
lumps and bumps. Mo Med 2017; 114(4):289-294.
pmid:30228613

Aga P, Singh R, Parihar A, Parashari U. Imaging spec-
trum in soft tissue sarcomas. Indian J Surg Oncol 2011;
2(4):271-279. doi:10.1007/s13193-011-0095-1

Rahmani G, McCarthy P, Bergin D. The diagnostic
accuracy of ultrasonography for soft tissue lipo-

mas: a systematic review. Acta Radiol Open 2017;
6(6):2058460117716704. doi:10.1177/2058460117716704
Ostlere S, Graham R. Imaging of soft tissue masses. Imag-
ing 2005; 17(3)268-284. doi:10.1259/imaging/74338804
Coran A, Ortolan P, Attar S, et al. Magnetic resonance
imaging assessment of lipomatous soft-tissue tumors. In
Vivo 2017; 31(3):387-395. doi:10.21873/invivo.11071
Mankin HJ, Lange TA, Spanier SS. The hazards of biopsy
in patients with malignant primary bone and soft-tissue
tumors. J Bone Joint Surg Am 1982; 64(8):1121-1127.
pmid:7130225

Koulaxouzidis G, Schwarzkopf E, Bannasch H, Stark GB.
Is revisional surgery mandatory when an unexpected
sarcoma diagnosis is made following primary surgery?
World J Surg Oncol 2015; 13:306.
doi:10.1186/s12957-015-0719-y

Tedesco NS, Henshaw RM. Unplanned resection of
sarcoma. J Am Acad Orthop Surg 2016; 24(3):150-159.
doi:10.5435/JAAOS-D-15-00074

Mesko NW, Wilson RJ, Lawrenz JM, et al. Pre-operative
evaluation prior to soft tissue sarcoma excision—why
can't we get it right? Eur J Surg Oncol 2018; 44(2):243-
250. doi:10.1016/j.€js0.2017.11.001

Venkatesan M, Richards CJ, McCulloch TA, et al. Inadver-
tent surgical resection of soft tissue sarcomas. Eur J Surg
Oncol 2012; 38(4):346-351. doi:10.1016/j.€js0.2011.12.011
Hwang R, Park HY, Sheppard W, Bernthal NM. Delayed
diagnosis is the primary cause of sarcoma litigation:
analysis of malpractice claims in the United States. Clin
Orthop Relat Res 2020; 478(10):2239-2253.
doi:10.1097/CORR.0000000000001340

Harrison WD, Sargazi N, Yin Q, Chandrasekar CR.
Delayed diagnosis in primary care—the main cause of
sarcoma litigation in the United Kingdom. J Surg Oncol
2016; 113(4):361-363. doi:10.1002/js0.24149

Address: Amir Hossain Gahanbani Ardakani, BSc, MBBS,
Department of Orthopaedic Oncology, Royal National Ortho-
paedic Hospital, Brockley Hill, Stanmore, London HA7 4LP UK;
amir.ardakanil@nhs.net

FEBRUARY 2022



REVIEW Gmm

Korey Bartolomeo, DO Xin Yee Tan, MD Richard Fatica, MD

Department of Kidney Medicine, Department of Kidney Medicine, Vice-chair, Department of Kidney Medicine,
Glickman Urological & Kidney Glickman Urological & Kidney Glickman Urological & Kidney Institute,
Institute, Cleveland Clinic, Institute, Cleveland Clinic, Cleveland Clinic; Clinical Assistant Professor,
Cleveland, OH Cleveland, OH Cleveland Clinic Lerner College of Medicine

of Case Western Reserve University,

Cleveland, OH

Extraosseous calcification

in kidney disease

ABSTRACT

A consequence of chronic and end-stage kidney disease
is a higher risk of calcium deposition in sites other than
the bones. The authors of this review outline current
understanding of the pathogenesis, presentation, diag-
nosis, and treatment of this group of disorders.

KEY POINTS

Extraosseous calcification is a broad term that encom-
passes vascular calcification, soft tissue calcification,
and calciphylaxis, all of which are seen in patients with
end-stage kidney disease.

The pathogenesis of extraosseous calcification is an
active process involving a complex interplay of abnormal
electrolyte levels, cell differentiation, and dysregulation
of many biochemical pathways.

Vascular calcification is predominantly diagnosed inci-

dentally, while soft tissue calcification and calciphylaxis
are diagnosed on the basis of radiographic and clinical

presentation, sometimes requiring biopsy.

Management is based on low-quality evidence and in-
cludes maintaining a neutral calcium balance, correcting
hyperphosphatemia, and controlling comorbidities. Surgi-
cal and other nonmedical therapies may help somewhat
in managing calciphylaxis and soft tissue manifestations.

doi:10.3949/ccjm.89a.21073

HRONIC KIDNEY DISEASE, DEFINED as an es-
C timated glomerular filtration rate (eGFR)
less than 60 mlL/min/1.73 m? or structural
kidney damage sustained over 3 months, is
increasing in prevalence worldwide. It is es-
timated to affect between 2% and 17% of all
adults, and the United States is at the high
end of this prevalence range.!

As chronic kidney disease progresses, it
leads to higher rates of bone mineral disease, a
systemic disorder involving the following:

e Abnormalities in serum calcium, phos-
phate, parathyroid hormone (PTH), and
vitamin D levels

e Disorders of bone metabolism (renal osteo-
dystrophy)

e (Calcium deposition in both vascular and
soft tissues.?

Patients with end-stage kidney disease are
at high risk of complications from disorders
of bone metabolism, which are strongly asso-
ciated with increased rates of cardiovascular
and all-cause mortality.*-

Il NAMES AND PRESENTATIONS

Extraosseous tissue calcification can involve
both vascular tissues (arteries and heart
valves) and soft tissues. A variety of terms
have been used to describe it, based on the
location and the type of tissue involved
(Table 1), but subclassifying it precisely and
studying its prevalence are challenging be-
cause its presentation is heterogeneous.

I REGULATION OF CALCIUM AND PHOSPHATE

Serum calcium and phosphate levels are kept
under tight control by regulatory hormones
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TABLE 1

CALCIFICATION IN KIDNEY DISEASE

Common terms used to describe calcification

Soft tissue calcification
Dystrophic calcification: occurring in damaged or degenerated tissue
in the setting of normal metabolic factors

Metastatic calcification: occurring in otherwise normal tissue,
secondary to deranged metabolic factors, as in hypercalcemia

Calciphylaxis (calcific uremic arteriopathy): ischemic skin lesions
characterized by calcium deposition and thrombosis in the dermis
and subcutaneous adipose tissue, most commonly associated with
advanced kidney disease

Calcinosis cutis universalis: diffuse involvement of subcutaneous and
fibrous structures, most commonly in association with autoimmune

disorders

Tumoral calcinosis: massive deposition of calcium-phosphorus crystals
in periarticular areas

Calcinosis circumscripta: localized or isolated calcification; term
sometimes used if calciphylaxis involvement is limited to an extremity

Vascular calcification
Atherosclerotic (intimal) calcification: inflammatory vaso-occlusive
calcification of intima as a result of endothelial dysfunction

Monckeberg arterial calcification: medial calcification deposition
in small and medium arteries without luminal narrowing

Infantile calcification: extensive calcification of medium and large
arteries due to ENPPT gene mutation

82

released by various organs, with complex feed-
back mechanisms (Figure 1).

Interestingly, both calcium and phosphate
are regulated by the same hormone, ie, PTH."®
When serum calcium levels are low and serum
phosphate levels are high, the parathyroid
glands release more PTH, which acts in sev-
eral organs to raise the calcium and, on the
whole, to lower the phosphate levels.

In the kidney, PTH directly increases cal-
cium reabsorption in the distal tubule and
loop of Henle and increases phosphate ex-
cretion by inhibiting its reabsorption in the
proximal tubule.”!® Also in the kidney, PTH
upregulates production of 1 alpha-hydroxy-
lase, leading to increased conversion of active
vitamin D (1,25-dihydroxycholecalciferol)
from its precursor, 25-hydroxycholecalciferol.
In turn, in the intestine, active vitamin D
increases the absorption of calcium and to a
lesser degree phosphate, and in the bone, it

has direct actions on both osteoblasts and os-
teocytes, promoting maturation, expression of
skeletal hormones such as fibroblast growth
factor 23 (FGF-23), and proper mineraliza-
tion.!b12

FGF-23 is an important skeletal hormone
that lowers phosphate levels by promoting its
wasting (ie, suppressing its reabsorption) in
the kidney, suppressing its absorption in the
intestine, and, in a negative feedback loop,
lowering both PTH and 1,25-dihydroxychole-
calciferol production.” Klotho, a protein that
has multiple effects in many tissues, facilitates
binding of FGF-23 to FGF receptor 1 in the
kidney, leading to fewer phosphate receptors
in the proximal convoluted tubules, more
phosphate excreted in the urine, and lower se-
rum phosphate levels." The net effect of these
interactions is homeostatic balance in serum
calcium and phosphate levels.

M CALCIUM-PHOSPHATE AXIS
DERANGEMENTS

In chronic kidney disease, nephrons are pro-
gressively lost. Among the ill effects is a high-
er phosphate level, which in turn upregulates
production of FGF-23 by the osteocytes and
osteoblasts and leads to bone mineral disease
(Figure 1). Bone mineral disease can begin
early in the course of chronic kidney disease,”
when the eGFR may still be as high as 69 mL/
min/1.73 m?. Meanwhile, klotho production
is downregulated, so that less FGF-23 binds to
its receptor in the kidney,'!" less 1 alpha-hy-
droxylase and active vitamin D are produced,
and more phosphate is reabsorbed in the prox-
imal convoluted tubule.!®"

As chronic kidney disease progresses to its
end stage, FGF-23 levels keep getting higher,
and the elevation is accompanied by other
calcium-phosphate axis derangements such
as excess PTH release, decreased 1,25-dihy-
droxycholecalciferol, and increased sclerostin
(an inhibitor of bone formation).?*?! Together,
these derangements lead to the clinical mani-
festations described below.

Vascular calcification

Vascular calcification is an active process in-
volving de-differentiation of vascular smooth
muscle cells. It begins with amorphous develop-
ment of calcium phosphate nanocrystals in con-
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Figure 1. Calcium and phosphate metabolism in chronic kidney disease. Decreased glomerular filtration rate

(GFR) leads to changes in serum calcium and phosphate, triggering release of parathyroid hormone (PTH)

from the parathyroid glands and fibroblast growth factor 23 (FGF-23) from osteoblasts and osteocytes.

These hormones have complex downstream effects on the kidney, gut, and bone, both from direct effects

on the tissue and from indirect effects through modulation of enzyme activity in vitamin D conversion.

2Minimally increased.

25(0H) vitamin D = 25-hydroxycholecalciferol; 1,25(0H), vitamin D = 1,25-dihydroxycholecalciferol

junction with other calcium-regulatory proteins
in the wall of the artery.”? Deposition of these
nanocrystals can begin in the intima of the ar-
tery near sites of cholesterol buildup, either
progressing into the media or beginning in the
media itself, the latter of which is most specific
to kidney disease.

In end-stage kidney disease, progression
of vascular calcification occurs earlier than
in normal aging and is likely driven by hy-
perphosphatemia, a positive calcium balance,

CLEVELAND CLINIC JOURNAL OF MEDICINE

inflammation, and dysregulation between pro-
calcification and anticalcification regulatory
factors. An in-depth discussion of the patho-
genesis of vascular calcification is beyond the
scope of this paper and can be found else-
where.?

Soft tissue calcification

Soft tissue calcification is fairly common in
chronic and end-stage kidney disease, but
only a small number of patients develop tu-
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Figure 2. Caliphylaxis ina 51-yeaf-o|d man
with end-stage kidney disease.

From reference 27.

moral calcinosis, characterized by massive
calcium phosphate deposition in periarticular
locations predisposed to microtrauma.

Tumoral calcinosis is well described in
families, with autosomal-recessive inheritance
stemming from a number of genes, including
loss-of-function mutation of FGF23 and mis-
sense mutation of alpha-Klotho, contributing
to the hyperphosphatemia.’* Hyperphospha-
temia is likely a necessary contributor to these
familial forms of tumoral calcinosis, but it may
also explain their presence in chronic and
end-stage kidney disease, stemming from lo-
cal tissue production or from exogenous phos-
phate retention.”?¢

I PRESENTATION AND DIAGNOSIS

Calciphylaxis is intensely painful, unlike

VOLUME 89 ¢ NUMBER 2

other presentations (Figure 2)." It is most
commonly seen in adipose-dense tissues but
can develop centrally and in appendicular ar-
eas, including the genital regions. Skin lesions
can vary from induration to ulceration with
eschar formation.?® Its diagnosis is predomi-
nantly clinical. A skin biopsy to the depth of
the subcutaneous tissue can aid diagnosis but
poses significant procedural risks that include
pain intensification, poor healing, and sec-
ondary infection.”

Soft tissue calcifications, in contrast, are
usually painless, unless radicular symptoms de-
velop from mass effect. Instead, there is typi-
cally a decrease in range of motion of the af-
fected joints, of which (in descending order
of frequency) the hip, elbow, shoulder, foot,
and wrist are most commonly affected (Figure
3).3! Soft tissue calcifications tend to be for-
mally diagnosed based on the location of the
calcium deposition, in addition to morpholog-
ic descriptions to rule out cancer mimickers.

Vascular calcification. Traditional risk fac-
tors that predict atherosclerotic calcification
do not fully explain the high prevalence of
vascular calcification in patients with chronic
and end-stage kidney disease. Additional po-
tentially modifiable risk factors related to kid-
ney disease or its treatment have been shown
to accelerate calcification (Table 2).%

I MEDICAL THERAPY

Most of the research has focused on therapies
directed at vascular calcification, given its
clinical implications with cardiovascular dis-
ease in end-stage kidney disease.

Dietary phosphate restriction,

phosphate binders

Given the central role of elevated phos-
phate and FGF-23 in the pathogenesis of
extraosseous calcification, controlling serum
phosphate levels, first through dietary phos-
phate restriction and then with intestinal
phosphate binders, is a logical and low-cost
management choice in preventing vascular
calcification.

The most commonly used phosphate in-
testinal binders are calcium-based (eg, cal-
cium carbonate, calcium acetate) and are
used extensively in patients with chronic and
end-stage kidney disease for many indications.
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However, earlier studies demonstrated a rela-
tionship between higher calcium intake and
higher rates of vascular calcification,” and
subsequent studies called attention to this as-
sociation, leading to recommendations for us-
ing non—calcium-based intestinal phosphate
binders to restore normal phosphate levels
while limiting calcium intake to maintain
normal serum calcium.**¥

A number of randomized trials over the
last 20 years have attempted to settle the de-
bate on calcium-based vs non—calcium-based
phosphate binders and cardiovascular disease,
many of them using vascular calcification as a
surrogate end point.

The IMPROVE-CKD trial®® (Impact of
Phosphate Reduction on Vascular End-points
in Chronic Kidney Disease) tested lanthanum
use in patients with advanced chronic kidney
disease (eGFR < 30 ml/min/1.73 m?) and
evaluated changes in aortic calcification and
arterial stiffness. It did not find statistically
significant differences with lanthanum com-
pared with placebo. Of note, the trial was lim-
ited by recruitment, including patients with
normal phosphate levels and excluding those
with end-stage kidney disease.*®

The Treat-to-Goal study’’ in patients
with end-stage kidney disease on hemodialysis
found less coronary artery and aortic calcifica-
tion and a lower incidence of hypercalcemia
in those randomized to sevelamer compared
with calcium acetate. These results may cor-
relate with improved all-cause survival rates
in patients newly started on hemodialysis,
despite lower rates of normophosphatemia
when sevelamer is used.”* Subsequent stud-
ies comparing lanthanum carbonate with
calcium carbonate in patients newly starting
on hemodialysis did not find statistically sig-
nificant differences in calcification scores in
heart valves.”

The LANDMARK trial* (Outcome Study
of Lanthanum Carbonate Compared With
Calcium Carbonate on Cardiovascular Mor-
tality and Morbidity in Patients With Chronic
Kidney Disease on Hemodialysis), published in
2021, looked at patients with end-stage kidney
disease in Japan who had risk factors for vascu-
lar calcification who were randomized to re-
ceive lanthanum or calcium carbonate. It did
not find any statistically significant differences

CLEVELAND CLINIC JOURNAL OF MEDICINE

Figure 3_.-Radiography shows calcified masses (arrows) in a

47-year-old woman with tumoral calcinosis.

in rates of all-cause mortality or cardiovascu-
lar events between the two groups, though the
event rates were low. Further, compared with
the United States, Japan has lower dietary cal-
cium intake, higher use of arteriovenous fistulas

VOLUME 89 ¢ NUMBER 2
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TABLE 2

Risk factors associated
with vascular calcification

Traditional risk factors

Hypertension

Diabetes mellitus

Old age

Smoking

Dyslipidemia

Family history of premature coronary artery disease
Male sex

Increased levels of C-reactive protein or other
inflammatory markers

Kidney disease-related risk factors
Longer hemodialysis duration
Persistent hyperphosphatemia
Increased calcium-phosphate product
Calcium-containing phosphate binders
Secondary hyperparathyroidism
Adynamic bone disease

Vitamin D deficiency and excessive
vitamin D administration

High dialysate calcium
Hypomagnesemia
Low fetuin-A

Low albumin

for dialysis access, and different cardiovascular
screening practices, which could limit wide ap-
plicability of the results.®

In sum, data conflict regarding whether
non—calcium-based intestinal phosphate bind-
ers are superior to calcium-based binders in
preventing vascular calcification and cardio-
vascular events.

Bone antiresorptive agents

Pyrophosphates (bisphosphonates), the
most commonly used class of drugs for pre-
venting bone resorption, inhibit the activity
of osteoclasts, and some of these drugs also

VOLUME 89 ¢ NUMBER 2

induce apoptosis. Bisphosphonates are either
retained in the bone or cleared by the kid-
ney.

Robust data exist for using this drug class
in bone disorders in patients in the early stag-
es of chronic kidney disease (eGFR > 35 mL/
min/1.73 m?), but data are significantly lim-
ited in those with stage 4 or 5 chronic kidney
disease or end-stage kidney disease, and there
are theoretical safety concerns.' Bisphospho-
nates are less frequently prescribed in these
latter populations, possibly due to concerns
about toxicity, as these drugs are excreted by
the kidney.* Reports of worsening kidney dis-
ease or kidney injury exist for most drugs in
the bisphosphonate class, but larger observa-
tional trials have found oral bisphosphonates
to be reasonably safe in advanced chronic kid-
ney disease, though bisphosphonate users had
a 14% higher risk of progression of chronic
kidney disease.”

Zoledronic acid, a potent intravenous
formulation, should be avoided if the eGFR is
less than 30 mL/min/1.73 m?, in view of stron-
ger associations with direct tubular injury,
acute kidney injury, and worsened eGFR.#%
Pamidronate is generally the preferred in-
travenous formulation for patients with ad-
vanced chronic kidney disease, usually given
at a lower dose or infused over a longer time.
Rarely, collapsing focal segmental glomerulo-
sclerosis can occur.*%

Bisphosphonates have been shown to re-
duce both overall vascular calcification and
all-cause mortality in certain groups (eg, pa-
tients with osteoporosis or cancer), but not
the rate of cardiovascular events.* Etidronate,
a first-generation bisphosphonate now discon-
tinued due to high rates of osteomalacia, was
used to treat soft tissue calcifications.*”* Eti-
dronate also reduced vascular calcification in
rat models of chronic kidney disease, while
human studies showed reduced coronary ar-
tery calcification in patients with advanced
chronic kidney disease and end-stage kidney
disease.*~! Newer bisphosphonates have lim-
ited data on their effects on vascular calcifi-
cation in end-stage kidney disease, with one
study of alendronate showing no improve-
ment in coronary artery calcification score.’

Denosumab, a RANK ligand inhibi-
tor (RANK stands for receptor activator of
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nuclear factor kappa B) that prevents osteo-
clast maturation, has not been studied in soft
tissue calcification. Small pilot studies have
looked at denosumab’s effects on vascular
calcification in humans and have suggested
it may slow coronary artery calcification, but
this has been challenged in other studies.’>*
More studies are needed to determine the
clinical significance of these findings. We are
not aware of any studies that have looked at
denosumab in soft tissue calcification or cal-
ciphylaxis.

Teriparatide is a synthetic formulation of
PTH. The only evidence for using it to treat
tumoral calcinosis comes from case reports,
and no major studies have looked at using it
in end-stage kidney disease to prevent vascu-
lar calcification.’*

Calcimimetics

Calcimimetics are drugs that bind allosterical-
ly to the calcium-sensing receptor on parathy-
roid cells to suppress PTH release for a given
serum calcium level.

Cinacalcet, the most common drug in
this class, has been studied extensively in sec-
ondary hyperparathyroidism in 2 trials, the
EVOLVE® (Evaluation of Cinacalcet Hydro-
chloride Therapy to Lower Cardiovascular
Events) and ADVANCE* (A Randomized
Study to Evaluate the Effects of Cinacalcet
plus Low-Dose Vitamin D on Vascular Cal-
cification in Subjects With Chronic Kidney
Disease Receiving Heemodialysis). It did not
show improvement in aortic calcification or
reduction in cardiovascular outcomes or all-
cause mortality despite improvements in se-
rum PTH levels.”>*° In contrast, a more recent
meta-analysis of cinacalcet use in end-stage
kidney disease did find a benefit in terms of
lower rates of all-cause mortality and car-
diovascular mortality.”” Other calcimimetics
have been studied only in animal models, and
thus their clinical effect in humans is undeter-
mined.

Sodium thiosulfate

Sodium thiosulfate is an older medication
with antioxidant properties that has been used
off-label for years in calcium disorders includ-
ing vascular calcification and calciphylaxis. It
was recently systematically reviewed in treat-
ing calciphylaxis, with conflicting results.’®

CLEVELAND CLINIC JOURNAL OF MEDICINE

More recently, a randomized clinical trial®
showed reduction of iliac artery calcification
and arterial stiffness with sodium thiosulfate
compared with placebo in calciphylaxis. On-
going prospective and randomized trials will
hopefully provide clarity of the benefit of so-
dium thiosulfate in vascular calcification and
calciphylaxis. In a small case series, the drug
has shown improvement in symptom burden
in soft tissue calcification of the shoulder and
hip, with partial size regression.®!

Vitamin K

Vitamin K is an essential cofactor for carboxy-
lation of numerous proteins, including some
that inhibit vascular calcification, such as
matrix Gla protein.? Evidence that lack of
vitamin K may be involved in vascular calci-
fication includes a high prevalence of vitamin
K deficiency in this population and improve-
ment in carboxylation surrogate markers with
supplementation.®*

Warfarin, a vitamin K antagonist, acceler-
ates medial arterial calcification, particularly
in end-stage kidney disease.®® Furthermore,
warfarin has been identified observation-
ally as a risk factor for calciphylaxis, and
low levels of carboxylation of matrix Gla
protein are associated with calciphylaxis in
end-stage kidney disease.®® The suspected
mechanism by which warfarin may contrib-
ute to calciphylaxis is by inhibiting vitamin
K-dependent carboxylation of matrix Gla
protein, a mineral-binding extracellular ma-
trix protein that prevents calcium deposition
in arteries.

Several phase 3 trials are being conducted
to determine the benefit of vitamin K supple-
mentation in vascular calcification and cal-
ciphylaxis, though a recent trial in patients
with stage 4 chronic kidney disease®” did not
show improvement in vascular stiffness with
vitamin K supplementation. There are no cur-
rent studies looking at tumoral calcinosis and
vitamin K supplementation.

Novel therapies, nonmedical management
SNF472, a myoinositol hexaphosphate that
inhibits hydroxyapatite growth, has shown
promise in early clinical trials in reduction of
coronary artery calcium volume, while tissue-
nonspecific alkaline phosphatase inhibitors
are in earlier stages of development.®®

VOLUME 89 ¢ NUMBER 2
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Magnesium and vitamin D supplementa-
tion in chronic and end-stage kidney disease
has had varying degrees of success in pre-
venting vascular calcification, though more
studies are needed to confirm its clinical util-
ity.”*™ With particular relevance to soft tis-
sue calcification, surgical debridement and

hyperbaric oxygen therapies hold significant
promise as adjunctive therapies to the afore-
mentioned medical therapies.”> 7 [ |
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Recurrent anemia in a patient
with chronic lymphocytic leukemia

73-YEAR-OLD MAN PRESENTED with lym-

phocytosis and retroperitoneal lymph-
adenopathy and was found to have chronic
lymphocytic leukemia (CLL), Rai stage II
(possible stages are 0-IV). He was not ini-
tially treated for it but was monitored un-
til 5 months later, when he was admitted to
the hospital with multilobar pneumonia with
acute hypoxic respiratory failure and a white
blood cell count of 139 x 10°/L (reference
range 4.5-10.9 x 10°/L). He was treated with
a combination of broad-spectrum antibiotics,
vasopressor support, and high-dose cortico-
steroids.

I FIRST EPISODE OF ANEMIA

His hospital course was complicated by com-
plement-fixing nonimmunoglobulin G auto-
immune hemolytic anemia, as well as tumor
lysis syndrome. During this episode, he had
the following laboratory values:

e Hemoglobin 5.5 g/dL (14-18 g/dL)

e Mean corpuscular volume 106 fLL (80-100 L)
e Lactate dehydrogenase 903 mg/dL (135—

225 mg/dL)

e Reticulocyte count 96 x 10°/L, 4.4% (90—

130 x 10%/L, 1%—2%)

e Haptoglobin undetectable.

Most likely, a factor contributing to tumor
lysis syndrome was the use of corticosteroids to
treat his respiratory failure, which led to de-
struction of lymphocytes and spilling of intra-
cellular components. This was manifested by
hyperphosphatemia, hyperuricemia, and acute
kidney injury, consistent with tumor lysis syn-
drome.

To control his autoimmune hemolytic ane-

mia, the patient was given a combination of
doi:10.3949/ccjm.892.21025
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prednisone 1 mg/kg tapered over 6 weeks and in-
travenous immune globulin 500 mg/kg daily for
5 days, followed by rituximab 375 mg/m? once a
week for 4 doses, and his anemia resolved.

Il SECOND EPISODE OF ANEMIA

Four months later his anemia recurred, with a

hemoglobin level of 6.5 g/dL.

What would be your next step in manag-
ing this patient’s anemia at this time?

[] Restart steroids; this is a recurrence of his
autoimmune hemolytic anemia

(] Perform a workup to determine the cause
of his anemia, including reticulocyte
count, lactate dehydrogenase, haptoglobin,
bilirubin counts, direct antiglobulin test,
and peripheral smear review

[] Perform bone marrow aspiration and
biopsy

[] No need for further evaluation, start
treatment of CLL

[J Check flow cytometry
The next step should be to perform a work-

up to determine the cause of the anemia.

M FINDING THE CAUSE OF ANEMIA

Anemia—a hemoglobin below 13 g/dL in
men and below 12 g/dL in women'—can re-
sult from a deficit in red blood cell production,
destruction of red blood cells, or blood loss.
An evaluation of new anemia following the
algorithm outlined in Figure 1 as an initial
step will help define the mechanism and guide
its management. The first step is to check the
reticulocyte count, a marker of bone marrow
production that can help differentiate the un-
derlying mechanism of acquired anemia.
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A 73-year-old
man with CLL
developed
autoimmune
hemolytic
anemia while
hospitalized
for pneumonia
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High MCV
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Vitamin B,
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RECURRENT ANEMIA

Anemia

(hemoglobin < 13 g/dL in men,

< 12 g/dL in women)

Check:

Reticulocytes (normal range 1%—2%)
Mean corpuscular volume (MCV; normal range 80-100 fL)
Red cell distribution width (RDW; normal range 11%-15%)

Vg

Reticulocytes < 1%

Production deficit

v X
Normal MCV (80-100 fL)
Viral infection
Drug effect
Leukemic infiltration
Solid tumor infiltration
Pure red cell aplasia
(if isolated anemia)
Aplastic anemia

Low MCV
(< 80fL)
Iron deficiency

Blood loss
(normal MCV followed by
increased MCV and RDW)?

Source control
Transfuse as necessary

N\
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Active bone marrow

Vg N\

Destruction

(decreased haptoglobin,

elevated lactate dehydrogenase,
increased indirect bilirubin,

* increased MCV and RDW on

peripheral smear)

Immune (Coombs-positive)
Traumatic

G6PD deficiency

Thrombotic microangiopathy

Figure 1. General approach to finding the mechanism of anemia.

Blood loss initially presents with a normal MCV and RDW due to strict whole volume loss. However, with subsequent reticulocytosis, the MCV will increase, thus
increasing the RDW. Chronic blood loss leads to iron deficiency, which manifests with anemia that has a low MCV and high RDW.

G6PD = glucose-6-phosphate dehydrogenase
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If the reticulocyte count is high
Reticulocytes are immature red blood cells. If
there are more of them than usual in the blood
of a patient with anemia, it means that the
bone marrow is functioning and is respond-
ing to the red blood cell destruction or blood
loss by increasing the production of red blood
cells.

Reticulocytes are larger than mature red
blood cells, and an increased proportion of
reticulocytes causes an increase in the mean
corpuscular volume as well as the red cell dis-
tribution width, which represents the variabil-
ity in size of the red blood cells.

An elevated reticulocyte count associated
with low haptoglobin, elevated lactate dehy-
drogenase, and elevated indirect bilirubin is
consistent with a hemolytic process.?

A positive direct antiglobulin test (also
called the direct Coombs test) and spherocytes
on the peripheral smear suggest autoimmune
hemolytic anemia. On the other hand, a
negative direct antiglobulin test points to
traumatic hemolysis, thrombotic microangi-
opathy, or oxidative hemolysis due to enzyme
defects such as glucose-6-phosphate dehydro-
genase (G6PD) deficiency as the cause of he-
molysis. Traumatic hemolysis and thrombotic
microangiopathy present with schistocytes on
the peripheral smear, while G6PD deficiency
manifests with bite and blister cells.

A negative hemolytic workup with an ele-
vated reticulocyte count suggests hemorrhage.
Management of a clinically overt hemorrhage
is directed at controlling the source. In cases
in which the source of blood loss is not obvi-
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ous, imaging and endoscopy to look for inter-
nal bleeding can be helpful.

With acute blood loss, the mean corpus-
cular volume is initially normal until reticu-
locytes enter circulation. Chronic blood loss
leads to iron deficiency, which is associated
with a low mean corpuscular volume and el-
evated red blood cell distribution width, as red
blood cells will have different sizes depending
on the amount of iron available as they de-
velop.

If the reticulocyte count is normal or low

If the reticulocyte count is not elevated in the
setting of anemia, this suggests impaired bone
marrow function. Bone marrow dysfunction
can be due to a viral illness, drug effect, nu-
tritional deficiency, infiltration of the marrow
by malignant cells, infection, fibrosis, pure red
cell aplasia, aplastic anemia, or myelodys-
plasia. The clinical history and review of med-
ications are helpful in identifying a viral or
drug effect. Diagnosis of an infiltrative process
requires bone marrow aspiration and biopsy.

Vitamin B,, and folate are essential for
nucleic acid synthesis. Deficiency in either of
these nutrients will lead to asynchrony in nu-
cleic acid and cytoplasmic development of red
blood cells, leading to megaloblastic anemia
with elevated mean corpuscular volume and a
low reticulocyte count.

Moreover, because iron, folate, and vita-
min B, are required for erythropoiesis, the
reticulocyte count could be falsely low in a
patient with anemia that is due to red blood
cell destruction or blood loss in case of a con-
comitant nutritional deficiency.

Causes of anemia in chronic lymphocytic
leukemia

Anemia is a manifestation of many different
diseases, not a disease itself. With each epi-
sode of anemia, a new evaluation is needed to
determine if it is a recurrence of the previous
condition—in our patient, autoimmune he-
molysis. Whether or not the patient has CLL,
it is important to keep in mind the common
causes of anemia in elderly people, such as
gastrointestinal angiodysplasia, diverticulosis,
and myelodysplasia. However, certain compli-
cations and associations are more frequent in
patients with CLL, and these include the fol-
lowing:
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Enlarged spleen

Autoimmune hemolytic anemia (such as

in our patient’s initial episode)

e Marrow suppression due to extensive dis-
ease infiltration

e Marrow suppression secondary to drug or
chemotherapy

e Gastrointestinal blood loss that is related
to drug adverse effects (glucocorticoids or
ibrutinib), thrombocytopenia, or coagu-
lopathy

e DPure red blood cell aplasia.

The prevalence of autoimmune hemoly-
sis in CLL varies among different case series,
ranging between 5% and 10%.%* The devel-
opment of autoimmune hemolysis in CLL is
more frequent in men, older patients (over
age 65), and patients with a lymphocyte count
greater than 60 x 10°/L.4

Of note, patients with CLL can have a
positive direct antiglobulin test without auto-
immune hemolysis. In a retrospective series by
Ricci et al,’ the prevalence of direct antiglob-
ulin test positivity in patients with CLL was
14%, but only 8 (40%) of the 20 patients with

positive tests had autoimmune hemolysis.

Autoimmune hemolysis in chronic lympho-
cytic leukemia is treated with steroids
Treatment of autoimmune hemolysis in a pa-
tient with CLL follows the same algorithm as
for idiopathic autoimmune hemolytic anemia.
Glucocorticoids are the initial treatment.
However, treatment with steroids should not
be started again in our patient before confirm-
ing that his second episode of anemia is also
of autoimmune origin. Only in cases that are
refractory to steroids is treatment of underly-
ing CLL indicated, according to an interna-
tional working group on CLL.® Interestingly,
in patients with CLL, autoimmune hemolysis
does not have independent prognostic signifi-
cance.*

I THE PATIENT UNDERWENT BIOPSY

The patient received steroids and intravenous
immunoglobulin followed by rituximab, which
would affect both the B-cell clone secreting the
antibodies causing the hemolytic anemia and
the B-cell clone responsible for his CLL.
Laboratory testing during the second episode
of anemia revealed a low reticulocyte count,
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Four months
later his anemia
recurred-

but was it

the same?
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TABLE 1

The patient’s laboratory values in his second episode of anemia

Study Patient's value Reference range

Hemoglobin 6.5 g/dL 14-18 g/dL

Reticulocyte count 13.26 x 10°/L 90-130 x 10°/L
(0.65%) (1%—2%)

Mean corpuscular volume 85 fL 78-95 fL

Red cell distribution width 14% 11.5%-15.1%

Lactate dehydrogenase 162 U/L 135-225 U/L

Direct antiglobulin test Negative Negative

Haptoglobin 336 mg/dL 30-200 mg/dL

Indirect bilirubin 0.2 mg/dL 1.0-1.0 mg/dL

Peripheral smear
Red blood cells
White blood cells

Platelets

normal lactate dehydrogenase and indirect bili-
rubin levels, and a high haptoglobin level, sug-
gesting bone marrow suppression (Table 1). The
patient did not have any clinical signs to suggest
a viral infection, and he was receiving no drugs
commonly associated with anemia.

Because the pattern was different than in
his first episode and pointed to a problem in
the bone marrow, the patient underwent bone
marrow aspiration and biopsy, which revealed
pure red blood cell aplasia and marrow infil-

tration by CLL.

Pure red cell aplasia

Pure red cell aplasia is a well-described but un-
common autoimmune complication of CLL,
seen in less than 1% of patients.” It is char-
acterized by anemia with severe reticulocy-
topenia, with reticulocyte counts usually less
than 10 x 10°/L, and by marked reduction or
absence of erythroid precursors on bone mar-
row aspiration and biopsy. Pure red cell aplasia
affects only the erythrocyte lineage, leading to
a decrease in production of otherwise-normal
red blood cells. Therefore, as in our patient,
the peripheral smear red blood cells would

Normocytic, decreased in number, no schistocytes, no spherocytes
Lymphocytes predominant, no immature white blood cells

Normal in size and granulation

have a normal morphology.®

Viral infections and thymoma should be
ruled out in all patients who develop acquired
pure red cell aplasia. Thymomas are rare in
the general adult population, and although
previous reports suggested that up to 50% of
patients with pure red cell aplasia had thy-
momas, the prevalence is now thought to be
much lower.®

The management of acquired pure red cell
aplasia depends on the cause and includes intra-
venous immune globulin for viral infections and
surgical resection for thymomas. In pure red cell
aplasia secondary to a lymphoproliferative disor-
der, the treatment is directed at the underlying
disease, which in our patient is CLL.®

I WHEN SHOULD CLL BE TREATED?

While both autoimmune hemolysis and pure
red cell aplasia are associated with CLL, not
all cases of anemia that arise in a patient with
CLL are due to disease progression. Most pa-
tients with CLL are elderly, and therefore
the causes of anemia that arise in the elderly
population such as gastrointestinal angiodys-
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plasia, diverticulosis, or myelodysplasia need

to be excluded.

Many people with CLL can forgo therapy
for an extended time with close observation.
CLL is chronic and currently incurable, and
the goal of treatment is to manage its compli-
cations. Treatment is indicated when disease
is bulky, symptomatic, or rapidly evolving or
causes cytopenias.®

Indications for treatment, per the CLL
working group,’® include the following:

e Progressive marrow failure evidenced by
the development or worsening of anemia
or thrombocytopenia

e Splenomegaly that is massive (ie, > 6 cm
below the left costal margin), progressive,
or symptomatic

e Lymphadenopathy that is massive (ie, >
10 cm in longest diameter), progressive, or
symptomatic

e Rapidly progressive lymphocytosis with a
doubling of the lymphocyte count over less
than 6 months or an increase of more than
50% over a 2-month period

e Autoimmune anemia or thrombocytope-
nia that is refractory to corticosteroids

* Constitutional “B symptoms.”
Constitutional B symptoms include the

following:

e Unintentional weight loss of 10% or more
within the previous 6 months

e Significant fatigue (ie, Eastern Coopera-
tive Oncology Group performance status
> 2 on a scale of 0-5; inability to work or
perform usual activities)’

e Fever, with a temperature greater than
100.5 °F (38.0 °C) for at least 2 weeks
without other evidence of infection

® Night sweats for at least 1 month without
evidence of infection.

Is flow cytometry needed?

There is no reason to repeat flow cytometry
during an episode of anemia, as it would only
reconfirm the diagnosis of CLL and would not
have any effect on management.

Il CASE CONTINUED

As noted above, the patient’s second episode
of anemia was determined to be due to pure
red cell aplasia.

A trial of steroids was ineffective, and the
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TABLE 2

The patient’s complete blood cell count

in the emergency department
in his third episode of anemia

Reference range

Study Patient’s value
Red blood cell count 1.57 x 10"™2/L
Hemoglobin 4.3 g/dL
Hematocrit 14.2%
White blood cell count 12.15 x 10%/L
Neutrophils 10.58 x 10°/L
Lymphocytes 0.84 x 10°/L
Monocytes 0.61 x 10%/L
Eosinophils 0.00 x 10%L
Basophils 0.02 x 10°/L
Platelet count 735 x 10°/L

patient was subsequently started on ibrutinib
with rituximab to treat his CLL. The anemia
resolved, but the patient developed severe
neutropenia that resolved after withdrawing
the rituximab. The patient remained well
for more than 2 years while taking ibrutinib
alone, with resolution of anemia and no ad-
ditional complications of CLL.

A third episode of anemia

At a follow-up telehealth visit, the patient’s
hemoglobin level was noted to have decreased
from 11.6 g/dL to 8.9 g/dL over the course of 6
months. He said he had no signs or symptoms
of bleeding and no new palpable lymph nodes.
Repeat blood tests and imaging were arranged.

When the patient came in for computed to-
mography, he appeared pale, his heart rate was
rapid, and he reported having dyspnea on exer-
tion. Sent to the emergency department, he said
he had had no recent hematochezia, melena,
bleeding, or trauma, and he had no palpable
lymphadenopathy or hepatosplenomegaly.

He was found to have severe anemia, with a
hemoglobin level of 4.3 g/dL (Table 2). Results
of his basic metabolic panel on presentation
are shown in Table 3. He was given a transfu-
sion of 3 units of packed red blood cells.
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4.2-6.1 x 10"/L
14-18 g/dL
42%-52%
4.5-10.9 x 109L
1.5-7.30 x 10°L
0.88-5.83 x 10°/L
0.09-1.11 x 10°L
0.00-1.04 x 10°/L
0.00-1.20 x 10°/L
130-400 x 10°/L

Biopsy revealed
pure red cell
aplasia

as the cause

of the second
episode
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TABLE 3

RECURRENT ANEMIA

The patient’s basic metabolic panel
in the emergency department
in his third episode of anemia

Study Patient’s value Reference range
Sodium 134 mmol/L 136—146 mmol/L
Potassium 5.4 mmol/L 3.5-5.0 mmol/L
Chloride 90 mmol/L 98-106 mmol/L
Carbon dioxide 13 mmol/L 24-31 mmol/L
Creatinine 1.22 mg/dL 0.5-0.9 mg/dL
Urea 25 mg/dL 8-23 mg/dL
Calcium 0.6 mg/dL 9.9-10.2 mg/dL
Glucose 306 mg/dL 70-99 mg/dL
I WHAT IS THE NEXT STEP?
Which of the following is the appropriate
next step in evaluating the patient’s anemia?
[ ] No need for further evaluation, start
next-line treatment for CLL
The patient [] Anemia workup including reticulocyte
. count, lactate dehydrogenase, haptoglobin,
did well bilirubin, direct antiglobulin test, and
for 2 years peripheral smear review
: . e [J Bone marrow aspiration and biopsy
onibrutinib, 5 11,14 ibrutinib
but then [] Computed tomography of the chest,
the anemia abdomen, and pelvis
Anemia workup. As previously men-
returned
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tioned, every episode of anemia requires a new
evaluation, following the algorithm outlined
in Figure 1, and therefore this is again the
best next step.

Bone marrow aspiration and biopsy. Find-
ings of a decreased reticulocyte count with
normal iron, vitamin B,,, and folate would
indicate an impaired bone marrow necessitat-
ing biopsy and aspiration. While bone marrow
biopsy carries minimal risk, it is still an inva-
sive procedure that is uncomfortable for the
patient, and therefore it would be unjustified
before excluding other causes through a repeat
anemia workup.

Holding the ibrutinib would also be rea-
sonable in managing this patient’s anemia.

FEBRUARY

Ibrutinib is an irreversible inhibitor of Bruton
tyrosine kinase, an integral component of the
B-cell receptor signaling and cytokine recep-
tor pathways that allow malignant B cells to
survive. It can contribute to anemia through
2 mechanisms, ie, by inducing cytopenia and
by inhibiting platelet activation, leading to
bleeding. Drug-induced anemia improves
when the inciting factor is removed. Treat-
ment of bleeding in a patient receiving ibru-
tinib includes discontinuing the ibrutinib and
transfusing platelets. The incidence of bleed-
ing with ibrutinib is highest in the first 2 years
of treatment, then decreases with time.'"°

Treating the CLL. Clinical examination
is helpful in evaluating anemia in CLL. Dis-
ease progression can cause splenomegaly that
can lead to anemia. Bulky adenopathy can be
a manifestation of progression of CLL and is
an indication for treatment. However, not all
adenopathy is clinically palpable.

Computed tomography. Further investiga-
tion with computed tomography is controver-
sial but can be considered to look for lymph-
adenopathy in nonpalpable sites such as the
mediastinum and retroperitoneum.

Il CASE CONTINUED:
UNEXPECTED BIOPSY FINDINGS

The results of further laboratory evaluation of
the patient’s third episode of anemia are in-
cluded in Table 4.

After the patient received a transfusion of
packed red blood cells his hemoglobin level
increased to 7.2 g/dL. Laboratory testing re-
vealed that he again had decreased reticulo-
cytes and no indications of hemolysis.

The patient again underwent bone mar-
row aspiration and biopsy, which this time
revealed focal clusters of epithelial cell prolif-
eration, mostly in solid nests with focal glan-
dular formation (Figure 2). In addition, there
was a trace population of kappa light-chain
restricted monoclonal B cells (0.08%) with
a flow cytometry phenotype consistent with
CLL. Staining of the epithelial clusters was
positive for AE1 and AE3 (which are cyto-
keratins positive in carcinomas) and NKX3.1
(which is 98.6% sensitive and 99.7% specific
for prostate adenocarcinoma).!'!?

The biopsy results suggested that the cause
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TABLE 4

Further laboratory findings in the patient’s third episode of anemia

Reference range

Study Patient'’s value
Reticulocyte count 9.9 x 10%/L (0.6%)
Mean corpuscular volume 90.5 fL

Red cell distribution width 15.9%

Lactate dehydrogenase 231 UL

Direct antiglobulin test Negative
Haptoglobin 362 mg/dL
Indirect bilirubin 0.7 mg/dL

Peripheral smear
Red blood cells

90-130 x 10%/L (1%—2%)
78-95 fL

11.5%-15.1%

135-225 U/L

Negative

30-200 mg/dL

0.0-1.0 mg/dL

Normocytic, normochromic, rare schistocytes, no nucleated red blood
cells, no teardrop cells

White blood cells

No immature white blood cells noted,neutrophil predominance, small

mature lymphocytes

Platelets

of the anemia was metastatic prostate adenocar-
cinoma, and treating the prostate cancer would
treat the anemia. In metastatic hormone-sen-
sitive prostate adenocarcinoma, the first step in
treatment includes androgen deprivation therapy
through either surgical castration or medical cas-
tration with the use of gonadotropin-releasing
hormone agonists and antagonists.”

B EFFECT OF PROSTATE CANCER
ON THE PERIPHERAL BLOOD SMEAR

Myelophthisis refers to displacement of hema-
topoietic cells from the bone marrow by an in-
filtrative process, most commonly malignancy,
fibrosis, or a granulomatous process. In some
cases, hematopoietic stem cells relocate to
niches outside of the marrow, a phenomenon
known as extramedullary hematopoiesis. Ex-
tramedullary hematopoiesis usually develops
in the liver, spleen, or both.

Myelophthisis often leads to immature pre-
cursors, including nucleated red blood cells, im-
mature granulocytes such as myelocytes or meta-
myelocytes, as well as teardrop-shaped red blood
cells spilling into the circulation. The constel-
lation of these findings on the peripheral blood
smear is termed leukoerythroblastosis.'*!>
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Increased in number, few giant platelets noted

Myelophthisis is found in less than 10% of
cases of metastatic carcinoma and is most fre-
quent in prostate, breast, and lung cancers.!In
one review,!” among patients with carcinoma
that was metastatic to the bone marrow, only
44% exhibited signs of leukoerythroblastosis.
Our patient’s peripheral blood smear did not
show any of the typical signs of leukoerythro-
blastosis, revealing only a normocytic anemia.
Treatment of myelophthisis is aimed at man-
aging the underlying infiltrative process, im-
proving bone marrow function, and resolving
cytopenias.

I CASE CONCLUDED

Imaging and blood tests revealed that the
patient’s previously noted mesenteric lymph-
adenopathy had decreased in size with no new
sites of lymphadenopathy. However, he had
new diffuse bony sclerotic lesions and a pros-
tate-specific antigen level of 664 ng/mL (nor-
mal < 4 ng/mL). These findings suggested that
his CLL was still under control but he also had
stage [V prostate cancer with bone metastases.

The patient’s CLL continues to be managed
with ibrutinib. He was started on anti-androgen
therapy with leuprolide, a gonadotropin-releas-
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LN

Figure 2. Focal bone marrow infiltration by solid nests of
tumor cells (arrows) in the patient’s third episode of ane-
mia (hematoxylin and eosin, x 20).

9

ing hormone agonist, as well as abiraterone ace-

M TAKE-HOME POINTS

CLL is generally considered an incurable,
chronic disease. The current treatment strat-
egy is to manage the complications of the
disease, which can include cytopenias. It is
therefore essential to understand the multiple
mechanisms of anemia in patients with CLL,
how to diagnose them, and how to manage
them.

Every new episode of anemia does not
automatically imply disease progression, and
each should be evaluated completely. The
initial evaluation should include at least the
reticulocyte count to assess bone marrow re-
sponse, the mean corpuscular volume, the red
cell distribution width, and review of the pe-
ripheral smear with further testing as needed.

This case also highlights the importance of
avoiding anchoring bias, as each new episode
of anemia had a different cause that called for
different treatment. ]

tate, an inhibitor of CYP17, an enzyme required
for androgen biosynthesis. His bone metastases
have responded to treatment. He feels back to
normal and has regained his energy and takes
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Hypercalcemia and vitamin A:
A vitamin to keep in mind

ABSTRACT

Vitamin A, like many things in life, should be consumed
in appropriate amounts. Excessive intake of preformed

vitamin A, such as that found in supplements and animal
sources (animal liver, fish liver oil, dairy, and eggs), is as-
sociated with multisystem effects that can include bone
resorption and hypercalcemia. Hence, vitamin A toxicity

should be explored in unexplained cases of parathyroid

hormone-independent hypercalcemia. Serum retinol lev-

els can be helpful in the diagnosis, but the results must
be interpreted with caution since they do not always
reflect total body levels. Treatment involves supportive

care and withdrawal of vitamin A sources, especially pre-
formed ones. Given the long half-life of retinol, normal-

ization of serum levels can take several months.

KEY POINTS

Vitamin A is present in two forms, ie, preformed
(retinoids) or as a precursor (carotenoids).

Vitamin A toxicity occurs only from over-ingestion of
preformed vitamin A, found in animal sources, supple-
ments, and medications, because absorption of pre-
formed vitamin A is under minimal regulation at the
level of the small intestine.

Acute vitamin A toxicity can present with multisystem
manifestations including hepatic, neurologic, skin,
mucous membrane, and musculoskeletal damage.

Chronic ingestion of vitamin A beyond the recommended

daily amount can be associated with increased bone
resorption, reduced bone formation, hypercalcemia,
and increased risk of fractures.

doi:10.3949/ccjm.89a.21056

ITAMIN A TOXICITY IS OFTEN overlooked
Vin the diagnostic evaluation of hyper-
calcemia, which itself is often detected inci-
dentally during unrelated laboratory testing.!*
The diagnostic evaluation of hypercalcemia
starts with establishing the role of parathy-
roid hormone (PTH) in its pathogenesis. An
elevated PTH level may indicate primary hy-
perparathyroidism, tertiary hyperparathyroid-
ism, or familial hypocalciuric hypercalcemia.
A low PTH should trigger an evaluation for
hypercalcemia induced by PTH-related pep-
tide (PTHrP). Vitamin A toxicity should be
considered in the diagnostic workup along
with malignancy, bone metastasis, vitamin D
or calcium toxicity, increased 1,25-hydroxyvi-
tamin D production (eg, from granulomatous
disorders and lymphomas), hyperthyroidism,
monoclonal gammopathy, and immobility.’

In this article, we explore vitamin A toxicity
in the differential diagnosis of hypercalcemia.

I A CASE SCENARIO: AN ELDERLY WOMAN
WITH HYPERCALCEMIA

An elderly woman presented to our outpatient
endocrinology practice with mild asymptom-
atic hypercalcemia. She reported taking 2 dif-
ferent multivitamin tablets for many years.
On laboratory testing, her PTH level was sup-
pressed, PTHrP was normal, 1,25-hydroxyvita-
min D and thyroid function tests were normal,
and serum and urine electrophoresis did not
reveal monoclonal gammopathy (Table 1).
She was not taking any prescription medica-
tions that could cause hypercalcemia.

After an extensive workup, her serum vita-
min A (retinol) levels were found to be elevat-
ed to almost twice the upper limit of normal,
indicating vitamin A toxicity. Her multivita-
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Preformed
vitamin A
retinoids

are derived
from animal
products;
carotenoids
occur

in plant-based
foods
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TABLE 1
Results of initial laboratory tests

Comprehensive metabolic panel Value? Reference range
Protein 7.2 g/dL 6.3-8.0
Albumin 4.6 g/dL 3.9-49
Calcium 10.6 mg/dL 8.5-10.2
Bilirubin 0.7 mg/dL 0.2-1.3
Alkaline phosphatase 77 U/L 34-123
Aspartate aminotransferase 26 U/L 13-35
Alanine aminotransferase 24 UL 7-38
Glucose 155 mg/dL 74-99
Blood urea nitrogen 23 mg/dL 7-21
Creatinine 1.08 mg/dL 0.58-0.96
Sodium 138 mmol/L 136-144
Potassium 4.0 mmol/L 3.7-5.1
Chloride 104 mmol/L 97-105
Bicarbonate 21 mmol/L 22-30
Parathyroid hormone (PTH), intact 14 pg/mL 15-65
Calcium, ionized 1.42 mmol/L 1.08-1.30
Vitamin D (25 hydroxy) 38.2 ng/mL 31-80
Vitamin D (1,25 dihydroxy) 29.7 pg/mL 15-60
PTH-related peptide < 2.0 pmol/L 0.0-3.4
Thyroid stimulating hormone 1.1 pU/mL 0.27-4.2
Vitamin A/retinol 1.99 mg/L 0.3-1.2

Protein electrophoresis urine

Protein electrophoresis serum

2Significant values are in boldface.

mins were discontinued, resulting in improved
retinol and calcium levels several months later.

Il PREFORMED VS PRECURSOR VITAMIN A

Vitamin A supports the integrity of epithelial
cells and structural proteins across the human
body. It also has a role in normal cellular im-
munity, supporting the functions of natural
killer cells and macrophages. It is vital for vi-
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No definitive M protein identified
No definitive M protein identified

sion and is especially important in pregnancy,
as it contributes to organogenesis during early
fetal development.**

Vitamin A is the term applied to a group of
fat-soluble retinoids—retinol, retinal, and reti-
nyl esters. Vitamin A can be ingested as pre-
formed molecules (activated vitamin A), or as
vitamin A precursors (“provitamin A”) called
carotenoids, which the body converts to reti-
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TABLE 2

Vitamin A in various food products and over-the-counter

supplements, ranked by % RDI

Food product or supplement

Form of vitamin A

Vitamin A content Percentage of

(ng RAE) RDI for adult men

Beef liver, 3 ounces Activated (preformed) 6,582 731
Cod-liver oil, 1 tablespoon Activated 4,080 453
Sunmark One Daily Women's Mixed (80% activated, 2,500 277
Multivitamin, 1 tablet® 20% provitamin A)
Sweet potato, 1 whole Provitamin A 1,403 156
Centrum Silver Adults, 1 tablet Mixed (60% activated, 750 83

40% provitamin A)
One A Day, Women's Complete Mixed (90% activated, 700 78
Multivitamin? 10% provitamin A)
Spinach, "2 cup Provitamin A 573 64
Ricotta cheese, part skim, 1 cup Activated 263 31
Egg, boiled, 1 large Activated 75 8
Broccoli, %2 cup Provitamin A 60 7
Yogurt, 1 cup Activated 32 4
Chicken meat, 2 breast piece Activated 5 1

2Product used by our patient at the time of presentation.
RAE = retinol activity equivalents; RDI = recommended daily intake

noids.** Preformed vitamin A is derived natu-
rally from animal products such as dairy, fish
oils, eggs, liver, and meat, whereas carotenoids
occur naturally in plant-based foods such as
carrots, sweet potatoes, and pumpkins.*® Pre-
formed vitamin A and carotenoids can be
found in the same over-the-counter (OTC)
products and in prescription medications such
as isotretinoin and tretinoin. If a supplement
contains both preformed vitamin A and ca-
rotenoids, the ratio is usually reported on the
ingredient label on the back of the bottle.

I THE ROLE OF ABSORPTION
IN VITAMIN A TOXICITY

Vitamin A toxicity results from excessive in-
take of preformed vitamin A, not from expo-

CLEVELAND CLINIC JOURNAL OF MEDICINE

Based on information in references 5, 17, 18, 19, and 20.

sure to vitamin A precursors because of the
way absorption of these substances is regulated
at the level of the gut. #>*1°

Absorption of vitamin A occurs in the lu-
men of the small intestine. It is picked up in
the duodenum by micelles formed with the
aid of bile acids released from the gallblad-
der.#621° Retinoids are hydrolyzed further and
converted to retinol, and retinol uptake is fa-
cilitated through the brush border of the small
intestine via transport proteins.

The efficiency of absorption of preformed
vitamin A through gut transport proteins is
high—in the range of 70% to 90%—and does
not vary based on the ingested amount. Carot-
enoids, on the other hand, are not transported
by carriers but by passive diffusion across the
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TABLE 3

HYPERCALCEMIA AND VITAMIN A

Recommended daily intake of vitamin A

Age Sex, Recommended daily
subpopulations intake of vitamin A
(Mg RAE)

0-6 months Male and female 400°

7-12 months Male and female 500°

1-3 years Male and female 300

4-8 years Male and female 400

9-13 years Male and female 600

14 years or older ~ Male 900

14 years or older ~ Female 700

14—18 years Female — pregnant 750

14-18 years Female — lactating 1,200
19-50 years Male 900

19-50 years Female 700

19-50 years Female — pregnant 770

19-50 years Female — lactating 1,300

2Value extrapolated from vitamin A content of consumed breast milk by healthy infants.

RAE = retinol activity equivalents
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Based on information in references 4 and 5.

luminal border, and this results in poor absorp-
tion efficiency, in the range of 9% to 22%. In
addition, upon ingestion of excessive amounts
of carotenoids, the efficiency of luminal diffu-
sion decreases, which further protects against
toxicity from over-ingestion. Based on this,
OTC vitamins containing carotenoids may be
safer for patients than those containing pre-
formed vitamin A.!! The patient described
in our case scenario was taking a supplement
with vitamin A content that was above the
recommended daily intake (RDI).

Once absorbed, most vitamin A is stored
in the liver and released into the blood-
stream, where retinol-binding protein trans-
ports it to its target tissues.'? If the body’s
supply of vitamin A changes, the liver modi-
fies the release of retinol into the serum to
maintain normal plasma retinol levels. How-
ever, a normal plasma retinol level does not

VOLUME 89 ¢ NUMBER 2

always indicate normal total body levels of
vitamin A, and low or high retinol levels
can indicate a significant abnormality of the
body’s vitamin A stores.'>"® The half-life of
vitamin A is estimated to be 128 days, so it
can take many months for retinol levels to
normalize after vitamin A toxicity.*

I CHALLENGES TO APPROPRIATE
VITAMIN A INTAKE

OTC supplements are the most common
source of clinically significant preformed vita-
min A ingestion. In a national survey, approx-
imately half of the US population reported
using an OTC supplement, with 28% to 37%
reporting using a multivitamin that contains
vitamin A and with a higher proportion in the
elderly.!* This high percentage of use is con-
cerning, given that multivitamin products are
not under US Food and Drug Administration
regulation, and reported vitamin ingredients
are often inaccurate and underestimated.!
Manufacturers can sell vitamins OTC, often
with quantities above the recommended daily
intake, and packaging, flavoring, and chew-
able formulations make the products more de-
sirable, increasing the risk of vitamin A toxic-
ity in children.®

The proposed standardized measure for vita-
min A is retinol activity equivalents (RAE) in
micrograms. The RDI of vitamin A is 900 pg
RAE for men and 700 pg RAE for women. ¢
The RDI for children varies with age but can
range from 300 ug RAE to 700 ng RAE.*> Table
2 shows vitamin A content in different food
products and supplements and compares them
with the RDL.>'"° Table 3 shows the RDI of
vitamin A based on sex and age groups.*®

I CONSEQUENCES OF EXCESSIVE
VITAMIN A INTAKE

The tolerable upper daily intake level of vi-
tamin A is approximately 3,000 pg RAE.*
Higher levels increase the risk of vitamin
A-induced chronic liver damage and fetal
teratogenicity.’** Importantly, chronic daily
ingestion of preformed vitamin A above the
recommended intake (700 to 900 pg RAE)
but below the tolerable upper intake (3,000 pg
RAE) may still be harmful, especially to the
musculoskeletal system.>?>2¢
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Acute ingestion (ie, a single dose) of more
than 200,000 png RAE of preformed vitamin A is
required to cause acute hypervitaminosis A syn-
drome in adults.® This condition is uncommon
and was seen historically in Atlantic explorers
who inadvertently ate large amounts of animal
livers containing preformed vitamin A.>!°

Acute over-ingestion of vitamin A can af-
fect multiple systems:

e Neurologic—increased intracranial pres-
sure, headaches, dizziness, vomiting, de-
lirium, and confusion

e Hepatobiliary—nausea, vomiting, and
jaundice resulting from hepatitis progress-
ing to cirrhosis

e Musculoskeletal—periosteal bone resorp-
tion, osteopenia, elevated alkaline phos-
phatase, and hypercalcemia

e Skin and mucous membranes—dry, fragile
skin, brittle nails, loss of hair.!%*

In clinical practice, however, chronic
over-ingestion of vitamin A is a much more
likely cause of vitamin A toxicity.

[l VITAMIN A AND THE SKELETON: BONE
RESORPTION AND HYPERCALCEMIA

The mechanism of vitamin A-induced bone
resorption and hypercalcemia is poorly under-
stood. It is hypothesized to be secondary to in-
creased osteoclastic activity, reduced osteoid,
suppression of osteoblastic activity, and hor-
monal dysregulation of calcium homeostasis
of parathyroid hormone and vitamin D.?7!
Vitamin A and vitamin D exhibit a complex
relationship that occurs at the molecular tran-
scription level, where they can have stimula-
tory or inhibitory effects on each other.*’?
However, the effects of vitamin A toxicity on
bone resorption have been observed indepen-
dent of serum calcium, phosphate, and vita-
min D levels.*®

Results of studies in humans are consistent
with those of animals. In a study of 39 pedi-
atric patients treated for neuroblastoma with
a high-dose vitamin A derivative, hypercalce-
mia developed in twelve (31%) patients.’’ In a
study of adult patients treated for multiple my-
eloma with all-trans retinoic acid, hypercalce-
mia was observed in 3 of 6 patients treated.*
Myalgia, arthralgia, and skeletal pain were
consistently seen in a case series of patients di-
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agnosed with hypervitaminosis A syndrome.*

Animal studies have shown an increased
incidence of bone fractures with exposure to
large amounts of vitamin A.* In humans, even
if the ingestion of preformed vitamin A is in-
creased moderately and incrementally over
a long period, skeletal manifestations may
occur. In cross-sectional and nested-control
studies conducted in 2 counties in Sweden,
each 1,000-ug RAE increment intake of daily
vitamin A above the 1,500-ug RAE threshold
was associated with a 68% increase in the risk
of hip fracture.”

In a US study,’® a prospective cohort of
72,337 nurses was followed for 18 years. Those
who ingested more than 2,000 pg RAE of vita-
min A daily had almost double the risk of hip
fracture compared with those who ingested
less than 500 pg RAE.* In another prospec-
tive cohort of postmenopausal women followed
for a mean duration of 9.5 years in the United
States,*! the risk of hip fracture was 1.18 times
greater in those who used a vitamin A-contain-
ing supplement, although the difference did not
reach statistical significance (95% confidence
interval 0.99-1.41). In a longitudinal cohort of
2,322 men followed for a median of 30 years,* a
baseline serum retinol level in the upper quar-
tiles was associated with a significantly higher
risk of hip fracture and all fractures.

I TREATMENT RELIES ON ANECDOTAL
EXPERIENCE

Treatment of vitamin A toxicity is based on
anecdotal data from case reports.>*** The
recommendation is to withdraw sources of vi-
tamin A, especially of preformed vitamin A,
and provide standard supportive treatment for
multisystem manifestations. Limited data are
available regarding the role of antiresorptive
agents in treating vitamin A-related skeletal
adverse effects and hypercalcemia. With dis-
continuation of vitamin A ingestion, retinol
and calcium levels are expected to improve
within weeks to months, although longitudi-
nal prognostic data are limited.

I TAKE-HOME MESSAGE: CONSIDER
VITAMIN A IN HYPERCALCEMIA

Consumption of plant-derived precursor vita-
min A (carotenoids) is harmless, but excessive
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consumption of preformed vitamin A com-
monly found in OTC supplements and some
animal products can have negative multisys-
tem manifestations. Vitamin A is an often
overlooked cause of hypercalcemia, thought
to stem from its adverse effect on the skeletal
system through stimulation of bone resorp-
tion and inhibition of bone formation. In the
setting of unexplained PTH-independent hy-
percalcemia, serum retinol levels should be

checked but interpreted with caution, as they
do not always reflect total body levels. Treat-
ment involves withdrawal of vitamin A sourc-
es and supportive care. Given the long half-
life of retinol, normalization can take several

months. [ |

I DISCLOSURES

The authors report no relevant financial relationships which, in the context
of their contributions, could be perceived as a potential conflict of interest.

REFERENCES

. Kuchay MS, Farooqui KJ, Jevalikar G, Mithal A. The changing profile

of hypercalcemia in hospital populations. Clin Rev Bone Miner
Metab 2017; 15(2):82-89. doi:10.1007/512018-017-9231-y

. Catalano A, Chila D, Bellone F, et al. Incidence of hypocalcemia and

hypercalcemia in hospitalized patients: is it changing? J Clin Transl
Endocrinol 2018; 13:9-13. doi:10.1016/j.jcte.2018.05.004

. Carroll MF, Schade DS. A practical approach to hypercalcemia. Am

Fam Physician 2003; 67(9):1959-1966. pmid:12751658

. Institute of Medicine (US) Panel on Micronutrients. Dietary refer-

ence intakes for vitamin A, vitamin K, arsenic, boron, chromium,
copper, iodine, iron, manganese, molybdenum, nickel, silicon, va-
nadium, and zinc. Washington, DC: National Academies Press (US);
2001.

. National Institutes of Health: Office of Dietary supplements. Vita-

min A: fact sheet for health professionals. https://ods.od.nih.gov/
factsheets/VitaminA-HealthProfessional/. Accessed January 20, 2022.

. Pazirandeh S, Burns DL. Overview of vitamin A. UpToDate. https://

www-uptodate-com.ccmain.ohionet.org/contents/overview-of-vita-
min-a?search=0verview %200f%20vitamin%20A&source=search_re
sult&selectedTitle=1~150&usage_type=default&display_rank=1.
Accessed January 20, 2022.

. Saari JC. Vitamin A metabolism in rod and cone visual cycles. Annu

Rev Nutr 2012; 32:125-145.
doi:10.1146/annurev-nutr-071811-150748

. Morriss-Kay GM, Sokolova N. Embryonic development and pattern

formation. FASEB J 1996; 10(9):961-968.
doi:10.1096/fasebj.10.9.8801178

. Harrison EH. Enzymes catalyzing the hydrolysis of retinyl esters.

Biochim Biophys Acta 1993; 1170(2):99-108.
doi:10.1016/0005-2760(93)90058-h

. Biesalski HK. Comparative assessment of the toxicology of

vitamin A and retinoids in man. Toxicology 1989; 57(2):117-161.
doi:10.1016/0300-483x(89)90161-3

. Grune T, Lietz G, Palou A, et al. Beta-carotene is an important

vitamin A source for humans. J Nutr 2010; 140(12):22685-2285S.
doi:10.3945/jn.109.119024

. Greaves RF, Woollard GA, Hoad KE, et al. Laboratory medicine best

practice guideline: vitamins A, E and the carotenoids in blood. Clin
Biochem Rev 2014; 35(2):81-113. pmid:25210208

. de Pee S, Dary O. Biochemical indicators of vitamin A deficiency:

serum retinol and serum retinol binding protein. J Nutr 2002; 132
(9 suppl):28955-2901S. doi:10.1093/jn/132.9.2895S

. Bailey RL, Gahche JJ, Lentino CV, et al. Dietary supplement use

in the United States, 2003-2006. J Nutr 2011; 141(2):261-266.
doi:10.3945/jn.110.133025

. Andrews KW, Roseland JM, Gusev PA, et al. Analytical ingredient

content and variability of adult multivitamin/mineral products:
national estimates for the Dietary Supplement Ingredient Database.
Am J Clin Nutr 2017; 105(2):526-539. doi:10.3945/ajcn.116.134544

. Lam HS, Chow CM, Poon WT, et al. Risk of vitamin A toxicity from

candy-like chewable vitamin supplements for children. Pediatrics
2006; 118(2):820-824. doi:10.1542/peds.2006-0167

CLEVELAND CLINIC JOURNAL OF MEDICINE ~ VOLUME 89 ¢ NUMBER 2

17. US Department of Agriculture. FoodData Central. https://fdc.nal.
usda.gov/. Accessed January 20, 2022.

18. GlaxoSmithKline. Centrum silver adults. https://www.centrum.com/
products/multivitamins/centrum-silver-adults-50-plus/. Accessed
January 20, 2022.

19. One A Day. Women's complete multivitamin supplement. https://
www.oneaday.com/vitamins/vitamins-for-women/multivitamin-for-
women. Accessed January 20, 2022.

20. Sunmark. Sunmark one daily women'’s multivitamin/multimin-
eral. https://commonfinds.com/products/sunmark-one-daily-
womens-multivitamin-multimineral-100-tablets-1-pack-each-by-
sunmark?variant=32498280693857. Accessed January 20, 2022.

21. Institute of Medicine (US) Panel on Dietary Antioxidants and Re-
lated Compounds. Dietary reference intakes for vitamin C, vitamin
E, selenium, and carotenoids. Washington, DC: National Academies
Press (US); 2000.

22. Soprano DR, Soprano KJ. Retinoids as teratogens. Annu Rev Nutr
1995; 15:111-132. doi:10.1146/annurev.nu.15.070195.000551

23. Penniston KL, Tanumihardjo SA. The acute and chronic toxic effects
of vitamin A. Am J Clin Nutr 2006; 83(2):191-201.
doi:10.1093/ajcn/83.2.191

24. Hathcock JN, Hattan DG, Jenkins MY, McDonald JT, Sundaresan PR,
Wilkening VL. Evaluation of vitamin A toxicity. Am J Clin Nutr 1990;
52(2):183-202. doi:10.1093/ajcn/52.2.183

25. Melhus H, Michaélsson K, Kindmark A, et al. Excessive dietary intake
of vitamin A is associated with reduced bone mineral density and in-
creased risk for hip fracture. Ann Intern Med 1998; 129(10):770-778.
doi:10.7326/0003-4819-129-10-199811150-00003

26. Feskanich D, Singh V, Willett WC, Colditz GA. Vitamin A intake
and hip fractures among postmenopausal women. JAMA 2002;
287(1):47-54. doi:10.1001/jama.287.1.47

27. Geubel AP, De Galocsy C, Alves N, Rahier J, Dive C. Liver damage
caused by therapeutic vitamin A administration: estimate of dose-
related toxicity in 41 cases. Gastroenterology 1991; 100(6):
1701-1709. doi:10.1016/0016-5085(91)90672-8

28. Frankel TL, Seshadri MS, McDowall DB, Cornish CJ. Hypervitamin-
osis A and calcium-regulating hormones in the rat. J Nutr 1986;
116(4):578-587. doi:10.1093/jn/116.4.578

29. Hough S, Avioli LV, Muir H, et al. Effects of hypervitaminosis A on
the bone and mineral metabolism of the rat. Endocrinology 1988;
122(6):2933-2939. doi:10.1210/endo-122-6-2933

30. Olson JA. Serum levels of vitamin A and carotenoids as reflectors
of nutritional status. J Natl Cancer Inst 1984; 73(6):1439-1444.
pmid:6439934

31. Scheven BA, Hamilton NJ. Retinoic acid and 1,25-dihydroxyvitamin
D3 stimulate osteoclast formation by different mechanisms. Bone
1990; 11(1):53-59. doi:10.1016/8756-3282(90)90072-7

32. Metz AL, Walser MM, Olson WG. The interaction of dietary vitamin
A and vitamin D related to skeletal development in the turkey
poult. J Nutr 1985; 115(7):929-935. doi:10.1093/jn/115.7.929

33. Carlberg C, Saurat JH. Vitamin D-retinoid association: molecular
basis and clinical applications. J Investig Dermatol Symp Proc 1996;
1(1):82-86. pmid:9627699

34. Joo NS, Yang SW, Song BC, Yeum KJ. Vitamin A intake, serum

FEBRUARY 2022



BORGAN AND COLLEAGUES

35.

36.

37.

38.

vitamin D and bone mineral density: analysis of the Korea National
Health and Nutrition Examination Survey (KNHANES, 2008-2011).
Nutrients 2015; 7(3):1716-1727. doi:10.3390/nu7031716
Jimenez-Lara AM, Aranda A. Interaction of vitamin D and retinoid
receptors on regulation of gene expression. Horm Res 2000;
54(5-6):301-305. doi:10.1159/000053276

Kindmark A, Rollman O, Mallmin H, Petrén-Mallmin M, Ljunghall
S, Melhus H. Oral isotretinoin therapy in severe acne induces
transient suppression of biochemical markers of bone turnover
and calcium homeostasis. Acta Derm Venereol 1998; 78(4):266-269.
doi:10.1080/000155598441837

Villablanca JG, Khan AA, Avramis VI, Reynolds CP. Hypercalcemia:
a dose-limiting toxicity associated with 13-cis-retinoic acid. Am J
Pediatr Hematol Oncol 1993; 15(4):410-415. pmid:8214363
Niesvizky R, Siegel DS, Busquets X, et al. Hypercalcaemia and in-
creased serum interleukin-6 levels induced by all-trans retinoic acid
in patients with multiple myeloma. Br J Haematol 1995; 89(1):

[] Cleveland Clinic

39.

40.

41.

42.

217-218. doi:10.1111/j.1365-2141.1995.tb08936.x

Frame B, Jackson CE, Reynolds WA, Umphrey JE. Hypercalcemia and
skeletal effects in chronic hypervitaminosis A. Ann Intern Med 1974;
80(1):44-48. doi:10.7326/0003-4819-80-1-44

Wolbach SB, Hegsted DM. Hypervitaminosis A and the skeleton of
growing chicks. AMA Arch Pathol 1952; 54(1):30-38. pmid: 14932587
Lim LS, Harnack LJ, Lazovich D, Folsom AR. Vitamin A intake

and the risk of hip fracture in postmenopausal women: the lowa
Women'’s Health Study. Osteoporos Int 2004; 15(7):552-559.
doi:10.1007/s00198-003-1577-y

Michaélsson K, Lithell H, Vessby B, Melhus H. Serum retinol levels
and the risk of fracture. N Engl J Med 2003; 348(4):287-294.
doi:10.1056/NEJMo0a021171

Address: Vinni Makin, MD, FACE, Department of Endocrinology,
Diabetes, and Metabolism, F20, Cleveland Clinic, 9500 Euclid Avenue,
Cleveland, OH 44195; makinv@ccf.org

Improve Your Virtual Patient Visit Skills

The free course offers:
* brief introduction to virtual visits
+ guidance for demonstrating communication and empathy

As staffing shortages and concerns about exposure to COVID-19 continue,
patients are eager to visit their doctor virtually. But not all physicians

are comfortable conducting virtual visits. You can take advantage

~ of afree series of self-directed online modules to help you build

‘ your virtual patient visit skills.

* hest practices for taking a patient history
* instructions for conducting a physical examination,
based on organ system

To help you master the content, the free course includes many video demonstrations

and knowledge checks throughout.

Visit clevelandclinic.org/virtual-training
With the exception of the physical examination module, these activities have been approved for AMA PRA Category 1 Credit™.

CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 89 ¢ NUMBER 2  FEBRUARY 2022 105


http://healthcareedu.ccf.org/course/view.php?id=125

http://healthcareedu.ccf.org/course/view.php?id=125

GUIDELINES TO PRACTICE

Katherine N. Weller, MD
Department of Allergy and Clinical Immunology,
Respiratory Institute, Cleveland Clinic,
Cleveland, OH

Fred H. Hsieh, MD

Department of Allergy and Clinical Inmunology,
Respiratory Institute, Cleveland Clinic,
Cleveland, OH

Anaphylaxis: Highlights from
the practice parameter update

ABSTRACT

The practice parameter update on anaphylaxis from the
Joint Task Force on Practice Parameters, with the col-
laboration of the American Academy of Allergy, Asthma,
and Immunology and the American College of Allergy,
Asthma, and Immunology, addresses key issues in the
management and prevention of anaphylaxis. The updated
guidelines define diagnostic criteria for anaphylaxis;
therapeutic use of epinephrine, antihistamines, and
glucocorticoids; prevention of recurrent anaphylaxis; and
follow-up care that includes education on trigger avoid-
ance and use of self-injectable epinephrine.

KEY POINTS

106

Epinephrine is first-line pharmacotherapy for anaphylaxis.

Epinephrine should be administered at the onset of ana-

phylaxis as delays often increase risks for morbidity and
mortality.

Patients with severe anaphylaxis should be observed for

biphasic anaphylaxis, even after signs and symptoms
resolve.

The updated guidelines are expected to improve out-
comes by emphasizing early treatment with epineph-
rine and identifying risk factors for severe and biphasic
anaphylaxis.

doi:10.3949/ccjm.89a.21076
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HE UPDATED GUIDELINES on the preven-
T tion and treatment of anaphylaxis' from
the Joint Task Force on Practice Parameters
address key issues in the prevention and man-
agement of anaphylaxis, including diagnostic
criteria for anaphylaxis; therapeutic use of epi-
nephrine, antihistamines, and glucocorticoids;
prevention of recurrent anaphylaxis; and fol-
low-up care including patient education on
trigger avoidance and use of self-injectable
epinephrine. This update to the 2015 guide-
lines? was a collaborative effort of the Ameri-
can Academy of Allergy, Asthma, and Immu-
nology and the American College of Allergy,
Asthma, and Immunology.

I GENERAL CONSIDERATIONS
OF THE UPDATE

Anaphylaxis is an acute, potentially life-threat-
ening allergic emergency that can present with
diverse symptoms that often but not always in-
volve hemodynamic compromise. The updated
guidelines note that anaphylaxis is highly likely
in a patient experiencing at least 1 of the fol-

lowing 3 clinical scenarios (Table 1)

e Acute onset of symptoms involving the
skin or the mucous membrane, or both, in-
cluding hives, itching, flushing, or swelling;
plus the acute onset of respiratory symp-
toms, with or without hypotension or other
symptoms of target-organ dysfunction

¢ Involvement of 2 or more organ systems
that occurs rapidly after exposure to a
likely allergen, including skin or mucosal
membrane symptoms, respiratory symp-
toms, hypotension or other symptoms of
target-organ dysfunction, and sudden gas-
trointestinal symptoms
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e Hypotension occurring acutely after expo-
sure to a known or established allergen for
that patient.

In patients who meet the anaphylaxis criteria,
epinephrine is recommended. However, the up-
dated guidelines recognize that epinephrine treat-
ment may still be appropriate in some patients
who do not meet anaphylaxis criteria, such as a
patient exposed to a likely allergen who develops
symptoms in a single organ system. Anaphylaxis
is considered to be severe if respiratory failure or
cardiovascular collapse occurs.

Risk factors for severe anaphylaxis include
cardiovascular disease, asthma, older age, and ad-
ditional coexisting or comorbid conditions such
as atopy, concomitant beta-blocker or angioten-
sin-converting enzyme (ACE) inhibitor use, or
an established mast cell disorder such as bone-
marrow biopsy-proven systemic mastocytosis.!

In adults, the most common causes of ana-
phylaxis are medications and stinging insects. In
children, foods and stinging insects are the most
common triggers. Food allergy is present in 8%
to 11% of the US population, and adverse drug
reactions occur in up to 10% of the population
and in up to 20% of hospitalized patients.!

I ANAPHYLAXIS TREATMENT

Epinephrine is the first-line therapy for ana-
phylaxis, and its administration should not be
delayed, as delays are associated with higher
rates of morbidity and mortality. There are no
absolute contraindications to epinephrine use,
even in pregnant patients or those with coro-
nary artery disease or tachyarrhythmia.
Epinephrine should be administered at the
onset of anaphylaxis, intramuscularly in the
mid-outer thigh at a dose of 0.01 mg/kg of a
1:1000 (1-mg/mL) solution, up to a maximum
dose of 0.5 mg in adults and 0.3 mg in children.!
The most commonly used epinephrine
autoinjectors are the following:
e EpiPen 0.3 mg/0.3 mL for adult patients
e EpiPen Jr 0.15 mg/0.15 mL for pediatric
patients weighing 15 to 30 kg
Auvi-Q 0.3 mg/0.3 mL for adults
Auvi-Q 0.15 mg/0.15 mL for pediatric pa-
tients weighing 15 to 30 kg
e Auvi-Q (0.1 mg/0.1 mL) for pediatric pa-
tients weighing 7.5 to 15 kg.
If possible, the inciting allergen should be re-
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TABLE 1

Diagnostic criteria for anaphylaxis

Anaphylaxis is highly likely when any 1 of the following 3 criteria is met:

1

Sudden onset of symptoms (minutes to several hours) with
involvement of skin and/or mucosa (eg, generalized hives,
itching or flushing, swollen lips/tongue/uvula), AND at least
one of the following:

Respiratory symptoms or signs (eg, shortness of breath,
wheezing, cough, hypoxemia)

Hypotension or other symptoms of target-organ dysfunction
(eg, collapse, incontinence)

Sudden onset of 2 or more of the following after exposure to
a likely allergen or other trigger for that patient (minutes to
several hours):

Skin or mucosal membrane symptoms
Respiratory symptoms
Hypotension or other symptoms of target-organ dysfunction

Gastrointestinal symptoms such as abdominal pain or vomiting

Hypotension occurring acutely (minutes to several hours)
after exposure to a known or established allergen for that
patient. Hypotension is defined as the following:

Adults: Systolic blood pressure < 90 mm Hg, or a decrease
> 30% from patient’s baseline

Infants and children: Low systolic blood pressure (age-specif-

ic) or a decrease > 30% in systolic pressure

Based on information from reference 1.

moved. Airway, breathing, and circulation should
then be assessed, appropriate assistance sum-
moned, and cardiopulmonary resuscitation be-
gun, if needed.? Additional interventions include
placing the patient in a supine position (left side
for pregnant patients), providing supplemental
oxygen, and administering intravenous fluid re-
suscitation to patients with hypotension.
Second-line therapy with beta-2 agonists
such as albuterol, antihistamines (histamine-1
and histamine-2 receptor antagonists), and
corticosteroids may be considered. Glucagon
may be helpful for patients who are receiving
beta-adrenergic blocking agents.? Unlike epi-
nephrine, these second-line medications will
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In adults,

the most
common causes
of anaphylaxis
are medications
and stinging
insects;

in children,
foods and
stinging insects
are the most
common
triggers
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not effectively treat cardiovascular symptoms
such as hypotension and should not be admin-
istered in place of epinephrine.!

After treatment of anaphylaxis, monitor
the patient until signs and symptoms have fully
resolved. Extended observation is suggested
for patients with severe anaphylaxis and those
who require more than 1 dose of epinephrine.
This is indicated to monitor for a potential bi-
phasic reaction.!

Any patient who has experienced anaphy-
laxis should be evaluated by an allergy and im-
munology specialist to determine the causative
agent, if any. It is not possible to predict the
severity of any future event based on the sever-
ity of past events. Therefore, consider prescrib-
ing an epinephrine autoinjector to patients
who have experienced anaphylaxis. Instruct
patients on the use of the device, and educate
them on the risk of anaphylaxis recurrence and
trigger avoidance.

Il BIPHASIC ANAPHYLAXIS

Biphasic anaphylaxis—a clinical condition in
which the symptoms of anaphylaxis recur after
medical resuscitation, recovery of vital signs,
and resolution of all signs and symptoms—is
estimated to occur in 1% to 20% of patients
and may occur up to 72 hours after resolution
of anaphylaxis.! Intramuscular epinephrine is
the first-line treatment for both the initial and
the delayed reaction.

The most significant risk factor for expe-
riencing a biphasic anaphylactic reaction is a
severe initial anaphylactic reaction or the need
for more than 1 dose of epinephrine. Other risk
factors include a wide pulse pressure at initial
presentation, unknown anaphylaxis trigger,
cutaneous signs and symptoms (including and
urticaria and angioedema), delayed time of ad-
ministration of the first epinephrine dose (> 60
minutes), and presence of a drug trigger in pe-
diatric patients.!

Thus, patients presenting with severe ana-
phylaxis, especially those requiring more than
1 dose of epinephrine, should be considered for
longer direct observation given the potential
for biphasic anaphylaxis, even after complete
resolution of signs and symptoms of anaphy-
laxis. From a clinical practice standpoint, for
patients with no severe risk factors, a 1-hour
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asymptomatic observation period may be rea-
sonable. For patients at higher risk, 6 hours or
longer should be strongly considered.

Preventing biphasic anaphylaxis

There are no reliable interventions to prevent
biphasic anaphylaxis. Antihistamines and glu-
cocorticoids are commonly used for emergency
treatment of urticaria, itching, and swelling.
However, if anaphylaxis is not recognized and
those medications are administered instead of epi-
nephrine therapy, it could delay the start of first-
line anaphylaxis treatment with epinephrine.

In addition, the 2020 Joint Task Force did
not identify any benefit of antihistamines or
glucocorticoids in preventing biphasic ana-
phylaxis. Rather, it found that glucocorticoid
use may actually be associated with increased
risk for biphasic anaphylaxis in children,
though confounding with severity could not

be excluded.!

I ADDRESSING THE POTENTIAL CAUSES
OF ANAPHYLAXIS

Chemotherapy

The incidence of anaphylaxis has increased
during some chemotherapy protocols that in-
clude agents such as pegaspargase, docetaxel,
carboplatin, oxaliplatin, and paclitaxel.! Pre-
medication with glucocorticoids or antihis-
tamines has been shown to significantly de-
crease the rate of hypersensitivity reactions
to chemotherapy.! Therefore, premedication
is recommended to decrease the risk of hyper-
sensitivity reactions during these protocols,
including prevention of infusion-related re-
actions in patients who have not previously
experienced a reaction to the drug. Premedi-
cation may also be considered for some bio-
logics, such as rituximab used to treat autoim-
mune disorders and B-cell malignancies (eg,
diffuse large B-cell non-Hodgkin lymphoma,
follicular B-cell non-Hodgkin lymphoma).
Of note, this is a conditional recommenda-
tion with a very-low-certainty rating of evi-
dence, as studies have not included patients
who have experienced anaphylaxis to those
drugs.!

Radiocontrast media
The current standard approach to reducing
hypersensitivity reactions to radiocontrast me-
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dia in patients with a history of radiocontrast
reactions involves premedication with anti-
histamines and glucocorticoids. The updated
guidelines highlight recent studies that suggest
the evidence supporting premedication to pre-
vent hypersensitivity reactions is not definitive
in patients with a history of contrast reactions
who are scheduled to receive low- or iso-os-
molar, nonionic radiocontrast media.! This is
based on analyses that suggest the greatest risk
reduction in patients with anaphylaxis from
ionic, hyperosmolar radiocontrast media may
be derived from using low-osmolar, nonionic
contrast agents rather than hypo-osmolar, non-
ionic media plus pretreatment with high-dose
glucocorticoids. A meta-analysis described in
the guidelines did not find a clear benefit from
premedication with a histamine-1 receptor an-
tagonist plus a glucocorticoid in these patients.
However, this is a conditional recommendation
with a very-low-certainty rating of evidence.

The guidelines continue to suggest con-
sideration of a premedication regimen for
patients with a high level of perceived risk of
anaphylaxis or comorbidities associated with
greater anaphylaxis fatality risk, such as under-
lying cardiovascular disease, use of beta-block-
ers, or history of severe anaphylaxis.! The use
of other strategies (such as rapid desensitiza-
tion) to treat or prevent delayed reactions to
radiocontrast media is not addressed in the
current guidelines. In addition, management
strategies involving use of non-cross-reactive
radiocontrast media without glucocorticoid
premedication are proposed, but substantive
prospective trials are lacking.

Subcutaneous allergen immunotherapy

In patients receiving venom immunotherapy,
ACE inhibitors have been associated with an
increased frequency of reactions and should
be discontinued whenever possible. Beta-
adrenergic blocking agents have also been as-
sociated with a higher severity of events and
are thought to interfere with the efficacy of
epinephrine, and their discontinuation should
be considered.? A very-low-certainty rating
of evidence suggests that premedication with
glucocorticoids or antihistamines does not
significantly reduce the risk of a hypersensi-
tivity reaction in patients receiving allergen
immunotherapy; however, there may be some
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benefit to premedication in patients undergo-
ing immunotherapy procedures with a high
baseline rate of systemic reactions.

I WHAT'S DIFFERENT FROM THE 2015
GUIDELINES?

The Joint Task Force used the Grading of Rec-
ommendations, Assessment, Development,
and Evaluation (GRADE) analysis to rigor-
ously evaluate the certainty of the literature
to answer key questions,! whereas the 2015
guidelines task force classified recommenda-
tions by the strength of the recommendations
and the quality of the evidence.’

The updated guidelines state that ana-
phylaxis can present with a variety of clini-
cal manifestations and recommend treatment
with epinephrine in patients who experience
symptoms after exposure to a likely allergen.
They expand and clarify the definition of ana-
phylaxis and include recommendations for pe-
diatric patients as well.

There was concern that the definition of ana-
phylaxis in previous guidelines would exclude pa-
tients who did not meet certain criteria, such as a
patient exposed to a likely allergen who develops
symptoms in a single organ system. The updated
guidelines address this to promote early treatment
of anaphylaxis for more patients.

Compared with previous guidelines, the
update more directly addresses the evidence
and rationale underlying the recommended
approach to treatment and monitoring of pa-
tients with biphasic anaphylaxis in the rigor-
ous GRADE format. The guidelines also ad-
dress the identification and mitigation of risk
factors for biphasic anaphylaxis, which was
not fully elucidated in prior guidelines.!

The guidelines also update recommenda-
tions regarding premedication with antihis-
tamines or glucocorticoids based on recent
evidence that supports their role for patients
undergoing specific chemotherapy protocols
and rush aeroallergen immunotherapy (ie, a
technique for rapidly advancing the dose of
aeroallergen allergy shots to the maintenance
dose over a short period of time). However,
the task force did not find a convincing benefit
in their use to prevent recurrent radiocontrast
media anaphylaxis in patients who require low-
osmolar or iso-osmolar contrast.!
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TABLE 2

Key clinical practice recommendations
from the 2020 anaphylaxis guidelines

Treatment of anaphylaxis

Administer epinephrine as first-line pharmacotherapy for uniphasic or
biphasic anaphylaxis.

Do not delay the administration of epinephrine for anaphylaxis.

All patients with anaphylaxis should receive education about anaphy-
laxis, risk of recurrence, trigger avoidance, self-injectable epinephrine,
and thresholds for further care. Patients should also be referred to an

allergist for follow-up evaluation.

Biphasic anaphylaxis

Risk factors for biphasic reactions include severe anaphylaxis or the
need for more than 1 dose of epinephrine to treat anaphylaxis, wide
pulse pressure, unknown anaphylaxis trigger, cutaneous signs and
symptoms, and drug triggers in children.

Antihistamines and glucocorticoids are not reliable interventions to
prevent biphasic anaphylaxis but may be considered as second-line
treatment.

After treatment, all patients with anaphylaxis should be kept under
observation until symptoms have fully resolved.

Extended observation beyond resolution of symptoms is suggested for
patients who had severe anaphylaxis or required more than 1 dose of
epinephrine.

Use of histamine-1 antihistamines and glucocorticoids to pre-
vent anaphylactic reactions

Premedication with antihistamine or glucocorticoid or both in specific
chemotherapy protocols and specific aeroallergen immunotherapy
procedures may decrease the risk of systemic reactions.

Patients with a history of reactions to radiocontrast media should
receive low- or iso-osmolar radiocontrast media with future proce-
dures to reduce the risk of future reactions. Routine glucocorticoid or
antihistamine premedication may not reduce the risk of hypersensitiv-
ity reactions, though they should be considered in patients perceived
to be at high risk of anaphylaxis or with comorbidities that increase
the anaphylaxis fatality risk.

Based on information from reference 1.

I WHAT'S THE EXPECTED CLINICAL IMPACT?

The updated guidelines will likely improve
outcomes in patients with anaphylaxis by em-
phasizing early treatment with epinephrine and
identifying risk factors for severe and biphasic
anaphylaxis. Premedication with antihista-
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mines and glucocorticoids may be utilized less to
prevent recurrent radiocontrast media anaphy-
laxis, especially in patients with comorbidities
that increase their risk of adverse effects from
these premedication agents. These patients
would include those with diabetes mellitus who
are at high risk for hyperglycemia from high-
dose glucocorticoids. On the other hand, pre-
medication may become more standard practice
for certain chemotherapy protocols.

I DO OTHER SOCIETIES AGREE
OR DISAGREE?

The international anaphylaxis guidelines of
the World Allergy Organization provide rec-
ommendations similar to those of the Ameri-
can Academy of Allergy, Asthma, and Immu-
nology and the American College of Allergy,
Asthma, and Immunology, but also address
global issues such as the challenge of patient
access to epinephrine autoinjectors in some
countries.’

I HOW WILL THE GUIDELINES
CHANGE DAILY PRACTICE?

The expanded diagnostic criteria for anaphy-
laxis will likely lead to earlier recognition of
the condition and earlier use of epinephrine.
Educating patients about unusual symptoms
should enable them to identify anaphylaxis
earlier and get rapid treatment.

Identifying risk factors for biphasic anaphy-
laxis will help clinicians target the appropriate
patient population for education and consid-
eration of antihistamines or glucocorticoids as
secondary treatment. See Table 2 for a summa-
ry of key clinical guideline recommendations.

I WHEN DO THE GUIDELINES NOT APPLY?

The updated guidelines were published prior
to the US Food and Drug Administration
approval of Palforzia, a food-desensitization
product for peanut anaphylaxis.* Therefore,
the guidelines do not provide up-to-date
recommendations regarding food desensiti-
zation as a therapeutic option for patients at
risk for food anaphylaxis to peanuts. [ |
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