VOLUME 87 + NUMBER 11 ¢ NOVEMBER 2020 * www.ccjm.org

EDICINE

COVID-19 and flu:
Dual threat, dual opportunity

Convalescent plasma in COVID-19:
Promising, not proven

COVID-19 plus other infections

COVID-19 Curbside
Consults: www.ccjm.org

The Clinical Picture: Spur-cell anemia

Pneumococcal vaccine:
Which shot when?

Do antirheumatic drugs
affect vaccines?

Contrast media
and acute kidney injury

Using and interpreting
electrodiagnostic tests




CLEVELAND CLINIC
JOURNALOFMEDICINE

EDITORIAL STAFF

Brian F. Mandell, MD, PhD, Editor in Chief
Pelin Batur, MD, Deputy Editor

Craig Nielsen, MD, Deputy Editor

Kristi Thomsen, Executive Editor

Ray Borazanian, Managing Editor

David A. Huddleston, Manuscript Editor
Amy Slugg Moore, Manuscript Editor
Ross Papalardo, CMI, Medical Art Director
Mary T. Cusick, Editorial Project Leader
Philip Lammers, Editorial Project Leader

PUBLISHING OPERATIONS

Peter G. Studer, Executive Publisher

Bruce M. Marich, Production Manager

Kathy Dunasky, Production Manager, Special Projects
Iris Trivilino, Department Coordinator

Laurie Weiss, Accountant (Billing)

ASSOCIATE EDITORS
Alejandro C. Arroliga, MD
Moises Auron, MD

Caitlin Blaskewicz, DO, PhD
Stephanie Braunthal, DO
Daniel J. Brotman, MD
Brandon Bungo, MD

Erin Covert, MD

Abhijit Duggal, MD

Ruth M. Farrell, MD, MA
Gary Francis, MD

Kathleen Franco, MD
Steven M. Gordon, MD
Brian Griffin, MD

Kevin Harris, MD

David L. Keller, MD

Umesh Khot, MD

Mandy C. Leonard, PharmD
Angelo A. Licata, MD, PhD
Atul C. Mehta, MD
Christian Nasr, MD

Robert M. Palmer, MD
David D.K. Rolston, MD
Gregory Rutecki, MD
Bernard J. Silver, MD

Tyler Stevens, MD
Theodore Suh, MD, PhD, MHSc
Marc Williams, MD
Andrew Young, DO

EDITORS EMERITI

John D. Clough, MD
Herbert P. Wiedemann, MD
James S. Taylor, MD

CLEVELAND CLINIC
Tom Mihaljevic, MD
President and Chief Executive Officer

CLEVELAND CLINIC EDUCATION INSTITUTE

James K. Stoller, MD, MS, Chairman

Steven Kawczak, PhD, Senior Director, Professional
Development and Knowledge Resources

DISCLAIMER

Statements and opinions expressed in the Cleveland Clinic Journal of
Medicine are those of the authors and not necessarily of Cleveland

Clinic or its Board of Trustees.

CLEVELAND CLINIC JOURNAL OF MEDICINE

ADVERTISING

Sima Sherman, Director of Sales and Marketing

SHERMAN MEDICAL MARKETING GROUP

1628 John F. Kennedy Blvd., #2200, Philadelphia, PA 19103
(610) 529-0322 © sima@shermanmmg.com

SUBSCRIPTIONS
U.S. and possessions: Personal $155; institutional $183; single
copy/back issue $20

Foreign: $200; single copy/back issue $20

Institutional (multiple-reader rate) applies to libraries, schools,
hospitals, and federal, commercial, and private institutions and
organizations. Individual subscriptions must be in the names of,
billed to, and paid by individuals.

Please make check payable to Cleveland Clinic Journal of Medicine and
mail to: Cleveland Clinic Education Foundation, P.0. Box 373291,
Cleveland, OH 44193-3291. To purchase a subscription with a
credit card, please visit www.ccjm.org.

REPRINTS
(610) 529-0322 © sima@shermanmmg.com

PHOTOCOPYING

Authorization to photocopy items for internal or personal use

is granted by Cleveland Clinic Journal of Medicine (ISSN 0891-1150
[print], ISSN 1939-2869 [online]), published by Cleveland Clinic,
provided that the appropriate fee is paid directly to Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923 USA
(978) 750-8400. Prior to photocopying items for educational
classroom use, please contact Copyright Clearance Center, Inc.,
at the address above. For permission to reprint material, please
fax your request with complete information to the Republication
department at CCC, fax (978) 750-4470. For further information
visit CCC online at www.copyright.com. To order bulk reprints,
see above.

CHANGE OF ADDRESS
To report a change of address, send a recent mailing label along
with new information to:

AMA, Data Verification Unit, 330 N. Wabash Ave., Suite 39300,
Chicago, IL 60611-5885 e Phone (800) 621-8335 © Fax (312)
464-4880 * dpprodjira@ama-assn.org

Cleveland Clinic Journal of Medicine uses the AMA database of
physician names and addresses. The database includes all US
physicians and not just AMA members. Only the AMA can update
changes of address and other data.

SUBSCRIPTIONS, EDITORIAL, BILLING, AND PRODUCTION
1950 Richmond Rd., TR404, Lyndhurst, OH 44124  Phone (216)
444-2661 © Fax (216) 444-9385  ccjm@ccf.org ® www.ccjm.org

Cleveland Clinic Journal of Medicine [ISSN 0891-1150 (print), ISSN
1939-2869 (online)] is published monthly by Cleveland Clinic at
1950 Richmond Rd., TR404, Lyndhurst, OH 44124.

COPYRIGHT®© 2020 THE CLEVELAND CLINIC FOUNDATION.
ALL RIGHTS RESERVED. PRINTED IN U.S.A.

&=

Assocation of ’ B PA
Medical Media WORLDWIDE

AMM

VOLUME 87 e NUMBER 11 NOVEMBER 2020

641



642

NOVEMBER 2020

TABLE OF CONTENTS

FROM THE EDITOR weuveueueteueeeenesessasesessessessesssessassnssasesssessnssnsesesessnssesensssessnsssesensssessnsnsnss
Double the reasons for giving the flu vaccine in 2020 647
Limiting the impact of other diseases, possibly including COVID-19.

Brian F. Mandell, MD, PhD

THE CLINICAL PICTURE......veeueeueeseessesesseeseeseeseessessesesssesesseessesessensesssssesseessesessensesssesessesssenes
Spur-cell anemia 649
A man with liver disease presents with dizziness and fatigue.

Satish Maharaj, MD; Drew Murray, MD; Simone Chang, MD; Kamila Cisak, MD

COMMENTARY ...coeiueeeeteueeeeueseeseseseeseaeessenesesseneaesseseseeseneesseseseseneaeseesesessenensssesesesenensssanescns
COVID-19 and flu: Dual threat, dual opportunity 651
Measures to combat COVID-19 can minimize the impact of flu, and vice versa.

Sherif Beniameen Mossad, MD, FACP, FIDSA, FAST

T-MINUTE CONSULT .ttt s s s s s s s s s s s s s s st s s s s s nnnnnn

Does my healthy 65-year-old patient still need 656
the 13-valent pneumococcal conjugate vaccine (PCV13)?
The short answer is no—but it is not that simple.

Craig D. Nielsen, MD, FACP; Xian Wen Jin, MD, PhD

COVID-19 CURBSIDE CONSULTS ...uiiiiiiiiiiiiiiiii s s s s s s s s s s s s s s s s s s s s s s s s s nanas

Recognition and management of respiratory co-infection 659
and secondary bacterial pneumonia in patients with COVID-19
Consider the presentation and trajectory of illness.

Chao-Ping Wu, MD; Fatima Adhi, MD; Kristin Highland, MD

COVID-19 CURBSIDE CONSULTS ...uiuiiiiiiiiiiiiiiii s s s s s s s s s s s s s s s s s s s s s s s s nanas

Convalescent plasma for COVID-19: Promising, not proven 664
The evidence is suggestive but weak. Trials are ongoing.

Simon R. Mucha, MD; NurJehan Quraishy, MD

CONTINUED ON PAGE 644

CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 87 e NUMBER 11 NOVEMBER 2020



644

NOVEMBER 2020

CONTINUED FROM PAGE 642

REVIEW «.eutueueaeseesentesnseseseseesesesesesesssesessssasasnssssssnsnsesesesasasensnssessssnsnssesesessnsnsnsnens [CME| MOC)
| Using and interpreting electrodiagnostic tests 671
They supplement a neurologic examination in a variety of neuromuscular
conditions.

Matthew R. Ginsberg, MD; John A. Morren, MD; Kerry Levin, MD

PN

Contrast media in patients with kidney disease: 683
An update

The risk of acute kidney injury is real, but lower than initially thought.

Ali Mehdi, MD, MEd; Jonathan J. Taliercio, DO; Georges Nakhoul, MD, MEd

REVIEW .vuveueateseseeesessssnsesessesensssesesessnssnsssesessssessnsnsasessssasensesasesssessnsnsassssnsasensnsaseses [CME|MOC)
The effect of disease-modifying antirheumatic drugs

on vaccine immunogenicity in adults 695
Patients can have variable responses to vaccines, depending on the vaccine

and the DMARD.

Alvin Lee Day, MD; Kevin L. Winthrop, MD, MPH; Jeffrey R. Curtis, MD, MS, MPH

D E P A R T IMEN TS Liiiiiiitiiiiiiineeeeeteterererasnnanessresesssasnnnnsssmesesssssssnnssssesessssssssnnneterssssssnnnnnssssresssssnne
CME Calendar 646
CME/MOC Instructions 704

Upcoming Features

M Precision care
for non-small-cell lung cancer

B When premature babies
grow up

M Echocardiography
and endocarditis

B Testosterone for women

M Guidelines on reversing
direct oral anticoagulants

CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 87 e NUMBER 11 NOVEMBER 2020



WE CAN’T HUG YOU

BUT WE CAN
SALUTE YOU

The public may have pandemic fatigue. But COVID isn’t resting and neither can you. That’s why
we created #UniteInGratitude, a national campaign to thank and honor all healthcare workers
with a flag of your own, made from the colors and fabrics you wear to the fight every day. We’re
selling this Gratitude Flag (and other gear) to unite the public in ongoing support for healthcare
workers, with proceeds going to the CDC Foundation’s Coronavirus Emergency Response Fund.
Visit UniteInGratitude.com to learn more. And thank you for everything you do...we salute you.

#UniteInGratitude

Omnicom .
@ 9 MERCK HealthGroup in support of the CDC Foundation ©2020 Omnicom Health Group.




2020
NOVEMBER

MULTIDISCIPLINARY COLORECTAL
ONCOLOGY COURSE: A CASE-BASED
APPROACH

November 6

LIVE STREAM

CLEVELAND CLINIC CASE REVIEWS
IN CARDIOLOGY

November 7-8

LIVE STREAM

DECEMBER
LIVER UPDATE
December 4

LIVE STREAM

MASTERING THE TREATMENT
OF MYELOID MALIGNANCIES

IN THE ERA OF PERSONALIZED MEDICINE:

VIRTUAL SYMPOSIUM
December 4
LIVE STREAM

A CASE-BASED APPROACH

TO MASTERING THE MITRAL VALVE:
IMAGING, INNOVATION,
INTERVENTION

December 4-5

LIVE STREAM

DR. ROIZEN'S PREVENTIVE MEDICINE
LONGEVITY CONFERENCE
December 5-6

LIVE STREAM

CME|MOC

Visit WWW.CCJM.ORG
Test your knowledge
of clinical topics

2021
JANUARY

SHAPING THE MANAGEMENT

OF PARKINSON DISEASE:

DEBATING THE MOST CONTROVERSIAL
ISSUES AND DISCUSSING

THE LATEST BREAKTHROUGHS
January 23-24

Lake Tahoe, NV

FEBRUARY

VALVE DISEASE, STRUCTURAL
INTERVENTIONS, AND DIASTOLOGY/
IMAGING SUMMIT

February 5-7

Cleveland, OH

MARCH

MANAGEMENT OF CHECKPOINT
INHIBITOR-RELATED TOXICITY
March 4-5

Cleveland, OH

INTERNATIONAL PTEN SYMPOSIUM:
FROM PATIENT-CENTERED RESEARCH
TO CLINICAL CARE

March 15

Cleveland, OH

PAIN MANAGEMENT SYMPOSIUM
March 27-31
Orlando, FL

CME CALENDAR Gmm

APRIL

MANAGEMENT OF ADVANCED

AND RECURRENT OVARIAN CANCER
April 16-17

Cleveland, OH

JUNE

WASOG/AASOG 2021:
MULTIDISCIPLINARY MEETING
FOR SARCOIDOSIS AND ILD
June 21-24

Hollywood, FL

JULY

UPDATES IN MELANOMA AND HIGH-RISK
SKIN CANCER MANAGEMENT

July 15-16

Cleveland, OH

CLEVELAND SPINE REVIEW:
HANDS-ON 2021

July 28-August 2
Cleveland, OH

SEPTEMBER

PRIMARY CARE WOMEN'S HEALTH:
ESSENTIALS AND BEYOND
September 9-10

Cleveland, OH

COMPREHENSIVE LIFELONG
EXPEDITIOUS CARE OF AORTIC DISEASE
September 17-18

Cleveland, OH

GENETICS EDUCATION SYMPOSIUM —
GENETICS AND GENOMICS:
APPLICATIONS FOR THE PREVENTION,
DETECTION, AND TREATMENT OF CANCER
September 30

Cleveland, OH

FOR SCHEDULE UPDATES AND TO REGISTER, VISIT: WWW.CCFCME.ORG/LIVE

CLEVELAND CLINIC JOURNAL OF MEDICINE

VOLUME 87 ¢ NUMBER 11

NOVEMBER 2020



FROM THE EDITOR

Double the reasons for giving
the flu vaccine in 2020

Regular readers of the Jowrnal can anticipate an annual fall article related
to the flu vaccine or, at the least, be unsurprised by its publication. This
year [ asked Dr. Sherif Mossad, one of our infectious disease consultants with spe-

cial expertise in respiratory viruses, to specifically address the potential relationship
between the annual influenza vaccine and the ongoing COVID-19 pandemic. On page
651 of this issue, you will find his thoughtful response.

[ always learn from Sherif. In his article he notes a fascinating (prepublication) ob-
servation from Brazil!: patients who had received their 2020 influenza vaccination and
who contracted SARS-CoV-2 fared better in several ways than those infected with
the SARS-CoV-2 virus who had not been vaccinated. They were less likely to develop
severe respiratory disease or die—a striking observation with obvious implications for
all of us as we get ready for flu season.

The immunobiology underlying this observation, which hopefully is true, is not
clear to me. This was an observational, not a prospective, randomized study. Hence
there is the significant potential for bias due to potential specific reasons for giving the
influenza vaccine to some but not all patients. The authors went to great lengths to
limit this potential bias in their analysis. More than 90,000 patients were studied; final
survival outcome data were available for 67,000, and recorded vaccination status data
for more than 36,000 (about 40%). Outcome benefit was most pronounced in patients
over age 60. Most intriguing is the observation that patients who received the influ-
enza vaccine while symptomatic from COVID-19 still received significant benefit in
terms of pulmonary and survival outcome (odds ratio for mortality 0.73, 95% confi-
dence interval 0.58-0.91). This rapid effect argues against the boosting of an antibody
that cross-reacts between the two viruses (adaptive immunity) being the mechanism,
and rather favors a boosting of the innate immune response (less-specific pathogen
recognition or perhaps stimulation of interferon generation). This is consistent with
cross-agent protection from some other vaccines reported in the past.

[ have already added this discussion to my dialogue with patients who are hesitant
to get the flu vaccine this year. “This year in particular,” I say, “is not the year to avoid
getting vaccinated.” | emphasize the similarity in symptoms between early influenza
and COVID-19, which could lead to enormous angst and implications regarding
quarantine from family, work, and school. Receiving the flu vaccine should lessen the
likelihood of this happening. I think it has helped my case in promoting vaccination.

In a second vaccine-related paper in this issue of the Journal, Day et al (page 695)
discuss the increasingly common question of which vaccines can and should be given
to patients receiving immunosuppressive therapy. As use of “biologics” has prolifer-
ated in the successful treatment of more diseases, internists and other primary care
providers in the office often face this question. New information indicates that pa-
tients receiving the Janus kinase inhibitors are more prone to experience outbreaks
of herpes zoster, raising the imperative for considering administration of Shingrix, a

doi:10.3949/ccjm.87b.11020
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recombinant adjuvanted “dead” zoster vaccine, to these patients before or concurrent
with starting one of these medications. Additionally, there are recent studies suggesting
that the efficacy of the normal-strength influenza vaccine given to patients receiving
methotrexate can be increased by withholding the methotrexate for 2 weeks after vac-
cination (or by using the higher-dose vaccine intended for patients over age 65). This
is information relevant to both subspecialists and primary care providers.

I believe that vaccinations contribute to improving the public health. And while
we all hopefully await the arrival of an appropriately evaluated, safe, and effective vac-
cine against COVID-19 endorsed by the National Institute of Allergy and Infectious
Diseases, we need to do the best we can to limit the impact of other vaccination-pre-
ventable infectious diseases, as well as the spread of the current pandemic.

And thank you, Dr. Anthony Fauci.

/B/»Lw‘{‘-_‘b

Brian F. Mandell, MD, PhD
Editor in Chief

1. Fink G, Orlova-Fink N, Schindler T, et al. Inactivated trivalent influenza vaccine is associated with lower mortality
among Covid-19 patients in Brazil. MedRxiv 2020 Jul 1. doi: https://doi.org/10.1101/2020.06.29.20142505
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THE CLINICAL PICTURE
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Spur-cell anemia

50-YEAR-OLD MAN presented to the emer-

gency department with dizziness and fa-
tigue. He had a history of alcoholic liver dis-
ease with cirrhosis, diagnosed 1 month prior,
with small esophageal varices and a Model for
End-Stage Liver Disease-Sodium score of 33
(indicating a high predicted mortality risk,
66% at 90 days). There was no hematemesis
or melena.

Physical examination revealed scleral ic-
terus, mild abdominal distention, and bilateral
pitting edema, with scattered bruising.

Laboratory testing revealed the following:
e Acute anemia, with a hemoglobin level of

6.3 g/dL, down from 10.6 g/dL 2 weeks ear-

lier (reference range 13.0-17.0)

e Macrocytosis, with a mean corpuscular

volume of 109 fL, up from 92 fL (80-100)
e Red blood cell distribution width 22%

(11%-16%)

e Reticulocyte count 9% (0.4%-2.0%), ab-

solute count 194 x 10°/L (18-100)

e Lactate dehydrogenase 412 U/L (140-280).

Stable thrombocytopenia and hyperbilirubi-
nemia were also noted. Tests for human immu-
nodeficiency virus and hepatitis were negative.

Computed tomography showed only dif-
fuse edema and mild ascites, without hemor-
rhage or fluid collections.

The patient received a transfusion of 2
units of packed red blood cells, after which his
hemoglobin level was even lower—5.9 g/dL.
An additional 4 units were transfused over the
next 48 hours, but his peak hemoglobin level
was still only 6.5 g/dL.

Further testing showed rising bilirubin, an
undetectable haptoglobin, elevated lactate de-
hydrogenase, and a negative direct Coombs test.

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

doi:10.3949/ccjm.87a.20044
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Figure 1. A peripheral blood smear showed
numerous irregularly shaped erythrocytes
with spinous projections (“spur cells”) and
increased reticulocytes.

The peripheral blood smear (Figure 1)
showed numerous irregularly shaped erythro-
cytes with spinous projections (ie, acantho-
cytes, or “spur cells”) and increased reticu-
locytes, confirming the diagnosis of spur-cell
anemia.

I HEMOLYTIC ANEMIA IN HEPATIC FAILURE

Hemolysis in hepatic failure is often over-
looked as a cause of anemia. These patients
often have decreased haptoglobin, elevated
lactate dehydrogenase, and hyperbilirubine-
mia at baseline.

When Coombs-negative hemolysis is sus-
pected in liver failure, the peripheral blood
smear should be reviewed for morphologic
abnormalities. Abnormal lipid and protein
metabolism results in erythrocyte membrane
defects—commonly, macrocytosis and target

VOLUME 87 ¢ NUMBER 11

Kamila Cisak, MD
James Graham Brown Cancer Center,
University of Louisville School of Medicine,
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presents
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SPUR-CELL ANEMIA

cells. These erythrocytes lose their plasticity
and are deformed as they travel through the
spleen, resulting in the formation of spur cells
and increased clearance in the reticuloendo-
thelial system. Zieve syndrome is a triad of
jaundice, hypertriglyceridemia, and hemoly-
sis.!

M MANAGEMENT IS MAINLY SUPPORTIVE

Spur-cell anemia is associated with a poor
prognosis, and liver transplant is the only
definitive management.”? Supportive manage-
ment includes transfusion for symptomatic

I REFERENCES

1. Zieve L. Jaundice, hyperlipemia and hemolytic anemia:
a heretofore unrecognized syndrome associated with
alcoholic fatty liver and cirrhosis. Ann Intern Med 1958;
48(3):471-496. doi:10.7326/0003-4819-48-3-471

2. Gerber B, Stussi G. Reversibility of spur cell anemia.
Blood 2011; 118(16):4304.
doi:10.1182/blood-2010-11-321034

3. Karam D, Swiatkowski S, Purohit P, Agrawal B. High-
dose steroids as a therapeutic option in the management
of spur cell haemolytic anaemia. BMJ Case Rep 2018;
2018:bcr2017223281. doi:10.1136/bcr-2017-223281

anemia, discontinuation of bone marrow-sup-
pressive medications and alcohol, and appro-
priate treatment for the primary cause of liver
disease. Medical management with predniso-
lone or pentoxifylline is based only on limited
case reports, and further research is needed.>*

Recurrence of spur-cell anemia after trans-
plant can herald graft failure.’

Our patient’s care

Our patient was not a candidate for transplant
because of his ongoing alcohol use. He was
enrolled in palliative care and died 1 month
later. [

4. Aihara K, Azuma H, lkeda Y, et al. Successful combina-
tion therapy—flunarizine, pentoxifylline, and chole-
styramine—for spur cell anemia. Int J Hematol 2001;
73(3):351-355. doi:10.1007/BF02981961

5. Malik P, Bogetti D, Sileri P, et al. Spur cell anemia in al-
coholic cirrhosis: cure by orthotopic liver transplantation
and recurrence after liver graft failure. Int Surg 2002;
87(4):201-204. pmid:12575799

Address: Satish Maharaj MD, James Graham Brown Cancer
Center, University of Louisville School of Medicine, 529 S Jack-
son Street, LRC 4th Floor L-18, Louisville, KY 40207;
satishsmaharaj@gmail.com
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COMMENTARY

Sherif Beniameen Mossad, MD, FACP, FIDSA, FAST
Staff, Department of Infectious Diseases, Section of Transplant Infectious
Diseases, Respiratory Institute and Transplant Center, Cleveland Clinic;
Professor of Medicine, Cleveland Clinic Lerner College of Medicine

of Case Western Reserve University, Cleveland, OH

COVID-19 and flu:
Dual threat, dual opportunity

HIS FALL, THE NORTHERN HEMISPHERE

faces the dual threat of the annual influ-
enza epidemic and the pandemic of coronavi-
rus disease 2019 (COVID-19), which arrived
here in March 2020 and never went away.
But all is not bleak. Although the COVID-19
pandemic continues and has had a negative
impact on preventive, routine, and acute
medical care, the silver lining is that measures
to combat the COVID-19 pandemic can help
minimize the impact of seasonal influenza,
and vice versa.

COVID-19 has justifiably occupied most
of our attention in the last 10 months, but we
need to keep our eyes on the ball of the up-
coming flu season.

M COVID-19: THE ONGOING THREAT

At the time of this writing, 1 million of the
33 million people with COVID-19 have died.!

The situation was similar in the 1918 in-
fluenza pandemic. Then, like now, no effec-
tive vaccine or medication was available to
prevent or treat the pandemic disease. And
despite significant advances in hygiene and
supportive medical care achieved in the 100
years between these pandemics, the mortality
rate during the early phase of the COVID-19
pandemic in New York City was comparable
to that in the 1918 influenza pandemic.?

Youth at risk

During the early months of the COVID-19
pandemic, the incidence, disease severity,
and mortality rates were highest among older
adults. However, during June, July, and Au-

The author reports no relevant financial relationships which, in the context
of his contribution, could be perceived as a potential conflict of interest.

doi:10.3949/ccjm.87a.20161
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gust 2020, the pattern shifted so that the in-
cidence was highest in persons ages 20 to 29,’
and increases in incidence in this age group
preceded increases in incidence in those age
60 and older by 4 to 15 days.

In the years 1999 to 2014, global surveil-
lance data from 29 countries showed that
young adults ages 18 to 39 accounted for 30%
of influenza cases.* Influenza vaccination cov-
erage in the United States in adults ages 18 to
49 for the 2018-19 influenza season was 35%,
the lowest among all age groups.” Even though
disease severity of both COVID-19 and influ-
enza may be less in healthy young adults than
other age groups, it is becoming clear that the
fight against both diseases may not be won
without decreasing the incidence of both in-
fections in that age group.

Concurrent infection is common

From March 3 to March 25 of this year, 20%
of specimens testing positive for severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) were positive for 1 or more additional
pathogens, including influenza.® Numerous
reports have since documented simultaneous

SARS-CoV-2 and influenza co-infection.’

I COMPARING THE COVID-19
AND THE 2009 INFLUENZA PANDEMICS

The COVID-19 pandemic, the 2009 influenza
A (HINT1) pandemic (the most recent flu pan-
demic), and seasonal influenza have several
things in common that we need to recognize.
Table 1 summarizes similarities and dif-
ferences between COVID-19 and 2009 influ-
enza A (HIN1).8 Both have similar modes of
transmission, but COVID-19 is much more
contagious. Patients with COVID-19 are

VOLUME 87 ¢ NUMBER 11
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COVID-19 AND FLU

TABLE 1

The coronavirus disease 2019 and influenza 2009 pandemics compared

Coronavirus disease 2019 pandemic Influenza 2009 pandemic

Causative virus
Mode of transmission

Prevalence

Number of secondary transmis-
sions from 1 infected person

Incubation period (days)

Interval from symptom onset
to maximum infectivity (days)

Duration of infectivity after
onset of iliness (days)

Typical course of illness

Typical clinical presentation
Unique manifestations

Asymptomatic or presymptom-
atic

lliness requiring hospitalization
lliness requiring intensive care
Complications

Case fatality rate
Antiviral therapy

Dexamethasone therapy
Convalescent plasma therapy

Preventive measures other
than vaccine

Preventive vaccine

Pandemic duration

Severe acute respiratory syndrome coronavirus Influenza A (H1N1)

2 (SARS-CoV-2)

Respiratory droplets most common, but contact with surfaces contaminated with viral
particles and airborne routes are possible

0.11% 25%
2.5 1.7
2-14 2

0 2
8-10 5-7

Sudden onset of acute illness, which
lasts 2-5 days, followed by milder
symptoms that can last for several
weeks

Gradual onset, then sudden escalation in se-
verity, then recovery within 2 weeks in those
with mild or moderate illness, and 3—6 weeks
in those with severe illness

Fever, headache, myalgia, malaise, and dry cough; less commonly, vomiting and diarrhea

Sudden loss of smell or taste None
30%-40% 20%

20% 5%—10%
1/16,000 1/104,000

Respiratory failure, myocarditis, encephalitis, myositis, multi-organ failure, and secondary
bacterial pneumonia

0.5%—1%
Intravenous remdesivir (investigational)

0.02%-0.05%

Oral oseltamivir, inhaled zanamivir, in-
travenous peramivir, and oral baloxavir
Only if hypoxic Not recommended
Investigational, only for severe cases

Social distancing, hand hygiene, face masks, isolation and contact tracing of confirmed
cases, and quarantine of those exposed

In development; now 6 months into the
pandemic

Ongoing; 8 months so far

Was developed and approved within 5
months

15 months
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most contagious on the day of onset of symp-
toms, while those with 2009 pandemic influ-
enza were most contagious during the first 2
days after the onset of illness. Asymptomatic
or presymptomatic infections are up to twice
as common with COVID-19 compared with
influenza. Onset of illness with COVID-19 is

usually gradual, while that of influenza is typi-
cally acute. Loss of sense of smell and taste
are features of COVID-19, not influenza. Al-
though the prevalence of influenza A (HIN1)
during the 2009 pandemic was much higher
than that of COVID-19 in the current pan-
demic, the latter is associated with up to 4
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times higher rates of hospitalization, 5 times
higher rates of need for admission to an in-
tensive care unit, and up to 10 times higher
case-fatality, all possibly due to readily avail-
able, effective antiviral therapy for influenza.

I THE PANDEMIC'S NEGATIVE IMPACT
ON OTHER MEDICAL CARE

A major negative impact of social distancing
measures to curb the COVID-19 pandemic
is their indirect effect on preventive health
care. Shortly after the pandemic was declared,
rates of routine childhood immunizations in
Michigan fell by about 20%.” Yet Abbas et
al'® estimated that 84 deaths in African chil-
dren would be prevented by sustaining routine
childhood immunizations for every 1 excess
COVID-19 death attributed to SARS-CoV-2
infections acquired during these routine vac-
cination clinic visits. The risk-benefit ratio
extended to children’s siblings, parents or
adult caretakers, and older adults. This and
other studies have led to a “call to action” to
avoid the catastrophic negative impact the
COVID-19 pandemic would have on vaccine-
preventable diseases, including influenza.!!

People are also avoiding routine and even
urgent care. An estimated 40.9% of adults
in the United States delayed or avoided rou-
tine medical care due to the COVID-19 pan-
demic.” In the 10 weeks after declaration of
a national emergency in the United States in
response to the COVID-19 pandemic, emer-
gency department visits for heart attack de-
creased by 23% and visits for stroke decreased
by 20%." Primary percutaneous coronary in-
terventions for ST-segment elevation myocar-
dial infarction decreased by 38% after March
1,2020.4

Il MEASURES TO CONTAIN COVID-19
HELP CONTROL SEASONAL INFLUENZA

Several teams around the world are at work on
COVID-19 vaccines. Unfortunately, 31.6% of
adults surveyed indicated they were not sure
they would accept such a vaccine, and 10.8%
said they did not intend to be vaccinated.”
Not surprisingly, not having received the in-
fluenza vaccine the year before was one of the
factors associated with vaccine hesitancy.

When a COVID-19 vaccine is approved,

CLEVELAND CLINIC JOURNAL OF MEDICINE

transparency and scientific integrity will be
necessary to gain public trust and, hopefully,
convince the hesitators and refusers.!® We may
need to choose our battles wisely by focusing
on the slim majority (57.6%") who intend to
be vaccinated, and by implementing measures
well-established in annual influenza vaccina-
tion to close the intention-to-behavior gap,!”
such as providing the vaccine free of charge at
the workplace or school.

As an unexpected upside of the COVID-19
pandemic, the public health, nonpharma-
ceutical interventions for it such as social
distancing, hand hygiene, face masks, isola-
tion and contact tracing of confirmed cases,
and quarantine of those exposed have re-
sulted in collateral benefit on influenza activ-
ity. In the United States, within 2 weeks of
the COVID-19 pandemic being declared on
March 11, 2020, the percent of samples test-
ing positive for influenza decreased sharply,
from more than 20% before to 2.3%.!% In ad-
dition, interseasonal influenza circulation has
remained at a historically low level of 0.2%,
compared with 1% to 2% in recent intersea-
sonal periods. Moreover, data from several
countries in the southern hemisphere!®!” and
others such as Taiwan,* Korea,’! Hong Kong,*
and Singapore? indicate influenza activity in
2020 is at historically low levels.

Despite the negative psychological im-
pact social distancing measures may have, re-
cent surveys suggested that more Americans
have embraced healthy lifestyles amid the
COVID-19 pandemic.***

I MEASURES TO CONTROL SEASONAL
INFLUENZA HELP FIGHT COVID-19

Cross-reactivity of immune responses to in-
fluenza virus and coronavirus infections?
offers some insight into the potential ben-
eficial effect of influenza vaccination on the
COVID-19 pandemic. Similarity in structures
and evolution of these viruses’” may explain
this cross-reactivity of immunity. Another ex-
planation is a “bystander immunity” induced
by influenza vaccine against other viral infec-
tions.?8%

Preliminary data from more than 90,000
COVID-19 cases in Brazil showed that those

who received influenza vaccine during the
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2020 influenza vaccination campaign, even
after the onset of symptoms of COVID-19,
were 8% less likely to require treatment in an
intensive care unit, 18% less likely to require
invasive respiratory support, and 17% less
likely to die.’® The authors of this publication,
which has not been peer-reviewed, cite adap-
tation in innate immunity as the most plau-
sible mechanism for these beneficial effects.

Other intuitive beneficial effects of in-
fluenza vaccination during the COVID-19
pandemic include conserving resources, such
as personal protective equipment, and more
importantly healthcare providers. Healthcare
systems were strained during the first several
weeks of the pandemic,’! and all efforts to
maintain this capacity should be implement-
ed.

Variability in influenza vaccine efficacy’
has fueled continued suboptimal confidence

cination rates.” Bartsch et al* estimate that if
we could produce a vaccine that was reliably
70% effective, it could avert up to 54 million
influenza cases, saving up to $6.5 billion in di-
rect medical costs and up to $64.7 billion in
productivity losses.*

In an earlier article,** I addressed how to
respond to influenza vaccine doubters. In ad-
dition, for those who believe there is an asso-
ciation between maternal vaccination during
pregnancy and autism spectrum disorder in
offspring, a recent article has refuted any such
association.”

While patients with suspected or confirmed
COVID-19 should postpone influenza immu-
nization until they recover,’® everyone else 6
months of age and older who has no history
of severe allergic reaction to any component if
the vaccine, or to a previous dose of any influ-
enza vaccine, should be immunized, preferably

in vaccination and therefore suboptimal vac-
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Q: Does my healthy 65-year-old patient
still need the 13-valent pneumococcal
conjugate vaccine (PCV13)?

The short answer is no. In the sum-
o mer of 2019, the US Centers for Dis-
ease Control and Prevention Advisory Com-
mittee on Immunization Practices (ACIP)
removed its 2014 recommendation that all
healthy adults 65 or older should receive the
PCV13 vaccine followed in 1 year by the
PPSV23 (23-valent pneumococcal polysac-
charide) vaccine.! However, PCV13 can still
be given after engaging in shared clinical de-
cision-making with the patient. The ACIP
continues to recommend that all patients
in this population receive the PPSV23 vac-
cine.!”?

Bl WHY CHANGE THE RECOMMENDATION?

In its 2014 recommendation for pneumococ-
cal vaccination in all adults 65 and older, the
ACIP noted that certain high-risk groups
should be vaccinated earlier or receive ad-
ditional doses.! Pallotta and Rehm outlined
these recommendations and discussed the ra-
tionale for vaccinating against Streptococcus
pneumoniae to prevent invasive pneumococ-
cal disease.’

So why did the ACIP modify its recom-
mendation? The primary reason is that the
incidence of PCV13-type pneumococcal dis-
ease in adults had gone down to historic lows
(Figure 1). A key to this reduction was that
children started to be vaccinated in 2000,
at first with PCV7 and then with PCV13,
which replaced PCV7 in 2010."* This inci-
dence leveled out from 2014 to 2018 despite

The authors report no relevant financial relationships which, in the context
of their contributions, could be perceived as a potential conflict of interest.
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the ACIP recommendation and data show-
ing that about half the Medicare beneficia-
ries older than 65 received the vaccine.* The
decreased incidence of disease also has de-
creased the cost-effectiveness of vaccination.
The cost of giving PCV13 and then PPSV23,
compared with PPSV23 alone, is now esti-
mated to be $200,000 to $560,000 per quali-
ty-adjusted life year,' whereas in 2014, it was
only $65,000.°

In light of these facts, the ACIP voted
to remove the recommendation requiring
older patients to receive the PCV13 vac-
cine.

Il SHARED CLINICAL DECISION-MAKING

But it is not that simple. In an attempt
to balance “the minimal population-level
impact of routine [vaccination] with the
potential for individual-level protection,”
the ACIP added the principle of shared
clinical decision-making to its recommen-
dation.!>*

The ACIP committee recognized that some
immunocompetent patients at higher risk of
invasive pneumococcal disease (or their physi-
cians) may believe that PCV13 would still be
worthwhile. This population includes patients
with certain medical conditions (eg, alcohol
or tobacco abuse; chronic heart, liver, or lung
disease; diabetes) and patients living in nursing
homes or other long-term care facilities."* By
adding the concept of shared clinical decision-
making, the ACIP committee ensured that
“PCV13 would remain available to patients
who want this added protection.”

A practical downside of this recommen-
dation is that busy primary care practitioners
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FIGURE 1. Incidence of invasive pneumococcal disease among US adults 65 and older by

pneumococcal serotype, 1998-2017.

Matanock A, Lee G, Gierke R, Kobayashi M, Leidner A, Pilishvili T. Use of 13-valent pneumococcal conjugate vaccine and 23-valent pneumococcal polysaccharide
vaccine among adults aged > 65 years: updated recommendations of the Advisory Committee on Immunization Practices.

may lack the time to effectively and effi-
ciently review the potential benefit or lack
of benefit of PCV13 for the individual. Also,
universal recommendations (eg, vaccinate
all patients over age 65) are generally easier
to remember or implement than conditional
recommendations (eg, vaccinate some pa-
tients over age 65). Strategies known to im-
prove vaccination compliance rates include
interventions such as electronic medical re-
cord reminders and direct patient outreach.

CLEVELAND CLINIC JOURNAL OF MEDICINE

MMWR Morb Mortal Wkly Rep 2019; 68(46):1069-1075.
doi:10.15585/mmwr.mm6846a5

Il SUMMARY

The 2019 ACIP recommendations are to vacci-
nate all patients age 65 and older with PPSV23,
but PCV13 can be used in shared clinical deci-
sion-making. The ACIP continues to endorse
use of both PCV13 and PPSV23 in patients old-
er than 19 (including those 65 and older) with
immunocompromising conditions, cerebrospi-
nal fluid leak, or cochlear implants.! These rec-
ommendations are summarized in Table 1.2 [
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PNEUMOCOCCAL VACCINATION

TABLE 1

Summary of current recommendations for pneumococcal vaccination

Patient population

Dosing

> 65 years old

1 dose of PPSV23

If PPSV23 was given before age 65, give another dose at
least 5 years after previous dose

> 65 years old, immunocompetent, with chronic heart disease,

chronic lung disease, chronic liver disease, diabetes mellitus,
alcoholism, or cigarette smoking

Shared clinical decision-making:
can give PCV13 followed by PPSV23 at least 1 year later

19 through 64 years old, with chronic heart (excluding
hypertension), lung, or liver disease, diabetes, alcoholism, or
cigarette smoking

1 dose of PPSV23

19 through 64 years old, with cerebrospinal fluid leak or
cochlear implants

1 dose of PCV13 followed by 1 dose of PPSV23 at least 8
weeks later

At age 65 or older, give another dose of PPSV23 at least 5
years after PPSV23 (only 1 dose of PPSV23 recommended
for ages 65 or older)

19 years or older, with congenital or acquired immunodefi-
ciency (including B- and T-lymphocyte deficiency, complement
deficiencies, phagocytic disorders, HIV infection), chronic renal
failure, nephrotic syndrome, leukemia, lymphoma, Hodgkin

1 dose of PCV13 followed by 1 dose of PPSV23 at least 8
weeks later, then another PPSV23 dose at least 5 years after
previous PPSV23

At age 65 or older, give 1 dose of PPSV23 at least 5 years
after most recent PPSV23 dose (only 1 dose of PPSV23 is
recommended for ages 65 or older)

disease, generalized malignancy, iatrogenic immunosuppression
(eg, drug or radiation therapy), solid organ transplant, multiple
myeloma, or anatomical or functional asplenia, including sickle

cell disease and other hemoglobinopathies

PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumococcal polysaccharide vaccine.
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Recognition and management
of respiratory co-infection
and secondary bacterial pneumonia

in patients with COVID-19

ABSTRACT EVEN AS severe acute respiratory syndrome

In COVID-19, respiratory infection with SARS-CoV-2 plus
another virus (viral co-infection) or with SARS-CoV-2 plus
a bacterial pathogen (combined viral and bacterial pneu-
monia) has been described. Secondary bacterial pneumo-
nia can follow the initial phase of viral respiratory infection
or occur during the recovery phase. No obvious pattern or
guidelines exist for viral co-infection, combined viral and
bacterial pneumonia, or secondary bacterial pneumonia in
COVID-19. Based on existing clinical data and experience
with similar viruses such as influenza and SARS-CoV, the
management approach in COVID-19 should, ideally, take
into consideration the overall presentation and the trajec-
tory of illness.

KEY POINTS

All patients presenting with symptoms of respiratory
infection should undergo testing for influenza with a
polymerase chain reaction assay in addition to SARS-
CoV-2 testing.

Guideline-driven empiric antibiotic use may be reasonable
until secondary bacterial infection is ruled out.

The duration of antibacterial therapy is generally 5 to 7 days
for community-acquired pneumonia and 7 days for hospital-
acquired pneumonia and ventilator-associated pneumonia.
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coronavirus type-2 (SARS-CoV-2), the
etiological agent of coronavirus disease 2019
(COVID-19), spreads across the globe, the
pathophysiology of the disease remains in-
completely understood. Respiratory infection
caused by more than one viral pathogen (vi-
ral co-infection) or by both viral and bacterial
pathogens (combined viral and bacterial pneu-
monia) has been well described. Secondary bac-
terial pneumonia can follow the initial phase of
viral respiratory infection or can occur during
the recovery phase.! Data on SARS-CoV-2 are
limited, but thus far, the overall incidence of
viral co-infection has varied widely from 0% to
19% in different case series,”’ and combined
viral and bacterial pneumonia rates appear to
be low.>*1° There is also a dearth of data on the
predisposing factors and causative organisms.

Combined viral and bacterial pneumonia
and secondary bacterial pneumonia by Staphy-
lococcus aureus and other common community-
acquired pneumonia pathogens have been best
studied in seasonal’ and pandemic?’ influenza
and contribute significantly to morbidity and
mortality. In the earlier pandemic of severe
acute respiratory syndrome (SARS), secondary
bacterial pneumonia occurred as ventilator-
associated pneumonia in 25% of patients at
a single center; methicillin-resistant S aureus
(MRSA) was the causative organism in 47% of
cases, although there was significant concern
for cross-transmission.”

Because no obvious pattern or guidelines
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COVID-19 CO-INFECTIONS

exist for viral co-infection, combined viral
and bacterial pneumonia, or secondary bac-
terial pneumonia in the context of SARS-
CoV-2, the following commentary is based
on existing clinical data and experience with
similar viruses such as influenza and SARS-
CoV. With what we know so far, the approach
in the context of COVID-19 would, ideally,
take into consideration the overall presenta-
tion as well as the trajectory of illness.

I VIRAL CO-INFECTION

All patients presenting with symptoms of re-
spiratory infection should be tested for influ-
enza with a polymerase chain reaction (PCR)
assay in addition to SARS-CoV-2. PCR assays
can also be performed for other respiratory vi-
ruses if available.

Regardless of disease severity, all patients
with influenza A or B viral co-infection
should be treated with oseltamivir or an alter-
native agent.!! Empiric treatment for influen-
za viral co-infection can be considered while
waiting for test results if an obvious exposure
or risk factor is present. If viral co-infection
with another respiratory virus such as respi-
ratory syncytial virus is identified, treatment
options are limited and effective only in spe-
cific scenarios such as immunosuppression or
hypogammaglobulinemia.'>” Infectious dis-
ease consultation is strongly recommended
to determine the benefits of such treatment
in light of the potential risk for exacerbat-
ing COVID-19-related organ failure and the
potential adverse effects of the medication or
medications.

I BACTERIAL PNEUMONIA

Recognizing combined viral and bacterial
pneumonia or secondary bacterial pneumo-
nia with COVID-19 requires a high index of
suspicion. Some characteristics of bacterial
infection may still be identifiable despite a
significant overlap of viral and bacterial symp-
tomatology (Table 1).21%%2 Neutrophilic
leukocytosis is the hallmark of bacterial pneu-
monia, whereas COVID-19 patients typically
present with a normal white blood cell count
with lymphopenia.>$!415

Procalcitonin is neither sensitive nor spe-
cific in differentiating the etiology of commu-

nity-acquired pneumonia.!! However, several
series of COVID-19 cases have consistently
reported normal (low) procalcitonin levels in
isolated SARS-CoV-2 infection, leading to its
widespread, albeit unvalidated, use to “rule
out” combined viral and bacterial pneumonia,
although the exact cutoff remains to be deter-
mined. This observation highlights the need
to consider all variables in the context of the
clinical scenario.

In patients with mild to moderate respira-
tory failure consistent with the presentation of
COVID-19 and without obvious signs of bac-
terial infection, the likelihood of combined
viral and bacterial pneumonia is low, and an-
tibiotics can be safely held off. In this case,
gradually worsening respiratory failure within
the first week of presentation is more likely to
be from progression of COVID-19 than from
anew superimposed secondary bacterial pneu-
monia. This includes patients who are started
on noninvasive forms of supplemental oxygen
support and then ultimately require invasive
mechanical ventilation.

In the absence of supporting evidence of
bacterial pneumonia, antibiotics should not
be initiated even if respiratory distress is pro-
gressing. However, if a patient develops new
or acutely worsening respiratory failure, sep-
sis, or both after an initial phase of consistent
improvement (considered to be days), then
nosocomial acquisition of secondary bacterial
infection is likely unless proven otherwise, ie,
secondary bacterial pneumonia in the form of
hospital-acquired pneumonia, infection at an
extrapulmonary site, or both.

While COVID-19 by itself can cause acute
respiratory decompensation, data regarding
secondary bacterial pneumonia playing a role
in such decompensation are limited. There-
fore, guideline-driven empiric antibiotic use
may be reasonable until this secondary in-
fection is ruled out. Supportive evidence for
secondary bacterial pneumonia includes one
or more of the following: new or recrudescent
fever; new onset or change in the character of
sputum; new leukocytosis or new neutrophilia
(or both); new relevant imaging findings; and
new or increasing oxygen requirements. [t is
also important to consider all other sources of
hospital-acquired infections in these patients,
such as indwelling central venous catheters or
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urinary tract catheters, and treat them accord-
ingly.

For a critically ill patient admitted with se-
vere respiratory failure, empiric treatment for
all possible causes up front is essential. This
is especially important because procalcitonin
levels can be falsely elevated in patients with
multiorgan failure,’®’! and imaging studies may
be limited in differentiating bilateral infiltrates
of acute respiratory distress syndrome from ob-
scured consolidation of bacterial infection.

Empiric therapy for community-acquired
pneumonia should be based on the guidelines
of the Infectious Diseases Society of America
(IDSA) and the American Thoracic Society
(ATS), as well as on host risk factors and pri-
or microbiologic data.!” Respiratory samples
(tracheal aspirate in mechanically ventilated
patients is preferable to sputum) and blood
cultures should be sent for all patients, ideally
before antibiotics have been started. Strepto-
coccus pneumonide urine antigen should be
tested in all patients presenting with severe
community-acquired pneumonia. Legionella
pneumophila urine antigen and Mycoplasma
pneumoniae IgM and IgG antibodies can be
sent based on clinical context and epidemiol-
ogy.
In the absence of signs of bacterial pneu-
monia, a positive respiratory culture can rep-
resent colonization, especially in those with
prior pneumonia with the same organism or
altered airway anatomy. Laboratory markers,
radiologic features (see Table 1 and above),
and quantitative and semiquantitative cul-
ture methods can help in making this distinc-
tion."?

Secondary bacterial pneumonia in a pa-
tient on invasive mechanical ventilation has
a presentation similar to that of hospital-ac-
quired pneumonia but warrants aggressive use
of empiric broad-spectrum antibiotics with
coverage for MRSA, Pseudomonas aeruginosa,
and possibly other multidrug-resistant organ-
isms in accordance with the guidelines.! It is
also important to consider the side effects of
antibiotics and institutional antibiograms.

Patients with ventilator-associated tracheo-
bronchitis often lack the classic signs of second-
ary bacterial pneumonia, may have increased
secretions and low-grade fevers, and can be
difficult to wean from ventilatory support. The
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TABLE 1
Key points for laboratory and imaging findings

Co-infection and secondary bacterial infection

Viral co-infection incidence varies in different case series
(0%—19%)>7:%°

Combined bacterial and viral infection is rare in COVID-19
patients3&-10

Secondary bacterial infection is not uncommon and leads to
significant morbidity and mortality, especially in the elderly*>'®

Procalcitonin

Detectable in 2 to 4 hours, peaks at 12 to 24 hours, and has a half-life
of 25 to 30 hours

Levels are normal (< 0.5 pg/L) in COVID-19 patients with mild disease
and may be elevated (> 0.5 pg/L) in patients with severe disease'®'

Elevated levels correlate with a nearly 5-fold higher risk of severe
SARS-CoV-2 infection'

Elevated levels are not specific to bacterial infection because
they can also be raised in patients with acute respiratory
distress syndrome, end-stage renal disease, cardiogenic shock,
and multiorgan failure'®

A normal level makes bacterial infection less likely and can guide
antibiotic discontinuation'¥?

In bacterial infection, levels may be less affected by IL-6 inhibitors
than is C-reactive protein (CRP)?'-#

CRP, erythrocyte sedimentation rate (ESR)

CRP and ESR are nonspecific inflammatory markers. Both are generally
elevated in COVID-19 and are therefore not helpful in differentiating it
from bacterial infection

Tocilizumab rapidly reduces CRP and leukocytosis and may suppress
fever?+2

Typical radiographic features of COVID-19

Chest radiography: bilateral, peripheral, lower-zone predominant
air-space disease?’

Computed tomography: bilateral, predominantly peripheral ground-
glass opacities, crazy paving, and consolidation?; findings vary based
on stage or phase of the disease

Typical radiographic features of bacterial pneumonia

Chest radiography: lobar or segmental air-space opacification + air
bronchograms

Computed tomography: segmental or lobar focal dense consolidation
with or without ground-glass opacities
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evidence to support antibacterial therapy for
this clinical entity is limited and warrants a ju-
dicious case-based analysis.

The duration of antibacterial therapy is
generally 5 to 7 days for community-acquired
pneumonia®? and 7 days for hospital-acquired
pneumonia and ventilator-associated pneu-
monia” in the absence of complications.
Consider shortening the duration if patients
demonstrate signs of clinical stabilization, es-
pecially if adverse effects are seen. Checking
the procalcitonin level at presentation will
help in the de-escalation of antibiotics based
on the trend of procalcitonin levels in 24 to
48 hours.” If a microbiological source is not
identified within 48 hours of testing and the
procalcitonin level is less than 0.5 pg/L or de-
creases by 80% or more from peak concentra-
tion, it is reasonable to discontinue all antibi-
otics."

The use of interleukin 6 (IL-6) inhibi-
tors such as tocilizumab for COVID-19-re-
lated cytokine activation syndrome presents a
unique challenge because they suppress com-
mon signs of sepsis. The risk of serious bacte-
rial infections has been consistently reported
to be higher with tocilizumab use for rheuma-

other acute-phase reactants including white
blood cell count may be unreliable acute-
phase reactants and may not rise in response
to a secondary bacterial infection after tocili-
zumab use.?%° Exactly how long this effect
lasts with 1 or 2 doses is unclear. Procalcitonin
may be less affected by IL-6 inhibitors,?"?* but
the data to differentiate bacteria from viral
pneumonia in this context are limited and
should be further evaluated.

Lastly, invasive pulmonary aspergillosis has
been described in critically ill patients with
seasonal*®*! and pandemic* influenza and is
associated with high morbidity and mortal-
ity rates. Invasive pulmonary aspergillosis was
also reported in patients with COVID-19-as-
sociated acute respiratory distress syndrome.#
This complication should be considered in
high-risk patients such as those with immune-
compromising conditions, precedent or con-
comitant influenza viral co-infection, clinical
deterioration despite appropriate antibiotics,
and positive fungal markers such as galacto-
mannan on culture. If invasive pulmonary
aspergillosis is suspected, treatment with a
broad antifungal such as voriconazole should
be initiated promptly in consultation with in-

tologic diseases.’*>" C-reactive protein and
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Convalescent plasma for COVID-19:

Promising, not proven

ABSTRACT

While promising, convalescent plasma remains ex-
perimental and is not proven effective for COVID-19. In
addition, many questions remain regarding the accuracy
and predictive value of antibody testing of donors and
patients, optimal donor selection, optimal timing, and
selection of patients most likely to benefit. Until these
questions are answered, convalescent plasma should ide-
ally be used in the context of well-designed clinical trials.

KEY POINTS

664

Transfusion of convalescent plasma may benefit patients
with acute COVID-19 by a direct antiviral effect and pos-
sible nonspecific anti-inflammatory properties.

Convalescent plasma is likely most effective when given
early in the course of the disease.

The ideal donor has high titers of neutralizing antibodies
against SARS-CoV-2, although optimal testing for these
antibodies is not yet established.

Convalescent plasma has been used for over a century, is
likely safe, and observational data from the Expanded
Access Program and limited cohort studies suggest it
may be beneficial.

While convalescent plasma has received emergency use
authorization from the US Food and Drug Administration,
its effectiveness has yet to be established in well-con-
trolled clinical trials, which are ongoing.

The authors report no relevant financial relationships which, in the context of their contributions,
could be perceived as a potential conflict of interest.
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OVID-19 convalescent plasma is plasma
collected from donors who have recently
recovered from acute COVID-19 infection.
This plasma is likely to contain high levels
of neutralizing antibodies against the SARS-
CoV-2 virus, which, when transfused to pa-
tients with acute COVID-19 infection, can
confer a degree of passive immunity.
Convalescent plasma has been used for
over a century as treatment and postexposure
prophylaxis for various infections. Case series
from prior viral outbreaks suggest it can re-
duce viral load and cytokine levels and may
improve clinical outcomes. Clinical trials to
assess its effectiveness for the treatment of

COVID-19 are ongoing.

M MECHANISM OF ACTION
AND POTENTIAL SIDE EFFECTS

The presumed mechanism of action of con-
valescent plasma is through direct binding
and inactivation of the SARS-CoV-2 virus
by anti-SARS-CoV-2 neutralizing antibodies.
Antibody-dependent complement activation,
cytotoxicity, and phagocytosis may also con-
tribute to the therapeutic effect of neutral-
izing antibodies in convalescent plasma. In
addition to improved viral clearance, neutral-
izing and nonneutralizing antibodies may also
lessen disease severity and facilitate recovery
by modulating the exaggerated immune re-
sponse—the cytokine storm—associated with
severe disease and multiorgan failure.'*
Convalescent plasma differs from standard
plasma only in that it contains anti-SARS-
CoV-2 antibodies. The risk of transfusion-
related adverse events is therefore likely
identical to the risk associated with standard
plasma, namely, transfusion-associated circu-
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latory overload, transfusion-related acute lung
injury, and allergic reactions.’

An increased risk of thrombotic events has
previously been reported with treatment with
hyperimmune immunoglobulin.® COVID-19
is a highly prothrombotic disease, and the im-
pact of plasma transfusion on the coagulation
system and the rate of thrombotic complica-
tions in COVID-19 is unknown.

Theoretical risks unique to anti-SARS-
CoV-2 antibodies within convalescent plasma
are antibody-dependent enhancement of in-
fection and attenuated immune response with
increased risk of future infection.

Antibody-dependent enhancement of in-
fection is a phenomenon in which the pres-
ence of antibodies exacerbates the severity
of the current infection. It has been well de-
scribed for other viral infections such as den-
gue fever, and is usually due to prior infection
with a virus of a different serotype. A proposed
mechanism is that nonneutralizing antibodies
bound to the virus surface facilitate viral entry
into host cells by anchoring the virus to the
host cell through host cell receptors to the Fc
portion of the antibody.

Antibody-dependent enhancement of in-
fection has been cited as a potential reason
for regional differences in severity of illness of
COVID-19, but evidence for it in coronavirus
infection stems mostly from in vitro studies.
[t is unclear if this is truly contributing to the
clinical manifestation of COVID-19 or if it is
relevant to treatment with convalescent plas-
ma with high titers of neutralizing antibodies.
Unfortunately, currently available antibody
tests lack accuracy to determine if the SARS-
CoV-2 antibodies present in convalescent
plasma are truly neutralizing in vivo.>’

Convalescent plasma may also blunt the
recipient immune response and lead to de-
creased formation of anti-SARS-CoV-2 an-
tibodies, leaving patients at potentially in-
creased risk for future infections.’

I HISTORICAL PRECEDENCE

Convalescent plasma or “serum therapy” has
a storied history dating back to 1901, when
Emil Adolf von Behring was awarded the first
Nobel Prize in medicine for its use in treating
diphtheria. It was the only targeted therapy
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for acute infections until the advent of an-
tibiotics in the 1940s and was used to treat
various bacterial infections from pneumonia
to meningitis and botulism, as well as viral
infections such as mumps, measles, polio, and
influenza.!?

A meta-analysis of 8 studies involving
1,703 patients from the 1918-1920 HINI1
influenza outbreak concluded, despite many
methodologic limitations, that patients treat-
ed with convalescent plasma may have experi-
enced a clinically significant reduction in the
risk of death.’

More recently, during the 2009-2010 influ-
enza HIN1 pandemic, the use of convalescent
plasma or hyperimmune globulin from conva-
lescent plasma to treat critically ill patients
was reported to be associated with improved
viral clearance and decreased cytokine levels,
particularly those of inflammatory cytokines.
Subgroup analysis of patients treated within 5
days of disease onset showed higher survival
rates with convalescent plasma-derived hy-
perimmune globulin than with placebo.”!°

Convalescent plasma was also used in the
2013 West African Ebola epidemic and in the
2 Ebola patients transferred to the United
States (both of whom survived).!?

Evidence supporting the use of convales-
cent plasma to treat coronavirus-associated
disease comes from the outbreaks of SARS-
CoV-1 in 2003 and Middle East respiratory
syndrome (MERS) in 2012. The largest study!!
involved 80 critically ill patients treated with
convalescent plasma during the SARS-CoV-1
outbreak in 2003 in Hong Kong. Compared
with control patients (who were offered con-
valescent plasma but declined to give consent
for experimental treatment), those who re-
ceived it were reported to have higher rates of
“good outcomes” if treated within 14 days of
hospital admission. A good outcome was de-
fined as being alive and discharged from the
hospital by day 22.

A meta-analysis'? of 32 studies in patients
with SARS or severe influenza concluded, de-
spite weak evidence, that convalescent plas-
ma treatment led to statistically significant re-
duction in the pooled odds of mortality (odds
ratio [OR] 0.25, 95% confidence interval [CI]
0.14-0.45).
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I USE IN THE UNITED STATES

Given the extraordinary circumstances of

this global pandemic and the lack of effective

treatment, the US Food and Drug Adminis-

tration (FDA) initially allowed the use of con-

valescent plasma as an investigational product

through 3 pathways:

e C(linical trials

e The Expanded Access Program, active
from April 1 through August 31, 2020

e Asingle-patient emergency investigational
new drug application. This option allowed
patients unable or ineligible to participate
in clinical trials or the Expanded Access
Program to receive convalescent plasma
for “serious or immediately life-threaten-
ing” COVID-19 infections under Title 21,
Code of Federal Regulations 312.310, from
a licensed physician upon FDA authoriza-
tion."”® This option also ended August 31.

Plasma collection and donor selection
Convalescent plasma is collected by registered
and licensed blood establishments that col-
lect plasma, such as the American Red Cross.
Once manufactured, it is distributed by blood
centers for investigational use.

All donors must meet standard blood do-
nation eligibility requirements and are tested
for relevant transfusion-transmissible infec-
tions. The FDA® has set the following criteria
for COVID-19 convalescent plasma donors:

Laboratory confirmation of SARS-CoV-2
infection, either by nasopharyngeal poly-
merase chain reaction (PCR) testing at the
time of illness, or a positive serologic test for
SARS-CoV-2 antibodies after recovery, if PCR
was not performed at the time COVID-19 was
clinically suspected.

Complete resolution of symptoms at least
14 days before the donation. A negative re-
sult for COVID-19 by a diagnostic test is not
necessary.

Male donors, or female donors who have
never been pregnant or who have tested neg-
ative for human leukocyte antigen antibodies
since their most recent pregnancy.

Testing for SARS-CoV-2 neutralizing an-
tibodies has not been a requirement, but sam-
ples from each unit of convalescent plasma are
stored for future testing once reliable antibody
testing is available.

Based on studies of antibody kinetics show-
ing immunoglobulin G seroconversion around
day 10 and peak antibody titers around day 28,
the optimal timing for convalescent plasma
donation appears to be approximately 4 weeks
after symptom onset. Older, male patients with
more severe illness appear to develop higher
antibody titers than those with minimal symp-
toms and may be more suitable donors.!41¢

If antibody titers are available, the FDA
suggests the viral neutralizing antibody titers
should be at least 1:160, but titers of 1:80
are considered acceptable if an alternative
matched unit is not available.

However, assays to determine viral neu-
tralizing antibody titers are not widely avail-
able, in part because they are labor-intensive
and require a biosafety level 3 laboratory if
live virus is used. Viral neutralizing titers are
therefore not known for the vast majority
of plasma units, and a substantial portion of
convalescent plasma donors may have titers
below the FDA-recommended threshold.!*!
Antibody titers determined by commercially
available enzyme-linked immunosorbent assay
may correlate with viral neutralizing antibody
titers, but have poor specificity.!*

Until reliable antibody testing is widely
available, convalescent plasma is collected
solely on the basis of the FDA criteria above,
resulting in unpredictable and likely heteroge-
neous viral neutralizing antibody titers across
all donations.

Clinical experience

with convalescent plasma for COVID-19

To date, evidence on the effectiveness of
convalescent plasma for the treatment of
COVID-19 is limited to case series,'®?! small
cohort studies,?” and data from the Expand-
ed Access Program.?* Randomized controlled
trials are currently ongoing, and the current-
ly available data from prospective trials are
minimal.

Early case reports from China described
patients who were alive at the time of publica-
tion with improved viral clearance, decreased
cytokine levels, improved findings on chest
imaging, and stable or improved oxygenation
after treatment with convalescent plasma.!$°
Similar outcomes were reported in early case
series from the United States.?!
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Liu et al?? reported stable or improved oxy-

genation in patients treated with convalescent
plasma compared with matched controls, and a
lower mortality rate with treatment for nonintu-
bated patients (hazard ratio 0.23, 95% CI 0.05—
0.98, P = .046), but not for intubated patients
(hazard ratio 0.79, 95% CI 0.22-2.79, P = .716).

In contrast, Rogers et al?) were unable to
demonstrate a survival benefit for their cohort
of 64 patients treated with convalescent plas-
ma compared with a matched cohort of 177
patients treated with standard of care.

The first randomized controlled trial
of convalescent plasma in COVID-19 was
stopped early due to slow enrollment, as local
infection rates declined thanks to strict lock-
down measures in Wuhan, China.”” The study
was therefore underpowered to demonstrate
statistically significant differences in either
the primary end point (time to clinical im-
provement) or secondary end points (28-day
mortality rate, time to hospital discharge, and
rate of negative PCR testing at 72 hours). Al-
though not statistically significant, the results
appear to signal a more favorable outcome for
patients treated with convalescent plasma.”

An analysis stratified by disease severity
showed that patients who did not need me-
chanical ventilation and did not have multi-
organ failure had a shorter time to clinical im-
provement if given convalescent plasma than
with placebo. Clinically significant improve-
ment at day 28 was also more likely to occur in
the convalescent plasma group (91.3%) than
in the control group (68.2%).%

Data from the Expanded Access Program
While clinical trials are still ongoing (on Sep-
tember 28, 2020, clinicaltrials.gov listed 93 clin-
ical trials that were recruiting patients for the
use of convalescent plasma to prevent or treat
COVID-19), nearly all patients who received
convalescent plasma in the United States did so
through the US Convalescent Plasma Expand-
ed Access Program, created in collaboration be-
tween the FDA and Mayo Clinic.**

This registry study was designed to facili-
tate rapid application of convalescent plasma
in clinical practice and monitor its safety.
It allowed physicians treating hospitalized
COVID-19 patients to register and request
convalescent plasma for individual qualifying
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patients. The physician registering a patient
was required to complete all necessary docu-
mentation including consent, patient history,
posttransfusion follow-up data, and adverse
event reporting in a centralized electronic da-
tabase administered by Mayo Clinic.*

From April through August of this year,
14,532 physicians at 2,759 sites registered
105,785 patients, 84,639 of whom received
convalescent plasma through this program by
August 31.%

Safety. In the first 20,000 patients who
received convalescent plasma through the
Expanded Access Program, the rate of seri-
ous adverse events within 4 hours of transfu-
sion was less than 1%.%° Sixty-three of these
events (0.3% of all transfusions) were deaths,
13 of which were judged as related to conva-
lescent plasma (12 possibly, 1 probably, and O
definitely). Seventy-eight nonmortality events
were reported, with 36 reports of transfusion-
associated circulatory overload, 21 reports of
transfusion-related acute lung injury, and 21
reports of severe allergic transfusion reaction.?

Within 7 days of completion of the trans-
fusion, 1,247 other serious adverse events were
reported,’ including 113 thromboembolic or
thrombotic events, 457 sustained hypoten-
sive events requiring intravenous vasopressor
support, and 677 cardiac events. The authors
note that 75 of the thrombotic or thromboem-
bolic complications and 597 of the 643 cardiac
events were judged by the treating physician
to be unrelated to the plasma transfusion.?

In contrast, the incidence of transfusion-
related reactions reported in a recent matched
cohort study of 64 patients” and the random-
ized controlled trial in 102 patients® was
significantly higher, at 2.8% and 2.1%, re-
spectively. This highlights the challenges in
assessing transfusion-related complications in
critically ill patients and differentiating them
from progression of disease.

Effectiveness. The first effectiveness anal-
ysis?? of 35,322 patients treated with conva-
lescent plasma through the Expanded Access
Program between April 4 and July 4 reported
an overall mortality rate of 10.5% by day 7
and 24.9% by day 30.

Subgroup analysis comparing patients
treated with plasma early after diagnosis (with-
in 3 days or less) vs late, and patients treated
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with plasma containing high vs low levels of
anti-SARS-CoV-2 antibody, signal a possible
benefit of early administration of plasma with
high antibody titers.

In patients treated with convalescent
plasma within 3 days of the diagnosis of
COVID-19, the 7-day mortality rate was 8.7%
(95% CI 8.3%-9.2%) compared with 11.9%
(11.4%—-12.2%) in those who received it 4 or
more days after diagnosis (P < .001). A simi-
lar trend was observed in 30-day mortality
(21.6% vs 26.7%, P < .0001).%"

Estimates of the antibody titers of the con-
valescent plasma transfused were available
for 3,082 patients. Titers were estimated us-
ing the Ortho-Clinical Diagnostics VITROS
Anti-SARS-CoV-2 immunoglobulin G (IgG)
chemiluminescent immunoassay, a qualitative
assay based on the sample signal-to-cut-off
(S—Co) ratio, with values less than 1.0 and 1.0
or higher corresponding to negative and posi-
tive results. The authors used S—Co values to
estimate relative levels of anti-SARS-CoV-2
antibodies by setting thresholds for “low” and
“high” level sera based on approximately the
20th and 80th percentiles of the distribution
for the S—Co ratios, respectively.?

Patients who received high-IgG plasma
had a lower 7-day mortality rate (8.9% [6.8%—
11.7%]) than those receiving medium- (11.6%
[10.3%—13.1%]) or low-IgG plasma (13.7%
[11.1%-16.8%]). The pooled relative risk of
mortality among patients who received high-
antibody-level plasma units, compared with
low-antibody plasma units, was 0.65 [0.47—
0.92] at 7 days and 0.77 [0.63-0.94] at 30 days.?”

This difference in relative risk of mortality
at 7 days led to the now infamously retract-
ed statement of FDA commissioner Stephen
Hahn that convalescent plasma led to a 35%
improvement in survival.?®

The authors of the study are more cautious
in their interpretation and conclude?’ that
these observed “relationships between mor-
tality and both the time to plasma transfusion
and antibody levels provide a signature that is
consistent with efficacy.”

Limitations of the data. While these re-
sults are promising, the ability to draw de-
finitive conclusions on efficacy is limited by
the lack of a control group and heterogeneity
throughout the study period.

Mortality rates for patients hospitalized
for COVID-19 declined significantly over the
reporting period, with overall 7-day mortality
rates decreasing from 15.5% in April to 6.6%
in June. This correlates with a significant de-
crease in severity of illness, with 49.9% of
patients requiring mechanical ventilation in
April compared with only 16.4% in June.?’

Similarly, concomitant use of therapies
that have since been proven effective or in-
effective changed dramatically. For example,
the number of patients in this study treated
with hydroxychloroquine, which is now gen-
erally regarded as useless, declined from 62.3%
in April to 1.8% in June, while the use of rem-
desevir, which seems to be effective, increased
from 4.7% to 46.3%.%

Over the same time, the proportion of
patients receiving low-antibody-titer plasma
decreased from 26.0% to 11.9%, while the
proportion of patients receiving transfu-
sions within 3 days increased from 24.7% to
50.3%.% The benefit in terms of lower mortal-
ity observed for early vs late plasma transfu-
sion and transfusion with high- vs low-anti-
body-titer plasma may therefore simply reflect
the correlation with an overall decrease in se-
verity of illness. Again, without a well-defined
control group, the data from the Expanded
Access Program will not be able to answer the
question of efficacy definitively.

Recent studies awaiting peer review

After the efficacy analysis of the Expanded
Access Program was published, results of 3
more randomized controlled trials have been
published on preprint servers. Although these
publications are yet to be peer-reviewed and
have some methodologic weaknesses, they
raise serious doubts about the effectiveness of
convalescent plasma.

Balcells et al” report no difference in
outcomes in a single-center open-label study
of immediate treatment with convalescent
plasma vs delayed treatment only in case of
disease progression. The early plasma group
received their first plasma unit at enrollment.
The deferred plasma group received conva-
lescent plasma only if their respiratory status
worsened (defined as a Pao,/Fio, ratio < 200)
or if the patient remained hospitalized after 7
days of enrollment with persistent symptoms.
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Fifty-eight patients were randomized, 28 in
the early treatment group, and 30 in the de-
ferred treatment group, with 13 of the 30 pa-
tients in the deferred group eventually receiv-
ing plasma due to progression of symptoms.?’

There was no difference in the primary
composite end point of progression to me-
chanical ventilation, hospitalization greater
than 14 days, or in-hospital mortality, which
occurred in 9 (32%) of the 28 patients in the
early treatment group vs 10 (33%) of the 30
patients in the deferred treatment group (OR
0.95,95% CI 0.32-2.84).”

Patients who received plasma early had
overall higher rates of death, which occurred
in 5 (18%) of 28 vs 2 (7%) of 30 patients,
OR 3.04, 95% CI 0.54-17.2) and need for
mechanical ventilation: 5 (18%) of 28 vs 2
(6.7%) of 30 patients, OR 3.04, 95% CI 0.54—
17.2, although the differences were not statis-
tically significant.”’

The Convalescent Plasma for COVID
(ConCOVID) study,® a multicenter open-
label randomized clinical trial in the Nether-
lands, was halted early after 53 of 66 patients
tested were found to have high titers of SARS-
CoV-2 neutralizing antibodies at the time of
enrollment, before they received convalescent
plasma. Analysis of the available outcomes data
of the total of 86 enrolled patients showed no
difference in disease severity, hospital length of
stay or mortality rates between patients who
received plasma and the control group.

The PLACID trial,’! an open-label, mul-
ticenter randomized controlled trial compar-
ing convalescent plasma to standard of care,
enrolled 464 patients with moderate sever-
ity of illness (Pao,/Fio, ratio 200-300, or
respiratory rate > 24 per minute and Spo, <
93% on room air) in 39 centers across In-
dia. Although it demonstrated a statistically
significant greater absolute decrease in Fio,
needed by day 7 (11% vs 9.5%) and greater
rate of viral clearance as demonstrated by
negative SARS-CoV-2 PCR testing (67.9%
vs 54.6%), the study showed no difference in
the primary composite outcome of progres-
sion to severe disease (defined as a Pao,/Fio,
ratio < 100) or death by day 28, which oc-
curred in 44 (18.7%) of 235 in the treatment
group vs 41 (17.9%) of 229 in the standard
care group, OR 1.09, 95% CI 0.67-1.77. In-
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terestingly, the study reported 3 deaths that
were considered to be possibly directly relat-
ed to convalescent plasma transfusion (1.3%
of the active treatment group).

M EVIDENCE IS SUGGESTIVE, BUT WEAK

Taken together, the evidence available today
suggests treatment with convalescent plasma
may improve viral clearance, decrease inflam-
mation, and improve oxygenation, which
may translate into a lower mortality rate for
select patients. This treatment appears to be
of greatest benefit if plasma with high titers
of neutralizing antibodies is given early in the
course of the disease in patients without ad-
vanced organ failure, such as respiratory fail-
ure requiring mechanical ventilation.

The evidence supporting convalescent
plasma, however is weak, and serious ques-
tions remain about optimal timing, patient se-
lection, dosing, and antibody testing of donors
and patients. True safety and efficacy have yet
to be confirmed in ongoing well-controlled
prospective trials

Both the Infectious Diseases Society of
America’® and the National Institutes of
Health Treatment Guideline Panel®” there-
fore concluded there is currently not enough
evidence to recommend convalescent plasma
as the standard of care and recommend its use
in prospective, well-controlled, randomized
trials.

Despite these limitations and concerns, the
FDA determined that on the basis of these data
the “known and potential benefits of the prod-
uct, when used to treat COVID-19, outweigh
the known and potential risks of the product”
and has granted emergency use authorization.*
This finding authorizes the distribution and
administration of COVID-19 convalescent
plasma for the treatment of confirmed or sus-
pected COVID-19. It requires that a fact sheet
providing information of dosing and potential
side effects be made available to patients treat-
ed with convalescent plasma and that health-
care providers maintain records, conduct a
thorough investigation, and report adverse
reactions and fatalities related to convalescent
plasma transfusion, as required under Title 21,

Code of Federal Regulations 606.170. |
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Using and interpreting
electrodiagnostic tests

ABSTRACT

Electrodiagnostic testing, consisting of nerve conduction
studies and needle electrode examination, serves as an
extension of a neurologic examination for evaluating a
variety of focal and generalized neuromuscular condi-
tions. By providing important clues on location, chronicity,
severity, and pathophysiology, it can help to establish

a diagnosis, evaluate the need for surgery, and assess
patients who do not improve as expected after surgery.

KEY POINTS

Electrodiagnostic testing helps to precisely locate disease
processes affecting the peripheral nervous system (in-
cluding peripheral nerves, neuromuscular junctions, and
muscles) and has limited use in the evaluation of central
nervous system disorders.

Electrodiagnostic studies can help establish if a patient is
likely to have a muscle disease, a disorder of neuromus-
cular junction transmission, axon loss, or a demyelinating
disease.

Electrodiagnostic testing should be done by physicians
who have appropriate training in it, as there are potential
pitfalls in performing and interpreting the studies.
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E LECTRODIAGNOSTIC TESTING (traditionally
but less accurately called electromyogra-
phy) consists of 2 distinct but related procedures
typically performed together to interrogate the
peripheral nervous system: nerve conduction
studies and needle electrode examination.
This article reviews common indications
for these tests, their limitations, and how to
interpret the results, focusing on how they
may best contribute to patient evaluation.

I NERVE CONDUCTION STUDIES

Nerve conduction studies involve stimulating
motor, sensory, or mixed nerves through the
skin with a small pulse of electrical current
(Figure 1). Recording electrodes, placed on
the skin over nerves and muscles innervated
by the stimulated nerve trunk, capture elec-
trical responses generated by the stimulation.
Multiple nerves may be stimulated in each af-
fected limb or region, as determined by patient
symptoms.

Sensory nerve conduction studies record
the response along nerve fibers to electrical
stimulation of the nerve trunk at some dis-
tance from the recording electrodes, whereas
motor nerve conduction studies record the re-
sponse of a muscle to electrical stimulation of
a nerve trunk that innervates that muscle.

Values measured include amplitude and
morphology of response and velocity or laten-
cy of conduction along the stimulated path.
“Late” responses, including the F wave and
H reflex, measure the integrity of proximal
portions of a nerve and corresponding nerve
roots.

The following disease processes are gener-
ally associated with characteristic electrodiag-
nostic findings, illustrated in Figure 2:
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Nerve conduction studies: Principles

Axon }(/

' }9 -
Muscle n‘ Distal ﬁ‘ Proximal
stimulation stimulation
DL
— CMAP )
J/ —
Amplitude

Figure 1.

Electrodiag-
nostic testing
consists of
nerve
conduction
studies

and needle
electrode
examination
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Conduction time

Time

Demyelinating diseases cause slow con-
duction velocities, prolonged distal latencies,
conduction blocks, dispersion of the motor re-
sponse waveform, and prolonged late responses.

Axon loss (“axonal pathology”) does not
significantly exhibit these features, but causes
reduced amplitude of responses.

Acquired focal or segmental demyelin-
ation characteristically exhibits conduction
block, ie, a significant reduction in motor re-
sponse amplitude at proximal compared with
distal stimulation sites.

Defects of neuromuscular junction trans-
mission (eg, myasthenia gravis, Lambert-Eaton
myasthenic syndrome) exhibit changes in mo-
tor response amplitudes during a volley of stimu-
li when tested with repetitive nerve stimulation.

I NEEDLE ELECTRODE EXAMINATION

Needle electrode examination (Figure 3)
involves inserting a needle into a muscle to
record spontaneous and volitional electrical
activity generated within muscle fibers during
rest and active muscle contraction.

The test is typically performed on multiple
muscles: between 6 (for a single-limb study)
and 15 muscles (for a multiple-limb study).
An electrode inserted in the muscle belly re-
cords electrical activity in the muscle at rest

VOLUME 87 ¢ NUMBER 11

A motor nerve, composed of numerous axons (repre-
sented by a single neuron), is stimulated through the skin
with a pulse of current administered through a stimula-
tor, with enough current to depolarize all of the nerve's
axons. Recording electrodes on the surface of the skin
overlying the innervated muscle (not pictured) produce a
tracing of electric potential over time, which represents
the depolarization of all activated muscle cells.

This deflection from the electric baseline is called the
compound muscle action potential (CMAP). The time
between stimulation at a distal site and the initial
deflection of the CMAP is called the distal latency (DL),
which is determined by the size and myelination of the
motor nerve, as well as transmission across the neuro-
muscular junction and within the muscle itself. Motor
nerves are often stimulated proximally as well, which
allows for calculation of a conduction time and associ-
ated conduction velocity across a segment of the nerve.
This parameter does not include the neuromuscular

junction or intramuscular transmission, and represents

purely nerve conduction within a nerve segment.

and during voluntary contraction to assess the
integrity of the nerve-muscle connection and
the presence of muscle disease.

At rest. Abnormal spontaneous activity in
the form of fibrillation or positive sharp wave
potentials signifies loss of muscle innervation,
necrosis, or inflammation (Table 1).

During voluntary muscle activation. The
needle electrode records the size, morphology,
and firing pattern of a motor unit action po-
tential (ie, an electrical discharge composed of
the individual muscle fiber action potentials
generated by activation of a single motor neu-
ron in the spinal cord). The pattern of firing
in relation to increasing effort is called the re-
cruitment pattern (Table 2).

I INTERPRETING RESULTS

Nerve conduction studies and needle elec-
trode examination can help address the fol-
lowing questions:

Where is the lesion? Is it in the nerve
root, plexus, peripheral nerve, neuromuscular
junction, or muscle?

What is the pathophysiologic nature of
the disorder? If neuropathy, is it due to demy-
elination or to axon loss? If myopathy, is it due
to inflammation and necrosis?

What is the chronicity of the problem?
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Nerve conduction studies: Abnormal patterns

Axon loss. When axons are lost, there are fewer excit-
able axons, and therefore fewer muscle cells are excited,
resulting in a lower compound muscle action potential
(CMAP) regardless of stimulation site. This can occur

in peripheral neuropathy or motor neuron disease. The
dashed tracings represent normal, solid tracings are
abnormal.

Diffuse demyelination. For diffusely disrupted
myelin, distal latency is prolonged, and the conduction
velocity is slow, but the CMAP retains normal amplitude
because all of the axons are still available to depolarize
the same number of muscle cells. This may be seen in
hereditary demyelinating neuropathies, such as Charcot-
Marie-Tooth disease.

Focal demyelination. For focal demyelination over
a portion of nerve, focal slowing occurs only over the

A P - affected segments. In addition, the conduction in some
- - neurons is too slow to cross the area of focal demy-
elination. This is called conduction block, and results
in a more than 50% reduction of CMAP amplitude
> == gt when stimulating proximal to the lesion. Because focal
7 demyelination typically affects different neurons to vary-

ing degrees, the action potentials arrive at the muscle

-\ at more variable times, leading to a “spreading” of the
o =1 2% CMAP, known as temporal dispersion. This pattern can
e e, e - be seen in some types of compressive nerve injury (eg,

ulnar neuropathy at the elbow) and diffuse acquired
demyelinating polyneuropathies (eg, Guillain-Barré

Figure 2. syndrome).

[s it acute, subacute, chronic, or chronic with
ongoing denervation?

What is the electrical severity of the
problem?

Electrodiagnostic testing can also reveal
specific clues to etiology, such as myotonia in
a patient with suspected myopathy.

Il LIMITATIONS OF ELECTRODIAGNOSIS

Electrodiagnosis has limitations.

It does not evaluate small fibers
Nerve conduction studies assess the integrity
of only large-diameter axons. Small-diameter

CLEVELAND CLINIC JOURNAL OF MEDICINE =~ VOLUME 87 e NUMBER 11 NOVEMBER 2020

fibers that predominantly comprise the auto-
nomic, temperature-sensing, and pain-sensing
portions of the peripheral nervous system gen-
erate electrical fields too small to be recorded
with routine laboratory techniques. Hence,
patients with small-fiber sensory neuropathy
and those with radiculopathy only manifested
by pain (affecting only sensory root fibers and
not motor root fibers) will likely have normal
results.

It gives clues, but not a specific diagnosis

Electrodiagnostic testing helps locate prob-
lems and objectively measures a portion of the
peripheral nervous and neuromuscular sys-
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Needle electrode examination in normal and diseased muscle

Neurogenic

4T

Normal. The recording needle is shown inserted into muscle perpendicular to
the long axis of the muscle fibers. The electrode captures activity within a small
range surrounding the needle tip. Normal tissue contains a mixture of different
motor units (single units denoted by color). When a patient activates the
muscle through voluntary control, force is generated by the orderly recruitment
of additional motor units and an increase in the firing rate of motor units.

The firing motor units are visualized to the right as tracings (color coding not
present on actual reading). Each motor unit has a distinct morphology.

In neurogenic conditions, motor units are lost (represented by loss
of the green motor unit), but if nearby motor units are intact, they can
reinnervate the muscle fibers that have lost innervation (represented

by increase of blue and purple-coded muscle fibers). During electrical
activation, fewer motor units are available to generate the same level of
force, so the remaining units must fire at a higher frequency (“reduced
recruitment”). The size of the motor unit is increased because more
muscle fibers now belong to each motor unit due to reinnervation.

In myopathic conditions, muscle fibers become smaller, although the
motor units remain intact. In order to generate the same level of force, more
motor units need to be activated (“early recruitment”). Motor units appear
small due to electrical potentials generated from the smaller muscle fibers.

Mypathic
Figure 3.

tems. It does not usually identify the specific
underlying cause of a condition and is best
viewed as an extension of the physical exami-
nation. However, it often plays an important
role in defining the differential diagnosis and
directing further laboratory and imaging tests.

It is less useful for elderly patients

Nerve conduction studies are less reliable in
advanced age. For example, sensory responses
are not obtainable in the lower limbs of many
healthy adults over age 75, making electrodi-
agnostic testing less useful for diagnosing poly-
neuropathy.!

It does not reveal much about

the central nervous system
Electrodiagnostic testing does not adequately
assess the central nervous system. It may dem-
onstrate nonspecific abnormalities in central
nervous system disorders, but findings cannot
be used to definitively locate or diagnose a
central nervous system lesion. Electrodiagnos-
tic testing may be technically limited by cen-
tral disorders of motor unit control.

It may require mild sedation

Although most patients tolerate electrodiagnos-
tic testing well, those with especially low pain
tolerance or lacking understanding of the test-
ing (eg, children) may require premedication.

Some heart devices rule it out

In general, electrodiagnostic testing is safe.
However, nerve conductions studies should
not be performed near catheters and elec-
trodes that directly reach the heart (eg, pace-
makers with external leads, catheters measur-
ing intracardiac pressures), although having
an internalized pacemaker or defibrillator is
not a contraindication.’

Risks of infection, bleeding

Needle electrode examination carries a small
risk of infection and bleeding. Laboratories dif-
fer in their approach for patients on anticoagu-
lation therapy. In general, even with anticoagu-
lation, the risk of clinically significant bleeding
is low, and risk associated with discontinuing
anticoagulation therapy should be balanced
against this risk.’ For patients undergoing elec-
trodiagnosis who stay on anticoagulation, the
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TABLE 1

Commonly observed or notable abnormal spontaneous activity

Term Description

Clinical significance

Fibrillation potentials
and positive sharp

Spontaneous muscle fiber
potentials recorded during rest;

Muscle fibers are remaining without inner-
vation, generally a sign of recent or ongoing

waves morphology and firing regularity ~ denervation in neurogenic conditions
G U ERER S il In myopathic conditions, they may indicate
lation potentials or positive sharp . yop > INEy may Inc
inflammatory or necrotizing myopathies
waves
Fasciculation Spontaneous, irregularly firing May be seen occasionally in chronic neuro-
potentials motor unit discharges genic conditions of any kind, but are seen

more diffusely in disorders of the anterior
horn cell and motor neuron disease

Myotonic discharges  Single muscle fiber firing
repetitively in a waxing and

waning pattern at high frequency

When diffuse and prominent, indicates a
myotonic disorder

Can also rarely be seen in any chronic
neurogenic or myopathic condition

Complex repetitive
discharges

Time-locked repetitive firing of a
group of muscle fibers, with sud-
den start and stop of bursts

Very chronic neurogenic or myopathic
conditions

Neuromyotonic Single motor unit firing repetitively

Typically, disorders of voltage-gated

discharges at a very high frequency potassium channels
Myokymic discharges Single motor unit firing in regularly Most commonly associated with chronic .
recurring bursts demyelination and radiation plexopathy Electrodlag-
nosis often
needle electrode examination may be tailored  syndrome). Electrodiagnosis can assess nerve pa| defi
) . rome). e . V¢ helps define
to exclude particularly vulnerable sites. continuity, injury severity, and prognosis, ] ;
Examination of certain muscles (especially ~ which may be especially helpful if peripheral the differential
the diaphragm, thomboid major, and serratus  nerve surgery is being considered. diagnosis and
anterior) entails a higher risk of pneumothorax. Nerve conduction studies may be useful
: L 1. directs further
during the acute phase of an injury (within .
Il SPECIFIC INDICATIONS the first 24—72 hours) if nerve trunk stimula- evaluation
In general, electrodiagnostic testing adds val-  tion can be performed above and below the
ue to the diagnostic workup of many common  lesion site to assess for conduction block or
symptoms and conditions by suggesting previ- discontin.ui.ty. A repeat study at least 10 days
ously unsuspected diagnoses and further diag-  after the injury is usually necessary to assess for
nostic tests or treatments.*’ maximal deterioration of sensory and motor
responses, at which time wallerian degenera-
I FOCAL SENSORY AND MOTOR SYMPTOMS tion should be complete, and a response from
. . . : distal stimulation will be absent with com-
Patients with many conditions presenting e
. plete axonal injuries.
with focal sensory and motor symptoms can .
. . . However, needle electrode evaluation is
benefit from electrodiagnostic testing. , o
not usually useful until 3 weeks after an injury,
Acute traumatic nerve injury when active denervation features may become
Peripheral nerves may be injured by blunt  apparent, so if a single study is requested, it
or penetrating trauma, stretch injury, and  should be done 3 weeks after the onset of neu-
secondary ischemia (eg, from compartment  rologic deficits.
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TABLE 2

Glossary of common electrodiagnostic terms

Term

Description

Clinical pearls

Chronic denervation

Remote axon loss identified by long-duration,
high-amplitude motor units firing with a
reduced recruitment pattern

Generally denotes a process that started at least
several months before the examination

Active or ongoing
denervation

A muscle exhibiting positive sharp waves or
fibrillation potentials, reflecting a subacute
(or more long-standing but uncompensated)
neurogenic or axon-loss process

Does not always imply a truly active process. Fi-
brillation potentials and positive sharp waves are
observed whenever a muscle fiber is awaiting
reinnervation. These findings generally appear

by about 3 weeks after the onset of injury and
resolve within a few months, but may persist for
longer in distal muscles and when reinnervation
mechanisms are not fully successful or complete

Intraspinal canal
lesion or process

Electrodiagnostic testing characterized by
neurogenic or axon-loss changes in muscles
of 1 or more specific myotomes (eg, a spinal
root or segment derivative) without sensory
findings

The lesion is proximal to the dorsal root gan-
glion. Most of these lesions are compressive
radiculopathies; but infrequently; other lesions
such as motor neuron disease produce similar
findings

Neurogenic Electrodiagnostic features resulting from Neurogenic findings are further refined by distri-
lesions of the anterior horn cell, nerve root, bution and the presence or absence of sensory
plexus, or nerve findings

Myopathic Electrodiagnostic features of muscle disease, Electrodiagnostic testing may be less sensitive

including low amplitude, short duration, and
polyphasic motor units

in many myopathies than in neurogenic condi-
tions

Irritable myopathy

When myopathic features are accompanied
by diffuse fibrillation potentials, positive sharp
waves, or both

Suggestive of inflammatory or necrotizing
etiologies, but not pathognomonic

Motor unit instability

The same motor unit on needle electrode
examination varies in morphology from one
firing to the next

Indicates dysfunction at the neuromuscular
junction, but it can be seen in neurogenic condi-
tions during early reinnervation, when neuro-
muscular junctions are immature

Reduced activation

Suboptimal voluntary activation of a muscle
resulting from central nervous system causes

Can result from pain, cognitive dysfunction, poor
effort, or upper motor neuron pathology, and
indicates that the data may be of lower yield

Conduction block

Motor response in a nerve conduction study
has > 50% reduced response when stimulating
at a more proximal location

Indicates focal demyelination

When occurring at noncompression sites or in
multiple nerves, can suggest acquired demyelin-
ating polyneuropathies
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Carpal tunnel syndrome

Carpal tunnel syndrome is one of the most
common peripheral nerve disorders and can
cause significant pain and dysfunction.””
When typical symptoms and signs are present,
the diagnosis may be straightforward. How-

VOLUME 87 ¢ NUMBER 11

ever, in other cases, the sensory distribution
of pain and paresthesias lie outside of the clas-
sic median nerve distribution, and in addition,
other conditions can mimic it.
Electrodiagnosis is most applicable for
evaluating suspected carpal tunnel syndrome
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when the diagnosis is uncertain, when initial
conservative therapy has been unsuccessful, or
when surgery is being considered. Specifically,
electrodiagnostic testing can help with the
following:

Establishing a diagnosis. Diagnostic ac-
curacy is high, especially when using special-
ized nerve conduction techniques (eg, pal-
mar mixed nerve studies), with sensitivities
of about 85% and specificities around 97%.°
Standard electrodiagnosis may also exclude
other neuromuscular diagnoses, such as cervi-
cal radiculopathy, other upper limb mononeu-
ropathies, and brachial plexopathy.

Evaluating need for surgery. Electrodiag-
nostic testing may help determine indications
for surgical release of a trapped median nerve.
Lesions that are electrically moderate may be
associated with a better prognosis, presumably
because normal studies predict a disorder oth-
er than carpal tunnel syndrome, and severe
findings suggest irreversible axon loss.!°

Postoperative assessment. Electrodiagnos-
tic testing is sometimes used after surgery if the
outcomes are suboptimal. Electrodiagnostic
findings typically improve after surgery, but
abnormalities occasionally persist even after
symptoms improve.

Neuromuscular ultrasonography. Inter-
est has been growing for evaluating carpal
tunnel syndrome with neuromuscular ultra-
sonography, as it has demonstrated favorable
diagnostic accuracy.!! However, it provides
information that is complementary to electro-
diagnostic testing results and is not useful for
assessing severity. Neuromuscular ultrasonog-
raphy should be considered for patients who
prefer not to undergo electrodiagnostic testing
or may not tolerate it. It may also be used to
assess other structural causes of carpal tunnel
syndrome in unusual presentations, or to aid
in surgical planning or postoperative evalua-
tion.

Ulnar neuropathy at the elbow

Ulnar neuropathy at the elbow is only slightly
less common than carpal tunnel syndrome.!
Typical symptoms are numbness or pain in the
hand, with or without weakness and atrophy
of ulnar-innervated muscles. The differential
diagnosis often includes C8 radiculopathy,
lower trunk brachial plexus lesions, muscu-
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loskeletal conditions, and ulnar nerve lesions
located elsewhere (eg, at the wrist).

Electrodiagnostic testing can be useful for
diagnosing ulnar neuropathy at the elbow, and
guidelines have been published on electrodi-
agnostic techniques and criteria.”” However,
several challenges are unique to this condi-
tion. The anatomy of the nerve, variation
in lesion site in the region of the elbow, and
sparing of the muscles of the forearm that are
innervated by the ulnar nerve, even with clear
lesions at the elbow, can make electrical local-
ization difficult, especially if the lesion primar-
ily involves axon loss.

Diagnostic criteria may also have substan-
tially different accuracies depending on the
pretest probability of an ulnar neuropathy at
the elbow.'* If an ulnar neuropathy is nonlo-
calizable by nerve conduction studies, alterna-
tive diagnostic techniques (eg, neuromuscular
ultrasonography) should be considered to aid
in localization," especially for a moderate or
severe lesion that is being considered for sur-
gery.

Electrodiagnosis may also help with prog-
nostic guidance. Conduction block at the el-
bow indicates that focal demyelination may be
contributing substantially to symptoms, which
is associated with a more favorable recovery.'

Radiculopathy
Patients are commonly referred for electrodi-
agnostic testing to evaluate radiculopathies.
Electrodiagnosis can typically identify the root
level, chronicity, and electrical severity of a
radiculopathy. Several conditions and settings
merit special consideration, as follows:
Intraspinal compressive radiculopathies.
These are usually located proximal to the dor-
sal root ganglion, so sensory nerve conduction
studies are typically normal despite significant
symptoms of pain and numbness. Motor nerve
conduction studies often show only minimal
axon loss because most lesions cause damage
to a minority of nerve fibers. Needle electrode
examination is often the most useful, as it re-
veals motor axon loss (neurogenic) changes
in a myotomal pattern. Diagnosis typically
requires examination of multiple muscles to
isolate the affected level due to some inter-
individual variation and overlapping root in-
nervation in many muscles.!
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Electrodiagnosis
may especially
be helpful

if peripheral
nerve surgery

is being
considered
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Electrodiag-
nostic testing
plays an
important role
in diagnosing
amyotrophic
lateral sclerosis
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Demyelinating conditions. For predom-
inantly demyelinating diseases, the only
changes on electrodiagnostic testing are in
the recruitment pattern of motor unit action
potentials in affected muscles, which may be
subtle.

Predominant sensory involvement. Ra-
diculopathies that mainly affect sensory fibers
do not result in significantly abnormal find-
ings on electrodiagnostic testing.

Anatomic considerations. Certain radicu-
lopathies may be difficult to isolate to a single
level (eg, differentiating between C8 and T1,
and C6 and C7 radiculopathies). In addition,
electrodiagnostic testing does not truly local-
ize a lesion to the nerve root in the interverte-
bral foramen, but rather proximal to the dorsal
root ganglion. This means that electrodiagno-
sis cannot differentiate between a root and an-
terior horn cell lesion within the spinal cord.

The overall sensitivity and specificity of
electrodiagnostic testing for radiculopathy is
difficult to determine, with reported values
varying widely.!® This is partly due to lack of a
gold standard and the various combinations of
criteria that can be used for diagnosis. In gen-
eral, electrodiagnosis can be used to determine
if a radicular lesion (eg, one identified on mag-
netic resonance imaging) is severe enough to

ave caused motor axon loss and whether the
lesion is acute, chronic and healed, or chronic
and unhealed (ie, chronic with significant ac-
tive and ongoing denervation).

I GENERALIZED SENSORY
AND MOTOR SYMPTOMS

Other conditions that can be evaluated with
electrodiagnosis are characterized by a more
generalized presentation.

Polyneuropathy
Distal, symmetric axon-loss (“axonal”) poly-
neuropathy is a common condition that may
affect large-fiber or small-fiber nerves, or both.
Evidence is conflicting regarding the value
of electrodiagnostic testing for assessing sus-
pected polyneuropathy.>*-2! Some experts
argue that it does not add substantial benefit,
as it rarely yields a specific underlying cause,
and results do not affect treatment.”” How-
ever, electrodiagnostic testing can identify
alternative or concomitant neuromuscular di-
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agnoses, such as radiculopathy or mononeu-
ropathies (eg, carpal tunnel syndrome). It can
also distinguish demyelinating polyneuropa-
thies (characterized by slowing of conduction
velocities, prolonged distal latencies, conduc-
tion blocks, dispersion of the motor response
waveform, and prolonged late responses) from
axon-loss polyneuropathies, which do not
significantly exhibit these features but will
display reduced response amplitudes. This
has important management ramifications, as
demyelinating polyneuropathies and polyra-
diculoneuropathies are often associated with
inflammatory conditions and respond to spe-
cific treatments.

Axon-loss polyneuropathy is consider-
ably more common than demyelinating poly-
neuropathies. Diabetes mellitus confers high
risk for axon-loss polyneuropathy? but is also
associated with increased risk for other neu-
ropathic disorders, including carpal tunnel
syndrome, ulnar neuropathy, and diabetic ra-
diculoplexus neuropathy (also known as dia-
betic amyotrophy).

Electrodiagnostic testing should be consid-
ered for polyneuropathy in the evaluation of
patients with prominent weakness or gait ab-
normality, asymmetrical patterns, early upper
extremity involvement, rapid progression, and
diffuse loss of reflexes.

Limitations of electrodiagnosis

for assessing polyneuropathy

Referring physicians should be aware of the
following limitations of electrodiagnosis for
assessing polyneuropathy:

It is less useful for small-fiber dysfunc-
tion. Patients whose history and examination
indicate only small-fiber dysfunction are likely
to have normal study results and may benefit
more from alternative evaluations, such as
skin biopsy for intraepidermal nerve fiber den-
sity measurement and the QSART (quantita-
tive sudomotor axon reflex test) to assess for
small-fiber neuropathy.

It is less useful for elderly patients with
mild symptoms. Differentiating between nor-
mal age-related loss of sensory responses and
features of polyneuropathy may be difficult.

Incidental findings may not be relevant.
Especially in older patients, incidental electro-
diagnostic findings (eg, an old radiculopathy,
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carpal tunnel syndrome) may not help eluci-
date the cause of symptoms. Electrodiagnostic
findings must always be evaluated in the con-
text of a patient’s target clinical features.

Demyelinating polyneuropathy

Electrodiagnostic testing plays an important
role in diagnosing demyelinating polyneu-
ropathies, which have substantially different
management implications than axon-loss
polyneuropathies. Electrodiagnostic testing
can determine the likelihood that a demy-
elinating polyneuropathy is hereditary or ac-
quired, the types of nerves affected, and the
degree of concomitant axon loss. However,
skill is required for acquiring and interpreting
the electrodiagnostic data, because mild or fo-
cal demyelinating-type findings may actually
be due to axon-loss polyneuropathy or com-
pressive etiologies. The European Federation
of Neurological Societies and the Peripheral
Nerve Society have published guidelines for
accurate electrodiagnosis, but misdiagnosis of
chronic inflammatory demyelinating polyneu-
ropathy commonly occurs and may lead to un-
necessary and potentially harmful therapy.*#

Generalized weakness
Weakness has diverse causes. A first approxi-
mation is often made clinically, differentiating
upper from lower motor neuron-type weak-
ness. Those with lower motor neuron-type
weakness may have lesions at the level of the
anterior horn cell, nerve root, plexus, periph-
eral nerve, neuromuscular junction, muscle,
or some combination of these sites.

Electrodiagnostic testing can be a useful
adjunct to a physical examination to help
refine localization in the peripheral nervous
system (including neuromuscular junction
and muscle). In a prospective study of patients
presenting with weakness, electrodiagnosis
identified a single cause in approximately 80%
of patients, with about 30% of diagnoses un-
suspected before testing.?°

Central disorders of motor control includ-
ing upper motor neuron disorders may show
a pattern of reduced voluntary activation on
needle electrode examination. This finding,
when pronounced, can suggest upper motor
neuron localization. However, it is not specific
and can also be seen in studies confounded by
pain or lack of voluntary effort.
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Motor neuron disease
Electrodiagnostic testing plays an important
role in diagnosing motor neuron diseases,
most commonly amyotrophic lateral sclerosis
(ALS), a degenerative disorder of the upper
and lower motor neurons. Diagnosis relies on
clinical demonstration of progressive com-
bined upper and lower motor neuron signs
without alternative explanation, but electro-
diagnosis can identify denervation that may
not be apparent clinically.

Several sets of diagnostic criteria are avail-
able for ALS, the two most common being
the the Awaji criteria and the revised El Esco-
rial criteria.’”?® The Awaji criteria have better
sensitivity for diagnosing ALS, although pos-
sibly not for all patients.?**

Motor neuron disease requires exten-
sive electrodiagnostic evaluation. Nerve
conduction studies should be performed to
exclude polyneuropathy. Needle electrode
examination includes study of the upper
and lower extremities, thoracic paraspinal
muscles, and often, cranial nerve-supplied
muscles. A tiered approach may minimize
the number of muscles requiring examina-
tion.’!

Key features suggesting a diagnosis of mo-
tor neuron disease are the following:

e Chronic and active motor axon loss in
muscles from multiple myotomes and pe-
ripheral nerve distributions within each of
at least 3 body regions

e Progressive clinical features of upper and
lower motor neuron deficits

e Fasciculations on needle electrode examina-
tion and clinical inspection. Although they
may be seen in other neurogenic conditions
and in healthy people, when seen in associa-
tion with weakness, atrophy, and chronic de-
nervation features, they qualify by the Awaji
criteria as a surrogate for active denervation
in a muscle.

Electrodiagnostic testing is also useful in
identifying ALS mimics, including multifo-
cal motor neuropathy with conduction block,
myopathies, neuromuscular junction disorders,
structural radiculopathies, and severe neuropa-
thies. Other motor neuron diseases include spi-
nobulbar muscular atrophy (Kennedy disease)
and spinal muscular atrophy.
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Myopathies
comprise a
broad spectrum
of generalized
disorders that
primarily affect
skeletal muscles
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Needle electrode examination: Spontaneous activity

Insertional/spontaneous

(1111 IRRREN)

--

Fibrillation

Normal

Fasciculation

Normal. Movement of the needle through uncontracted (relaxed)
muscle causes irritation of muscle fiber membranes and a brief burst of
muscle fiber depolarizations.

Abnormal. Most other spontaneous activity is abnormal. Activity is
categorized by source of the discharge (ie, muscle fiber, motor unit, or
muscle fiber circuit/nonmotor unit chain of fibers), the firing pattern (ie,
regular, irregular, semiregular), and frequency. Most spontaneous activ-
ity is not specific to myopathic or neurogenic conditions, but may yield
information about chronicity or underlying etiology. See Table 1

for detailed descriptions of abnormal spontaneous activity.

Y

Myotonia Complex repetitive
discharge
Figure 4.
Electrodiag- I\l\flyopat}*:y - )

. yopathies comprise a broad spectrum of gen-
nosis can help eralized disorders that primarily affect skeletal
narrow muscles. Nerve conduction studies are typical-
the differential ly normal in most myopathies because sensory
di . functions are unaffected and the muscles that

lagnosis are routinely tested are distal and less likely to
based on the be affected by a myopathy.

distribution Needle electrode examination is more valu-

able, revealing myopathic motor units (short

of muscle duration, low amplitude, polyphasic morphol-

involvement ogy).”> However, myopathies that predomi-
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nantly affect type II muscle fibers (notably,
corticosteroid-induced myopathy) may have
normal results on needle electrode examina-
tion, as these fibers are not typically evaluated.®

The absence of fibrillation potentials has
a negative predictive value of about 80% to
90% for inflammation, necrosis, fiber splitting,
or vacuolar changes on muscle biopsy. This in-
formation may be helpful in deciding which
patients warrant a biopsy.”’

Electrodiagnosis can help diagnose some
myopathies and also perform the following

VOLUME 87 ¢ NUMBER 11

valuable functions:

e Exclude neurogenic and neuromuscular
junction etiologies that may mimic my-
opathies (eg, motor neuron disease, myas-
thenia gravis)

e Identify unusual myopathic needle elec-
trode examination patterns (eg, myotonia)

e Narrow the differential diagnosis based on
the distribution of muscle involvement
(eg, inclusion body myositis).

In addition, needle electrode examination
features may suggest (but not distinguish be-
tween) the following causes of myopathy in
the appropriate clinical context:

e Necrosis (eg, anti-signal recognition par-
ticle and anti-hydroxy-3-methylglutaryl-
CoA reductase autoantibody-related my-
opathies)

¢ Inflammation (eg, polymyositis and der-
matomyositis).

“Irritative” features (ie, fibrillation or posi-
tive sharp wave potentials) in conjunction
with motor unit potential configurational and
recruitment changes consistent with myopa-
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thy may occur in both types of myopathy. Dif-
ferentiating between them depends primarily
on histopathology (ie, necrotizing myopathy
predominantly has features of myofiber degen-
eration without the inflammatory infiltrates
typical of an inflammatory myopathy).

Myotonia is a unique electrical phenome-
non (Figure 4, Table 1) resulting from quanti-
tative or qualitative dysfunction of sodium and
chloride channels in the muscle cell membrane.
Although it may occur secondary to a wide va-
riety of neuromuscular pathologies, prominent
or diffuse myotonia is associated with a rela-
tively small differential diagnosis (including
myotonic dystrophies, inherited sodium and
chloride channelopathies, and Pompe disease).

Needle electrode examination can also
help identify an affected muscle for biopsy.
However, the biopsied muscle is typically cho-
sen from the contralateral side to avoid needle
track artifacts.’*

Myasthenia gravis

Electrodiagnosis can play an important role in
evaluating patients with suspected disorders
of neuromuscular junction transmission. The
most common such disorder is autoimmune
myasthenia gravis, which is diagnosed clini-
cally but supported by ancillary testing. Elec-
trodiagnosis is not always necessary if the his-
tory and autoantibody profile are consistent
with the diagnosis, but it can be useful in cases
in which antibody testing is negative and the
diagnosis is unclear. It may also play a role in
determining whether subjective weakness in
a patient with myasthenia gravis is caused by
uncontrolled disease or other causes.

In postsynaptic neuromuscular junction
disorders such as myasthenia gravis, slow re-
petitive stimulation at 2 to 5 Hz produces a
stereotyped, progressive decrease in the re-

corded motor response amplitude or area in
weak muscles.

The overall accuracy of the test is dependent
on the muscle studied, the reference values used,
and type of myasthenia gravis (ie, generalized or
oculobulbar, the latter of which does not signifi-
cantly involve limb muscles). Sensitivities for
repetitive nerve stimulation have been reported
in the 40% to 50% range for generalized myas-
thenia gravis and in the 10% to 20% range for
oculobulbar disease.*>*” Sensitivity might also
be reduced if the patient has not appropriately
discontinued pyridostigmine before testing.
Specificity in facial muscles is reported close to
100%. However, false-positives can occur from
technical errors (which can be common in inex-
perienced hands) and disorders in which there
is a secondary defect of neuromuscular junction
transmission (eg, ALS).®® A negative test result
cannot be used to exclude the diagnosis.

Needle electrode examination may reveal
motor unit instability in disorders of neuro-
muscular junction transmission. When routine
electrodiagnostic testing is nondiagnostic or
when symptoms are not generalized, a single-
fiber electromyographic study may be diagnos-
tic. This technique is 90% to 100% sensitive for
myasthenia gravis, but not as specific’’; however,
it requires significant patient cooperation and is
technically demanding and time-consuming.

Il BOTTOM LINE

By keeping in mind the capabilities and limi-
tations of electrodiagnosis, referring providers
can obtain the greatest value from testing and
provide reasonable expectations for patients.
Results are optimized with testing by physicians
trained in electrodiagnosis and interpreting the
results in the context of a thorough history and
physical examination. [
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Contrast media in patients
with kidney disease: An update

ABSTRACT

Concern for contrast-induced acute kidney injury (CI-AKI)
or nephrogenic systemic fibrosis may lead to withhold-
ing important studies from patients with kidney disease.
However, the actual risk or even the existence of these
conditions has recently been called into question. The
truth probably lies somewhere in the middle.

KEY POINTS

The risk of CI-AKI appears to be highest in patients with
the lowest kidney function, but the overall risk is lower
than initially thought.

In the absence of an equivalent alternate study, iodinated
contrast studies that are thought to be crucial to the care
of patients with kidney disease should not be withheld
out of concern for CI-AKI.

Volume expansion with isotonic fluid appears to be the
only intervention with a possible benefit in preventing
Cl-AKI. This is recommended in high-risk patients unless
they are clinically volume-overloaded.

With the highly stable class 1l gadolinium-based contrast
agents, the risk of nephrogenic systemic fibrosis appears
to be extremely low and as such safe even for patients
with advanced, predialysis kidney disease.

End-stage kidney disease patients on dialysis do require
a hemodialysis treatment immediately after gadolinium
administration.

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

doi:10.3949/ccjm.87a.20015
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C ONTRAST-INDUCED acute kidney injury
(CI-AKI) and nephrogenic systemic fi-
brosis (NSF) have been 2 of the most feared
adverse effects of iodinated contrast media for
computed tomography (CT) and gadolinium-
based contrast media for magnetic resonance
imaging (MRI), respectively. Newer and safer
contrast agents and, perhaps, better patient se-
lection and prophylactic measures have ame-
liorated those risks. Recently, some authors
have suggested that NSF has been eradicated,
while others question whether CI-AKI is an
actual entity.

This review presents and evaluates the data
around CI-AKI and NSF and critically high-

lights the most recent practice guidelines.

I IODINATED CONTRAST AND ‘RENALISM’

lodinated contrast media are commonly used
in modern medicine both intravenously with
CT studies and arterially during angiographic
procedures. Among the possible adverse ef-
fects is acute kidney injury, first reported in
the 1950s in patients undergoing intravenous
pyelography.! In the 1980s, larger series of
cases of acute kidney injury following coro-
nary angiography were reported, and the term
contrast-induced nephropathy was coined.” With
growing attention, it was said to be one of
the most common causes of hospital-acquired
acute kidney injury,’ contributing significantly
to incident chronic kidney disease, end-stage
kidney disease, and death.*

Early publications defined contrast-in-
duced nephropathy as an increase in creati-
nine of 0.5 mg/dL or more, or a 25% increase
from baseline within 2 to 5 days of exposure.

In 2012, the Kidney Disease Improving
Global Outcomes Working Group suggested
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TABLE 1

CONTRAST AND THE KIDNEY

Nomenclature and definitions of kidney injury
related to iodinated contrast media

Contrast-induced nephropathy—Traditional term for worsening
kidney function within 48 hours of iodinated contrast media. This term
has largely been replaced by contrast-induced acute kidney injury.

Contrast-associated acute kidney injury—Any acute kidney
injury occurring within 48 hours of iodinated contrast media. The term
implies correlative diagnosis and does not suggest a causal relation-
ship between the acute kidney injury and the iodinated contrast

media.

Postcontrast acute kidney injury—Synonymous with contrast-
associated acute kidney injury. This term appears in the radiology
literature. Similar to contrast-associated acute kidney injury, it implies
correlative diagnosis without suggesting a causal relationship be-
tween the acute kidney injury and the iodinated contrast media

Contrast-induced acute kidney injury—Replaced contrast-
induced nephropathy as the accepted terminology when acute kidney
injury is causally linked to iodinated contrast media. It is a subset of
contrast-associated acute kidney injury.

CI-AKI usually
presents within
24 to 48 hours
of exposure

to iodinated
contrast media

684 CLEVELAND CLINIC JOURNAL OF MEDICINE

the term CI-AKI and defined it as a 50%
increase in creatinine from baseline within
7 days of exposure or a 0.3 mg/dL increase
within 48 hours.” CI-AKI is now the accepted
terminology to describe kidney injury precipi-
tated by iodinated contrast media.

Presentation

CI-AKI usually presents within 24 to 48 hours
of exposure to iodinated contrast media, with
elevation in creatinine and, rarely, oliguria.
The creatinine level peaks by 3 to 5 days and
usually returns to baseline by 7 to 10 days.
Sediment analysis shows granular casts and
tubular epithelial cells, and the fractional ex-
cretion of sodium is usually low.

Risk factors include chronic kidney disease,
diabetes, proteinuria, volume depletion, and
concomitant exposure to other nephrotoxins.
Procedure-related factors include higher-os-
molality contrast media, higher volume given,
multiple administrations of iodinated contrast
media, and intra-arterial administration with
first-pass effect.>¢

The diagnosis is clinical, and it is prudent
to rule out other causes of acute kidney injury,
in particular, atheroembolic kidney disease
in patients undergoing angiography with io-
dinated contrast media.” While the true inci-
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dence of atheroembolic kidney disease com-
pared with that of CI-AKI in this situation is
not known, supporting evidence comes from
reports demonstrating a correlation between
the risk of acute kidney injury and atheroma
burden,® and a lower risk with radial than
with femoral angiographic procedures.’ This
disease has a very different clinical course but
is commonly misdiagnosed as CI-AKI.

Pathophysiologic basis
The pathophysiologic basis for CI-AKI is still
not completely understood, but direct and in-
direct mechanisms have been suggested.'

lodinated contrast media are directly toxic
to the tubular epithelial cells, leading to loss of
polarity (loss of channel restriction to either
luminal or basolateral membranes) and even-
tual apoptosis and necrosis. Elevated blood os-
molality due to the contrast media, increased
viscosity of the luminal fluid, and free radical
formation have also been implicated in direct
toxicity.”®

Deranged hemodynamics underlie the
indirect adverse effects of iodinated contrast
media, with a brief initial vasodilatory state
followed by pronounced and sustained va-
soconstriction. Prolonged vasoconstriction,
which appears to be mediated through altera-
tions in endothelin, nitric oxide, adenosine,
and prostaglandin levels, eventually leads to
medullary ischemia. Tubuloglomerular feed-
back has also been postulated as an explana-
tion for the drop in glomerular filtration rate

observed in CI-AKI.

Is it all a myth?
Over the past decade, a number of large epi-
demiologic studies suggested that acute kid-
ney injury following exposure to iodinated
contrast media is not necessarily caused by
the contrast media. Some reports even ques-
tioned whether it is a real disease.!! This has
sparked much debate and led to newer names
for the phenomenon, including postcontrast
acute kidney injury and contrast-associated
acute kidney injury (Table 1). The rationale
of these new definitions is to eliminate the
causality associated with the term CI-AKI.
Whether one believes CI-AKI is real or a
myth, this debate is not merely theoretical be-
cause conclusions drawn have significant im-
plications for the care of our patients who have
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chronic kidney disease. For example, Chertow
et al'? reported an inappropriately low rate of
cardiac angiographic procedures in patients
who have chronic kidney disease. Presum-
ably, procedures were withheld out of concern
for CI-AKI. They coined the term “renalism”
to indicate the perhaps inappropriate atten-
tion to the kidneys while ignoring the bigger
picture. Although it is not yet reported, one
could presume the notion of avoidance may
encompass all contrast-enhanced CT studies
in the chronic kidney disease population.

Those who question the diagnosis of CI-
AKI point to studies reporting similar rates
of acute kidney injury in patients undergo-
ing contrast-enhanced CT compared with
those undergoing an unenhanced study. Dav-
enport et al" used a 1:1 propensity matching
algorithm and retrospectively reviewed over
17,000 patients who underwent contrast-en-
hanced CT or unenhanced CT. In patients
whose estimated glomerular filtration rate
(eGFR) was less than 30 mL/min/1.73 m?, the
rate of acute kidney injury was significantly
higher in those exposed to contrast (36.4%
vs 19.4%, odds ratio 2.96, 95% confidence in-
terval 1.22-7.17). In those with eGFRs of 30
to 59 mL/min/1.73 m? rates were numerically
higher with contrast than without contrast,
but the difference did not reach statistical
significance, and rates were the same with or
without contrast in those with eGFRs of 60 or
higher.

McDonald et al'* and, more recently, Hin-
son et al”® performed similar large epidemio-
logic propensity-controlled studies showing
no difference in rates of acute kidney injury
between contrast recipients and those who un-
derwent unenhanced CT. Notably, both stud-
ies demonstrated no difference regardless of
the definition of acute kidney injury or eGFR
stratification. However, patients with eGFRs
less than 45 mL/min/1.73 m? were significantly
underrepresented in these studies, accounting
for only 5% to 10% of participants, with some
studies completely excluding patients whose
creatinine was above 4 mg/dL.?

Does that mean that CI-AKI does not ex-
ist? We believe that would be an erroneous
conclusion. Despite the complex algorithms
used in the propensity matching, a selection
bias remains as to who undergoes contrast CT

CLEVELAND CLINIC JOURNAL OF MEDICINE

and who does not. Clinicians’ perceptions of
risks and consequently their decisions to give
or withhold contrast cannot be ascertained
from retrospective analyses. In addition, pre-
vention strategies, or lack thereof, are not
accounted for in these large database-driven
studies. Moreover, as stated previously, pa-
tients with severely decreased eGFR, who are
at highest risk of CI-AKI, were underrepre-
sented in the propensity score studies.

However, the risks of CI-AKI are probably
overstated. Initial descriptive studies were
mostly uncontrolled, and rates of acute kidney
injury were based mostly on ICD codes with
little adjudication as to the cause. This would
ultimately inflate the rates of acute kidney in-
jury attributed to the iodinated contrast me-
dia.'®!? In addition, changing practices, such
as prophylaxis, minimizing exposure, and the
development of less toxic, lower-osmolar io-
dinated contrast media have probably played
an important role in reducing the rates of CI-
AKI.

Nevertheless, CI-AKI remains real. A
recent meta-analysis with more than 1,500
patients undergoing peripheral angiography
found a higher incidence of acute kidney in-
jury with iodinated contrast media than with
carbon dioxide contrast (11% vs 4%, respec-
tively.!"® In addition, our group recently pub-
lished a propensity-matched study evaluating
rates of acute kidney injury in patients with
stage 3 or 4 chronic kidney disease undergoing
coronary angiography, contrast-enhanced CT,
or nonenhanced CT." Postcontrast acute kid-
ney injury was noted in 27%, 24%, and 24%
of patients, respectively. All cases of acute
kidney injury were then adjudicated by 2 ne-
phrologists through chart review to ascertain
the cause. They found that the incidence of
CI-AKI was 16.5% in the coronary angiog-
raphy group and 12.5% in the contrast-en-
hanced CT group.

Therefore, despite the lack of conclusive
data, CI-AKI remains very much a real entity,
although the incidence is lower than original-
ly thought.

The evidence, or lack of evidence,

for preventive strategies

The evidence regarding strategies to prevent
CI-AKI is far from satisfying. Hiremath and
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Velez!'® described it as “a proliferation of small,
underpowered trials, often with interventions
that were poorly thought out” and said that
“subsequent meta-analyses have spawned
meta-confusion.” With that in mind, we will
try to critically evaluate some of the proposed
prophylactic interventions.

Volume expansion

Solomon et al® first reported volume expan-
sion with 0.45% saline to be effective in pre-
venting CI-AKI. Mueller et al,’! analyzing
1,620 patients, reported a lower incidence of
acute kidney injury with periprocedural use of
isotonic saline than with 0.45% saline.

Although hydration has become the ac-
cepted standard, the recent AMACING trial
challenged its role in preventing CI-AKI.
Nijssen et al?? randomized 660 patients un-
dergoing contrast-enhanced procedures to
undergo volume expansion with 0.9% normal
saline or no volume expansion. The latter
was found to be noninferior to saline, but the
overall rates were low. Notably, patients with
an eGFR less than 30 mL/min/1.73 m? were
excluded from the study.

More recently, Timal et al*’ performed a
randomized multicenter trial in 523 patients
with stage 3 chronic kidney disease undergo-
ing contrast-enhanced CT. Randomization
to no hydration was noninferior to prehydra-
tion with bicarbonate in terms of postcontrast
acute kidney injury, with event rates of 2.7%
vs 1.5% respectively (relative risk 1.7, 95% CI
0.5-5.9). Noninferiority was also shown on
subgroup analyses based on age, eGFR (30-44
vs 45-60 mL/min/1.73 m?) alone or in com-
bination with risk factors including diabetes.
However, the event rate in this trial was lower
than in previous trials, and therefore, caution
should be used with interpreting the results.

The type of fluid used for volume expan-
sion has also been a topic of debate, with
bicarbonate-based hydration protocols pro-
posed. The premise is that urinary alkaliniza-
tion would ameliorate the direct toxicity of io-
dinated contrast media by decreasing oxygen
free-radical generation.!°

Multiple small trials and subsequent meta-
analyses provided highly divergent results un-
til the Prevention of Serious Adverse Events
Following Angiography (PRESERVE) trial

123
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put this discussion to rest.”* This large 2-by-
2 factorial study randomly assigned 5,177 pa-
tients undergoing nonemergency angiography
to receive isotonic sodium bicarbonate vs iso-
tonic saline as well as oral acetylcysteine vs
placebo. The trial was stopped early due to fu-
tility, with acute kidney injury rates of 9.5% in
the bicarbonate group and 8.3% in the saline
group (P = .13). Therefore, there is no addi-
tional benefit to bicarbonate-based hydration
compared with isotonic saline.

Pharmacotherapy

Acetylcysteine. The acetylcysteine story mir-
rors that of bicarbonate: a multitude of small
studies followed by a series of meta-analyses
yielding conflicting results. However, 2 stud-
ies over the past few years should settle this
discussion for good: the Coronary and Pe-
ripheral Vascular Angiography (ACT) trial,?
with 2,308 patients undergoing an intravas-
cular angiographic procedure randomized to
acetylcysteine vs placebo, and the previously
mentioned PRESERVE trial.** Both trials
showed no difference in rates of acute kidney
injury between the acetylcysteine and placebo
groups.

Statins have been postulated to reduce
the risk of CI-AKI because of their pleiotro-
pic anti-inflammatory and antioxidant ef-
fects, which help stabilize plaque. There have
been many conflicting studies, with recent
meta-analyses suggesting a possible benefit in
patients undergoing coronary angiography.'®
Whether this benefit is due to prevention of
CI-AKI or atheroembolic kidney disease is not
clear. Most patients who undergo coronary an-
giography ultimately receive high-dose statin
therapy anyway, making this a moot point.

Other interventions, including vitamin C,
high-flow oxygen, and ischemic precondition-
ing are promising but the evidence remains
lacking.

In summary, volume expansion with iso-
tonic saline appears to be the only interven-
tion with a possible benefit in preventing CI-
AKI. This is probably important in patients
deemed to be at intermediate to high risk (Ta-
ble 2). Acetylcysteine has no role as a prophy-
lactic measure, and bicarbonate-based fluids
do not appear to offer an added benefit beyond
volume expansion. Other preventive measures
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TABLE 2

lodinated contrast media in patients with kidney disease:
Key points from the ACR-NKF consensus statement

Consensus statement

Authors’ comments

The risk of contrast-induced acute kidney injury is substan-
tially less than the risk of contrast-associated acute kidney
injury, but the actual risk remains uncertain. However, neces-
sary contrast-enhanced CT without an alternative should not
be withheld.

We believe this statement should be extrapolated to patients in
whom coronary angiographic procedures are deemed necessary.

Patients at risk for contrast-induced acute kidney injury
include those with recent acute kidney injury or those with
eGFR < 30 mL/min/1.73 m? (including nonanuric dialysis
patients).

Age, diabetes, hypertension, and proteinuria are absent from the
risk classification. We believe patients with an eGFR < 45 mL/
min/1.73 m?, particularly those with the above noted risk fac-
tors, should also be considered at increased risk.

Prophylaxis with intravenous isotonic saline is indicated for
patients with eGFR < 30 mL/min/1.73 m? not undergoing
dialysis and in patients with acute kidney injury.

We believe that prophylaxis is also warranted in nonanuric
patients on hemodialysis or peritoneal dialysis to preserve
residual kidney function. Careful attention to volume status is
required to avoid hypervolemia.

Prophylaxis should be individualized for high-risk patients

We support prophylaxis in this population, particularly in the

with eGFR between 30 and 44 mL/min/1.73 mZ.

presence of traditional risk factors (diabetes, hypertension,

proteinuria).

Prophylaxis is not indicated for patients with stable eGFR >

45 mL/min/1.73 m2.

in this population is low.

We concur that the risk of contrast-induced acute kidney injury

ACR = American College of Radiology; CT = computed tomography; eGFR = estimated glomerular filtration rate; NKF = National Kidney Foundation

include using low- or iso-osmolar contrast me-
dia with the lowest necessary total dose.

We also advocate withholding nonsteroi-
dal anti-inflammatory drugs, diuretics, an-
giotensin-converting enzyme inhibitors, and
angiotensin II receptor blockers in high-risk
patients, acknowledging that the data in that
regard are insufficient.

Figure 1 shows our approach when pa-
tients with chronic kidney disease require io-
dinated contrast media.

Note that we generally include nonanuric
patients undergoing hemodialysis or perito-
neal dialysis in our high-risk category, and
unless they are clinically hypervolemic, we
recommend prophylaxis to preserve residual
kidney function. A reanalysis of the Canada-
USA (CANUSA) peritoneal dialysis study?
elegantly demonstrated that being able to pro-
duce as little as 250 mL of urine per day was
associated with a 36% lower relative risk of
death in peritoneal dialysis patients.

Although the data are less robust, this

CLEVELAND CLINIC JOURNAL OF MEDICINE

Based on information in Davenport et al, reference 28.

observation likely applies to hemodialysis pa-
tients as well, thus underscoring our recom-
mendation for prophylaxis.?’ We emphasize
that the goal of hydration in this nonanuric
dialysis population is not to make them hyper-
volemic, and as such, hydration should be for-
gone in overtly volume-overloaded patients.
The ideal hydration protocol for preven-
tion remains uncertain, and various volume-
expansion algorithms have been suggested
using fixed or weight-adjusted regimens. Our
practice is to give 1 to 1.5 mL per kg per hour
starting 1 hour before and continuing for 6
hours after exposure to iodinated contrast me-

dia.

Updated recommendations

In response to the changing evidence, the
American College of Radiology and the Na-
tional Kidney Foundation released a joint
consensus statement this year’”® on the use of
intravenous iodinated contrast media in pa-
tients with kidney disease. Key points are pre-

sented in Table 2.
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High risk of contrast-associated acute

kidney injury?

¢ eGFR < 30 mL/min/1.73 m??

¢ eGFR 30-44 mL/min/1.73 m?
with additional risk factors ®

Yes /

Discuss whether an equivalent
alternative to the planned study
or intervention is available

Yes No

Proceed with alternative study

\ No
Proceed with planned intervention

No need for prophylactic measures

Consider holding diuretics and nephrotoxic
medications

Hold diuretics and nephrotoxic agents

Administer prophylactic isotonic saline*

Use lowest necessary dose of iodinated
contrast media

aThis includes hemodialysis and peritoneal dialysis patients with residual kidney function.
PRisk factors include age, diabetes, hypertension, volume depletion, and concomitant nephrotoxins.
Hydration is not indicated in cases of hypervolemia or decompensated heart failure.

eGFR = estimated glomerular filtration rate

Figure 1. Our approach to chronic kidney disease patients requiring iodinated contrast media.

Future directions

Despite decades of research on iodinated con-
trast and kidney injury, many questions are yet
to be answered. What is the exact mechanism
of CI-AKI? What is its true incidence with
intravenous vs arterial administration? What
significance, if any, does CI-AKI carry?

In our aforementioned study,” cases ad-
judicated to be CI-AKI carried no mortality
risk, with an overall survival rate similar to
that in patients who did not have acute kid-
ney injury. Adjudication is key. We need clear
definitions that capture CI-AKI clearly and
distinctly from all the potential noise associ-
ated with other causes of postcontrast acute
kidney injury.

The concept of “renalism” has not only
led to fewer angiographic procedures being
performed in the chronic kidney disease popu-
lation," it probably also underlies the reason
why patients with advanced chronic kidney

VOLUME 87 ¢ NUMBER 11

disease were underrepresented in the observa-
tional cohorts described above. Studies need
to target this high-risk cohort to better delin-
eate the risks and better establish the utility, or
futility, of the currently practiced prophylactic
measures. Additional work is clearly needed.

M GADOLINIUM-INDUCED
NEPHROGENIC SYSTEMIC FIBROSIS

NSF is a debilitating and often-fatal fibrosing
disease characterized by skin thickening and
organ fibrosis.?” It was first reported in 15 di-
alysis patients in San Diego in the year 2000.%
However, the relationship between NSF and
the use of gadolinium as contrast during MRI
remained obscure for a long time, finally being
suggested 6 years later in Europe.’!

The postulated mechanism was the deposi-
tion of toxic free gadolinium molecules in the
tissues®? with subsequent increases in circulat-
ing fibrocytes,” an increase in the expression
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Figure 2. Number of cases of nephrogenic systemic fibrosis associated with gadopentetate dimeglumine
in the United States and around with world, by year of disease onset. Vertical dotted line indicates the
introduction of the boxed warning by the US Food and Drug Administration in May 2007.

Endrikat J, Dohanish S, Schleyer N, Schwenke S, Agarwal S, Balzer T. 10 Years of nephrogenic systemic fibrosis:

a comprehensive analysis of nephrogenic systemic fibrosis reports received by a pharmaceutical company from 2006 to 2016.
Invest Radiol 2018; 53(9):541-550. https://journals.lww.com/investigativeradiology/fulltext/2018/09000/10_years_of_nephrogenic_systemic_fibrosis__a.5.aspx

of transforming growth factor beta 1,** and re-
lease of proinflammatory and profibrotic cyto-
kines.*® Eventually, gadolinium was detected
by electron microscopy on a skin biopsy speci-
men, specifically in areas of calcium phosphate
deposition in blood vessels.*®

By 2009, the disease was well established,
and the US Food and Drug Administration
(FDA) had received over 500 reports, most of
them from the United States’” and Denmark.’®

In response to this crisis, the authorities
and radiology societies were quick to react.
In 2007, both the FDA* and the European
Medicine Agency® issued warnings highlight-
ing the risk of NSF associated with the use of
gadolinium-based contrast agents. The Amer-
ican College of Radiology,* European Society
of Urogenital Radiology,” and other radiol-
ogy societies published guidelines and recom-
mendations on how to use gadolinium-based
contrast agents, particularly in patients with
kidney disease.

Gadolinium agents that have a linear mo-
lecular shape pose a higher risk, and their use
was contraindicated in patients with acute

CLEVELAND CLINIC JOURNAL OF MEDICINE

and severe chronic kidney disease with eGFRs
less than 30 mL/min/1.73 m?, as well as in pa-
tients on dialysis. Additionally, evidence that
gadolinium-based contrast agents are removed
with dialysis® prompted clinicians to change
their clinical practice by offering dialysis to
patients with advanced kidney dysfunction
who were exposed to these agents.

As a result of those measures, the number
of cases of NSF was drastically reduced. The
last reported case in the United States dates
back to 2010, and the last report in the world
was in 2012 (Figure 2).*

Classification of gadolinium-based
contrast agents
Gadolinium-based contrast agents have
been used since the 1980s and were initially
thought to have an excellent safety profile.
This led to their liberal and preferential use
compared with iodine-based agents, particu-
larly in patients with reduced kidney func-
tion.** However, their incriminating role in
NSF highlighted their potential toxicity.
Gadolinium-based contrast agents share
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TABLE 3

Gadolinium-based contrast agents
and risk of nephrogenic systemic fibrosis

Cyclic Linear
lonic Gadoteric acid Gadobenate dimeglumine
Gadofosveset
Gadoxetic acid
Nonionic Gadoteridol

Gadobutrol

Green—group |l agents: associated with few cases

Yellow—group Ill agents: data are limited, but few unconfirmed
cases have been reported

Several cases
of NSF have
been reported
in patients
who never
were exposed
to gadolinium
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a common structure, with a central heavy
metal ion (gadolinium) bound tightly by an
organic ligand to form a stable complex, thus
minimizing the potential natural toxicity of the
free metal ion.*” To avoid gadolinium toxicity,
these agents should be highly stable so the
gadolinium does not dissociate. Their stability
is conferred by their chemical structure,
namely whether they are linear or cyclic and
whether they are charged (ionic) or electrically
neutral (nonionic).® It is generally recognized
that macrocyclic and ionic structures are more
stable than linear and nonionic ones.* Thus,
in highly stable agents, gadolinium dissociation
is minimized and so is the risk of NSE
On the basis of their NSF risk (and
specifically on the numbers of unconfounded
single-agent cases of NSF recorded for each
agent), the 9 available gadolinium-based
contrast agents are grouped into 3 groups
(Table 3)*:
e Group I[—agents associated with the
greatest number of NSF cases.
e Group Il—agents associated with few, if
any, unconfounded cases of NSE
e Group Ill—agents for which data are
limited.

VOLUME 87 ¢ NUMBER 11

[t is generally accepted that groups [ and 111
should be avoided in patients with advanced
chronic kidney disease.

Risk of NSF today

The guidelines set by the FDA and the radi-
ology societies were undoubtedly effective in
curbing the disease and eventually eliminat-
ing it. A recent review of 639 patients with
biopsy-proven NSF from 173 articles estimat-
ed that the risk of NSF per million exposures
had decreased from 2.07 before 2008 to 0.028
afterward.”®

Most cases were associated with exposure
to group I agents. However, those guidelines
were applied to all gadolinium-based contrast
agents without considering their stability or
association with NSE The downside of this
approach was the denial of clinically indicated
contrast-enhanced MRI in patients with se-
vere kidney disease, with a subsequent poten-
tial real (though unmeasured) harm resulting
from misdiagnosis or diagnostic delay.’!

In recent years, evidence has been accu-
mulating as to the safety of group II agents.
A recent systematic review and meta-analysis
evaluated the pooled risks of NSF in patients
with stage 4 or 5 chronic kidney disease re-
ceiving a group II gadolinium-based contrast
agent.”? The authors analyzed 16 studies with
4,931 patients who received group II agents.
The pooled risk of NSF was 0% (upper bound
of 95% CI 0.07%). Thus, they estimated the
per-patient risk of NSF from receiving group 11
gadolinium-based contrast agents in stage 4 or
5 chronic kidney disease to be less than 0.07%.

This risk is much smaller than that of con-
trast-induced nephropathy in patients with
advanced chronic kidney disease who receive
iodinated contrast,’® and thus argues for a bet-
ter safety profile of contrast-enhanced MRI us-
ing group Il agents. In fact, the risk appears to
be comparable to that of developing a severe
allergic reaction to contrast agents, which is
estimated at 0.04% for low-osmolality iodin-
ated contrast agents®* and 0.002% to 0.006%

for group Il agents.”

Updated recommendations

On the basis of accumulating evidence,
the recent guidelines of the American Col-
lege of Radiology,! the European Society of
Urogenital Radiology,®' and the Canadian As-

56-60
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Key points from the ACR Manual on Contrast Media regarding prevention
of nephrogenic systemic fibrosis in patients at risk

Kidney function

Recommendation

Authors’ comments

Chronic kidney disease
stage 1 and 2

No increased risk of developing NSF. Any
gadolinium-based agent can be given safely.

There are no cases reported in this category
with any of the gadolinium-based agents.

Chronic kidney disease
stage 3

The risk of developing NSF is exceedingly rare.
No special precautions are necessary.

There have been no definite cases reported
in patients with stage 3 chronic kidney
disease.

Chronic kidney disease
stage 4 and 5
not on chronic dialysis

Group | agents are contraindicated. If a
gadolinium-enhanced MRI study is to be done,
a group Il agent should be used.

Given the risk of CI-AKI in this population,
we believe that MRI using a group Il agent
would be preferable to CT with iodinated
contrast.

End-stage kidney disease
on hemodialysis

The ACR favors CT rather than MRI if the antici-
pated diagnostic yield is similar.

Group | agents are contraindicated. Group Il
agents are preferred and gadolinium-enhanced
MRI should be performed as closely before
hemodialysis as is possible.

We urge caution in dialysis patients with re-
sidual kidney function, which is associated
with a survival benefit. We lean toward MRI
with group Il agents.

Our current practice is to perform a single
dialysis session rather than 2 consecutive
sessions.

End-stage kidney disease
on peritoneal dialysis

The ACR favors CT when possible, but if MRI is
desired, then the ACR recommends a group I
agent.

The ACR recognizes that peritoneal dialysis may
provide less NSF risk reduction than hemodi-
alysis.

We urge caution in dialysis patients with re-
sidual kidney function, which is associated
with a survival benefit. We lean toward MRI
with group Il agents.

The committee does not comment on the
necessity of subjecting these patients to he-
modialysis. We believe it is safer to perform
a single session of hemodialysis, particularly
for peritoneal dialysis patients with no
residual kidney function.

Acute kidney injury

Group | agents should be avoided in patients
with known or suspected acute kidney injury.
Group Il agents are preferred.

We favor a stratified approach:

Acute kidney injury on dialysis: As in
patients with end-stage kidney disease, we
recommend a single session of dialysis fol-
lowing gadolinium exposure.

Nonoliguric acute kidney injury not on
dialysis: Similar to advanced chronic kidney
disease, if a gadolinium-enhanced MRI study
is needed, a group Il agent should be used.

Oliguric acute kidney injury not on dialysis:
We favor avoiding administration of gado-
linium if possible. Otherwise, our practice is
to perform a single hemodialysis session.

ACR = American College of Radiology; CI-AKI = contrast-induced acute kidney injury; CT = computed tomography; MRI = magnetic resonance imaging;

NSF = nephrogenic systemic fibrosis
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sociation of Radiologists* all permit the use
of group II gadolinium-based contrast agents
in patients with advanced kidney disease. The
American College of Radiology*' defines pa-
tients at risk of NSF as those:

With advanced chronic kidney disease
(eGFR < 30 mL/min/1.73 m? not on dialysis)
e On dialysis (any form)

e With acute kidney injury.

In these patients, group I and III gadolini-
um-based contrast agents are contraindicated,
with the caveat that there is insufficient real-
life data to determine the risk of NSF from
administration of group I agents. In patients
at risk, if a gadolinium-enhanced MRI study
is to be performed, a group II agent should be
used. The lowest dose required to obtain the
needed clinical information should be used,
and it should generally not exceed the recom-
mended single dose.

A summary of those recommendations
with our comments and opinions is provided

in Table 4.4

Gadolinium—the end of the story?

Although NSF has been basically eradicated
since the guidelines were implemented, sev-
eral cases of NSF have been reported in pa-
tients who never were exposed to gadolinium.
In a review of biopsy-proven cases of NSF re-
ported in 98 articles, 27 (8%) of 325 patients

in the review of 639 biopsy-proven cases dis-
cussed above, 14 (2%) did not.>® This suggests
that gadolinium-based contrast agents are a
major trigger for NSE but they may not be the
only one. Time will tell if indeed other triggers
have yet to be discovered.

Additionally, in recent years, there have
been data suggesting that gadolinium can de-
posit in the brain after repeated exposure to
gadolinium-based contrast agents, even in
patients with healthy kidneys.®> This finding
was confirmed histologically®* and has led to
the birth of a new term to describe it: gado-
linium deposition disease.”® The significance of
this brain deposition remains unknown, and
to date, no adverse health effects have been
uncovered. However, the FDA published a
safety alert in 2015 indicating the active in-
vestigation of the risk and clinical significance
of these gadolinium deposits. The recent po-
sition statement of the American College of
Radiology also recognizes this phenomenon
and states, “Until we fully understand the
mechanisms involved and their clinical con-
sequences, the safety and tissue deposition
potential of all [gadolinium-based contrast
agents] must be carefully evaluated.”®

It thus appears that we haven’t heard the
last of gadolinium-based contrast agent-related
disease. Additional research will be needed to
understand the potential consequences of the

had no clear exposure to these agents,* and
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ABSTRACT

ATIENTS CAN BECOME immunocompro—

Patients with immunocompromising conditions are at
higher risk of vaccine-preventable infections. Further,
those receiving immunosuppressive disease-modifying
antirheumatic drugs (DMARDs) can have variable
responses to vaccines depending on which vaccine and
which DMARD they are receiving.

KEY POINTS

Influenza vaccine should be given yearly to all patients
on DMARDs, with modification to either the timing of
DMARD or vaccine administration for patients receiving
methotrexate or rituximab.

Pneumococcal vaccination should be given to all patients
on DMARDs beginning at age 19 with pneumococcal
13-valent conjugate vaccine (PCV13) and then the 23-va-
lent pneumococcal polysaccharide vaccine (PPSV23).
Methotrexate, abatacept, tofacitinib, and rituximab
reduce pneumococcal vaccine immunogenicity.

The live herpes zoster vaccine is contraindicated in those
with severe immunosuppression (eg, those on biologics
or Janus kinase inhibitors) but may be given to those on
conventional synthetic DMARDs.

Limited data exist on the effects of DMARDs on human
papillomavirus vaccine.
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mised from primary or secondary causes.
Primary causes are typically inherited, whereas
secondary causes may be iatrogenic (ie, med-
ication-related) or due to the underlying dis-
ease process. Infections represent a serious risk
to patients who are immunocompromised, and
the US Centers for Disease Control and Pre-
vention (CDC) has developed specific vacci-
nation recommendations for these individuals
beginning at age 19.!

Live vaccines are contraindicated in the
severely immunocompromised, which, in pa-
tients receiving immunosuppressive drugs, is
defined as those receiving any of the following:
e Prednisone in a dosage of 2 mg/kg or more,

or more than 20 mg/day
e Methotrexate in a dosage of more than 0.4

mg/kg/week

Azathioprine more than 3 mg/kg/day

6-Mercaptopurine more than 1.5 mg/kg/

day
® Any biologic agent.?

In this review, we discuss the use of various
vaccines in immunocompromised patients,
with a focus on iatrogenic immunosuppression
for patients with systemic rheumatic or other
immune-mediated inflammatory diseases.

M IMMUNE-MEDIATED INFLAMMATORY
DISEASES AND INFECTION

Patients with immune-mediated inflammatory
diseases such as rheumatoid arthritis, psoriatic
arthritis, and Crohn disease are at increased
risk of infections, often due to the immuno-
suppressive medications they need (Table 1).
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TABLE 1

Selected disease-modifying
antirheumatic drugs

Antimetabolite
Methotrexate

Tumor necrosis factor inhibitors
Adalimumab

Certolizumab

Etanercept

Golimumab

Infliximab

Anti-CD80/CD86
Abatacept

Janus kinase inhibitors
Baricitinib

Tofacitinib

Upadacitinib

Anti-CD20

Rituximab

Interleukin (IL-) 6 inhibitors
Sarilumab

Siltuximab

Tocilizumab

IL-17 inhibitors
Brodalumab
Ixekizumab
Secukinumab

IL-12/23 inhibitors
Ustekinumab

A large, retrospective US study’ evaluated
the incidence of hospitalization for infections
in patients with rheumatoid arthritis who had
no exposure to a biologic agent in the year
preceding the study compared with those who
switched among various biologic agents in
the year preceding the study. The mean rate
of hospitalization for infections was 4.6 per
100 person-years in biologic-naive patients,
compared with 7.0 for biologic-experienced
patients switching to a new therapy. This sug-
gests that those with more refractory disease
(using switching of biologic drugs as a proxy
for more treatment-refractory disease) were at
greater risk of infection. Pneumonia and soft-
tissue infections were the most common types
of infections.

Risk stratification for patients at high risk
is important in both counseling patients and

VOLUME 87 ¢ NUMBER 11

addressing modifiable risk factors for infection
(eg, vaccination, tobacco use, glucocorticoid
use). Infection risk calculators, such as the
Rheumatoid Arthritis Observation of Biolog-
ic Therapy (RABBIT) Risk Score,* or similar
approaches developed for use in large admin-
istrative databases,” have been developed to
estimate the yearly probability of a serious in-
fection. The risk of most if not all types of in-
fections is increased in patients with immune-
mediated inflammatory diseases, and certain
therapies for these disease further increase the
risk. For example, the incidence of herpes zos-
ter is higher in immune-mediated inflamma-
tory diseases than in the general population
and is further increased with Janus kinase in-
hibitors.®

More broadly, a systematic literature re-
view of articles published from October 2009
to August 2018 was performed to determine
the incidence and prevalence of vaccine-
preventable illnesses in patients with autoim-
mune inflammatory rheumatic diseases.” Of
the 3,876 articles initially retrieved, 63 met
the inclusion criteria that allowed for analysis
of incidence and prevalence rates of influenza,
pneumococcal disease, hepatitis B, herpes zos-
ter, and human papillomavirus (HPV) infec-
tion. The rates of influenza, Pneumococcus,
herpes zoster, and HPV infections were higher
than those in the general population.

Due to the significant risk of infection
in patients with autoimmune inflammatory
rheumatic diseases, vaccines should be offered
when appropriate to reduce the risk.®

I INFLUENZA VACCINATION

All adults, regardless of immunocompromised
status, should receive a single dose of the an-
nual influenza vaccine each year. Immuno-
compromised patients should receive either
the recombinant influenza vaccine or the in-
activated influenza vaccine!; the live attenu-
ated influenza vaccine is contraindicated in
this population. An egg allergy is not an ab-
solute contraindication, as cell-culture based
vaccines are available.’

Which influenza vaccine to use?

The standard inactivated influenza vaccine is
trivalent, containing 2 influenza A strains and
1 influenza B strain. A quadrivalent vaccine,
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TABLE 2
Impact of disease-modifying antirheumatic drugs on vaccine immunogenicity
Recom- Human
binant papilloma-
Influenza Live zoster zoster Hepatitis B virus
DMARDs vaccine PPSV23 PCV7/13 vaccine vaccine vaccine vaccine
Methotrexate Decrease''  Decrease'? Decrease’®  No effect'’3* Not studied Not studied  No effect®#
TNF inhibitors  No effect'®  No effect'*** No effect?®?® Study pending,  Study Decrease’° No effect®®#
contraindicated® pending
Abatacept No effect’®  No effect’®  Decrease®®  Study pending,  Study Not studied  Not studied
contraindicated  pending
Janus kinase No effect’”  Decrease’  No effect®*? Not studied, Study Not studied  Not studied
inhibitors contraindicated  pending
Rituximab De- Decrease'® Decrease®*** Not studied, No effect®®  Not studied  Not studied
Crease'*1819 contraindicated
IL-6 inhibitors No effect? No effect®  No effect®®  Not studied, Not studied Not studied  Not studied
contraindicated
IL-17 inhibitors  No effect?2 No effect®  Not studied Not studied, Not studied Not studied  Not studied
contraindicated
IL-12/23 Not studied  No effect”  Not studied Not studied, Not studied Decrease®  Not studied
inhibitors contraindicated

DMARDs = disease-modifying antirheumatic drugs; IL = interleukin; PCV7/13 = 7- or 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumo-

coccal polysaccharide vaccine; TNF = tumor necrosis factor

also available, contains the standard strains
with an additional influenza B (Yamagata)
strain. A high-dose trivalent vaccine can be
considered in individuals over age 65, as it
confers a higher percentage of protective titers
than the standard-dose vaccine and has been
shown to have greater clinical effectiveness in
preventing influenza infection.!°

The recommendation to use the high-dose
vaccine in at-risk individuals was further sup-
ported by a 2019 trial from Hong Kong that
enrolled community-dwelling adults ages 65
to 82.!" Sera were collected before and after
vaccination with the 2017-2018 standard-
dose quadrivalent, the trivalent with MF59
adjuvant, the high-dose trivalent, or the
recombinant hemagglutinin  quadrivalent
vaccine. The MF59-adjuvanted trivalent,
high-dose trivalent, and recombinant-hemag-
glutinin quadrivalent vaccines are considered
enhanced vaccines, as either the increased
dosage or use of an adjuvant causes a more

CLEVELAND CLINIC JOURNAL OF MEDICINE

robust immunogenic response. The mean rise
in titer to egg-propagated HIN1 and H3N2
and microneutralized H3N2 was significantly
higher in all enhanced-vaccine groups than
in the group that received the standard-dose
quadrivalent vaccine.

Enhanced vaccination in patients with
immune-mediated inflammatory diseases was
evaluated in a randomized controlled trial
in patients with rheumatoid arthritis.!> The
high-dose trivalent vaccine was compared
with the standard-dose quadrivalent vaccine
in 279 seropositive patients on conventional
synthetic disease-modifying antirheumatic
drugs (DMARD:s), biologic DMARDs (tumor
necrosis factor [TNF] inhibitors, anti-interleu-
kin-6 [anti-IL-6]), or Janus kinase inhibitors.
Even though this group of individuals was not
selected for being age 65 or older (the mean
age was 61.0 = 12.9 years), the high-dose
trivalent vaccine significantly improved im-
munogenicity compared with the standard-
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dose vaccine. While clinical outcomes (eg,
incidence of influenza infection) were not as-
sessed, this laboratory finding likely indicates
that high-dose vaccination is preferable for all
rheumatoid arthritis patients, irrespective of
age.
The choice of influenza vaccine may also
depend on local virulence patterns, as the
Yamagata strain, which is not covered by the
high-dose trivalent vaccine, may be the pri-
mary strain, or at least a relatively common
strain. Although not as common on a national
scale in recent years, the Yamagata strain var-
ies in prevalence from year to year and has ac-
counted for a significant portion of influenza B
in the recent past. A high-dose quadrivalent
influenza vaccine that includes coverage for
the Yamagata strain will be available for the

2020-2021 influenza season.’

Effect of DMARDs
on influenza vaccine effectiveness
Most DMARDs do not have a major effect
on influenza vaccine seroprotection (Table
2)."*4 However, rituximab significantly re-
duces it."*!181 Rituximab is typically given
every 6 months, and vaccination should be
given about 2 weeks before the next rituximab
dose.!®

Methotrexate also decreases seroprotec-
tion from the influenza vaccine, but to a lesser
degree than rituximab.'*" Holding metho-
trexate dosing for 2 weeks after influenza
vaccination can improve vaccine seroprotec-
tion, as was demonstrated in a randomized
controlled trial conducted among rheumatoid
arthritis patients in Korea."” The diminution
of beneficial effect of vaccination was related
to methotrexate dose, and patients receiving
15 mg or more per week had a more reduced
response than those on lower methotrexate
doses. Patients on even lower but commonly
used methotrexate doses had a minimal effect
of methotrexate on vaccine immunogenicity.

TNF inhibitors,* abatacept,® tofacitinib,”
tocilizumab,?® and secukinumab?'-** have not
been shown to substantially reduce the pro-
portion of patients who achieve adequate se-
roprotection.

While most studies have evaluated only
the laboratory outcome of immunogenicity
as a surrogate for clinical effectiveness, some
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observational studies have examined clini-
cal outcomes such as the incidence of infec-
tion.* A retrospective observational study*
of 30,788 patients with immune-mediated
inflammatory diseases compared those who
received and did not receive vaccination. In
propensity score-adjusted analysis, vaccina-
tion reduced the risks of:

¢ Influenza-like illness (adjusted hazard ratio
[aHR] 0.70, 95% confidence interval [CI]
0.54-0.92)

e Hospitalization for pneumonia (aHR 0.61,
95% CI 0.50-0.75)

e Hospitalization for chronic obstructive
pulmonary disease exacerbation (aHR
0.67,95% CI 0.46-0.99)

e Death due to pneumonia (aHR 0.48, 95%
CI0.33-0.71).

Il PNEUMOCOCCAL VACCINATION

For immunocompromised patients such as
those with immune-mediated inflammatory
diseases, pneumococcal vaccination is recom-
mended starting at age 19.! Immunocompro-
mised individuals should first receive a single
dose of PCV13. A dose of PPSV23 follows, at
least 8 weeks later. A second dose of PPSV23
is recommended 5 years after the first dose of
PPSV23. After a second dose of PPSV23, no
further booster vaccinations are recommend-
ed. Additionally, individuals who received
PPSV23 before age 65 for any indication
should receive another dose at least 5 years
later. For those who received PPSV23 before
PCV13, PCV13 should be given at least 1 year
after PPSV23.

Effect of DMARDs
on pneumococcal vaccine effectiveness
Similar to influenza vaccination, most
DMARDs have limited effects on pneumo-
coccal vaccine immunogenicity (Table 2).
Methotrexate and rituximab, however, de-
crease the humoral response to pneumococcal
vaccine, 1419.24.25,28-3033,36

A systematic review and meta-analysis was
performed to determine the effects of metho-
trexate, TNF inhibitors, and rituximab on the
immunogenicity of the influenza and pneu-
mococcal vaccines in patients with rheuma-
toid arthritis.!* Twelve studies were included
in the analysis, but only 2 of them specifically

NOVEMBER 2020



DAY AND COLLEAGUES

tested methotrexate’s effect on pneumococ-
cal vaccine effectiveness.”**® Methotrexate
significantly reduced the vaccine response
against pneumococcal serotypes 6B and 23F
with a pooled odds ratio (OR) of 0.33 (95%
CI 0.20-0.54) for 6B and 0.58 (0.36-0.94)
for 23F These serotypes were chosen because
they were commonly seen in invasive pneu-
mococcal disease both worldwide and in Swe-
den, where the study was performed.

Similarly, only 2 of the studies evaluated
the effect of rituximab.'?® Serotype 6B im-
munogenicity was significantly reduced with
rituximab (OR 0.25, 95% CI 0.11-0.58), and
there was a trend toward a similar reduction
for serotype 23F (OR 0.21, 95% CI 0.04-
1.05). Later studies have also shown a signifi-
cant reduction in both 6B and 23F serotype
immunogenicity with rituximab compared
with controls.*® The addition of methotrexate
to rituximab further reduced immunogenicity.

Similar to the recommendation for the
timing of influenza vaccination in patients
treated with rituximab, pneumococcal vacci-
nation should be given as close to the start of a
subsequent rituximab dosing cycle as possible
(eg, approximately 2 weeks before the next
rituximab cycle).

Tofacitinib also decreases the humoral re-
sponse to PPSV23,!7 yet both tofacitinib and
baricitinib showed that a high percentage of
patients who received PCV13 while on these
treatments were able to mount a satisfactory
immune response, although there was no con-
trol group in those studies.’'** TNF inhibitors
have not been shown to have a significant
effect on humoral response in PPSV23!4%
or PCV7% in the absence of concomitant
methotrexate. Tocilizumab did not reduce re-
sponse to PPSV23% or PCV7.%° Ixekizumab?®
and ustekinumab?’ did not significantly reduce
immunogenicity to PPSV23 in healthy con-
trols or in patients with moderate-to-severe
psoriasis respectively, but PCV13 has not been
studied for patients receiving these classes of
biologics.

B HERPES ZOSTER VACCINATION

Herpes zoster vaccination in the general popu-
lation is recommended starting at age 50 with
a 2-dose series of recombinant zoster vaccine.!

CLEVELAND CLINIC JOURNAL OF MEDICINE

Many primary care practices have stopped us-
ing the live zoster vaccine (Zostavax), as re-
combinant zoster vaccine (Shingrix) is more
effective, and the live zoster vaccine was dis-
continued in the United States in July 2020.#

The guideline published by the American
College of Rheumatology in 2015 recom-
mended live zoster vaccination for all patients
with rheumatoid arthritis who are at least age
50.% Recommendations to use recombinant
zoster vaccine among rheumatology patients
have not yet been formulated or issued, and
we currently have few data on its efficacy,
safety (eg, risk of disease flare), and systemic
reactogenicity in these populations.

Recombinant zoster vaccine is not a live
vaccine. However, its clinical trials excluded
people who were considered severely immu-
nocompromised and also those with rheuma-
toid arthritis, systemic lupus erythematosus,
and similar diseases receiving typical immu-
nomodulatory therapies (eg, conventional
synthetic DMARD:s, biologics, and Janus ki-
nase inhibitors). There is at least the potential
concern for flare of underlying autoimmune
conditions with recombinant zoster vaccine
due to the potent immune response stimu-
lated by the adjuvant.* Recombinant zoster
vaccine is currently being studied in patients
with immune-mediated inflammatory diseases
and a variety of other immunocompromised
patient populations.!

Although recombinant zoster vaccine is
not yet recommended for patients with im-
mune-mediated inflammatory diseases, a ret-
rospective review of 300 patients with rheu-
matic disease who received it showed only
a 3% incidence of rheumatoid arthritis flare
within 12 weeks of vaccination and no cases
of herpes zoster reactivation.* Key limitations
of this study included retrospective flare ascer-
tainment, as recorded by documentation in
rheumatologists’ medical records, rather than
prospective and systematic capture of flare and
severe reactogenicity according to validated
prespecified case definitions.

Despite US recommendations that fa-
vor recombinant over live zoster vaccine for
healthy older patients, there are a number of
countries worldwide in which it is not avail-
able, and the live vaccine remains the only
option for herpes zoster vaccination. How-
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ever, since it is a live vaccine, there are poten-
tial concerns about transmitting infection to
patients with severe immunosuppression. The
CDC* says its use is acceptable for patients
treated with:

e Methotrexate < 0.4 mg/kg/week
Azathioprine < 3.0 mg/kg/day
6-Mercaptopurine < 1.5 mg/kg/day
Prednisone < 20 mg/day or equivalent
Intra-articular, intrabursal, or peritendi-
nous corticosteroid injections.

For patients with rheumatoid arthritis who
are at least 50 years old, the live zoster vac-
cine, if used, should be given before starting
DMARDs or biologics whenever possible,
as incidence rates of herpes zoster have been
shown to be increased and occur at an earlier
age in patients with rheumatic and inflamma-
tory diseases when compared to healthy indi-
viduals.® For example, the risk of herpes zoster
in rheumatoid arthritis patients in their 40s is
approximately equal to or higher than that in
healthy older persons in their 60s.

Use of live zoster vaccine has also been
shown to be safe and immunogenic when
given 2 to 3 weeks before starting tofacitinib
in patients with rheumatoid arthritis, but its
long-term efficacy was unclear and did not
seem to lower the risk of herpes zoster in fol-
low-up of this small cohort.*

Due to the disease burden of herpes zoster
in this population and uncertainties regard-
ing the safety of live zoster vaccine in patients
receiving biologic therapies, a randomized,
blinded, placebo-controlled trial of live zoster
vaccine in patients age 50 and older treated
with TNF inhibitors for any on-label or off-
label indication was performed to evaluate for
safety and immunogenicity.”> The study ran-
domized 617 participants, and there were no
cases of disseminated or local varicella infec-
tion in the 6-week period following live zos-
ter vaccination, the at-risk period of concern.
The immunologic effectiveness of live zoster
vaccine in this trial is still being evaluated.

I HEPATITIS B VACCINATION

In those who were not vaccinated as children,
hepatitis B vaccination is not recommended
routinely in the United States for adult rheu-
matic disease patients, but only in those for
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whom special situations or circumstances in-
crease the risk for transmission.! These cit-
cumstances include:
Hepatitis C virus co-infection
Other chronic liver disease
Human immunodeficiency virus infection
High-risk sexual behavior
Injection drug use
Other high risk for percutaneous or muco-
sal exposure
Incarceration
Travel to countries with high or intermedi-
ate endemic hepatitis B.
Practitioners other than rheumatologists
may give different recommendations for hepa-
titis B vaccination. For example, gastroenter-
ologists routinely recommend it for patients
with inflammatory bowel disease regardless of
age.
Three hepatitis B vaccines are currently
available:
e Heplisav-B, given in a 2-dose series
e Engerix-B or Recombivax HB, given in a
3-dose series
e Twinrix, a combination hepatitis A and B
vaccine given in a 3-dose series.

Effect of DMARDS

on hepatitis B vaccine effectiveness

The effect of most DMARDs on hepatitis B
vaccine immunogenicity has not been evalu-
ated (Table 2); however, TNF inhibitors and
ustekinumab have been shown to reduce
it.’7%3% Response to the hepatitis B vaccine
depends on T-cell activation, and the impair-
ment of T-cell response caused by TNF inhibi-
tors and ustekinumab (and presumably other
IL-12/23 inhibitors) is thought to lead to the
diminished response.* Several strategies may
be needed to improve the immune response to
hepatitis B vaccine, including repeated vac-
cine series, intradermal vaccine administra-
tion, development of new vaccine adjuvants,
and high-dose vaccines.

A high-dose vaccine containing 40 pg/mL
(the usual dose is 20 pg/mL) was studied in
109 patients with various rheumatologic and
inflammatory diseases who were treated with
TNF inhibitors or ustekinumab.’® The devel-
opment of a protective antibody titer was seen
in 49.3% of patients who received the stan-
dard-dose vaccine and in 61.1% of those given
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the high-dose vaccine. The difference was not
statistically significant, however (P = .246).
Given the likelihood of nonresponse in
these groups, it is important that the clinician
evaluate for response with postvaccine hepa-
titis B surface antibody titers to determine if
protection has been achieved, with adequate

seroprotection typically defined as a titer of 10
mlU/mL or higher.®

Il HUMAN PAPILLOMAVIRUS VACCINATION

Vaccination against HPV is recommended
for all adults through age 26, with initial
vaccination routinely recommended in ad-
olescents at age 11 or 12.1! Using shared
decision-making, HPV vaccination may also
be offered to those ages 27 to 45. The age
of initial HPV vaccination determines the
number of vaccinations given in the series,
with a total of 2 or 3 doses comprising a com-
plete series.

Although 3 HPV vaccines are licensed
for use, only the 9-valent HPV vaccine (Gar-
dasil 9) is available in the United States; it
covers HPV types 6, 11, 16, 18, 31, 33, 45,
52, and 58. Most HPV-associated cancers
are caused by HPV types 16 or 18. There is
no recommendation to alter the vaccination
schedule for HPV in immunocompromised
conditions.

Women with immune-mediated inflam-
matory diseases and those receiving immuno-
suppressive medications are at higher risk of
HPV infection leading to high-grade cervical
dysplasia and cervical cancer. However, vac-
cination rates are low.””> Given these con-
cerns, it is important to be aware of barriers to
care. Many patients with immune-mediated
inflammatory diseases receive vaccinations
from their rheumatologists, who may not rou-
tinely stock the HPV vaccine. Further, given
the complexity of many immune-mediated
inflammatory diseases, discussions about pre-
ventive care may be deferred. Efforts should
be made by both rheumatologists and those in
the primary care specialties to encourage vac-
cination.

Effects of DMARDs

on HPV vaccine effectiveness

Few studies have examined the effects of
DMARDs on the immunogenicity of the

CLEVELAND CLINIC JOURNAL OF MEDICINE

HPV vaccine (Table 2). A 2013 prospective,
controlled observational study compared the
immunogencity of a bivalent HPV vaccine
in 68 girls with juvenile idiopathic arthri-
tis compared with 55 healthy girls.®* Use of
methotrexate did not affect seroconversion.
In addition, the rates of seroconversion were
not significantly lower in the patients receiv-
ing TNF inhibitors; however, the number of
patients was considered to be too low to draw
strong conclusions.

The effect of TNF inhibitors on HPV vac-
cine effectiveness was also evaluated in a pro-
spective cohort of 37 female patients ages 9
to 26 with inflammatory bowel disease com-
pared with matched healthy controls from a
database.*! Patients treated with the TNF in-
hibitors adalimumab or infliximab comprised
51% of the cohort, and the remaining 49%
were on other immunomodulators including
azathioprine, 6-mercaptopurine, methotrex-
ate, cyclosporine, and tacrolimus. Overall,
there was no difference in rates of seropositiv-
ity between the inflammatory bowel disease
patients and the healthy controls.

There are currently no studies evaluating
the effects of abatacept, Janus kinase inhibi-
tors, rituximab, anti-IL-6, anti-IL-17, or anti-
IL-12/23 inhibitors on the immunogenicity of
the HPV vaccine.

I TAKE-HOME POINTS

¢ [mmunocompromised patients are at in-
creased risk of infection due to their pri-
mary condition or secondarily due to treat-
ment.

e Vaccination provides an important meth-
od of prevention, but use of live vaccines
is not recommended in severely immuno-
compromised persons.

e Non-live vaccines can be used at any time,
although preferably they should be given
before use of DMARD:s in order to mini-
mize negative effects on immunogenicity
where they exist.

e  For current DMARD users, temporarily hold-
ing methotrexate for influenza vaccination
could be considered, and most importantly
for rituximab, vaccination should occur near
the end of the treatment interval 1 month
before the next planned dose. [
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To read articles as CME activities and claim credit, go to www.
ccjm.org, click on the “CME/MOC" menu, and then “Articles.”
Find the articles that you want to read as CME activities and
click on the appropriate links. After reading an article, click on
the link to complete the activity. You will be asked to log in to
your MyCME account (or to create an account). Upon logging
in, select “CME," complete the activity evaluation, and print
your certificate.

Maintenance of Certification (MOC) Points

All Cleveland Clinic Journal of Medicine CME activities are now
eligible for MOC points. Physicians may claim MOC points in
addition to CME credit.

Follow the instructions for completing and claiming credit for
CME activities.

When you log into your MyCME account, select “CME &
MOC" and enter your ABIM identification number and your
date of birth. The system will store this information after you
enter it the first time.

Complete the quiz and evaluation and print your CME certificate.

e CVE [MIOC

November 2020 CME/MOC activity
Estimated time to complete the activity: up to 1 hour

Using and interpreting
electrodiagnostic tests

The effect of disease-modifying
antirheumatic drugs on vaccine
immunogenicity in adults

Release date: November 1, 2020
Expiration date: October 31, 2021

FINANCIAL DISCLOSURES: In accordance with the Standards for Com-
mercial Support issued by the Accreditation Council for Continuing
Medical Education (ACCME), the Cleveland Clinic Foundation Center
for Continuing Education requires resolution of all faculty conflicts of
interest to ensure CME activities are free of commercial bias.

AUTHOR AND STAFF DISCLOSURES: Authors’ potential conflicts of inter-
est are disclosed within their articles. Cleveland Clinic Journal of Medicine’s
staff disclose the following financial relationships that may be relevant to
their editorial roles: Dr. Brian F. Mandell (Editor in Chief) reports consulting,
teaching, and speaking for Genentech; consulting for Horizon Pharma;
and consulting and membership on advisory committee or review panels
for Takeda Pharmaceuticals. Dr. Christian Nasr (Associate Editor) reports
service on advisory committees and review panels for Exelixis and Nevro.
Dr. Bernard Silver (Associate Editor) reports board membership for Takeda
Pharmaceuticals.

DISCLAIMER: The information in these educational activities is provided for general medical education purposes only and is not meant to substitute for
the independent medical judgment of a physician relative to diagnostic and treatment options of a specific patient’s medical condition. The viewpoints
expressed in these CME activities are those of the authors. They do not represent an endorsement by The Cleveland Clinic Foundation. In no event will
The Cleveland Clinic Foundation be liable for any decision made or action taken in reliance upon the information provided through these CME activities.

ACCREDITATION: The Cleveland Clinic Foundation Center for Continuing Education is
accredited by the Accreditation Council for Continuing Medical Education to provide
continuing medical education for physicians.

The Cleveland Clinic Foundation Center for Continuing Education designates each Journal-
based online CME activity for a maximum of 1 AMA PRA Category 1 Credit™. Physicians
should claim only the credit commensurate with the extent of their participation in the
activity.

Each activity may be submitted for American Osteopathic Association Continuing Medi-
cal Education credit in Category 2.

ABA MOC: This activity contributes to the CME component of the American Board of
Anesthesiology’s redesigned Maintenance of Certification in Anesthesiology™ (MOCA®)
program, known as MOCA 2.0®. Please consult the ABA website, www.theABA.org, for a
list of all MOCA 2.0 requirements.

Successful completion of this activity enables the participant to earn up to 1.0 MOCA
2.0 points; points earned will be equivalent to the amount of CME credit claimed for the
activity. Please note: It is the CME activity provider's responsibility to submit participant
completion information to ACCME for the purpose of granting MOCA 2.0™ points.
Maintenance of Certification in Anesthesiology™ program and MOCA® are registered
trademarks of The American Board of Anesthesiology®. MOCA 2.0° is a trademark of The
American Board of Anesthesiology®.

Your credit will be reported to the ABA within 60 days of claiming credit after the course.
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ABIM MOC: Successful completion of this CME activity, which includes participation
in the evaluation component, enables the participant to earn up to 1.0 MOC points in the
American Board of Internal Medicine’s (ABIM) Maintenance of Certification (MOC) program.
Participants will earn MOC points equivalent to the amount of CME credits claimed for
the activity. It is the CME activity provider's responsibility to submit participant completion
information to ACCME for the purpose of granting ABIM MOC credit.
Your credit will be reported to the ABIM within 60 days of claiming credit after the course.

ABPath CC: Successful completion of this CME activity, which includes participation
in the evaluation component, enables the participant to earn up to 1.0 Lifelong Learning
(Part ) credits in the American Board of Pathology’s Continuing Certification (CC) program
(formerly known as MOC). Participants will earn CC points equivalent to the amount of
CME credits claimed for the activity. It is the CME activity provider’s responsibility to submit
learner completion information to ACCME for the purpose of granting ABPath CC credit.
Your credit will be reported to the ABPath within 60 days of claiming credit after the course.

ABP MOC: Successful completion of this CME activity, which includes participation in
the activity and individual assessment of and feedback to the learer, enables the learner
to earn up to 1.0 MOC points in the American Board of Pediatrics’ (ABP) Maintenance of
Certification (MOC) program. It is the CME activity provider’s responsibility to submit learner
completion information to ACCME for the purpose of granting ABP MOC credit.
Your credit will be reported to the ABP within 60 days of claiming credit after the course.

ABS MOC: This activity qualifies for 1.0 self-assessment credit toward Part 2 of the
American Board of Surgery (ABS) Maintenance of Certification (MOC) Program.

Please note: It is the participant’s responsibility to self-report their participation to the
American Board of Surgery, per board policy.
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