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A seaworthy nautical tale 
and a pictured rash

FROM THE EDITOR

doi:10.3949/ccjm.87b.08020

I have correctly diagnosed scurvy several times, missed the diagnosis I do 
not know how many times, and never treated a patient who had it. This 

sounds like the beginning of a bad riddle, to which the answer is convoluted. Scurvy, 
a mimic of vasculitic purpura (pseudovasculitis), has been presented to me at “stump 
the chump” rounds, although I’ve never diagnosed or treated it in a patient in front of 
me, and I’m sure over the years I’ve missed diagnosing it in patients with early disease 
caused by chronic malabsorption, unrecognized alcoholism, or voluntary or imposed 
dietary restrictions. 

Elfeki et al, in this issue of the Journal (page 478), remind us with striking images 
that ascorbate, which humans cannot synthesize de novo, is necessary to maintain 
functional collagen needed for the structural integrity of blood vessels and skin. Pa-
tients with scurvy may initially describe fatigue and arthralgias, and may also develop 
anemia, sometimes with iron defi ciency.

Like many clinical disorders, scurvy has an interesting medical history. The dis-
covery of citrus fruit as a cure for scurvy (later determined to contain vitamin C) is oft 
attributed to Dr. James Lind, a surgeons’ mate serving on the HMS Salisbury from 1740 
to 1747 during the War of the Austrian Succession. He graduated from the University 
of Edinburgh with an MD in 1748, a year after he retired from the British Navy. His 
graduation treatise related to venereal disease, likely a clinical expertise honed from 
years aboard a ship with many ports of call. Lind published his Treatise of the Scurvy1 in 
1753. Within this treatise of 450 pages is “the report of Lind’s controlled trial compar-
ing six purported treatments for scurvy… rather hidden away and [occupying] just four 
pages, unmarked by a subheading…”2 This has been touted as one of the fi rst random-
ized, controlled, prospective clinical trials, and it resulted in a treatment to cure (with 
a number needed to treat of 1). Yet it was tucked away in a manuscript that, despite 
undergoing several printings including translations to French, German, and Italian, 
had no immediate impact on the practice of the British Navy. 

Lind’s clinical trial was reasonably well conducted. Although there was no appar-
ent sample size power analysis, 12 sailors suffering from a similar degree of scurvy were 
selected and isolated to the same quarters and given the same food other than their ex-
perimental supplementation. There were 30 to 40 men with scurvy for him to choose 
from (10% of the crew). “Their cases were as similar as I could have them. They all in 
general had putrid gums, the spots and lassitude, with weakness of the knees.”3

The method of treatment allocation was not clearly stated, but 2 men each were 
provided 1 of 6 distinct supplements for a planned 14 days: 1.1 L of cider, 25 mL of 
vitriol (dilute sulfuric acid), 18 mL vinegar 3 times daily, one-half pint of sea water, 
or 2 oranges and 1 lemon (although apparently the citrus ran out after only 6 days). 
There was only a historical control group, and there was no defi ned placebo. There 
apparently was also no clear scientifi c hypothesis. Interestingly, there was nautical lore 
regarding the antiscorbutic properties of oranges dating back to 1498, when Vasco da 
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Gama wrote of providing oranges to his sick sailors, and reaffi rmed by John Woodall, 
Surgeon General of the East India Company in 1617.2

Despite the data from his randomized trial, there is little evidence that Lind himself 
was convinced enough by the results to lobby the Admiralty to routinely provide citrus 
to all ships anticipating protracted sea tours. This practice did not occur until 1795, a 
year after Lind’s death. Lind had apparently suggested that the source of the cure was in 
the acidity, and limes were initially tried by the Navy (limes were cheaper than lemons, 
perhaps provided a better group moniker for British sailors, but contained less vitamin 
C than lemons). Notably, the nutrient value of vitamin C was not recognized until the 
early 20th century.

Lind’s recognized contribution to medical history and evidence-based medicine was 
an exemplary randomized clinical trial in the absence of a scientifi c hypothesis, with 
positive and lasting results, needing only a sample size of 12. Despite the results of this 
experiment and his future use of lemon juice to treat scurvy in his civilian practice, he 
wrote regarding the cause of scurvy: “improper diet, air and confi nement, the last of 
which in particular I now judge to be a principal cause… of the scurvy in long voyages 
at sea.”1

Brian F. Mandell, MD, PhD
Editor in Chief

 1. Lind J. A Treatise of the Scurvy. In Three Parts. Containing an Inquiry into the Nature, Causes, and Cure, of that 
Disease. Together with a Critical and Chronological View of What has been Published on the Subject. Edinburgh: 
Sands, Murray and Cochran for A. Kincaid & A. Donaldson, 1753.

 2. Milne I. Who was James Lind, and what exactly did he achieve. J R Soc Med 2012; 105(12):503–508. 
doi:10.1258/jrsm.2012.12k090

 3. Sutton G. Putrid gums and ‘dead men’s cloaths’: James Lind aboard the Salisbury. J R Soc Med 2003; 96(12):605–
608. doi:10.1258/jrsm.96.12.605



2020
AUGUST

NEUROLOGY UPDATE: 
A COMPREHENSIVE REVIEW 
FOR THE CLINICIAN
August 8–9
LIVE STREAM

SEPTEMBER

INTENSIVE REVIEW FOR THE GI BOARDS: 
LIVE PANEL DISCUSSION AND Q & A
September 16
LIVE STREAM

CLEVELAND CLINIC EPILEPSY UPDATE
AND REVIEW COURSE
September 21–24
LIVE STREAM

INTENSIVE REVIEW FOR THE GI BOARDS: 
INFLAMMATORY BOWEL DISEASE
AND SMALL-BOWEL DISEASE
PANEL DISCUSSION AND Q & A
September 23
LIVE STREAM

INTENSIVE REVIEW FOR THE GI BOARDS:
PANCREAS, BILIARY, ENDOSCOPY
PANEL DISCUSSION AND Q & A
September 30
LIVE STREAM

 
OCTOBER

VIRTUAL NEPHROLOGY UPDATE
October 2
LIVE STREAM

PRACTICAL MANAGEMENT OF STROKE
October 2
LIVE STREAM

STATE-OF-THE-ART
ECHOCARDIOGRAPHY 2020
October 2–4
LIVE STREAM

INTENSIVE REVIEW FOR THE GI BOARDS:
COLON CANCER, GERD, MOTILITY
PANEL DISCUSSION AND Q & A
October 7
LIVE STREAM

INTENSIVE REVIEW OF ENDOCRINOLOGY 
AND METABOLISM
October 9–11
LIVE STREAM

CARDIOVASCULAR UPDATE
FOR THE PRIMARY CARE PROVIDER
October 15–16
LIVE STREAM

ORTHOBIOLOGICS SUMMIT 2020:
SCIENCE AND EVIDENCE BEHIND
BIOLOGICS IN ORTHOPEDICS
October 17
LIVE STREAM

DECEMBER

A CASE-BASED APPROACH
TO MASTERING THE MITRAL VALVE:
IMAGING, INNOVATION, 
INTERVENTION
December 4–5
LIVE STREAM

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

PAIN MANAGEMENT SYMPOSIUM
March 27–31
Orlando, FL

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

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

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

CME CALENDAR
CME MOC

CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 8  AUGUST 2020 455



456 CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 8  AUGUST 2020

Perinatal depression
To the Editor: I applaud Drs. Sayres Van Neil 
and Payne for their article, “Perinatal depres-
sion: A review.1 It brings to light the under-
stated vulnerability of the postpartum period 
affecting the majority of women worldwide. I 
would like to clarify 2 points. 

The American College of Obstetricians 
and Gynecologists (ACOG) states that 
medical care in the “fourth trimester” should 
include early communication with obstetric 
providers.1 In contrast to the review’s recom-
mendation for depression screening during 
the 6-week postpartum visit, ACOG recom-
mends contact with the obstetric provider 
within 3 weeks of delivery. We, as medical 
providers, need to normalize and empha-
size the importance of early contact, and to 
acknowledge that postpartum depression and 
anxiety are common. 

Second, your readers include family medi-
cine physicians trained in the full-spectrum 
primary care of women desiring pregnancy 
throughout the preconception, peripartum, 
and postpartum periods. Drs. Sayres Van Niel 
and Payne allude to primary care physicians, 
but remark that it is best to refer a woman 
requiring pharmacologic treatment of a mood 
disorder during pregnancy or lactation to a 
psychiatric specialist.   

The family medicine physician has an 
understated position in the care of women 
with perinatal mood disorders. We often have 
developed trusted relationships with women 
prior to their pregnancies. Screening for de-
pression appears to be more successful when 
a mother shares a medical home with her 
child, which is common in a family medicine 
practice setting.2 Family physicians should be 
knowledgeable about the benefi ts and risks of 
and alternatives to pharmacologic treatment 
of perinatal mood disorders, and able to ad-
dress postpartum depression with concrete in-
terventions in up to 92% of newborn visits.3 
Comfort with prescribing antidepressants for 
nonpregnant populations increases the likeli-
hood that a healthcare provider will screen a 
woman for perinatal depression.4 

Postpartum depression is known to affect 

maternal-infant bonding, breastfeeding suc-
cess, childhood development, and partner 
relationships, which can all be addressed by 
the family physician.5 Well-trained in treat-
ment of depression and anxiety disorders, the 
family physician is prepared to be a useful 
caregiver in the postpartum period, includ-
ing initiation of pharmacologic treatments if 
required.

Elise Lafl amme, MD
Greater Lawrence Family Health Center
Lawrence, MA

 ◾REFERENCES
 1. Sayres Van Neil M, Payne JL. Perinatal depression: a 

review. Cleve Clin J Med 2020; 87(5):273–277. 
doi:10.3949/ccjm.87a.19054 

 1. American College of Obstetricians and Gynecologists. 
ACOG Committee Opinion No. 757: Screening for perina-
tal depression. Obstet Gynecol 2018; 132(5):e208–e212. 
doi:10.1097/AOG.0000000000002927

 2. Rosener SE, Barr WB, Frayne DJ, Barash JH, Gross ME, 
Bennett IM. Interconception care for mothers during 
well-child visits with family physicians: an IMPLICIT 
Network study. Ann Fam Med 2016; 14(4):350–355. 
doi:10.1370/afm.1933

 3. Srinivasan S, Schlar L, Rosener SE, et al. Delivering inter-
conception care during well-child visits: an IMPLICIT Net-
work study. J Am Board Fam Med 2018; 31(2):201–210. 
doi:10.3122/jabfm.2018.02.170227

 4. Fedock GL, Alvarez C. Differences in screening and 
treatment for antepartum versus postpartum patients: 
are providers implementing the guidelines of care for 
perinatal depression? J Women’s Health (Larchmt) 2018; 
27(9):1104–1113. doi:10.1089/jwh.2017.6765

 5. Maurer D, Raymond T, Davis B. Depression: screening 
and diagnosis. Am Fam Physician 2018; 98(8):508–515. 
pmid:30277728

doi:10.3949/ccjm.87c.08001

In Reply: We thank Dr. Lafl amme for her in-
sightful letter regarding our article. 

We wholeheartedly agree that earlier 
contact with obstetric-care providers, such 
as during “fourth trimester” contact, is ideal. 
We also encourage all obstetric providers to 
screen at least at the 6-week in-person post-
partum visit. 

Her second point, that family medicine 
physicians are well-positioned to identify 
and treat perinatal depression, is also excel-
lent. We agree, and we encourage all family 
medicine physicians to educate themselves 
on the basics of psychiatric treatment during 
pregnancy and lactation. 

There is a good deal of misinformation on 

LETTERS TO THE EDITOR
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the safety of psychiatric medications during 
pregnancy and lactation, and we recommend 
that all frontline providers, including internal 
medicine, family medicine, and OB-GYN 
physicians, as well as pediatricians, receive 
education on this topic. 

To that end, the International Marcé So-
ciety for Perinatal Mental Health is support-
ing a curriculum in reproductive psychiatry. 
This ongoing project developed by leaders in 
reproductive psychiatry aims to educate all 
frontline providers on these important issues.

With more-complex psychiatric issues 
during pregnancy or the postpartum period, 
or when there is a complicated history of pri-

or mental illness, reproductive psychiatrists 
are available for consultations to primary 
care providers. 

Thank you for this addition to the discus-
sion.

Maureen Sayres Van Niel, MD
President, American Psychiatric Association 
Women’s Caucus
Cambridge, MA

Jennifer L. Payne, MD
The Johns Hopkins University 
School of Medicine
Baltimore, MD

doi:10.3949/ccjm.87c.08002

LETTERS TO THE EDITOR

DXA after menopause
To the Editor: I want to commend Drs. Tough 
DeSapri and Brook for their excellent sum-
mary on the use of the FRAX tool in assess-
ing the need for dual-energy x-ray absorpti-
ometry (DXA) in postmenopausal women.1 

A thought experiment that we engage in 
with our fellows is to take the FRAX tool and 
calculate the changes in 10-year fracture risk 
obtained by changing each of the parameters. 
For example, the patient discussed in the 
article would have a 10-year risk of a hip frac-
ture of 0.4%. However, if we add 16 years to 
her age (making her 72 years old), her level 
of risk is 3.0%, which would justify the use 
of a medical intervention such as a bisphos-
phonate. Similarly, her risk increases to 1.3% 
if she had suffered a previous fracture, and to 
0.8% if she had taken a signifi cant amount of 
glucocorticoids.

Many of us compensate for the lack of 
quantitation in the FRAX questionnaire by 
using “fudge factors.” For glucocorticoids, we 
increase the fracture risk by 15% if a patient 
was on more than 7.5 mg of prednisone for 3 
or more months.2

One glaring defi ciency in the FRAX score 
is an absence of any reference to diabetes. 
Type 2 diabetes mellitus  is associated with 
a signifi cant risk of fracture without a sig-
nifi cant decrease in bone density.3 Suggested 
compensations include adding 10 years to the 

patient’s age or checking “yes” for rheumatoid 
arthritis when calculating FRAX for a patient 
with type 2 diabetes mellitus.

The trabecular bone score mentioned by 
DeSapri and Brook is a way of getting at the 
issue of bone quality and at least partially cor-
rects the calculation of fracture risk for the 
diabetic patient. Data entry for the trabecu-
lar bone score is now built into the online 
FRAX tool and can be added after clicking 
“Calculate.” Race also is now available for 
the US FRAX tool.

Michael Balkin, MD
Nassau University Medical Center
East Meadow, NY
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In Reply: Thank you for your commentary on 
“off-label” use of FRAX to better predict 
fracture risk for patients (such as those with 
diabetes or on high-risk medications) who 
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don’t fi t neatly into the FRAX algorithm. 
FRAX does allow for individualized calcula-
tion of relative risk of fracture across age 
and hip bone mineral density. And age may 
indirectly incorporate risk of  falls, as 25% of 
people over age 65 fall annually.1 

With the limitations of FRAX, we must 
recognize that calculation tools must not re-
place clinical judgment and assessment of fall 
and fracture risk for our individual patients. 
Bone mineral density scanning estimates 70% 
of bone strength, and other factors may infl u-
ence fracture risk. As Dr. Balkin mentions, the 
trabecular bone score and also hip geometry  
(bone strength based on the measurement of 
proximal femur) may supplement axial bone 
mineral density testing with central DXA to 
determine propensity to fracture.2 

Other technologies are being developed. 
For example, biomechanical computed 
tomography uses fi nite element analysis to 
provide a virtual stress test of a patient’s bone 
to measure its breaking strength in newtons. 

Kristi Tough DeSapri, MD
Cleveland Clinic

Rachel Brook, MD
Cleveland Clinic
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Aspirin
for primary prevention
To the Editor: I greatly appreciated the review by 
Drs. Schenone and Lincoff about aspirin for 
primary prevention in your May 2020 issue.1 
I wanted to note that the statement in green 
on page 303, “Statins may dilute the poten-
tial benefi t of aspirin,” confl icts with what I 
have read regarding statins’ ability to improve 
aspirin resistance.2 

Moreover, as I interpret a meta-analysis 
performed by the Antithrombotic Trialists’ 
Collaboration,3 statins may halve the risk of 
coronary heart disease, but when aspirin is 
added, hypothetically the added benefi t of 
the aspirin is marginal, given the increased 
risk of bleeding. Ultimately it would be the 
aspirin theoretically diluting the benefi t of 
the statin because of bleeding risk. The au-
thors of the meta-analysis note: “If the risk of 
occlusive vascular disease is already approxi-
mately halved by statins or other measures, 
then the further absolute benefi t of adding 
aspirin could well be only about half as large 
as was suggested by these primary prevention 
trials, but the main bleeding hazards could 
well remain. In that case, the benefi ts and 
hazards of adding long-term aspirin in people 

without preexisting disease might be of ap-
proximately similar magnitude.”  

Elise Henning, MD, MEd
Cincinnati Veterans Affairs Medical Center and
University of Cincinnati 
Cincinnati, OH
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In Reply: We appreciate the comments made by 
Dr. Henning about our statement that statins 
may dilute the benefi t of aspirin.1 She alludes 
to interesting data on the potential interac-
tion between aspirin and statins from a small 
study that enrolled patients with coronary 
artery disease and aspirin resistance (defi ned 
as closure time < 186 seconds with Col/Epi 
cartridges despite a regular aspirin regimen).  

LETTERS TO THE EDITOR
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In that study, statin therapy was associated 
with a resolution of in vitro aspirin resistance 
in up to two-thirds of patients.2 Notably, 
however, that study did not assess the impact 
of this reported interaction on cardiovascular 
or bleeding outcomes. 

Dr. Henning then provides her interpreta-
tion of available data proposing that aspirin 
therapy would dilute the benefi t of statin 
therapy rather than vice versa. We respect-
fully disagree with this interpretation. The 
statement in our review that “statins may 
dilute the benefi t of aspirin” refers to the 
impact of statin therapy on the risk-benefi t 
profi le of aspirin on cardiovascular and 
bleeding outcomes, rather than to drug-drug 
interactions. 

Our statement is also supported by 
evidence that the relative risk reduction in 
atherosclerotic cardiovascular events provid-
ed by aspirin is about the same across differ-
ent levels of risk, and thus the absolute risk 
reduction by aspirin is primarily dictated by 
the baseline risk of the patient.3 As the risk of 
cardiovascular events is reduced by guideline-
directed statin therapy, the absolute risk re-
duction of cardiovascular events provided by 
aspirin is also reduced by the same magnitude 
with no anticipated change in the bleeding 
hazard. Thus, the number needed to treat to 
prevent 1 cardiovascular event when aspirin 
is prescribed as add-on therapy to a guideline-
directed statin regimen would be expected to 
increase compared with an aspirin regimen 
without a statin, while the number needed 
to harm would likely remain the same. As a 
consequence, one could expect a dilution of 
the net overall benefi t of aspirin (absolute 

risk reduction in cardiovascular events minus 
absolute increase in bleeding risk) reported 
by initial primary prevention trials, when 
statins were infrequently used, compared 
with aspirin added to a background regimen 
of statin. This has been hypothesized to be a 
potential reason for the dissipation of benefi t 
in the contemporary aspirin primary preven-
tion trials.4

Aldo L. Schenone, MD
Brigham and Women’s Hospital
Boston, MA

A. Michael Lincoff, MD
Cleveland Clinic and
Cleveland Clinic Lerner College of Medicine of 
Case Western Reserve University,
Cleveland, OH
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ABSTRACT
Severe COVID-19 illness is associated with intense 
infl ammation, leading to high rates of thrombotic compli-
cations that increase morbidity and mortality. Markedly 
elevated levels of D-dimer with normal fi brinogen levels 
are the hallmark laboratory fi ndings of severe COVID-19–
associated coagulopathy. Prophylaxis against venous 
thromboembolism is paramount for all hospitalized 
patients, with more aggressive prophylaxis and screen-
ing recommended for patients with D-dimer levels above 
3.0 μg/mL. Point-of-care ultrasonography is the imaging 
method of choice for patients at high risk, as it entails 
minimal risk of exposing providers to the virus. 

KEY POINTS
We recommend measuring D-dimer, fi brinogen, pro-
thrombin time, international normalized ratio, and 
activated partial thromboplastin time every 48 hours in 
hospitalized patients with COVID-19.

Prophylaxis against venous thromboembolism is recom-
mended for all COVID-19 patients on admission, using 
low-molecular-weight heparin, unfractionated heparin 
for those in renal failure, or fondaparinux for those with 
heparin-induced thrombocytopenia, even in the setting of 
thrombocytopenia as long as the platelet count is above 
25 × 109/L.

Patients with D-dimer levels 3.0 μg/mL or higher should 
undergo screening with point-of-care ultrasonography 
and receive more intensive prophylaxis. 
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C ovid-19–associated coagulopathy (CAC)
 and disseminated intravascular coagula-

tion are common in COVID-19 and are asso-
ciated with severe illness and death.1–3 Criti-
cally ill patients without other risk factors for 
thrombosis can experience various thrombotic 
events, including microvascular thrombosis, 
venous and pulmonary thromboembolism, and 
acute arterial thrombosis.4

 This article discusses clinical manifesta-
tions of CAC, associated laboratory and his-
tologic fi ndings, recent evidence elucidating 
pathophysiologic mechanisms, and the way we 
manage it at Cleveland Clinic. 

 ■ A HIGHLY THROMBOTIC STATE

The clinical presentation of CAC is that of 
a highly thrombotic state. Shared anecdotal 
experience from a variety of sources indicates 
that catheter-associated thrombosis and clot-
ting of vascular access catheters are especially 
common problems. The need for catheter re-
placement and dialysis circuits that involve 
frequent interruption of continuous renal re-
placement therapy are other high-risk settings. 
 Two recent studies support the clinical im-
pression that COVID-19 is highly thrombotic. 
Cui et al5 reported a 25% incidence of deep vein 
thrombosis in patients with severe coronavirus 
pneumonia. Klok et al4 found a 31% combined 
incidence of deep vein thrombosis, pulmonary 
embolism, and arterial thrombosis in critically 
ill patients with coronavirus. Of these events, 
81% were pulmonary thromboembolic. 
 In Cleveland Clinic intensive care units, 
we are fi nding that point-of-care ultrasonog-
raphy (POCUS) detects deep vein thrombo-
sis at a rate of 25% to 30%, similar to rates 
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in these studies. Another frequent fi nding is  
“slow venous fl ow.” This pattern, described 
as amorphous echogenicity in major veins, 
has been associated with a higher subse-
quent risk of deep vein thrombosis (Figures 
1–3).6 

 ■ LABORATORY FINDINGS: 
ELEVATED D-DIMER

The characteristic laboratory fi ndings of CAC 
(ie, dramatically elevated levels of D-dimer and 
fi brin degradation products) indicate a highly 
thrombotic state with high fi brin turnover. How-

ever, other markers of disseminated intravascu-
lar coagulation remain relatively unchanged.7 
The prothrombin time and activated partial 
thromboplastin time are only mildly prolonged, 
if at all, and platelet counts are usually normal or 
only mildly low (100–150 × 109/L).8–10

 Elevated D-dimer levels on presentation 
with COVID-19 are associated with more 
severe disease. Levels of 0.5 μg/mL or higher 
were found in 59.6%% of patients with severe 
disease vs 43.2% of those with mild disease.3  
High levels also correlated with the need for 
intensive care11 and with death. 

The clinical 
presentation 
of CAC is that 
of a highly 
prothrombotic 
state

Figure 1. A short-axis view of the femoral 
vein (FV) and the femoral artery (FA) at 
the site of the saphenous vein (SV) infl ow. 
Amorphous echogenicity in the femoral 
vein, greater than that of the adjacent 
femoral artery, is suggestive of slow venous 
fl ow. The vein was fully compressible, rul-
ing out deep vein thrombosis at the site. 

Figure 2. Another short-axis view of the 
femoral vein (center) and the femoral 
artery (bottom right) at the site of the 
saphenous vein infl ow (top right). Swirling 
pattern of high echogenicity suggests low-
fl ow state.  

Figure 3. Long-axis view of the femoral 
vein, with spontaneous echogenicity and 
slow fl ow. 
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 In a multivariable regression analysis of 
191 patients, Zhou et al1 reported that the 
risk of death was more than 18 times higher 
(odds ratio 18.42, 95% confi dence interval 
2.64–128.55) for patients admitted with a D-
dimer level greater than 1 μg/mL vs less than 
0.5 μg/mL. Cui et al5 reported that D-dimer 
levels also correlated with risk of venous 
thromboembolism: a level of 3.0 μg/mL had 
a sensitivity of 70.0%, specifi city of 96.7%, 
and positive predictive value of 87.5%. Maat-
man et al12 reported that standard prophylaxis 
against venous thromboembolism failed in 29 
of 109 patients in the intensive care unit, and 
of those in whom it failed, all had D-dimer 
levels greater than 3.0 μg/mL.

Other measures of coagulopathy 
also predictive
Other indicators of coagulopathy have also 
been studied in COVID-19 and found to be 
associated with increased risk.
 Prothrombin time, activated partial throm-
boplastin time. Klok et al4 did not report D-di-
mer levels, but found coagulopathy (ie, prolon-
gation of prothrombin time of > 3 seconds or of 
activated thromboplastin time > 5 seconds) to 
be an independent risk factor for thrombosis. 
 Antiphospholipid antibodies. Zhang et 
al13 reported that 3 patients with CAC and 
lower-extremity ischemia had antiphospho-
lipid antibodies (anticardiolipin immuno-
globulin A [IgA], anti-beta-2 glycoprotein 1 
IgA and IgG) but not lupus anticoagulant. 
Helms et al,14 in a multicenter study of 150 
patients with COVID-19 in intensive care 
units in France, found a remarkably high rate 
of positivity for lupus anticoagulant: 50 of 57 
patients (87.7%) among those tested for fur-
ther evaluation for an elevated activated par-
tial thromboplastin time.
 Disseminated intravascular coagulation 
score. Tang et al10 found that progression of 
coagulopathy to overt disseminated intravas-
cular coagulation (defi ned by the Internation-
al Society on Thrombosis and Haemostasis as 
a disseminated intravascular coagulation score 
≥ 5 points; the score is based on platelet count, 
D-dimer level, fi brinogen level, and prolon-
gation of the prothrombin time) predicted a 
poor prognosis, occurring in 71.4% of all non-
survivors vs 0.6% of survivors. 

 Progressive consumptive coagulopathy. 
Declining levels of antithrombin III, a rise 
in prothrombin time and activated partial 
thrombolastin time, and dramatic further in-
crease of D-dimer (> 15.0 μg/mL) appear to 
indicate severe and progressive disease, devel-
oping late in the disease course (day 10 to 14) 
of nonsurvivors. Fibrinogen levels, which are 
elevated in the initial phase, drop late in the 
course of disease in nonsurvivors and may sig-
nal impending death.10 
 Low platelet count. Lippi et al,8 in a meta-
analysis of 9 studies with 1,779 patients with 
COVID-19, examined thrombocytopenia as 
a marker of disease severity. Thrombocytope-
nia at presentation was associated with an in-
creased risk of severe disease and death, with a 
weighted mean difference of 31 × 109/L in the 
platelet count between those with severe and 
nonsevere disease. The authors noted great 
heterogeneity among studies, with reported 
rates of thrombocytopenia in severe disease 
ranging from 4% to 57.7%.  

 ■ SEVERE LUNG DAMAGE 
FROM INFLAMMATION, THROMBOSIS

Histopathologic studies reveal diffuse alveolar 
damage with profound infl ammation, thrombo-
sis, and thrombotic microangiopathy of small 
vessels and capillaries of the lung. Also noted 
have been megakaryocytes within pulmonary 
capillaries with nuclear hyperchromasia and 
atypia, as well as neutrophils partially degener-
ated and entrapped in fi bers (suggesting neu-
trophil extracellular traps).15 An autopsy series 
of 11 patients showed thrombosis of small and 
midsized pulmonary arteries in all patients.16

 Endothelial cell injury and diffuse micro-
vascular thrombosis suggestive of thrombotic 
microangiopathy have also been reported in 
extrapulmonary organs, which may explain 
the acute onset of multiorgan failure without 
an otherwise obvious etiology.17

 ■ PATHOPHYSIOLOGY: 
INFLAMMATION PROMOTES THROMBOSIS

CAC is likely multifactorial, and patients 
with COVID-19 share many of the classic risk 
factors for venous thromboembolism seen in 
adult respiratory distress syndrome from other 
causes, such as immobility, large vascular-ac-

Elevated
D-dimer 
levels on 
presentation
correlate
with disease
severity
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cess catheters, and systemic infl ammation. 
 The hallmark of COVID-19 is profound 
infl ammation, described as “cytokine storm,” 
characterized by high levels of interleukin 
1 (IL-1), IL-6, tumor necrosis factor, and 
other infl ammatory cytokines.11 Infl amma-
tion promotes thrombosis through various 
mechanisms, including activation of endothe-
lial cells, platelets, monocytes, and the tissue 
factor-factor VIIa pathway, and by altering fi -
brinolysis and natural anticoagulant pathways 
(eg, through changes in levels of thrombo-
modulin, proteins C and S, and tissue-factor-
pathway inhibitor).18,19 Intense infl ammation 
with thrombosis of pulmonary vessels is also 
seen in adult respiratory distress syndrome of 
other etiologies.20 It remains to be seen if these 
fi ndings represent a distinct phenotype unique 
to COVID-19 or are a general indicator of the 
severity of infl ammation with COVID-19.
 Serum proteomic profi ling of patients with 
severe acute respiratory syndrome (SARS) 
identifi ed an N-terminal fragment of comple-
ment C3C-alpha (a central component of 
the complement pathway) as a sensitive bio-
marker of early SARS.21 Murine models of 
SARS and Middle East respiratory syndrome 
(MERS) have shown that complement activa-
tion is a major contributor to lung injury and 
other organ failure. Complement inhibition 
in these models reduced organ damage and 
infl ammation.22,23 Complement inhibition has 
been suggested as a treatment for COVID-19, 
but clinical data are not yet available.24

 One mechanism of microvascular throm-
bosis that may be specifi c to COVID-19 is the 
virus’s affi nity for angiotensin-converting en-
zyme 2, which is expressed on alveolar epithe-
lial type II cells and various extrapulmonary 
tissues, including endothelial cells. Endotheli-
al cell activation may be a unique mechanism 
of COVID-19-mediated microvascular injury, 
thrombosis, and subsequent multisystem or-
gan failure.25,26 

 The rate of 87.7% positivity for  lupus anti-
coagulant in patients with COVID-19 report-
ed by Helms et al14 is striking and needs to be 
verifi ed, but it supports the idea that endothe-
lial injury is a key mechanism of multiorgan 
failure and coagulopathy in this disease. The 
“two-hit” model of thrombosis associated with 
antiphospholipid syndrome proposes that af-

ter a fi rst-hit injury to the endothelium, an-
tiphospholipid antibodies potentiate throm-
bus formation as a second hit.27 Activation of 
the contact system due to increased vascular 
permeability and thrombotic microangiopa-
thy warrant further exploration.28 

 ■ OUR MANAGEMENT APPROACH

Currently, CAC is managed largely on the ba-
sis of case reports and anecdotal experience; 
controlled studies are urgently needed to better 
guide care. Management strategies vary greatly 
among institutions and are likely to change as 
we learn more about this novel disease. 
 The approach outlined here describes the 
Cleveland Clinic consensus based on available 
information. It tries to balance the risk and ben-
efi ts of empiric therapy, while minimizing the 
use of resources (eg, personal protective equip-
ment) and exposure of caregivers to COVID-19.

Monitor D-dimer, fi brinogen, prothrombin 
time, activated partial thromboplastin time
In view of the characteristic laboratory fi nd-
ings of CAC described above, we monitor 
D-dimer, fi brinogen, prothrombin time-inter-
national normalized ratio, and activated par-
tial thromboplastin time every 48 hours. We 
defi ne a D-dimer level of at least 6 times the 
upper limit of normal (3.0 μg/mL fi brinogen 
equivalent units [FEU]) as high risk.5,10 
 Because antiphospholipid antibodies, in-
cluding lupus anticoagulant, have been report-
ed in COVID-19, we recommend testing for 
these if the activated partial thromboplastin 
time is spontaneously elevated, and we prefer 
the use of anti-Xa assays to monitor antico-
agulation. Anti-Xa assays however, may be af-
fected by high levels of bilirubin (> 6.6 mg/
dL) or triglycerides (> 360 mg/dL),29 which 
are often elevated in patients with COVID-19 
and cytokine storm. Triglyceride levels should 
therefore be monitored routinely and consid-
ered as a possible source of error in patients on 
anticoagulation who are diffi cult to maintain 
within the therapeutic target range. 
 A hypercoagulable pattern on viscoelastic 
testing (thromboelastography or rotational 
thromboelastometry), with faster time to clot 
formation, rapid clot propagation, and in-
creased clot strength, has been described in 
several publications.12,30 However, no evidence 

Infl ammation
promotes 
thrombosis 
through various 
mechanisms
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exists on how to best use this information to 
guide therapy. In line with current guidance 
from the American Society of Hematology 
and the International Society on Thrombosis 
and Haemostasis, we do not routinely use vis-
coelastic testing to assess hypercoagulability.31 

Imaging: Use POCUS 
To limit caregiver exposure, we minimize 
formal bedside vascular studies and sending 
the patient out of the intensive care unit for 
computed tomographic angiography. We rely 
heavily on POCUS to assess for evidence of 
venous thromboembolism. This is in line with 
recent National Institutes of Health guid-
ance,32,33 which cites a lack of evidence sup-
porting routine screening examinations but 
highlights the value of POCUS in the hands 
of experienced clinicians. POCUS should be 
bundled with other care (for example, ultraso-
nography-guided vascular access) to minimize 
the use of personal protective equipment and 
caregiver exposure to COVID-19.
 Patients at high risk (D-dimer > 3.0 μg/mL 
FEU) are assessed for deep vein thrombosis us-
ing a 3-point compression POCUS examination 
of both lower extremities. A POCUS deep vein 
thrombosis examination and echocardiography 
are also recommended for any patient with sud-
den cardiopulmonary decline that cannot be ex-
plained by an alternative etiology. 
 A positive POCUS examination for deep 
vein thrombosis is highly specifi c and does not 
need to be confi rmed by formal vascular ul-
trasonography.34 On the other hand, given the 
high incidence of pulmonary embolism de-
scribed, confi rmatory studies (ie, formal vascu-
lar ultrasonography or computed tomographic 
angiography) are warranted if the patient has 
contraindications to empiric anticoagulation 
and the clinical suspicion of venous thrombo-
embolism is high despite negative POCUS, or 
if POCUS is not available.

Prophylactic heparin for most 
Specifi c data on the management of CAC are 
extremely limited, but heparin seems to be the 
obvious response to such a hypercoagulable 
process.
 In addition to its antithrombotic effect, 
heparin may have anti-infl ammatory, anti-
complement,35 and direct antiviral effects 
that may be benefi cial in COVID-19. Heparin 

inhibits neutrophil activation, binds infl am-
matory cytokines, and reduces endothelial 
activation.36 Experimental models have also 
shown that heparin directly binds to SARS-
CoV spike protein, the viral anchor site, 
thereby blocking viral entry into the cell.37 
While promising, these effects have yet to be 
demonstrated clinically. 
 Tang et al38 reported on 449 patients with 
severe COVID-19 in whom the overall mortal-
ity rate was no different (29.7% vs 30.3%, P 
= .910) between those who received heparin 
(94 patients on low-molecular-weight heparin, 
5 patients on unfractionated heparin; prophy-
lactic doses) and those who did not. But among 
patients with a D-dimer level of more than 6 
times the upper limit of normal (> 3.0 μg/mL), 
heparin recipients had a signifi cantly lower 
mortality rate than nonrecipients (32.8% vs 
52.4%, P = .017). The authors concluded that 
heparin lowers mortality rates in patients with 
severe COVID-19 and cited a Chinese consen-
sus statement recommending anticoagulation 
in severe COVID-19. We emphasize that this 
study retrospectively compared heparin pro-
phylaxis with no prophylaxis. 

Full anticoagulation for some?
Some evidence indicates that elevated D-dimer 
levels may predict higher risk of venous throm-
boembolism despite standard prophylaxis. In 
a study of 240 critically ill patients with CO-
VID-19, Maatman et al12 reported a 28% rate 
of venous thromboembolism in patients receiv-
ing standard prophylaxis. Elevated D-dimer (> 
2.6 μg/mL) predicted venous thromboembolism 
with a sensitivity of 89.7%. The authors con-
cluded that standard prophylactic anticoagu-
lant doses may be insuffi cient to prevent venous 
thromboembolism in high-risk patients. 
 Paranjpe et al,39 in an observational report 
of 2,773 patients with COVID-19 admitted 
to a single institution in New York, found 
that those treated with full anticoagulation 
(786 patients, 28%) had a similar mortality 
rate (22.5%) vs those treated with prophy-
laxis only (22.8%). But among mechanically 
ventilated patients, in-hospital mortality was 
29.1% for those treated with anticoagulation 
vs 62.7% for patients who did not receive an-
ticoagulation. Despite this dramatic reduction 
of mortality, the authors advise caution in ap-

A late drop
in fi brinogen 
levels 
may signal
impending 
death
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A positive
POCUS for DVT 
is highly
specifi c
and does not
require
confi rmation

plying these fi ndings, given the serious limita-
tions of the report, ie, its observational nature 
and lack of information on illness severity and 
indications for anticoagulation.
 Taken together, this limited evidence con-
fi rms that prophylaxis against venous thrombo-
embolism in critically ill COVID-19 patients is 
associated with improved outcomes, and there 
may be a role for full anticoagulation.
 Given the limitations of the studies thus 
far, it remains unclear if higher prophylactic 
doses or full anticoagulation offer a benefi t be-
yond standard prophylactic dosing, and which 
patients may benefi t without suffering more 
bleeding complications. 
 Thrombolysis has also been suggested for 
patients whose condition deteriorates despite 
anticoagulation. Three patients with persistent 
severe hypoxia and markedly elevated D-dimer 
showed improvement in oxygenation after be-
ing given low-dose tissue plasminogen activator. 
But despite initial improvement and no reported 
adverse effects, the ultimate outcome was poor: 
the improvement was long-lasting in 1 patient 
but transient in the other 2, and 1 patient died.40

Recommendations
Given this lack of evidence, the National Insti-
tutes of Health, American Society of Hematol-
ogy, and International Society on Thrombosis 
and Haemostasis currently do not recommend 
treatment beyond standard prophylaxis except 
for an established indication. The two societies 

strongly recommend prophylaxis against deep 
vein thrombosis in all patients on admission, 
using low-molecular-weight heparin (or un-
fractionated heparin in those with renal failure, 
or fondaparinux in those with heparin-induced 
thrombocytopenia). They stress that prophy-
laxis should be continued even in the setting of 
thrombocytopenia so long as the platelet count 
is higher than 25 × 109/L.31,41

 Our current approach is based on POCUS 
screening for venous thromboembolism and 
intensifi ed prophylaxis in high-risk patients 
(Figure 4, Table 1). We divide patients into 3 
categories: 
• Category 1: D-dimer less than 3.0 μg/mL 

FEU and no evidence of venous thrombo-
embolism. Patients receive standard pro-
phylaxis and are monitored using serial 
D-dimer testing.

• Category 2: D-dimer 3.0 μg/mL FEU or 
higher, POCUS-negative. Patients receive 
intensifi ed deep vein thrombosis prophylaxis.

• Category 3: Confi rmed thrombosis. Pa-
tients receive full anticoagulation.

 If the clinical suspicion of venous throm-
boembolism is high and the patient has no 
contraindication to anticoagulation, full anti-
coagulation should be initiated empirically if 
POCUS or confi rmatory tests are not immedi-
ately available. 

Continuous renal replacement therapy
Given the high rate of clotting in dialysis cir-
cuits, all patients on continuous renal replace-
ment therapy receive unfractionated heparin at 
a rate of 500 U per hour. If ongoing clotting is 
observed, we increase systemic heparin to bring 
the activated partial thromboplastin time into 
the target range according to an acute coronary 
syndrome nomogram. The target activated par-
tial thromboplastin time is 49 to 67 seconds, 
and the goal anti-factor Xa level is 0.2 to 0.5 
IU/mL, but these may be adjusted if clotting 
continues despite systemic heparin.

Duration of anticoagulation
Anticoagulation should be continued for 6 
weeks for catheter-associated thrombosis and 
for at least 3 months for venous thromboembo-
lism. Convalescent patients with persistently 
elevated D-dimer (greater than twice the up-
per limit of normal) may benefi t from extended 
prophylaxis or treatment.42,43  

          D-dimer

< 3.0 μg/mL FEU ≥ 3.0 μg/mL FEU

Prophylaxis
  Enoxaparin
  Unfractionated heparin 
  if acute kidney injury

Point-of-care
ultrasonography

Measure D-dimer 
every 48 hours

Positive Negative or 
not available

Intravenous heparin or 
subcutaneous enoxaparin

High-intensity 
prophylaxis

Figure 4. Algorithm for preventing and treating COVID-19-
associated coagulopathy.
FEU = fi brinogen equivalent units



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 8  AUGUST 2020 467

MUCHA AND COLLEAGUES

 ■ REFERENCES
 1. Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult 

inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. 
Lancet 2020; 395(10229):1054–1062. doi:10.1016/S0140-6736(20)30566-3

 2. Wu C, Chen X, Cai Y, et al. Risk factors associated with acute respiratory 

distress syndrome and death in patients with coronavirus disease 2019 
pneumonia in Wuhan, China. JAMA Intern Med 2020; Mar 13;e200994. 
doi:10.1001/jamainternmed.2020.0994

 3. Guan WJ, Ni ZY, Hu Y, et al; China Medical Treatment Expert Group for 
Covid-19. Clinical characteristics of coronavirus disease 2019 in China. N Engl 

TABLE 1

Cleveland Clinic approach to anticoagulation prophylaxis and management 
in COVID-19

Category 1
D-dimer < 3.0 μg/mL FEU
Standard prophylaxis

Category 2
D-dimer ≥ 3.0 μg/mL FEU
High-intensity prophylaxis

Category 3
Confi rmed VTE
Full anticoagulation

Standard Enoxaparin 40 mg 
subcutaneously every 24 hours

Enoxaparin 40 mg 
subcutaneously every 12 hours

IV heparin per DVT/PE nomogram 
or enoxaparin 1 mg/kg 
subcutaneously every 12 hours

Renal failure CrCl 10–30 mL/min:
Enoxaparin 30 mg 
subcutaneously every 24 hours

CrCl < 30 mL/min or AKI:
Enoxaparin 40 mg 
subcutaneously every 24 hours

IV heparin per DVT/VTE nomogram

CrCl < 10 mL/min or AKIa:
Unfractionated heparin 5,000 U 
subcutaneously every 12 hours

CrCl < 10 mL/min or AKIa:
Unfractionated heparin 7,500 U 
subcutaneously every 12 hours

CRRT: 
Unfractionated heparin
500 U/hour through circuit 

Circuit clotting:
IV heparin per ACS nomograma 

CRRT:
Unfractionated heparin 
500 U/hour through circuit

Circuit clotting:
IV heparin per ACS nomograma 

Obesity

Standard > 100 kg: 
Enoxaparin 40 mg 
subcutaneously every 12 hours

> 120 kg:
Enoxaparin 60 mg 
subcutaneously every 12 hours

> 100 kg:
Enoxaparin 60 mg 
subcutaneously every 12 hours

> 120 kg:
Enoxaparin 80 mg 
subcutaneously every 12 hours

IV heparin per DVT/PE nomogram

 or

Enoxaparin 1 mg/kg 
subcutaneously every 12 hours, 
up to 150 mg

Above 150 kg 
use unfractionated heparin

Renal failure

CrCl < 30 mL/
min or AKIb

≤ 120 kg: 7,500 U every 12 hours

> 120 kg: 10,000 U every 12 
hours

≤ 120 kg: 7,500 U every 8 hours

> 120 kg: 10,000 U every 8 
hours

IV heparin per DVT/PE nomogram

CRRT: 
500 U/h through circuit

Circuit clotting:
IV heparin per ACS nomograma

CRRT:
500 U/h through circuit

Circuit clotting:
IV heparin per ACS nomograma

aIV heparin ACS nomogram: initial dose 60-U/kg bolus, then 12 U/kg/hour; target aPTT 49–67 seconds; target heparin anti-Xa 0.2–0.5 units/mL. 
bAKI defi nition: doubling of creatinine in 48 hours or anuria.
ACS = acute coronary syndrome; AKI = acute kidney injury; aPTT = activated partial thromboplastin time; CrCl = creatinine clearance; CRRT = continuous renal 
replacement therapy; DVT = deep vein thrombosis; FEU = fi brinogen equivalent units; IV = intravenous; PE = pulmonary embolism;  VTE = venous thromboem-
bolism



468 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 87  • NUMBER 8  AUGUST 2020

COVID-19 COAGULOPATHY

J Med 2020; 382(18):1708–1720. doi:10.1056/NEJMoa2002032
 4. Klok FA, Kruip MJ, van der Meer NJ, et al. Incidence of thrombotic com-

plications in critically ill ICU patients with COVID-19. Thromb Res 2020; 
191:145–147. doi:10.1016/j.thromres.2020.04.013

 5. Cui S, Chen S, Li X, Liu S, Wang F. Prevalence of venous thromboembolism 
in patients with severe novel coronavirus pneumonia. J Thromb Haemost 
2020; 18(6):1421–1424. doi:10.1111/jth.14830

 6. Jensen CT, Chahin A, Amin VD, et al. Qualitative slow blood fl ow in lower 
extremity deep veins on Doppler sonography: quantitative assessment 
and preliminary evaluation of correlation with subsequent deep venous 
thrombosis development in a tertiary care oncology center. J Ultrasound 
Med 2017; 36(9):1867–1874. doi:10.1002/jum.14220

 7. Yin S, Huang M, Li D, Tang N. Difference of coagulation features between 
severe pneumonia induced by SARS-CoV2 and non-SARS-CoV2. J Thromb 
Thrombolysis 2020; Apr 3:1–4. doi:10.1007/s11239-020-02105-8

 8. Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with severe 
coronavirus disease 2019 (COVID-19) infections: a meta-analysis. Clin Chim 
Acta 2020; 506:145–148. doi:10.1016/j.cca.2020.03.022

 9. Han H, Yang L, Liu R, et al. Prominent changes in blood coagulation of 
patients with SARS-CoV-2 infection. Clin Chem Lab Med 2020; 58(7):1116–
1120. doi:10.1515/cclm-2020-0188

 10. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associ-
ated with poor prognosis in patients with novel coronavirus pneumonia. J 
Thromb Haemost 2020; 18(4):844–847. doi:10.1111/jth.14768

 11. Huang C, Wang Y, Li X, et al. Clinical features of patients infected with 
2019 novel coronavirus in Wuhan, China. Lancet 2020; 395(10223):497–506. 
doi:10.1016/S0140-6736(20)30183-5

 12. Maatman TK, Jalali F, Feizpour C, et al. Routine venous thromboembo-
lism prophylaxis may be inadequate in the hypercoagulable state of 
severe coronavirus disease 2019. Crit Care Med 2020 May 27; 10.1097/
CCM.0000000000004466. doi:10.1097/CCM.0000000000004466 

 13. Zhang Y, Xiao M, Zhang S, et al. Coagulopathy and antiphospholipid 
antibodies in patients with COVID-19. N Engl J Med 2020; 382(17):e38.  
doi:10.1056/NEJMc2007575

 14. Helms J, Tacquard D, Severac F, et al. High risk of thrombosis in patients 
in severe SARS-CoV-2 infection: a multicenter prospective cohort study. 
Intensive Care Med 2020; 46(6):1089–1098. doi:10.1007/s00134-020-06062-x 

 15. Fox SE, Akmatbekov A, Harbert JL, Li G, Brown JQ, Vander Heide RS. 
Pulmonary and cardiac pathology in COVID-19: the fi rst autopsy series from 
New Orleans. MedRxiv 2020; April 10. doi:10.1101/2020.04.06.20050575

 16. Lax SF, Skok K, Zechner P, et al. Pulmonary arterial thrombosis in COVID-19 
with fatal outcome: results from a prospective, single-center, clinicopatholog-
ic case series. Ann Intern Med 2020 May 14:M20-2566. doi: 10.7326/M20-2566

 17. Zhang T, Sun LX, Feng RE. Comparison of clinical and pathological features 
between severe acute respiratory syndrome and coronavirus disease 
2019. Zhonghua Jie He He Hu Xi Za Zhi 2020; 43(6):496–502.  Chinese. 
doi:10.3760/cma.j.cn112147-20200311-00312

 18. Levi M, Scully M. How I treat disseminated intravascular coagulation. Blood 
2018; 131(8):845–854. doi:10.1182/blood-2017-10-804096

 19. Engelmann B, Massberg S. Thrombosis as an intravascular effector of in-
nate immunity. Nat Rev Immunol 2013; 13(1):34–45. doi:10.1038/nri3345

 20. Glas GJ, Van Der Sluijs KF, Schultz MJ, Hofstra JJ, Van Der Poll T, Levi M. 
Bronchoalveolar hemostasis in lung injury and acute respiratory distress 
syndrome. J Thromb Haemost 2013; 11(1):17–25. doi:10.1111/jth.12047

 21. Pang RT, Poon CT, Chan KC, et al. Serum proteomic fi ngerprints of adult 
patients with severe acute respiratory syndrome. Clin Chem 2006; 52(3):421-
429. doi:10.1373/clinchem.2005.061689

 22. Gralinski LE, Sheahan TP, Morrison TE, et al. Complement activation 
contributes to severe acute respiratory syndrome coronavirus pathogenesis. 
mBio 2018; 9(5). doi:10.1128/mBio.01753-18

 23. Jiang Y, Zhao G, Song N, et al. Blockade of the C5a-C5aR axis alleviates 
lung damage in hDPP4-transgenic mice infected with MERS-CoV. Emerg 
Microbes Infect 2018; 7(1):77. doi:10.1038/s41426-018-0063-8

 24. Campbell CM, Kahwash R. Will complement inhibition be the new target 
in treating COVID-19 related systemic thrombosis? Circulation 2020; 
141(22):1739–1741.  doi:10.1161/CIRCULATIONAHA.120.047419 

 25. Kuba K, Imai Y, Rao S, et al. A crucial role of angiotensin converting 
enzyme 2 (ACE2) in SARS coronavirus-induced lung injury. Nat Med 2005; 
11(8):875–879. doi:10.1038/nm1267

 26. Zhang H, Penninger JM, Li Y, Zhong N, Slutsky A. Angiotensin-converting 
enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular mechanisms and 
potential therapeutic target. Intensive Care Med 2020; 46(4):586–590. 
doi:10.1007/s00134-020-05985-9

 27. Giannakopoulos B, Krilis SA. The pathogenesis of the antiphospholipid syn-
drome. N Engl J Med 2013; 368(11):1033–1044. doi:10.1056/NEJMra1112830

 28. Shatzel JJ, DeLoughery EP, Lorenz CU, et al. The contact activation system as 
a potential therapeutic target in patients with COVID-19. Res Pract Thromb 
Haemost 2020; 4(4):500–505. doi:10.1002/rth2.12349

 29. Hutt Centeno E, Militello M, Gomes MP. Anti-Xa assays: what is their role 
today in antithrombotic therapy? Cleve Clin J Med 2019; 86(6):417–425. 
doi:10.3949/ccjm.86a.18029

 30. Ranucci M, Ballotta A, Di Dedda U, et al. The procoagulant pattern of 
patients with COVID-19 acute respiratory distress syndrome. J Thromb 
Haemost 2020 Apr 17. doi:10.1111/jth.14854

 31. Thachil J, Tang N, Gando S, et al. ISTH interim guidance on recognition 
and management of coagulopathy in COVID-19. J Thromb Haemost 2020; 
18(5):1023–1026. doi:0.1111/jth.14810 

 32. National Institutes of Health. Antithrombotic therapy in patients with 
COVID-19. Accessed July 10, 2020. https://www.covid19treatmentguidelines.
nih.gov/antithrombotic-therapy/

 33. Moores LK, Tritschler T, Brosnahan S, et al. Prevention, diagnosis, and treat-
ment of VTE in patients with COVID-19. Chest guideline and expert panel 
report. Chest 2020 Jun 2. doi:10.1016/j.chest.2020.05.559

 34. Pedraza García J, Valle Alonso J, Ceballos García P, Rico Rodríguez F, 
Aguayo López MÁ, Muñoz-Villanueva MDC. Comparison of the accuracy 
of emergency department-performed point-of-care-ultrasound (POCUS) in 
the diagnosis of lower-extremity deep vein thrombosis. J Emerg Med 2018; 
54(5):656–664. doi:10.1016/j.jemermed.2017.12.020

 35. Girardi G, Redecha P, Salmon JE. Heparin prevents antiphospholipid 
antibody-induced fetal loss by inhibiting complement activation. Nat Med 
2004; 10(11):1222–1226. doi:10.1038/nm1121

 36. Poterucha TJ, Libby P, Goldhaber SZ. More than an anticoagulant: do 
heparins have direct anti-infl ammatory effects? Thromb Haemost 2017; 
117(3):437–444. doi:10.1160/TH16-08-0620

 37. Lang J, Yang N, Deng J, et al. Inhibition of SARS pseudovirus cell entry 
by lactoferrin binding to heparan sulfate proteoglycans. PLoS One 2011; 
6(8):e23710. doi:10.1371/journal.pone.0023710

 38. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant treatment is asso-
ciated with decreased mortality in severe coronavirus disease 2019 patients 
with coagulopathy. J Thromb Haemost 2020; Mar 27. doi:10.1111/jth.14817

 39. Paranjpe I, Fuster V, Lala A, et al. Association of treatment dose anticoagulation 
with in-hospital survival among hospitalized patients with COVID-19. J Am Coll 
Cardiol 2020 May 5; S0735-1097(20)35218-9. doi: 10.1016/j.jacc.2020.05.001

 40. Wang J, Hajizadeh N, Moore EE, et al. Tissue plasminogen activator (tPA) 
treatment for COVID-19 associated acute respiratory distress syndrome 
(ARDS): a case series. J Thromb Haemost 2020; Apr 8; 10.1111/jth.14828. 
doi:10.1111/jth.14828

 41. American Society of Hematology. COVID-19 resources. COVID-19 and 
coagulopathy: frequently asked questions. https://www.hematology.org/
covid-19/covid-19-and-coagulopathy. Accessed June 18, 2020.

 42. Palareti G, Cosmi B, Legnani C, et al; DULCIS (D-dimer and ULtrasonog-
raphy in Combination Italian Study) Investigators. D-dimer to guide 
the duration of anticoagulation in patients with venous thromboem-
bolism: a management study. Blood 2014; 124(2):196–203. doi:10.1182/
blood-2014-01-548065

 43. Cohen AT, Harrington RA, Goldhaber SZ, et al; APEX Investigators. Ex-
tended thromboprophylaxis with betrixaban in acutely ill medical patients. 
N Engl J Med 2016; 375(6):534 –544. doi:10.1056/NEJMoa1601747

Address: John R. Bartholomew, MD, Cardiovascular Medicine, ST20, Cleve-
land Clinic, 9500 Euclid Avenue, Cleveland, OH 44195; barthoj@ccf.org



Ruchi Yadav, MD
Departments of Diagnostic Radiology and 
Nuclear Medicine, Imaging Institute, Cleveland 
Clinic; Clinical Assistant Professor, Cleveland 
Clinic Lerner College of Medicine of Case 
Western Reserve University, Cleveland, OH

Thoracic imaging in COVID-19

CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 8  AUGUST 2020 469

COVID-19 CURBSIDE CONSULTS

doi:10.3949/ccjm.87a.ccc032

ABSTRACT
The typical fi ndings of COVID-19 on chest radiography 
and computed tomography (CT) include bilateral, multifo-
cal parenchymal opacities (ground-glass opacities with 
or without consolidation, and “crazy paving”). In most 
cases, the opacities are predominantly in the peripheral 
and lower lung zones, and several have rounded mor-
phology. However, these imaging fi ndings are not pathog-
nomonic for COVID-19 pneumonia and can be seen in other 
viral and bacterial infections, as well as with noninfectious 
causes such as drug toxicity and connective tissue disease. 
Most radiology professional organizations and societies 
recommend against routine screening CT to diagnose or 
exclude COVID-19.

KEY POINTS
Chest radiography is considered an appropriate initial im-
aging diagnostic test for most patients with lower respi-
ratory tract infection, including those suspected of having 
COVID-19. However, it is neither sensitive nor specifi c.

CT features of COVID-19 pneumonia are not pathogno-
monic. Hence, when making the diagnosis, CT fi ndings 
must be integrated with the clinical presentation, expo-
sure history, prevalence of COVID-19 in the community, 
and personal risk factors.

A normal result on chest CT cannot exclude the diagnosis 
of COVID-19, especially early after the onset of symp-
toms.

Professional societies have issued guidelines on imaging 
in COVID-19, and the fi eld continues to evolve. 
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T he lungs are the most common site of in-
fection in COVID-19, and progression to 

respiratory failure is the most common cause 
of death. In this brief summary we describe the 
role of thoracic imaging in COVID-19.

 ■ CHEST RADIOGRAPHY IN COVID-19

Chest radiography is considered an appropri-
ate initial imaging diagnostic test for most pa-
tients with lower respiratory tract infection, in-
cluding those suspected of having COVID-19. 
The radiographic abnormalities in COVID-19 
mirror those on computed tomography (CT), 
demonstrating bilateral, peripheral, and mid-
lower-lung-zone-predominant consolidation 
(Figure 1).1 However, in patients who have a 
high pretest probability of COVID-19, atypi-
cal fi ndings such as diffuse interstitial changes 
or unilateral focal consolidation (Figure 2) 
should not dissuade the radiologist from sus-
pecting an infection, including COVID-19, as 
a possible diagnosis. 
 In patients with progressive disease, the 
density and extent of parenchymal changes 
typically increase over time (Figure 3). The 
severity of chest radiographic fi ndings peaks 
10 to 12 days after the onset of symptoms.1

 Unfortunately, most bacterial pneumonias 
also present as consolidation, and it is diffi cult 
to distinguish them from viral infections on 
chest radiography. The subtleties of rounded 
morphology and “crazy paving” associated 
with COVID-19 can only be appreciated on 
CT and not on plain chest radiographs. Cavi-
tation within an airspace consolidation likely 
suggests a superadded infection.
 Moreover, chest radiography has a high 
false-negative rate, especially in the early stage 
of infection, and should not be used as a screen-
ing tool to rule out COVID-19. In fact, base-
line radiography has a lower sensitivity (69%) 



470 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 87  • NUMBER 8  AUGUST 2020

THORACIC IMAGING

than initial reverse transcriptase polymerase 
chain reaction (RT-PCR) testing (91%).1

 ■ RADIOGRAPHY ‘THROUGH GLASS’
TO AVOID SPREADING THE VIRUS

During the pandemic, our hospital (as well as 
many others in the United States) has employed a 
method of obtaining portable radiographs in cas-
es of confi rmed or suspected COVID-19 through 
the glass wall of the patient’s room in the inten-
sive care unit and in the emergency department. 

With some minor technical modifi cations, the 
chest radiographs taken “through glass” are com-
parable to those obtained by the standard method 
(Figure 4). This technique has the potential to 
reduce the consumption of personal protective 
equipment by radiology technicians and to re-
duce the risk of machine contamination.2

 ■ COMPUTED TOMOGRAPHY IN COVID-19

Features of COVID-19 pneumonia on CT are 
not pathognomonic and are similar to those 

Figure 1. Portable chest radiographs of a patients with COVID-19 demonstrating classic bilateral, 
multifocal peripheral airspace opacities in the mid-lower-lung zones.

Figure 2. Portable chest radiographs of patients with COVID-19 demonstrating atypical features of diffuse 
bilateral interstitial changes (A) and unilateral consolidation (B).
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of pneumonia caused by other coronaviruses 
such as SARS and MERS, as well as other 
bacterial and viral infections, most notably in-
fl uenza pneumonia. Moreover, noninfectious 
etiologies such as drug toxicities and connec-
tive tissue disease may produce similar imag-
ing fi ndings. Hence, integration of the clinical 
presentation, exposure history, prevalence of 
COVID-19 in the community, and personal 
risk factors are of paramount importance in 
suspecting and making the diagnosis.
 The most characteristic CT fi ndings of 
COVID-19 pneumonia are ground-glass opac-
ities with or without consolidation and super-
imposed interlobular septal thickening (crazy-
paving appearance). A reverse halo (central 

ground-glass opacities with an interrupted 
peripheral rim of consolidation) has also been 
described, especially in the later stages of the 
disease. These lung opacities are frequently 
bilateral, multilobar, posterior, peripheral, and 
basilar in distribution and often rounded in 
morphology (Figure 5).3–9

 Over time, the ground-glass opacities may 
worsen, with progressive consolidation and 
more lobes involved. The severity of the CT 
fi ndings peaks 10 to 12 days after the onset of 
symptoms.5 A subset of hospitalized patients 
with COVID-19 (16.1% in one series) de-
velop extensive lung disease with acute respi-
ratory distress syndrome (ARDS).10 Table 1 
summarizes the CT fi ndings in the different 

Figure 3. Serial chest radiographs in a 53-year-old 
woman with COVID-19 demonstrate peripheral 
opacities on the day of onset of symptoms (A) with 
rapid worsening by day 3 (B). The patient was subse-
quently intubated, with the peak severity of paren-
chymal fi ndings on day 11 (C).
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stages of COVID-19, including recovery (Fig-
ure 6).5,11–14 

 Gattinoni et al15 describe 2 different phe-
notypes in patients with COVID-19: type L, 
characterized by low elastance, low ventila-
tion-to-perfusion ratio, low lung weight, low 
recruitability, and CT fi ndings of subpleural 
opacities; and type H, characterized by high 
elastance, high ventilation-to-perfusion ratio, 
high lung weight, high recruitability, and CT 
fi ndings of ARDS. Understanding the differ-
ent pathophysiology is crucial for appropriate 
patient management.
 Thrombotic complications (pulmonary 
embolism, deep vein thrombosis, ischemic 
cerebrovascular accident, and myocardial in-
farction) have emerged as important sequelae 
that contribute to morbidity and mortality in 
COVID-19 patients. There is an increased 
incidence of pulmonary embolism in patients 
with confi rmed COVID-19 disease (Figure 7), 
with rates ranging from 23% to 37% in the re-
cent literature.16–18 One of the studies19 showed 
that body mass index greater than 30 kg/m2, 
increase in D-dimer greater than 6 μg/mL, and 
history of hypertension or prior pulmonary em-
bolism were associated with increased risk of 
pulmonary embolism in COVID-19.
 Twenty percent of COVID-19 patients 
may have coexistent infections complicat-
ing the characterization of imaging observa-
tions.20 Hence, the radiologist has to deter-
mine whether or not these fi ndings are part of 
the same process or are unrelated.20

 As with most other viral pneumonias, fea-
tures not typically seen in COVID-19 include 

pleural effusion, lymphadenopathy, cavita-
tion, and small discreet nodules (including 
centrilobular or tree-in-bud opacities).21,22

 ■ THE RADIOLOGICAL SOCIETY OF NORTH 
AMERICA CONSENSUS STATEMENT

The Radiological Society of North America 
(RSNA) published a consensus statement in 
March 2020 on standardized reporting of CT 
fi ndings related to COVID-19. It had several 
goals, including to reduce uncertainty and 
variability in reporting fi ndings potentially at-
tributable to COVID-19, and to enhance the 
referring providers’ understanding of common 
radiographic fi ndings.23

 Typical features, according to the RSNA 
report, are lower-lobe-predominant, periph-
eral-predominant, multiple, bilateral foci of 
rounded ground-glass opacities with or with-
out crazy paving, peripheral consolidation, 
and a reverse halo perilobular pattern (seen 
later in the disease).
 Indeterminate features are absence of 
typical features and the presence of multifo-
cal, diffuse, perihilar, or unilateral ground-
glass opacities with or without consolidation, 
lacking a specifi c distribution and that are 
nonrounded or nonperipheral. Another: few 
very small ground-glass opacities with a non-
rounded and nonperipheral distribution.
 Atypical features are absence of typical 
or indeterminate features and the presence 
of isolated lobar or segmental consolidation 
without ground-glass opacities, discrete small 
nodules (centrilobular, tree-in-bud), lung cav-
itation, or smooth interlobular septal thicken-

Chest
radiography
is considered
an appropriate
initial
diagnostic
imaging test
for most
patients

Figure 4. (Left) Setup for obtaining chest radiographs through the glass wall of the room of a patient with 
suspected or confi rmed COVID-19. (Middle) A radiograph obtained in the conventional manner. (Right) A 
radiograph obtained through the glass.
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ing with pleural effusion.
 Caveats. The statement advises including 
cautionary language in radiographic reports. If 
typical features of COVID-19 are present, for 
example, the statement advises mentioning that 
other processes can also cause a similar imag-
ing pattern. If indeterminate features are seen, 
the statement points out that these features are 
nonspecifi c. Even if no fi ndings are present to 
indicate pneumonia, it notes that CT may be 
negative in the early stages of COVID-19.

 ■ ROLE OF CT IN COVID-19

The sensitivity of chest CT in detecting CO-
VID-19 pneumonia has been reported to be 
97%, the specifi city 25% to 56%, and the ac-
curacy 68% to 72%.9,21,24,25 CT fi ndings may 
be negative in 20% to 25% of patients early 

in the course of the disease. Hence, a normal 
chest CT scan cannot exclude the diagnosis of 
COVID-19, especially early after the onset of 
symptoms.25 CT has been reported to become 
abnormal in more than 95% of cases after 5 to 
6 days of infection.
 The available literature suggests that CT 
imaging may be helpful in early detection of 
pneumonia in patients in whom COVID-19 
is strongly suspected but who have an initial 
false-negative RT-PCR screening test.21,26,27

 ■ CURRENT RECOMMENDATIONS

Most radiology professional organizations and 
societies as well as the US Centers for Dis-
ease Control and Prevention currently rec-
ommend against performing routine screen-
ing CT to diagnose or exclude COVID-19.23,28 

Chest
radiography
has a high
false-negative 
rate, especially 
in the early 
stage
of infection

Figure 5. Typical computed tomographic features of COVID-19. Unenhanced axial im-
ages of the lungs of 4 different patients with COVID-19 demonstrate bilateral, multifocal, 
peripheral ground-glass opacities, and consolidation, most with rounded morphology. 
“Crazy paving” (ground-glass opacities with superimposed interlobular septal thickening 
and intralobular lines) is seen in (C) (white arrow).

A B

C D
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CT is commonly indicated for hospitalized, 
symptomatic patients with worsening respi-
ratory status or in patients with moderate to 
severe features of COVID-19 regardless of 
the COVID-19 test results.23,28 The societies 

also suggest that hospitals consider deploy-
ing portable radiography units in ambulatory 
care facilities for use when chest radiographs 
are considered medically necessary. The sur-
faces of these machines can be easily cleaned, 
avoiding the need to bring patients into radi-
ography rooms.

 ■ FLEISCHNER SOCIETY STATEMENT

In a multinational consensus statement, the 
Fleischner Society states that in a resource-
constrained environment (in which personal 
protective equipment or COVID-19 testing 
may not be available), imaging is indicated for 
medical triage of patients with suspected CO-
VID-19 who present with moderate to severe 
clinical features and a high pretest probability 
of the disease.28

 The report further states that imaging is 
not routinely indicated as a screening test for 
COVID-19 in patients without symptoms, nor 
for patients with mild features of COVID-19 
unless they are at risk for disease progression. 
Imaging is indicated for patients with moder-
ate to severe features of COVID-19 regardless 
of the COVID-19 test results, and for patients 
with COVID-19 and evidence of worsening 
respiratory status. In a resource-constrained 
environment where access to CT is limited, 
chest radiography may be preferred for pa-
tients with COVID-19 unless features of re-
spiratory worsening warrant the use of CT.
 Daily chest radiographs are not indicated 
in stable intubated patients with COVID-19. 
CT is indicated in patients with functional 
impairment or hypoxemia after recovery from 
COVID-19. And COVID-19 testing is indi-
cated in patients incidentally found to have 
fi ndings suggestive of COVID-19 on a CT 
scan.28

 All patients undergoing imaging should be 
masked.29 Appropriate infection-control pro-
cedures should be followed before scanning 
subsequent patients.23    

TABLE 1

Stages of COVID-19 on chest CT

Early stage (0–2 days)

Approximately 50% of patients have negative chest CT

The remaining have ground-glass opacities (44%) 
and consolidation (17%), more often unilateral

The less pulmonary consolidation identifi ed on CT, 
the greater the probability of initial negative reverse 
transcriptase polymerase chain reaction results11

Intermediate stage (3–5 days)

9% of patients have negative chest CT

88% have ground-glass opacities with or without 
crazy paving (a sign of progression or peak stage), 
and 55% have consolidation (bilateral in 76%, 
peripheral in distribution in 64% with rounded 
morphology)12

Late phase (6–12 days)

Most patients have positive CT fi ndings

Progressive consolidation, evolving linear consoli-
dation, and organizing pneumonia

Reverse-halo appearance (a sign of healing or 
evolving lesion)12

Ground-glass opacities in 88% with or without 
crazy paving

Severe phase

Massive pulmonary consolidation and “white lungs”

Recovery phase

Parenchymal abnormalities resolve with residual 
linear opacities (Figure 6)

Based on information from references 5 and 11–14.
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CORRECTION

Liposuction: Concepts, safety, and techniques
in body-contouring surgery
The article in the June 2020 issue by Wu S, 
Coombs DM, Gurunian R (Liposuction: Con-
cepts, safety, and techniques in body-con-
touring surgery. Cleve Clin J Med 2020: 87 
(6); 367–375; doi: 10.3949/ccjm.87a.19097) 
contained an omission. The article included 

photographs of 2 nude patients. The male 
patient’s genitals were covered, while the 
female patient’s were not. The photographs 
have been modifi ed accordingly in the on-
line version of the article. We apologize for 
this oversight.
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Acute dacryocystitis
A 57-year-old woman presented with swelling,

 pain, and redness over the left eye for the past 2 
days. She reported no history of trauma or fever. Exam-
ination revealed a diffuse, tender, warm swelling over 
the left medial canthus with purulent discharge at the 
inferior punctum, conjunctival injection, and swelling 
of the eyelids (Figure 1). A diagnosis of acute dacryo-
cystitis with preseptal cellulitis was made, and she was 
started on intravenous amoxicillin-clavulanic acid, 
analgesics, and topical heat application. Endoscopic 
intranasal drainage of the sac was performed. She re-
covered completely and was asymptomatic at follow-
up 2 months later.

■ ACUTE DACRYOCYSTITIS

Acute dacryocystitis is infl ammation of the lacrimal 
sac. Common implicated causative organisms are 
Staphylococcus species, beta-hemolytic streptococci, 
pneumococci, and Haemophilus infl uenzae.1 Its patho-
genesis is related to blockage of the nasolacrimal duct, 
which is either primary or secondary to trauma, infec-
tion, neoplasm, or an intranasal pathology such as de-
viated nasal septum or rhinitis.1 The obstruction results 
in stasis of secretions in the sac, leading to infection. 
 Patients present with the sudden onset of red-
ness, swelling, and pain in the medial part of the or-
bit. Extension of the swelling around the eye and 
conjunctival injection implies the development of 
preseptal cellulitis.2 Complications, more commonly 
occurring in children, include eyelid necrosis, or-
bital cellulitis, orbital abscess, and vision loss.2 Prop-
tosis, pain with moving the eye, and ophthalmo-
plegia suggest orbital cellulitis. 
 The differential diagnosis includes acute eth-
moid sinusitis, lacrimal sac or sinonasal tumor, and 
infected sebaceous cyst. Diagnosis is aided by con-
trast-enhanced computed tomography, which helps 
defi ne the extent of infection, differentiates between 
preseptal and orbital cellulitis, and detects associated 
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pathology in the sinuses and surrounding structures. 
However, imaging was not necessary in this patient 
because her clinical symptoms and signs confi rmed 
the diagnosis. 
 Treatment includes antibiotics (eg, amoxicillin, 
ciprofl oxacin, clindamycin) and drainage of the ab-
scess. The route of administration of antibiotic de-
pends on the severity of the infection, with an intrave-
nous route preferred in the presence of complications.
 Traditionally, dacryocystorhinostomy is delayed 
until after the acute phase is over. But studies have 
shown that early endoscopic dacryocystorhinostomy is 
safe and reduces the duration of cellulitis.3 
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Figure 1. Diffuse swelling of the left medial canthus 
and eyelids.
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Scurvy: Old, but still relevant

A 54-year-old woman with alcohol use 
disorder presented to the emergency 

department with a 3-week history of progres-
sively worsening fatigue, dyspnea on exertion, 
and easy bruising. She initially noticed a fi n-
gertip-size bruise on the right thigh that rap-
idly enlarged to involve both thighs, calves, 
and ankles.
 She reported poor appetite, substantial 
weight loss, and inadequate nutrition with in-

tentional avoidance of vegetables, fruits, and 
red meat for over a year. She had no history of 
causes of bruising, including use of oral antico-
agulants or antiplatelet medications.
 She appeared malnourished and frail. Her 
body weight was 94 lb. Physical examination 
revealed a cutaneous perifollicular hemor-
rhage, petechiae, and a large area of ecchy-
mosis involving the thighs, calves, and ankles 
that was notably tender to palpation (Figures 
1–3). 
 Laboratory testing results were signifi cant 
for a hemoglobin concentration of 6.2 g/dL 
(reference range 12–16), mean corpuscular vol-
ume 84.5 (81–98), serum iron 14 μg/dL (37–
145), iron saturation 5% (20%–50%), ferritin 
90 ng/mL (13–150), soluble transferrin recep-
tor–ferritin  index 1.73 (> 1.4 has more than 
90% sensitivity and specifi city for the diagnosis 
of iron defi ciency anemia), thiamine 47 nmol/L 
(70–180), 25-hydroxyvitamin D 15 ng/mL (> 
30), and vitamin C less than 0.1 mg/dL (0.4–2). 
Platelet count, coagulation studies, and vitamin 
B12 and folate levels were normal. Fecal occult 
blood testing was negative. A clinical diagnosis 
of scurvy was established based on the history 
of a severely restricted diet, low serum vitamin 
C level, and resolution of physical fi ndings after 
initiating oral vitamin C replacement. 
 High-dose oral vitamin C was admin-
istered and a vitamin C-rich diet was pre-
scribed, leading to resolution of her symp-
toms and physical fi ndings within 10 weeks. 
Iron, thiamine, and vitamin D were also sup-
plemented.

 ■ THE CHANGING FACE
OF THE SCURVY PATIENT

Scurvy, described as early as 1500 bce,1 results 
from severe dietary defi ciency of l-ascorbic acid 
(vitamin C), a cofactor that humans must ac-
quire from exogenous resources, primarily from 
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Figure 1. Perifollicular hemorrhage involving 
the anterior aspect of the lower left leg.

A patient with 
alcohol use 
disorder 
presented 
with fatigue, 
dyspnea, 
and bruising
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fruits and vegetables. It is well documented in 
the literature that sailors who spent months at 
sea could avoid scurvy by consuming a diet rich 
in vegetables and fruits.2 
 Ascorbic acid is a cofactor for lysyl hydroxy-
lase, an enzyme essential in hydroxylation of 
proline and lysine residues in the cross-link for-
mation of collagen. It is also essential for iron 
absorption. In its absence, assembly of the col-
lagen triple helix is incomplete, rendering col-
lagen-dependent structures such as blood vessels 
unstable, leading to hemorrhagic manifestations 
and poor wound healing.3
 Scurvy is now only rarely encountered in the 
United States. Risk factors include alcohol use 
disorder, malnutrition, malabsorption, cigarette 
use, and psychiatric disorders. Signs and symp-

toms tend to manifest when the body’s vitamin 
C stores drop below 300 mg. This can occur 
within as few as 1 to 3 months of absence of vi-
tamin C from the diet.4 
 Clinical manifestations of scurvy can be 
divided into an early phase, characterized by 
nonspecifi c symptoms such as fatigue, malaise, 
and loss of appetite, and a late phase, with im-
paired wound healing, gingival bleeding, lower-
extremity petechiae, and ecchymosis, along 
with symptoms secondary to tissue hemorrhage 
including bone pain and pseudoparalysis.5
 The diagnosis of scurvy is primarily based on 
the history and physical examination,6 and is 
confi rmed with undetectable vitamin C serum 
levels. Iron defi ciency anemia and multivitamin 
defi ciency often occur concurrently. Clinicians 
should have a high index of suspicion for scurvy 
in the patient with alcohol use disorder who 
presents with poor nutritional history, extensive 
bruising, and iron defi ciency anemia. 

Figure 2. Ecchymosis involving the medial
aspect of both thighs.

Figure 3. Atraumatic ecchymosis involving
the left ankle area.

Her signs and 
symptoms
resolved 
within 10
weeks 
of vitamin C
therapy
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No. Once the cardiac troponin con-
centration is higher than the 99th  

per centile (the upper reference limit), fi nd-
ing the peak value (before levels start to de-
scend) does not help diagnose the cause of 
the elevation. Although the peak level has 
prognostic signifi cance, continuing to follow 
the level after the initial set of measurements 
adds cost to the evaluation without provid-
ing further insight into cause, and any prog-
nostic information gained would not change 
the subsequent evaluation or management, 
which should be driven by guidelines.1 

See related editorial, page 483

 ■ DEFINITIONS

Standard practice in evaluating for possible 
acute coronary syndrome includes following 
serial cardiac troponin levels. 
 The Fourth Universal Defi nition of Acute 
Myocardial Infarction calls cardiac troponin 
levels above the 99th percentile myocardial in-
jury, which is considered acute if the level ris-
es or falls (or both).2 Acute myocardial infarc-
tion requires acute myocardial injury plus signs 
or symptoms of acute myocardial ischemia or 
other fi ndings. There are 5 types of myocar-
dial infarction; here, we are mainly concerned 
with type 1 (caused by acute coronary occlu-
sion) and type 2 (caused by an acute imbal-
ance of oxygen supply and demand).

 ■ DISTINGUISHING THE CAUSE 
OF TROPONIN ELEVATION

In the workup of acute coronary syndrome, car-
diac troponin levels may be elevated, but keep 
in mind that they can be elevated in many con-
ditions other than type 1 myocardial infarction. 

Type 1 vs type 2 myocardial infarction
Distinguishing type 1 from type 2 acute myo-
cardial infarction is important but challenging. 
No clinical criteria exist to reliably tell them 
apart,3 and unfortunately, cardiac troponin 
levels (whether initial, peak, or the trend over 
time) cannot help to do so either.4 The delta 
value (ie, the change in cardiac troponin level 
in a defi ned time period) has been studied for 
this purpose; although the absolute change is 
more refl ective of the different types of myocar-
dial infarction than the percent change, nei-
ther can reliably distinguish between them.4,5 

Other causes of troponin elevation
Cardiac troponin levels can be elevated in 
other conditions that commonly arise in medi-
cally complex patients, eg, sepsis, acute stroke, 
respiratory failure, hypertensive crisis, or with 
some chemotherapy regimens.6 In some dis-
eases, such as heart failure and chronic kidney 
disease, levels may be persistently elevated. 
Hence, trying to fi nd a peak value in a patient 
with persistently elevated levels may be futile 
and is an inappropriate use of this biomarker.

 ■ DOES TROPONIN PREDICT
ADVERSE EVENTS? 

The degree of cardiac troponin elevation in 
myocardial infarction can indicate the extent 
of myocardial damage and help predict ad-
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verse events.7,8 Treatment decisions, however, 
should not be based on degree of elevation 
alone. Rather, patients should be managed 
with guideline-directed medical therapies, 
procedures, and education,1 regardless of the 
degree of troponin elevation. 
 All patients who are diagnosed with acute 
coronary syndrome with elevated cardiac tro-
ponin should undergo echocardiography, which 
provides prognostic information similar to that 
of the peak troponin value, obviating the need 
to follow troponin levels until they peak.9 
 After acute coronary syndrome is diag-
nosed, and especially if confi rmed with angi-
ography, further troponin testing may confuse 
the clinical picture. Studies have found that 
although cardiac troponin levels rise after 
angiography or percutaneous coronary inter-
vention, the increase is not associated with 
adverse events.10

 ■ IF SYMPTOMS RECUR

Cardiac troponin levels are often elevated in 
hospitalized patients experiencing recurrent 
symptoms after a myocardial infarction.11 In 
this situation, the patient should be managed 
on the basis of ischemic symptoms, echocar-
diographic changes, and hemodynamic status 
rather than on the elevated troponin alone. 
Troponin rises with reinfarction, but for the 
initial evaluation, monitoring levels to a peak 
will not lead to differences in management, 
rendering it unnecessary in this context.

 ■ TESTING INCREASES COSTS 

Chest pain is one of the most common pre-
sentations in the emergency department, and 

costs run high for its evaluation.12 After the 
fi rst set of cardiac troponin levels has been ob-
tained, additional measurements (including 
prolonged monitoring until a peak occurs) do 
not add useful or reliable information to the 
workup or change the treatment plan. Exces-
sive troponin testing also leads to unneces-
sary cost, increased length of stay, and further 
blood draws.13

 Addressing the issue of inappropriate tro-
ponin monitoring will help reduce unneces-
sary resource utilization at both the individual 
provider and systems levels. Love et al,14 in a 
study analyzing electronic medical record re-
quests over 2 months, found that providers 
overrode a best practice alert (that recom-
mended not conducting unwarranted cardiac 
troponin testing) 97% of the time. Further ed-
ucation and collaboration between emergency 
medicine and laboratory medicine physicians 
and clinical chemists is recommended to help 
limit overuse and misinterpretation of cardiac 
troponin testing.15 

 ■ NEW TESTS DO NOT CHANGE
THE MESSAGE

New troponin assays are becoming more sen-
sitive; in practice this means that elevated 
values will likely be detected much sooner. 
Although these assays are sometimes called 
“high-sensitivity,” their characteristics vary, 
and what high sensitivity means is not clearly 
defi ned in current guidelines.
 The potential for overtesting remains if 
providers continue to follow cardiac troponin 
levels after the rising or falling pattern has be-
come apparent, particularly when a diagnosis 
has already been made. 

After acute
coronary
syndrome
is diagnosed, 
further testing 
may confuse 
the clinical 
picture
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Cardiac troponin testing:
Goodbye, ‘troponinemia’ 
T he way we stratify risk for patients 

with chest pain suspected to arise from an 
acute coronary syndrome has rapidly evolved, 
thanks to higher cardiac troponin assay pre-
cision and sensitivity.1,2 Because fewer than 
10% of patients in whom acute coronary syn-
drome is suspected actually have a myocardial 
infarction,3 algorithms using high-sensitivity 
assays have the potential to improve triage 
and reduce the costs associated with unneces-
sary hospital admissions and longer emergen-
cy department observation. The 2019 Fourth 
Universal Defi nition of Myocardial Infarction 
recommends using high-sensitivity cardiac 
troponin assays and has proposed criteria for 
further classifying patients with myocardial 
injury vs infarction.4

See related article, page 480

 In this issue, Anderson and colleagues5 
advocate against continuing to measure serial 
cardiac troponin levels after the diagnosis of 
acute coronary syndrome is established. Doing 
so lacks clinical utility and results in signifi -
cant waste without improving patient care. 
We wholeheartedly agree with their plea.
 The COMPASS-MI project (Calculation 
of Myocardial Infarction Risk Probabilities to 
Manage Patients With Suspicion of Myocar-
dial Infarction)6 examined cardiovascular risk 
assessment based on cardiac troponin concen-
tration, change in troponin level, and timing 
of resampling. Patients deemed to be at high 
risk based on their troponin level and absolute 
change during serial sampling had a signifi -
cantly higher incidence of myocardial infarc-
tion and death. Of note, this determination 

was made using a 2-sample strategy, with the 
second sample obtained either early (45–120 
minutes) or late (> 120–210 minutes) after 
the baseline sample. 

 ■ THREE CLINICAL BUCKETS

Measuring cardiac troponin twice (at baseline 
and then either 1 hour or 3 hours later, using 
a high-sensitivity assay) enables clinicians to 
place most patients with chest pain into 1 of 3 
clinical “buckets.” 
 Not acute coronary syndrome. Most pa-
tients fall into this category, having normal 
troponin levels, no increase in troponin level, 
and no other criteria for acute coronary syn-
drome. With the diagnosis ruled out, they can 
be safely discharged from the emergency de-
partment with minimal risk of acute ischemic 
complications or death. However, it is critical 
that other life-threatening causes of chest pain 
such as acute aortic dissection, pulmonary em-
bolism, and pneumothorax be considered be-
fore this determination is made. 
 Defi nite acute coronary syndrome. At 
the other extreme, a minority of patients 
present with either established ST-elevation 
myocardial infarction on electrocardiography 
or marked elevations in troponin, which rules 
them in for signifi cant acute myocardial in-
jury. The higher the troponin level, the more 
likely ischemia or myocarditis is the cause of 
the chest pain, and admission would be war-
ranted regardless of underlying mechanism. 
 Possible acute coronary syndrome. The 
challenge for a clinician is when troponin 
levels are in the intermediate range and the 
cause and nature of the elevation are uncer-
tain. In particular, is the cause type 1 myocar-
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dial infarction (due to arterial occlusion), or 
is it type 2 (due to supply-demand mismatch), 
and is it an acute or a chronic injury? And the 
optimal strategy for further evaluation is not 
well defi ned. 
 Sometimes trivialized with the terms “tro-
poninemia” or “troponinitis,” troponin eleva-
tion that is not obviously associated with a 
diagnosis should not be dismissed as clinically 
irrelevant. To establish a diagnosis and deter-
mine further care, the clinical presentation 
and troponin fi ndings must be integrated, and 
a judgment on the mechanism of myocardial 
injury must be made. However, further se-
rial troponin testing is unlikely to benefi t this 
group. 
 The High-STEACS trial (High-Sensi-
tivity Troponin in the Evaluation of Patients 
With Suspected Acute Coronary Syndrome)7 
assessed whether implementing high-sensitiv-
ity cardiac troponin testing and the recom-
mendations of the Universal Defi nition of 
Myocardial Infarction led to changes in inves-
tigation, treatment, and outcomes in patients 
stratifi ed according to the proposed diagnostic 

classifi cation. The strategy led to increases in 
the diagnosis of type 1 myocardial infarction, 
type 2 myocardial infarction, and acute and 
chronic myocardial injury. Unfortunately, 
although the strategy “identifi ed patients at 
high risk of cardiovascular and noncardio-
vascular events [it was] not associated with 
consistent increases in treatment or improved 
outcomes.”7 The investigators concluded by 
calling for trials of secondary prevention to 
determine whether this risk is modifi able in 
patients without type 1 myocardial infarction.   
 In conclusion, a 2-sample algorithm for 
high-sensitivity cardiac troponin testing is a 
powerful and rapidly evolving tool for deter-
mining risk of future cardiovascular events and 
all-cause mortality. It has introduced an impor-
tant shift not only in understanding the degree 
and trend of troponin elevation, but also in 
acknowledging that any elevation is prognosti-
cally important regardless of the etiology. Dis-
missing troponin elevations as “troponinemia” 
no longer appears to be a viable strategy, and 
appropriate attention is needed to best assess 
cardiovascular and noncardiovascular risk. ■

Dismissing 
elevations as 
‘troponinemia’ 
is no longer a 
viable strategy
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Rhinosinusitis
and the role of imaging
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A 31-year-old woman  presents to the out-
patient clinic for evaluation of 2 weeks of 

nasal congestion and drainage, headache, and 
facial pressure. Her symptoms were mild at on-
set and seemed to improve over a few days, but 
then again worsened, and she has developed 
purulent nasal discharge. She is a smoker.
 On clinical examination, she is afebrile, 
with mucosal edema and turbinate hypertro-
phy seen on anterior rhinoscopy. Based on her 
clinical presentation, she is suspected to have 
acute bacterial rhinosinusitis. Is imaging nec-
essary to confi rm this diagnosis?

 ■ RHINOSINUSITIS: AN OVERVIEW

Rhinosinusitis, the symptomatic infl ammation 
of the nasal cavity and sinuses,1 can be divided 
into rhinitis and sinusitis, yet the two terms 
are often combined because the nasal mucosa 
and sinus mucosa are often infl amed synchro-
nously.2 It is one of the most commonly treated 
conditions in ambulatory care, but the presen-
tation is often similar to that of other upper re-
spiratory tract infections, and accurate diagno-
sis is diffi cult.3 Symptoms commonly include 
nasal drainage, nasal obstruction, and facial 
pain or pressure. Other symptoms can include 
fever, headache, cough, ear pain or pressure, 
and anosmia.4 
 The diagnosis is generally based on symp-
toms and their duration.1 Acute rhinosinusitis 
is defi ned as up to 4 weeks of purulent nasal 
drainage accompanied by “nasal obstruction, 
facial pain-pressure-fullness, or both.”1 In most 
cases, symptoms resolve in 7 to 10 days. Rhino-
sinusitis is subacute if symptoms persist beyond 
4 weeks and less than 12 weeks, and chronic 
when symptoms last more than 12 weeks with 
objective evidence of mucosal infl ammation 
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visualized endoscopically or radiographically. 
Chronic rhinosinusitis may present with or 
without nasal polyps.1

 Recurrent rhinosinusitis is defi ned as 4 or 
more episodes of acute rhinosinusitis per year 
with no symptoms between episodes.1

 ■ INFECTIOUS VS NONINFECTIOUS

Rhinosinusitis can be infectious or noninfec-
tious. Infectious rhinosinusitis is classifi ed as 
viral, bacterial, or fungal (Table 1).

Viral rhinosinusitis
Viral infection is the most common cause of 
rhinosinusitis and is diagnosed clinically when 
symptoms are present for less than 10 days and 
do not worsen.3

Bacterial rhinosinusitis
Bacterial infections are estimated to account 
for only 0.5% to 2% of rhinosinusitis cases. 
The gold standard for the diagnosis of bacte-
rial sinusitis is a bacterial culture of the pa-
ranasal sinus cavity obtained by direct sinus 
aspiration.5 
 Bacterial infection is suspected when 
symptoms are present for longer than 10 days 
without signs of clinical improvement, follow 
a biphasic pattern and initially improve but 
worsen after 5 to 6 days (referred to as “double 
sickening”), or are severe and include fever 
with temperature higher than 39°C (102°F),3 
purulent nasal discharge, or facial pain lasting 

more than 3 to 4 days.5,6

 No single symptom is diagnostic of bacte-
rial rhinosinusitis. It is estimated that purulent 
nasal secretions carry a sensitivity of 0.77 and 
a specifi city of 0.54, double sickening a sensi-
tivity of 0.74 and specifi city of 0.41, and nasal 
congestion or obstruction a sensitivity of 0.83 
and specifi city of 0.24.7 In patients with all 3 
symptoms of nasal discharge, nasal obstruc-
tion, and facial pain persisting longer than 10 
days, only 40% to 50% have true bacterial si-
nusitis.8 
 C-reactive protein testing has been used 
in addition to signs and symptoms to increase 
the accuracy of predicting acute bacterial si-
nusitis, but this has yet to be prospectively 
validated.7 

Fungal rhinosinusitis
Fungal rhinosinusitis refers to a wide variety of 
conditions that can present acutely in severely 
immunocompromised patients, or chronically 
in patients with mild immunosuppressive 
states such as diabetes mellitus or chronic 
corticosteroid use.9 It is categorized as acute 
(less than 4 weeks) or chronic (greater than 4 
weeks), and as noninvasive or invasive. 
 Noninvasive fungal infection includes 
fungal colonization, fungus ball, and allergic 
fungal rhinosinusitis.10 Invasive fungal infec-
tions spread beyond the sinuses to involve 
bone, organs, or other structures.11 
 Infection needs to be distinguished from 

Rhinosinusitis
is generally
a clinical
diagnosis

TABLE 1

Rhinosinusitis: Types and features

Clinical features Acute vs chronic Complications

Viral Symptoms improve
Duration < 10 days

Bacterial Symptoms persist > 10 days
“Double sickening”: symptoms
    improve, then worsen
High fever, then worsening symptoms

Acute: < 4 weeks
Subacute: 4–12 weeks
Chronic: > 12 weeks
Recurrent: 4 or more episodes

Uncomplicated: contained in nasal 
  cavity and sinuses 
Complicated: spread to orbit, nervous
  system, surrounding structures

Fungal Seen in immunosuppression, chronic 
steroid use, diabetes mellitus

Acute: < 4 weeks
Chronic: > 4 weeks

Noninvasive: contained within
  sinuses
Invasive: spread beyond sinuses

Allergic Predominance of sneezing, rhinorrhea, 
nasal congestion and itching

Chronic rhinosinusitis
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fungal colonization, encountered in patients 
with anatomic abnormalities such as nasal 
polyps.9 Fungal infections are also thought to 
have a role in the development of chronic rhi-
nosinusitis.10

Noninfectious rhinosinusitis
Allergic rhinitis—an immune-mediated in-
fl ammatory response of the nasal mucous 
membranes after inhalation of allergens—
may be seasonal, perennial, or episodic based 
on the exposure pattern to the triggering al-
lergen.12 It is distinguished from infectious rhi-
nosinusitis by the presence and predominance 
of sneezing, rhinorrhea, nasal congestion, and 
nasal itching. It is estimated to cause 30% of 
cases of acute maxillary rhinosinusitis.2 
 In allergic rhinosinusitis, purulent nasal 
drainage is not typically present, and patients 
do not have facial pain or pressure.13

 Migraine headache may also be associated 
with symptoms of rhinosinusitis, including 
sinus pressure, sinus pain, nasal congestion, 
runny nose, watery eyes, and itchy nose. In 
one study, 88% of patients self-diagnosed or 
physician-diagnosed with sinus headaches also 
fulfi lled the International Headache Society 
criteria for migraine with or without aura.14

Complications of infectious rhinosinusitis
When rhinosinusitis spreads beyond the nasal 
cavity and sinuses to involve the orbit, ner-
vous system, or other surrounding structures,15  
complications can include preseptal or orbital 
cellulitis, abscess formation, meningitis, cav-
ernous sinus thrombosis, and osteomyelitis. 
Although complications are uncommon, oc-
curring in only 1 in 1,000 cases,3 they can be 
life-threatening.16 
 Ocular involvement should be suspected 
when patients present with ocular pain, eye-
lid swelling, pain with eye movements, visual 
changes, or displacement of the globe.17 
 Signs of central nervous system involve-
ment, such as meningitis or intracranial ab-
scess, include altered mental status, headache, 
nausea, vomiting, and fever.15 Involvement of 
the cavernous sinus should be suspected when 
palsy of cranial nerve III (oculomotor), IV 
(trochlear), or VI (abducens) is noted.17 
 Patients who present with these symptoms 
should be promptly evaluated for complicated 
infections.15

 ■ MANAGEMENT: GENERAL APPROACHES

When patients present with symptoms of 
acute rhinosinusitis believed to be uncompli-
cated based on review of history, observation 
is recommended for a period of 7 to 10 days,1,5 
with symptomatic treatment including anal-
gesics, intranasal glucocorticoids, intranasal 
saline irrigation, decongestants, and antihis-
tamines.1,3,5 Analgesics including acetamino-
phen and nonsteroidal anti-infl ammatory 
drugs are useful for relief of pain and fever.3 
Intranasal corticosteroids are useful for reduc-
ing infl ammation of nasal mucosa, thereby fa-
cilitating sinus drainage.1,5 

Glucocorticoids
A 2013 Cochrane review found that patients 
who received intranasal glucocorticoids were 
more likely to experience symptomatic im-
provement compared with placebo, and high-
er doses brought more symptom relief.18

Nasal irrigation
Nasal saline irrigation has been shown to im-
prove mucociliary clearance, but evidence 
of  effectiveness is limited. One randomized 
controlled trial found that daily use of hyper-
tonic nasal saline irrigation decreased nasal 
symptoms, but another study found no dif-
ference when no symptomatic treatment was 
compared with a combination of nasal saline 
irrigation, topical decongestants, and intrana-
sal steroids.1,3 

Decongestants
Decongestants, including oral and topical 
forms, are also options for symptom relief in 
rhinosinusitis. However, oral decongestants 
are not recommended due to a lack of clinical 
trials that have studied their effectiveness in 
acute sinusitis.3,5 
 Xylometazoline nasal spray, a topical de-
congestant, was shown in 2 small studies to be 
effective at reducing congestion of sinus and 
nasal mucosa on imaging studies.3 
 Decongestants should be used with cau-
tion and for no longer than 3 to 5 consecutive 
days to prevent the development of rebound 
congestion.1 

Antihistamines
Antihistamines are not recommended for the 
treatment of acute rhinosinusitis, as there are 

Nasal saline
irrigation
can improve
mucociliary 
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but evidence
of effectiveness
is limited
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no studies to support their effectiveness, and 
they may worsen congestion by causing exces-
sive dryness of nasal mucosa.1

Antimicrobials
Evidence for the use of antimicrobials in acute 
bacterial sinusitis is weak due to a lack of stan-
dardization in diagnosis and duration of symp-
toms. In addition, 65% of patients thought 
to have acute bacterial rhinosinusitis treated 
with placebo improve spontaneously.5

 Prescribing antibiotics is appropriate in 
cases of persistent and worsening symptoms. 
The Infectious Diseases Society of America 
(IDSA) recommends starting with amoxicil-
lin and clavulanate when the clinical diagno-
sis of acute bacterial rhinosinusitis is made, 
and then monitoring for signs of improvement 
or worsening for 48 to 72 hours after initia-
tion of treatment.5 In contrast, the American 
Academy of Otolaryngology–Head and Neck 
Surgery suggests either antibiotics or a 7-day 
observation period (“watchful waiting”), with 
initiation of antibiotics if symptoms worsen or 
fail to improve during that time.1

 The addition of clavulanate is recom-
mended to improve the coverage of beta 
lactamase-producing Haemophilus infl uenzae 
and Moraxella catarrhalis.3,5 If patients ini-
tially treated with amoxicillin with clavula-
nate do not demonstrate improvement, it is 
recommended to change antibiotics to either 
high-dose amoxicillin plus clavulanate, doxy-
cycline, a respiratory fl uoroquinolone such as 
moxifl oxacin or levofl oxacin, or a dual treat-
ment of clindamycin plus a third-generation 
oral cephalosporin.3,5 
 Symptomatic treatments may also be pre-
scribed as adjuncts to antibiotic therapy. The 
IDSA recommends nasal saline irrigation and 
intranasal glucocorticoids for acute bacterial 
rhinosinusitis. Decongestants and antihista-
mines are not recommended.5

 In certain cases, consultation with a spe-
cialist should be sought. Patients with immu-
nocompromised states, obstructive anatomic 
defects, recurrent sinusitis, fungal sinusitis, or 
suspected neoplasm should be evaluated by a 
specialist. Patients with severe symptoms such 
as persistent fever with temperature greater 
than 39°C (102°F), altered mental status, sus-
pected ocular complications such as orbital 

cellulitis or intraorbital abscess, cavernous si-
nus thrombosis, or suspected neurologic com-
plications such as meningitis or intracranial 
abscess should be referred to a specialist.3 Oto-
laryngology referral is appropriate for patients 
who have persistent symptoms despite initial 
treatment, patients with recurrent or chronic 
sinusitis, or in patients in whom anatomic 
abnormalities are suspected.2 Referral to oph-
thalmology or neurology for suspected serious 
ocular or central nervous system involvement 
may be warranted.

 ■ IMAGING OPTIONS

Rhinosinusitis is a clinical diagnosis. Imaging 
is reserved for cases of complicated rhinosinus-
itis, recurrent sinusitis, chronic rhinosinusitis, 
and immunocompromised patients.4 Imaging 
fi ndings do not always correlate with symp-
toms. It is estimated that 3% to 40% of asymp-
tomatic patients may have sinus abnormalities 
on computed tomography (CT). Thus, imag-
ing should corroborate the presenting signs 
and symptoms.19 Indications for imaging are 
based on the classifi cation of rhinosinusitis19 
(Figure 1).

Plain radiography
Plain radiography can detect mucosal thick-
ening, air fl uid levels, opacifi cation of the si-
nuses, anatomic variants, and foreign bodies,3 
but it has poor sensitivity and specifi city for 
sinus disease and thus is not usually recom-
mended.20 

Computed tomography
CT of the sinuses has become the gold stan-
dard for sinus imaging in the case of compli-
cated sinus disease because of improved visu-
alization of sinus anatomy.4 
 Cone-beam CT, a technique that creates 
3-dimensional images of bony and soft-tissue 
structures of the face, is used primarily in den-
tal imaging to evaluate the structures of the 
face, nasal cavity, and sinuses.21 It may be use-
ful in the assessment of odontogenic sinusitis 
and maxillary sinus involvement.19

Magnetic resonance imaging
Magnetic resonance imaging (MRI) with and 
without intravenous contrast may be used to 
evaluate sinus disease, but it is not often the 
fi rst imaging test performed. 

Even with
fi ndings such as 
air fl uid levels, 
plain radiog-
raphy cannot 
distinguish viral 
from bacterial 
infection
and so is not
recommended
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 ■ IMAGING IN ACUTE UNCOMPLICATED 
VIRAL OR BACTERIAL RHINOSINUSITIS

Referring back to our case of the 31-year-old 
woman, she presented with signs and symptoms 
consistent with acute, uncomplicated, likely 
bacterial rhinosinusitis, based on the duration 

of symptoms and double sickening. Acute, un-
complicated bacterial or viral rhinosinusitis is a 
clinical diagnosis, and patients who meet diag-
nostic criteria for uncomplicated rhinosinusitis 
should not undergo imaging.4,19,22,23 
 Plain radiography in acute uncomplicated 
bacterial rhinosinusitis carries a sensitivity of 

Figure 1. Approach to imaging in rhinosinusitis.

Symptoms of rhinosinusitis

Acute rhinosinusitis (≤ 4 weeks) Chronic rhinosinusitis (≥ 12 weeks)

Rule out allergic rhinitis, migraine

Acute onset of nasal obstruction, congestion
with or without the following:

• Nasal discharge (anterior, posterior drip)
• Facial pain or pressure
• Disturbed sense of smell
• Headache

Two or more of the following:
• Nasal obstruction, congestion
• Nasal discharge
• Facial pain/pressure

• Decreased or lost sense of smell

AND

Endoscopic signs or changes
on computed tomography

• Duration < 10 days
 and improving 

• Duration > 10 days
 without improvement

• “Double sickening”:
 symptoms improve,
 then worsen after
 5–6 days

• Severe, 3-4 days
 of fever ≥ 39 °C with
 purulent discharge
 or facial pain

• Immunosuppression  

• Chronic steroid use

• Diabetes mellitus

• Periorbital edema

• Displaced eye

• Double vision

• Ophthalmoplegia

• Reduced visual acuity

• Severe headache

• Signs of meningitis

• Focal neurologic signs

Viral    Bacterial
   ?

Fungal
?

Extension to orbit
or brain?

No imaging Imaging and referral
to specialist if refractory 
to antibiotic treatment

Imaging Imaging and referral
  to specialist

Hospitalization
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Findings on CT
that suggest 
sinusitis
include
thickened
mucosa,
air fl uid levels, 
and
opacifi cation
of the sinuses

76% and a specifi city of 79%.20 But even in 
the presence of positive fi ndings such as air 
fl uid levels, plain radiography cannot distin-
guish between viral and bacterial infections 
and therefore is not recommended.3 
 In one study, CT of the nasal passages 
and sinuses performed in otherwise healthy 
patients who presented with “common cold” 
symptoms revealed a high prevalence of me-
atal and sinus fi ndings, including occlusion of 
the ethmoid infundibulum in 77% of patients, 
abnormalities of one or both maxillary sinuses 
in 87%, and ethmoid sinus abnormalities in 
65% of patients. On repeat CT 2 weeks lat-
er, these fi ndings had resolved or clearly im-
proved in 79% of patients without antibiotic 
treatment.24 Thus, CT and MRI are not useful 
in the context of uncomplicated sinusitis. In 
addition, CT exposes patients to unnecessary 
radiation.4 When complications of rhinosi-
nusitis or spread of infection are suspected, 
imaging can be considered.25

 ■ IMAGING IN ACUTE COMPLICATED VIRAL
OR BACTERIAL RHINOSINUSITIS

In patients with suspected rhinosinusitis who 
present with symptoms indicating spread of 
infection beyond the sinuses and nasal cav-
ity, imaging may be performed for diagnostic 
purposes.15

 CT without contrast enhancement is the 
gold standard of sinus imaging and often the 
fi rst test performed when complications of rhi-
nosinusitis are suspected, as it affords the best 
delineation of bone and allows for visualiza-
tion of bony integrity and erosion. Findings on 
CT suggestive of sinusitis include thickened 
mucosa (> 4 mm), air fl uid levels, and opacifi -
cation of the sinuses.25 
 MRI may be indicated when complica-
tions such as aggressive intracranial or intra-
orbital spread of infection or cavernous sinus 
thrombosis is suspected, and for defi nition of 
soft-tissue masses.19 T1-weighted MRI is rec-
ommended to evaluate abscess or extension 
of infection past the sinuses, and T2-weighted 
MRI can differentiate infl ammatory mucosa 
from soft-tissue masses. Contrast-enhanced 
MRI is recommended if cavernous sinus 
thrombosis is suspected.
 When complications involving the orbit 

or cranium are suspected, the American Col-
lege of Radiology recommends CT with con-
trast enhancement or MRI without contrast 
for evaluation.19 While the American College 
of Radiology notes that intravenous contrast 
is generally not needed, IDSA guidelines rec-
ommend contrast-enhanced CT with axial 
and coronal views in the case of suspected 
complications.5

 ■ IMAGING IN RECURRENT ACUTE
OR CHRONIC RHINOSINUSITIS

Recurrent acute rhinosinusitis is defi ned as 
4 or more episodes of acute rhinosinusitis 
per year, with no symptoms of rhinosinusitis 
between episodes. Chronic rhinosinusitis is 
symptom duration of more than 12 weeks with 
objective evidence of mucosal infl ammation 
visualized endoscopically or radiographically.1 
In either case, and in cases of sinonasal polyp-
osis, imaging is warranted for evaluation and 
operative planning if surgery is warranted.19

 Noncontrast CT is indicated as part of the 
workup before any surgical intervention, as it 
provides the best preoperative information, 
including delineation of complex anatomy, 
and may even be used intraoperatively to 
guide surgery. MRI is not fi rst-line due to lack 
of bony detail. Cone-beam CT is useful in the 
assessment of odontogenic sinusitis and max-
illary sinus involvement.19 Plain radiography 
may reveal foreign bodies or assist in diagnos-
ing anatomic variants, but is not used clini-
cally due to the superiority of CT.
 In patients with a history of recurrent or 
chronic sinusitis who have had imaging in the 
past, in the absence of new symptoms, imag-
ing does not provide further information and 
fi ndings often remain unchanged. Repeat im-
aging is not necessary unless clinical signs or 
symptoms have changed.5

 ■ IMAGING IN FUNGAL SINUSITIS

Depending on the type of fungal infection 
suspected, imaging may be warranted.19 For 
saprophytic fungal infestations, which are fre-
quently asymptomatic, the diagnosis is made 
clinically, and no imaging is required for di-
agnosis. 
 Fungus ball, another noninvasive fungal 
presentation, may be evaluated with CT of 
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the sinuses or panoramic dental imaging; it 
appears as hyperattenuated material fi lling a 
single sinus.
 Allergic fungal rhinosinusitis is the most 
common form of fungal sinus disease and is 
evaluated with CT or MRI. Classic fi ndings on 
CT include the “double-density” sign caused 
by thick fungal mucin surrounded by hyper-
plastic mucosa. MRI with T1 and T2 weight-
ing can be used to support the diagnosis.
 When invasive acute or chronic fungal 
infection is suspected, contrast-enhanced CT 
or contrast-enhanced MRI can be used to 
visualize the sinuses, brain, and orbits.9 CT 
fi ndings of invasive infection can include hy-
poattenuating mucosal thickening over the 
affected sinus and nasal cavity, bony erosion, 
and fi ndings extending beyond the sinus and 
nasal cavities. MRI is time-consuming to ob-
tain yet favorable for evaluating intracranial 
and intraorbital spread.10

 ■ IMAGING IN ALLERGIC RHINITIS

Imaging is not routinely recommended in pa-
tients who present with symptoms of allergic 
rhinitis. When patients present with symp-
toms of rhinosinusitis (as opposed to rhinitis, 

which affects only the nasal cavity), signs of 
complicated infections, signs of neoplasm, or 
persistence of symptoms and chronic rhinosi-
nusitis, imaging may be warranted. As in the 
case of complicated rhinosinusitis, CT with-
out contrast is typically the fi rst imaging test 
recommended.12

 ■ THE BOTTOM LINE

Acute, uncomplicated rhinosinusitis remains 
a clinical diagnosis. Imaging should only be 
used in the case of complicated sinus infec-
tions, recurrent or chronic sinus disease, or in 
the case of surgical planning.25 Yet imaging is 
still frequently performed despite these recom-
mendations.4

 Imaging when not clinically indicated is 
associated with increased healthcare costs and 
unnecessary exposure to radiation and, in some 
cases, intravenous contrast material.4 Imaging 
in the setting of acute uncomplicated rhinosi-
nusitis has not been proven to change clinical 
outcomes.26 Clinical judgment to carefully se-
lect patients who are appropriate for imaging, 
as well as selecting low-dose radiation options 
when available, are ways to minimize imaging 
utilization. 
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A lcohol consumption is a risk factor 
for community-acquired pneumonia and 

for poorer outcomes of community-acquired 
pneumonia. In theory and according to con-
ventional wisdom, patients with community-
acquired pneumonia who are heavy drink-
ers should be at greater risk of infection with 
gram-negative organisms such as Klebsiella 
pneumoniae, Haemophilus infl uenzae, and Pseu-
domonas aeruginosa than nondrinkers, but 
clinical studies do not bear this out. However, 
patients who are heavy drinkers are at greater 
risk of infection with Streptococcus pneumoniae, 
a gram-positive organism. 
 In this article, we review the pathophysi-
ologic and epidemiologic evidence regard-
ing the organisms responsible for pneumonia 
in patients who drink. We also examine the 
impact of drinking on mortality and resource 
utilization.

 ■ PNEUMONIA AND ALCOHOL USE 
DISORDER ARE COMMON

Community-acquired pneumonia is the most 
common cause of death due to infectious dis-
ease.1 Its severity is infl uenced by patient fac-
tors such as age, sex, immune status, smoking, 
and comorbidities.2 
 Alcohol use disorder (AUD) affects about 
6% of the adult population in the United 
States.3  It is common among patients hospi-
talized for pneumonia,4 and there is a strong 
and consistent relationship between AUD 
and risk of community-acquired pneumonia.5

 Although strictly speaking, AUD is a 
psychiatric diagnosis, we will use the term 
to describe heavy alcohol consumption in 
general. 

REVIEW

ABSTRACT
Patients with alcohol use disorder (AUD) are at higher 
risk of pneumonia and of poor outcomes. This article 
reviews the etiology of pneumonia in patients with AUD, 
its impact on mortality and resource utilization, and its 
implications for treatment. 

KEY POINTS
Contrary to common belief, pneumonia due to Klebsiella 
pneumoniae or other gram-negative organisms is not 
more common among patients with AUD than in the 
general population.

Pneumonia patients with AUD have a higher prevalence 
of Streptococcus pneumoniae infection than other pneu-
monia patients.

Broad-spectrum antibiotics to empirically cover gram-
negative organisms are not necessary for patients with 
AUD unless other risk factors are present, such as hospi-
talization in the past 90 days or previous infection with a 
resistant gram-negative organism.

Hospitalized patients should be monitored for signs of 
alcohol withdrawal syndrome, which is a key contributor 
to increased morbidity and mortality.

All adults with AUD should be given pneumococcal vaccine. 
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 ■ ALCOHOL IMPAIRS HOST DEFENSES

Alcohol consumption contributes to develop-
ment of pneumonia in a number of ways, al-
tering the body’s fl ora and impairing defensive 
mechanisms along the entire length of the re-
spiratory tract. 
 Chronic alcohol intake contributes to 
malnutrition, which further leads to break-
down of local protective barriers in the respi-
ratory tract.6 It alters the oropharyngeal fl ora, 
facilitating colonization by gram-negative or-
ganisms in the oral cavity. 
 Alcohol blunts mental function and sup-
presses cough and gag refl exes, thus increas-
ing the risk of aspiration.7,8 It decreases muco-
ciliary clearance,9 impairing both innate and 
acquired immunity.10 It decreases phagocytic 
function of the alveolar macrophages, reduc-
es the production of chemokines, and blunts 
chemotaxis of neutrophils.11 Impaired recruit-
ment of neutrophils suppresses pulmonary 
clearance of bacteria.10 Alcohol also lowers 
the granulocyte and lymphocyte counts.12–14

 By impairing host defense mechanisms, al-
cohol increases susceptibility to a wide range 
of pathogens: gram-positive, gram-negative, 
aerobic, anaerobic, mycobacterial, fungal, and 
viral.10 The combination of virulent patho-
gens and weakened host defenses is thought to 
contribute to the severity and poor outcomes 
of pneumonia in patients with AUD.2,10

 ■ SEVERE DISEASE, POOR OUTCOMES

Alcohol also adversely affects other organ sys-
tems required to support an immune response. 
Comorbidities associated with AUD include 
liver disease and cirrhosis, diabetes, hyperten-
sion, coronary artery disease, cardiomyopathy, 
heart failure, dementia, psychiatric disorders, 
kidney disorders, and cancers.15 As a result, 
pneumonia in patients with AUD is charac-
terized by worse symptoms, more complica-
tions, greater likelihood of developing resis-
tant pathogens, and poorer outcomes.2,10 
 AUD has traditionally been associated 
with higher age-adjusted mortality rates16,17 
and greater resource utilization, including in-
tensive care, mechanical ventilation, longer 
stay, and higher cost.2,4,18,19 There are several 
potential explanations. 
 First, patients with AUD have a more se-

vere presentation, often with bilateral or mul-
tilobar pneumonia16 necessitating mechanical 
ventilation. Alcohol is also a major contribu-
tor to malnutrition,6 which results in immune 
suppression,6,7,10,20 with a direct toxic effect on 
lung health.21,22 
 Second, patients with AUD frequently 
have comorbid illnesses, including liver, kid-
ney, and cardiac disorders,15 which could com-
plicate the pneumonia. 
 Lastly, abstinence can precipitate alcohol 
withdrawal syndrome, which may increase 
length of stay and risk of death.23,24

Epidemiologic evidence 
for higher mortality rates in AUD
In the early 1900s, Capps and Coleman17 
found a direct relationship between alcohol 
intake and higher mortality rates in patients 
with pneumonia. With the advent of antibi-
otics, however, the impact of alcohol on mor-
tality diminished.4 In a 1990 meta-analysis of 
127 studies, Fine et al25 found that alcohol use 
was not associated with mortality in patients 
with pneumonia, and in a prospective study, 
Mortensen et al26 found no association be-
tween AUD and pneumonia-related mortality. 
 Patients with AUD also tend to be more 
likely to need intensive care. de Roux et al2 
and Saitz et al4 attributed this to a direct toxic 
effect of alcohol, but they did not consider al-
cohol withdrawal syndrome. Taking this factor 
into account, the increase in intensive care 
unit transfers appears limited to patients with 
alcohol withdrawal syndrome, implying that 
there is no contribution from a direct toxic ef-
fect.18 
 Similarly, many studies have found an asso-
ciation between AUD and greater length of stay, 
leading to greater hospital cost.2,4,16,18 Lack of so-
cial support and homelessness might contribute 
to a longer hospital stay. However, the increased 
length of stay was also limited to patients with 
alcohol withdrawal syndrome,18 making it un-
likely that social determinants of health con-
tributed to the increased length of stay.

 ■ GRAM-NEGATIVE ORGANISMS: 
WEAK EVIDENCE FOR TREATMENT

Because the pathogen is unknown at the time 
of diagnosis in most patients with pneumo-
nia, including those with AUD, treatment is 

Alcohol alters 
the body’s fl ora
and impairs 
defense 
mechanisms in
the respiratory 
tract
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primarily empiric. To be effective, the choice 
of antibiotic should be informed by an under-
standing of the most common microorganisms.  
 Guidelines for the treatment of commu-
nity-acquired pneumonia from the Infectious 
Diseases Society of America (IDSA) recognize 
alcoholism as a major risk factor for infection 
with P aeruginosa and other gram-negative or-
ganisms.1,27,28 
 In inpatients, recommended empiric thera-
py for patients at risk of resistant infections (Ta-
ble 1)1,27,28 includes broad-spectrum antibiotics 
with activity against resistant gram-negative 
organisms (eg, antipneumococcal, antipseu-

domonal beta-lactam antibiotics, respiratory 
fl uoro  quinolones, and aminoglycosides). 
 However, despite long-held beliefs about the 
etiology of pneumonia in patients with AUD, 
the evidence cited in the 2007 guideline27 in 
support of this recommendation is weak. 

In theory, gram-negative organisms 
should be more common
Due to poor dental hygiene, AUD patients 
are more susceptible to periodontal disease 
and dental caries, which provide a hospitable 
environment for anaerobes, increasing their 
concentration among the oral fl ora.29 Anaer-

TABLE 1

Recommended treatment for pneumonia

Setting
Patients with risk factors for resistant 
gram-negative organisms Patients without risk factors

Outpatient A respiratory fl uoroquinolone (moxifl oxacin, 
gemifl oxacin, or levofl oxacin), or

A beta-lactam (high-dose amoxicillin or amoxicillin-
clavulanate, or ceftriaxone, cefpodoxime, cefurox-
ime) plus a macrolide (azithromycin, clarithromycin, 
or erythromycin)

Doxycycline can be an alternative to a macrolide

A macrolide (azithromycin, clarithromycin, or 
erythromycin), or

Doxycycline, or

Amoxicillin

Inpatient, 
not in 
intensive care

An antipneumococcal, antipseudomonal beta-
lactam (eg, piperacillin-tazobactam) plus either 
ciprofl oxacin or levofl oxacin, or

An antipneumococcal, antipseudomonal beta-
lactam plus an aminoglycoside and azithromycin, or

An antipneumococcal, antipseudomonal beta-
lactam plus an aminoglycoside and an 
antipneumococcal fl uoroquinolone

For penicillin-allergic patients, substitute aztreonam 
for the beta-lactam

A respiratory fl uoroquinolone, or

A beta-lactam (cefotaxime, ceftriaxone, ampicillin, 
or ertapenem) plus a macrolide 

Doxycycline can be an alternative to macrolide

A respiratory fl uoroquinolone should be used for 
penicillin-allergic patients 

Intensive care An antipneumococcal, antipseudomonal beta-
lactam plus either ciprofl oxacin or levofl oxacin, or

An antipneumococcal, antipseudomonal beta-
lactam plus an aminoglycoside and azithromycin, or

An antipneumococcal, antipseudomonal beta-
lactam plus an aminoglycoside and an 
antipneumococcal fl uoroquinolone

For penicillin-allergic patients, substitute 
aztreonam for the beta-lactam

A beta-lactam (cefotaxime, ceftriaxone, or 
ampicillin-sulbactam) plus either azithromycin or 
a fl uoroquinolone

For penicillin-allergic patients, a respiratory 
fl uoroquinolone and aztreonam

Based on information in references 1, 27, and 28.
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obes are important pathogens in aspiration 
pneumonia in patients with AUD.30

 Alcohol also induces changes in the de-
fense mechanisms of the upper respiratory 
tract. Inability of the host to block the attach-
ment of the microorganisms by coating them 
with specifi c immunoglobulin A or nonspe-
cifi c glycoproteins31 allows gram-negative or-
ganisms to adhere to the mucosal surface more 
easily, while impairment of leukocyte function 
also favors gram-negative colonization. 
 As a result, the pharynx of patients with 
AUD may be colonized with gram-negative 
organisms, which might predispose to gram-
negative pnemonia.31–33 Indeed, studies in 
which swabs of the oropharynx of patients 
with AUD were compared with those of con-
trols without AUD found  higher prevalences 
of gram-negative organisms, in particular K 
pneumoniae (Table 2).31–34

Aspiration of commensal 
oropharyngeal bacteria
Alcohol is a potent inhibitor of the central 
nervous system and depresses the cough re-
fl ex.10 In addition, loss of consciousness and 
vomiting due to alcohol intoxication is one of 
the most common reasons for aspiration.35 As-
piration of oropharyngeal bacteria including 
anaerobic ones such as Fusobacterium nuclea-
tum, Bacteroides melaninogenicus, and Bacteroi-
des fragilis could result in a wide variety of lung 
infections ranging from simple pneumonitis 
to necrotizing pneumonia, lung abscesses, and 
empyema.36

 ■ CLINICAL STUDIES 
OF ALCOHOL AND ORGANISMS

Because pneumonia remains a clinical diagno-
sis and the causative organism is not known in 
most patients, there is always some uncertain-

TABLE 2

Studies fi nding a higher prevalence of oropharyngeal colonization 
with gram-negative organisms in people with alcohol use disorder

Study Population Findings

Dao et al,32 2014 613 men, rural Vietnam Klebsiella pneumoniae was the most common gram-negative 
organism, isolated in the nasopharynx in 28%

K pneumoniae was found in 23% of light drinkers, 30% of moderate 
drinkers, and 34% of heavy drinkers

Weekly alcohol consumption was associated with K pneumoniae 
oropharyngeal carriage (OR 1.7; 95% CI 1.04–2.8) 

Mackowiak et al,31 1978 124 people with AUD 
and 84 controls, Dallas, 
TX

Colonization with gram-negative bacilli in 35% of those with AUD vs 
18% of controls  

Of those with AUD who had gram-negative colonization, 33% had 
Enterobacter species and 23% had Escherichia coli

Fuxench-Lopez et al,33 
1978

34 with AUD and 28 
controls, Puerto Rico

Gram-negative colonization in 59% of those with AUD and 14% of 
controls

Among AUD samples, K pneumoniae accounted for 40% of the 
pharyngeal secretions and 76% of the isolates were in the Klebsiella-
Enterobacter group of organisms  

Golin et al,34 1998 58 with AUD and 59 
controls, Brazil

Gram-negative organisms in 49% of those with AUD and 40% of 
controls

Anaerobic microbes were present in 85% of those with AUD vs 31% 
of controls  

AUD = alcohol use disorder
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ty in treating it. The cause might be a virus or 
it could be a bacteria that can’t be cultured. 
When an organism is present it is most often 
Staphylococcus or Streptococcus spp.
 A number of retrospective and prospec-
tive studies have examined the association 
between AUD and types of organisms (Ta-
ble 3).2,4,16,18,37–39 In total, nearly 6,000 pa-
tients with AUD were compared with nearly 
160,000 patients without AUD. However, we 
could fi nd no studies of the impact of AUD on 
the ability to isolate specifi c pathogens. 

Gram-negative organisms
In support of the association between AUD 
and gram-negative infections, the IDSA 
guideline cites 2 studies, one by Paganin et al37 
and the other by Arancibia et al.38 
 Paganin et al37 performed a prospective 
study at a tertiary hospital on Réunion Island 

in the Indian Ocean in the 1990s. Among 112 
patients with community-acquired pneumo-
nia admitted to the intensive care unit, those 
with K pneumoniae were more likely than 
those with pneumonia due to other pathogens 
to abuse alcohol (84% vs 56%, P < .001).  
 Arancibia et al38 prospectively studied 559 
patients hospitalized in Barcelona, Spain.  In-
terestingly, their fi ndings do not support the 
assertion in the guideline—the prevalence of 
gram-negative bacteria was the same (13%) in 
patients with or without AUD. 
 Fernández-Solá et al,16 in a retrospective 
study of patients with community-acquired 
pneumonia in an emergency department also 
in Barcelona, found that gram-negative bacilli 
were present in 3 of 16 patients with AUD 
and 0 of 34 patients without AUD.  
 Another retrospective study,39 in 148 pa-
tients with septic shock, 23 of whom had 

TABLE 3

Prevalence of gram-negative organisms 
in pneumonia patients with or without alcohol use disorder

Study

No. of 
patients, 
location

Gram-negative 
organisms

With 
AUD 

Without 
AUD 

Gram-positive 
organisms

With 
AUD

With-
out 
AUD

Fernández-Solá et 
al,16 1995

50, 
Barcelona 

Gram-negative bacilli 19% 0a Streptococcus 
pneumoniae

6% 6%

Marik,39 2000 148, United 
States and 
Canada

Pseudomonas aeruginosa 
and Acinetobacter species 

22% 5%a

Arancibia et al,38 
2002

559, 
Barcelona 

Gram-negative bacilli 11% 11%

Paganin et al,37 

2004
112, Réunion 
Island  

Klebsiella pneumoniae 30% 10%a

Saitz et al,4 1997 23,198, 
Massachusetts

Haemophilus infl uenzae 
Gram-negative bacilli 

5%
2.5%

3.5%a

4%
S pneumoniae
Staphylococcus sp.

15%
3%

6%a

2%

de Roux et al,2 

2006
1,347,  
Europe

Gram-negative bacilli 
Pseudomonas aeruginosa 
H infl uenzae  

9%
5%
2%

11% 
3% 
4% 

S pneumoniae 27% 16%a 

Gupta et al,18 
2019

137,496,  
United States

Escherichia coli 
K pneumoniae 
P aeruginosa

7%
6%
1%

10%a

 7%a

 1%

S pneumoniae
Staphylococcus
  aureus 

6%
4%

2%a 

3%

aStatistically signifi cant (P < .05).
 AUD = alcohol use disorder
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By impairing 
host defenses, 
alcohol
increases 
susceptibility 
to a wide range 
of pathogens

AUD, found that Pseudomonas and Acineto-
bacter were more common in patients with 
AUD than in those without AUD (22% vs 
5%, P = .01). 
 In contrast, 2 prospective2,38 and 2 retro-
spective4,18 studies, including nearly 6,000 
patients with AUD and more than 150,000 
without AUD, found no association between 
AUD and gram-negative infections.18  In fact, 
the largest study found that gram-negative 
infections were less common in patients with 
AUD.18 
 The reason for these discrepancies is un-
clear. It may be related to differing popula-
tions, due either to region—it has been sug-
gested that Klebsiella is associated with AUD 
around the Indian Ocean in particular—or 
patient factors that have evolved over time.40 
Patients with pneumonia are generally sicker 
now than they were 30 years ago, with more 
comorbidities that may predispose them to 
gram-negative infections.

Streptococcus pneumoniae 
is more common in AUD
S pneumoniae has long been known as a com-
mon cause of community-acquired pneumo-
nia.27 Several studies (Table 3)2,4,16,18 have 
confi rmed that it  is more common among 
patients with AUD than those without AUD. 
 In a large retrospective study conducted 
almost 25 years ago, Saitz et al4 found that of 
23,198 patients who were admitted to hos-
pitals in Massachusetts with a principal di-
agnosis of pneumonia, 824 (4%) had AUD. 
S pneumoniae was present in 15% of patients 
with AUD compared with 6% in those with-
out AUD (P < .0001). 
 In a prospective study conducted in Europe, 
de Roux et al2 also found that S pneumoniae was 
signifi cantly associated with pneumonia in pa-
tients with AUD (27% vs 16%, P = .005).  
 In the largest and most recent study, Gupta 
et al18 found that S pneumoniae was present in 
6% of pneumonia patients with AUD com-
pared with 2% of patients without AUD (P < 
.0001). 
 With the advent of pneumococcal vac-
cine 2 decades ago and the recommendation 
for vaccination in high-risk AUD patients, the 
incidence of S pneumoniae pneumonia was ex-
pected to drop. Instead, the percent of pneu-

monia cases that were due to S pneumoniae 
pneumonia in the most recent study was higher 
than in studies conducted more than 20 years 
ago.2,4,18 This was particularly true for patients 
with AUD, which suggests failure to follow 
vaccination guidelines in this population.

Less-common organisms
Mycobacterium tuberculosis. A meta-analy-
sis by Lönnroth et al41 found that compared 
with the general population, the risk of pul-
monary tuberculosis is substantially higher 
in people with AUD (pooled effect size 2.94, 
95% CI 1.89–4.59) . In patients with tubercu-
losis, excessive alcohol consumption is also a 
risk factor for more extensive disease, hospi-
talization, and death.10 Also, patients with tu-
berculosis who have AUD tend to have recur-
rent hospitalizations and thus greater resource 
utilization.42 
 However, baseline rates of tuberculosis in 
the United States are low, and patients with 
AUD should not be immediately suspected 
of having it unless they have other risk fac-
tors such as immunocompromised status, close 
contact with patients with tuberculosis, or oc-
cupational risk.43

 Pneumocystis jirovecii (formerly called P 
carinii) is a common cause of pneumonia in 
immunocompromised patients. Because pa-
tients with AUD have depressed cell-mediat-
ed immunity, they are in theory susceptible to 
it,13 but we found only 1 case report of P jirove-
cii pneumonia in a human immunodefi ciency 
virus-negative patient with AUD.44

 ■ IMPLICATIONS FOR TREATMENT

When they come to the hospital with pneumo-
nia, patients with AUD are often empirically 
treated with broad-spectrum antimicrobials of 
different classes to cover resistant gram-neg-
ative and gram-positive organisms.2,16,18,26,45 
The IDSA guidelines support this approach. 
In addition, the more severe presentation of 
pneumonia in this population may infl uence 
physicians to choose broader coverage. 
 However, despite sound theoretical rea-
sons that patients with AUD should be at risk 
for gram-negative infections, the epidemio-
logic data do not support this association. If 
anything, patients with AUD are at lower risk 
of gram-negative infections. This is important 
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because broader-spectrum antibiotics may put 
patients at higher risk of acute kidney injury, 
Clostridioides diffi cile infection, and future an-
timicrobial resistance. Quinolones in particu-
lar have been the subject of recent concern 
regarding hypoglycemia and cognitive distur-
bances, including delirium. 
 AUD is a risk factor for S pneumoniae 
and perhaps invasive infections. All recom-
mended regimens for community-acquired 
pneumonia provide adequate coverage for S 
pneumoniae, and should have fewer side ef-
fects than broader-spectrum agents. Patients 
with AUD should therefore receive the same 
empirical therapy as other patients with com-
munity-acquired pneumonia unless they also 
have other risk factors for resistant infections 
such as hospitalization in the past 90 days or 
previous infection with a resistant gram-nega-
tive organism. 
 If a patient with AUD does not respond 
to initial treatment, clinicians should consider 
less-common causes of pneumonia, including 
resistant gram-negative organisms, anaerobes, 
M tuberculosis, and P jirovecii.
 Abstinence from alcohol during hospital-
ization can lead to alcohol withdrawal syn-
drome, especially when a patient’s alcohol use 
is not known to the treating physician. Delir-
ium tremens, seizures, and hallucinations in-
crease the risk of adverse outcomes in alcohol 
withdrawal syndrome.23,24 Prompt recognition 
and management of alcohol withdrawal syn-
drome can improve outcomes and may help 
reduce resource utilization.
 Pneumococcal vaccination is recom-
mended for all patients with AUD. For those 

between the ages of 19 and 65 years, only the 
23-valent pneumococcal polysaccharide vac-
cine (PPSV23) is recommended. Because 
widespread use of the 13-valent pneumococ-
cal conjugate vaccine (PCV13) in children 
has markedly reduced the prevalence of those 
strains included in the vaccine, sequential use 
of PCV13 plus PPSV23 is reserved for patients 
at very high risk, including those with chronic 
kidney disease or immunocompromised status, 
and is now optional for patients older than 
65 years.46 Shared decision-making is recom-
mended in this age group, and alcohol use may 
be considered a risk factor. Although there is 
little harm in receiving PCV13, it is costly and 
offers limited benefi t. Because patients with 
AUD may neglect self-care and lack a primary 
care provider, vaccination prior to discharge is 
a reasonable strategy to prevent future pneu-
monias.

 ■ SUMMARY

Despite pathophysiologic theories for why pa-
tients with AUD should be at increased risk 
for resistant gram-negative infections, a num-
ber of prospective and retrospective studies 
demonstrate that they are at increased risk for 
S pneumoniae but not resistant gram-negative 
infections. Patients with AUD also tend to 
use more medical resources, primarily because 
of alcohol-related comorbidities and alcohol 
withdrawal syndrome. Unless other risk fac-
tors for drug-resistant organisms are present, 
patients with AUD should receive guideline-
recommended empirical therapy for communi-
ty-acquired pneumonia, with attention to early 
signs of alcohol withdrawal syndrome. 

Abstinence 
from alcohol 
during hospi-
talization can 
lead to alcohol 
withdrawal 
syndrome
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I rritable bowel syndrome (IBS) remains 
a clinical diagnosis, and its treatment is 

still mostly empiric and focused on relieving 
symptoms. That said, our understanding of its 
mechanisms is progressing, and treatments are 
increasingly targeted to the etiology in the in-
dividual patient.

 ■ A FUNCTIONAL DISEASE

IBS is a functional disease characterized by 
chronic intermittent abdominal pain and al-
tered bowel habits.1 Patients may also experi-
ence postprandial or stress-related abdominal 
bloating and sensation of incomplete emp-
tying.2 Comorbid dyspepsia, mood disorder, 
chronic migraines, interstitial cystitis, and fi -
bromyalgia are common.2 
 The estimated national prevalence is 10% 
to 12%,3 although some estimates are as high 
as 21%.1 There is a well-documented 3:1 fe-
male predominance.2 This disorder accounts 
for 25% to 50% of all gastroenterology refer-
rals nationwide, and its healthcare burden ex-
ceeds $20 billion annually.4

 Irritable bowel syndrome has 3 subtypes:
 IBS-diarrhea (IBS-D) is diagnosed when 
at least 25% of bowel movements on symptom-
atic days are type 6 (mushy consistency without 
clear edges) or type 7 (completely liquid with-
out solid substance) on the Bristol Stool Scale5,6 
 IBS-constipation (IBS-C) is diagnosed 
when 25% of bowel movements are type 1 
(hard and lumpy) or type 2 (sausage-like and 
lumpy).
 IBS-mixed (IBS-M) is diagnosed when 
both criteria are fulfi lled. 
 About one-third of patients fall into each 
subtype.3 This review focuses on the diagnosis 
and management of IBS-D.

REVIEW

ABSTRACT
Irritable bowel syndrome (IBS) is a heterogeneous func-
tional disease with a high prevalence and signifi cant im-
pact on quality of life. Traditionally understood as a pure 
disorder of brain-gut interaction, it is increasingly clear 
that IBS encompasses diverse pathologies, some of which 
involve objective alterations of intestinal structure, func-
tion, and the microbiome. IBS is subclassifi ed as diarrhea, 
constipation, or mixed type based on the most prominent 
stool form. We review the diagnosis and management 
of the diarrheal type through a pathophysiologic lens, 
with attention to recent developments that can inform a 
mechanistically based targeted approach to treatment.

KEY POINTS
IBS is classifi ed as IBS-diarrhea when at least 25% of 
bowel movements on symptomatic days are type 6 or 7 
on the Bristol Stool Scale.

New research suggests that IBS has diverse pathologies 
that include intestinal infl ammation, postinfectious se-
quelae that increase intestinal permeability, food sensitiv-
ities, microbiome alterations, and bile acid malabsorption. 

Therapies are increasingly being targeted at one or more 
of these pathologies, leading to the availability of new 
treatments such as probiotics, bile acid sequestrants, and 
the low-FODMAP (fermentable oligosaccharides, disac-
charides, monosaccharides, and polyols) diet.

First-line therapies still include antidiarrheals, regular ex-
ercise, psychological therapy, and the traditional IBS diet.
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 ■ DIAGNOSIS

The most widely accepted set of diagnostic crite-
ria for IBS is Rome IV,2 ie, recurrent abdominal 
pain at least 1 day per week in the last 3 months 
that is (at least 2 of the following required):
• Related to defecation 
• Associated with a change in stool frequency
• Associated with a change in stool form.
 A validation study of the Rome IV crite-
ria was performed at 9 sites in 3 countries and 
showed a 62% sensitivity and 97% specifi city, 
although patients with infl ammatory bowel 
disease, celiac disease, and diabetes were ex-
cluded.7 The gold standard was normal fi nd-
ings on endoscopy and a physician diagnosis 
of IBS, which carries inherent subjectivity 
that detracts from the veracity of these sta-
tistics. The Rome IV criteria are not able to 
differentiate IBS from other causes of lower 
gastrointestinal symptoms, especially those 
not visible on endoscopy. 
 When evaluating patients who meet Rome 
IV criteria, many other disorders must be con-
sidered (Table 1). We also advise against lim-
iting IBS diagnosis to patients with abdomi-
nal “pain.” All therapies approved by the US 

Food and Drug Administration for IBS have 
been studied on the basis of earlier Rome cri-
teria, which also included patients with ab-
dominal “discomfort.” 
 In the past, the exclusion of other causes 
of IBS symptoms centered around endoscopic 
workup to exclude infl ammatory bowel dis-
ease. Now, endoscopy is not recommended 
in patients who meet Rome IV criteria unless 
they have alarm signs (Table 2) or laboratory 
abnormalities because the odds of fi nding in-
fl ammatory bowel disease, celiac disease, co-
lon cancer, or microscopic colitis in this set-
ting are negligible (Figure 1).3 
 In the absence of alarm signs, laboratory 
tests such as fecal calprotectin (reference 
range < 40 μg/g) are considered suffi cient to 
effectively exclude infl ammatory bowel dis-
ease.1,3 Alternatively, some recommend serum 
C-reactive protein (< 0.5 mg/dL)3 and fecal 
lactoferrin (< 7 μg/g).8 
 Routine screening for celiac disease is rec-
ommended by some guidelines,3,8 based on a 
meta-analysis that reported a nearly 10-fold 
higher prevalence than in the general popula-
tion.9 However, a more recent observational 
study showed a 0.41% prevalence in both IBS-

Endoscopy is not 
recommended 
in patients who 
meet Rome IV 
criteria unless 
they have
alarm signs
or laboratory 
abnormalities

TABLE 1

Diagnoses to consider before
irritable bowel syndrome-diarrhea

Infl ammatory bowel disease

Food intolerance or sensitivity

Small intestinal bacterial overgrowth

Bile acid diarrhea

Pancreatic exocrine defi ciency

Medication side effects

Functional diarrhea

Colon cancer

Chronic parasitic infection

Microscopic colitis

Thyroid disease

Celiac disease

TABLE 2

Alarm signs and symptoms

Age over 50

Gastrointestinal bleeding

Anemia

Fever

Night sweats

Unintentional weight loss

Family history of organic gastrointestinal disease

Other symptoms that should alert provider 
to consider another diagnosis

Nocturnal symptoms

Symptoms that persist when fasting 

Low fecal osmotic gap (fecal osmotic gap = 290 
mOsm/kg) – 2 × (stool Na + stool K); a low gap
(< 50 mOsm/kg) suggests a secretory cause of diarrhea 
such as microscopic colitis. Patients with IBS would be 
expected to have a normal gap.
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D and the general population.10 
 Any patient with suspected IBS undergo-
ing screening colonoscopy should have ran-
dom biopsies of the right and left colon to rule 
out microscopic colitis.1

 ■ MANAGEMENT

Management of IBS-D should be targeted to 
its underlying etiology. However, in the ab-
sence of a clear understanding of the mecha-
nisms that produce symptoms, treatments 
have traditionally focused on symptom relief, 
namely, antidiarrheals. 

Antidiarrheal therapy
Loperamide, the best studied antidiarrheal, is 
a synthetic opioid that slows intestinal motil-
ity and increases absorption of water and elec-
trolytes, leading to fi rmer and less frequent 
stools.11 In several older studies reinforced by a 
meta-analysis, loperamide improved diarrhea 
in patients with IBS-D, but it had little effect 
on other symptoms such as abdominal pain.11 

Many clinicians choose loperamide as a fi rst-
line therapy for IBS-D due to availability, low 
cost, and minimal adverse effects at low doses.
 Soluble fi ber supplements such as psyl-
lium that act as stool bulking agents are rec-
ommended by recent guidelines for the man-
agement of IBS.3 Although their use in IBS-D 
may be counterintuitive, these supplements  
may improve stool consistency. However, 
their use in IBS-D specifi cally has not been  
adequately studied.

Therapy targeting the brain-gut axis
Traditionally, IBS has been understood as a 
disorder of brain-gut interactions manifest-
ing as visceral hypersensitivity.12 Patients may 
experience an exaggerated sensory response to 
intestinal contractions, distention, and per-
haps microinfl ammation13 due to sensitization 
of afferent nerves in the gut wall, pre- or post-
ganglionic efferent nerves, or central nerves.12 
 Central nerves, perhaps stimulated by psy-
chosocial stressors, may also contribute to ir-

Many
clinicians 
choose
loperamide
as a fi rst-line 
therapy 
for IBS-D

Irritable bowel syndrome-like symptoms 
(chronic intermittent pain, bloating, diarrhea)

Alternative etiology?
(eg, medication side effects, diet, infection)

                             Yes

       Treat underlying cause

         No

Obtain CBC, TSH, ESR, CRP, fecal calprotectin, 
TTG, IgA (quantitative IgA if positive)

                             Abnormal

Thyroid or celiac disease?

     Normal

Alarm signs or symptoms?

                 Yes

         Treat

                      No

Endoscopy 
with random biopsies

Yes                  No

Are > 25% of bowel move-
ments Bristol grade 6 or 7?

Organic disease identifi ed Normal Reassure and proceed 
to IBS-D therapy

CBC = complete blood cell count; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; IgA = immunoglobulin A; 
TSH = thyroid-stimulating hormone; TTG = tissue transglutaminase

Figure 1. Algorithm for diagnosing irritable bowel syndrome-diarrhea (IBS-D).
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regular peristalsis.12 Although studies have not 
identifi ed a consistent pattern of disordered 
gastrointestinal peristalsis,12 a subset of IBS 
patients have a higher frequency of powerful 
colonic contractions, called high-amplitude 
propagating contractions, which typically lead 
to cramping and urgency.13,14

 Therapies targeted toward this view of IBS 
have been used for decades. 
 Cognitive behavioral therapy is recom-
mended as fi rst-line4 or second-line therapy.15 
In a large meta-analysis, clinic-administered 
cognitive behavioral therapy decreased the 
risk of persisting symptoms compared with 
placebo (hazard ratio [HR] 0.60).15

 The benefi t of self-administered cognitive 
behavioral therapy (ie, the patients learn how 
to perform the techniques on themselves) is 
less clear. A recent meta-analysis found no 
signifi cant benefi t, although some individual 
studies have shown that it was useful.16,17 Ef-
fi cacy may depend on how this therapy is ad-
ministered.
 A recent meta-analysis reported signifi -
cant benefi t of relaxation therapy (number 
needed to treat [NNT] = 6), multicomponent 
psychological therapy (NNT = 4), hypnother-
apy (NNT = 5), and dynamic psychotherapy 
(NNT = 4).17 Mindfulness meditation, stress 
management, and cognitive behavioral ther-
apy administered via the internet were not 
found to signifi cantly reduce the risk of per-
sistent symptoms. The authors noted that all 
psychological therapies delivered without per-
sonal contact between the patient and thera-
pist lacked signifi cant benefi t.
 Tricyclic antidepressants can modulate 
pain and slow gastrointestinal motility through 
their anticholinergic effects.17 In a large, re-
cently updated meta-analysis that included a 
variety of tricyclic antidepressants, the risk of 
persistent IBS symptoms was lower than that 
with placebo (HR 0.65, NNT = 4.5).17 The 
authors did not suggest a preference for any 
particular agent of this class. 
 Selective serotonin reuptake inhibitors 
can increase gastrointestinal motility via sero-
tonin receptors of the enteric nervous system. 
Their use should be reserved for constipation-
type IBS, although most trials of antidepres-
sant therapy did not differentiate between IBS 
subtypes.17 There have been no randomized 

clinical trials of serotonin-norepinephrine 
reuptake inhibitors for IBS.17

 Antispasmodics are thought to decrease 
symptoms of pain by relaxing gut contractions 
and slowing motility.18 They are intended for 
short-term use, after meals. Their use is limited 
by anticholinergic side effects, including con-
stipation, but guidelines recommend their use.3 
 A recent meta-analysis of antispasmodic 
use showed signifi cant improvement in over-
all IBS symptoms (NNT = 5).3 Specifi cally, 
otilonium (NNT = 5), pinaverium (NNT = 
4), hyoscine butylbromide (NNT = 3), dicy-
clomine (NNT = 4), and drotaverine (NNT 
= 2) were all found to signifi cantly improve 
overall symptoms.3 The overall quality of the 
data, however, is limited by the age of the tri-
als, with nearly all having occurred 2 to 3 de-
cades ago, with the exception of drotaverine 
and pinaverium. 
 Combination therapy with the antispas-
modic mebeverine and cognitive behavioral 
therapy was more effective than mebeverine 
alone after 3 months in a randomized con-
trolled trial (NNT = 5).19 However, after 12 
months, there was no longer a statistically sig-
nifi cant difference between the 2 groups.
 Melatonin has been studied as a poten-
tial therapy for IBS, given its involvement 
in the regulation of gastrointestinal motility, 
nociception, and possible anti-infl ammatory 
properties.20 Melatonin has been shown to re-
duce abdominal pain in patients with IBS, but 
its suitability for IBS-D patients in particular 
has not yet been studied.20 It is not among the 
therapies for IBS-D endorsed by a published 
guideline.
 Peppermint oil is an underappreciated 
treatment of IBS. It has antispasmodic and 
anti-infl ammatory properties and serotonin 
5-HT3 receptor antagonism that can slow mo-
tility and may decrease visceral hypersensitiv-
ity.21 It is used as fi rst-line therapy in Europe 
due to its minimal adverse side effect profi le.21 
A recent meta-analysis of peppermint oil use 
showed that it signifi cantly improved  overall 
symptoms (NNT = 4).3 
 Care must be taken in prescribing pepper-
mint oil to patients with gastroesophageal re-
fl ux disease, however,  because peppermint re-
laxes the gastroesophageal sphincter. This side 
effect can be limited with a delayed-release 

Peppermint oil 
is an under-
appreciated 
treatment 
of IBS



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 8  AUGUST 2020 505

KURIN AND COOPER

form that has recently been shown to induce 
a 67% reduction in severe symptoms after 4 
weeks of use compared with 35% with placebo 
(NNT = 3.0).21

Serotonin receptor antagonism
Serotonin is an important neurotransmitter 
in the gut that plays a prominent role in in-
ducing peristalsis, intestinal distention, and 
contraction and modulating sensation of in-
testinal stimuli both centrally and peripher-
ally.22 Patients with IBS-D have been shown 
to have high postprandial serum levels of se-
rotonin.23,24 
 Alosetron and ondansetron are serotonin 
5-HT3 receptor antagonists that decrease gas-
trointestinal motility and may modulate pain 
perception.24 
 Alosetron is a potent and effective therapy 
for IBS-D, with meta-analysis data showing 
signifi cant benefi t (NNT = 7),25 but it was 
withdrawn from the market in 2001 due to 
reports of ischemic colitis.26 However, it has 
recently been reinstituted for compassionate 
use at a lower dose (0.5 mg twice a day). 
 Ondansetron is less potent than alosetron, 
but a recent placebo-controlled randomized 
crossover study27 showed that, compared with 
placebo, it reduced the frequency of stools by 
11%, reduced bloating and urgency by 1 day 
per week, and decreased gut transit time by 10 
hours, although it did not decrease abdominal 
pain, and it had a minimal adverse effect pro-
fi le.27 The mean dose of ondansetron was 4 mg 
daily.

An opioid agonist and antagonist
Eluxadoline is a mu- and kappa-opioid agonist 
and a delta opioid antagonist. It is thought to 
regulate gastrointestinal motility, intestinal 
secretion, and visceral sensation and provide 
central analgesia.28 
 In pooled data analysis of 2 recent ran-
domized controlled trials involving 2,427 pa-
tients, those using eluxadoline had decreased 
abdominal pain and improvement in stool 
consistency compared with placebo (NNT = 
9).28 Adverse effects include sphincter of Oddi 
spasms (0.5%) in patients with previous cho-
lecystectomy, including some that manifested 
as pancreatitis.29 This led to a US Food and 
Drug Administration warning against use of 
eluxadoline in patients without a gallblad-

der.30 The modest degree of benefi t, along 
with the safety profi le and cost of eluxadoline, 
explains why some gastroenterologists prefer 
other available therapies.

 ■ THERAPY TARGETING AN UNDERLYING 
INTESTINAL ABNORMALITY

Recent developments have suggested novel 
disease mechanisms that have diversifi ed our 
understanding of IBS. Five emerging theories 
of increasing relevance are intestinal infl amma-
tion, postinfection, food sensitivity, microbiome 
alterations, and bile acid malabsorption.1,2

Intestinal infl ammation
Patients with IBS may have a subtle but abnor-
mal increase in infl ammatory cells in the bow-
el, especially in close proximity to nerves.31 
An increased number of activated mast cells 
and heightened cytokine production caused 
by release of serine proteases is one suggested 
mechanism.1,2 It is possible that eosinophils 
also play a role, as they have recently been 
found  in large numbers in the intestines of 
patients with nonceliac gluten sensitivity, a 
condition that considerably overlaps with IBS 
in clinical presentation.32 
 Based on this theory, a variety of anti-in-
fl ammatory therapies has been used in trials 
for IBS, mostly with negative results. 
 Prednisolone in moderate daily doses 
was compared with placebo in postinfectious 
IBS-D.33 It lacked benefi t, although patients 
already taking steroids may be at lower risk of 
developing IBS.34 
 Several 5-aminosalicylic acids have been 
used in trials as well. A recent meta-analysis 
of mesalazine found no benefi t compared with 
placebo.31 
 Other anti-infl ammatory agents. Encour-
agingly, though, several recent studies assessed 
therapies that reduce mast cell activation and 
its effects, including the mast cell stabilizers 
cromoglycate and ketotifen, the histamine-1 
receptor antagonist ebastine, and the dietary 
supplements palmitoylethanolamide and poly-
datin with largely positive results.35–40 
 While promising, these therapies remain 
controversial, have not yet reached main-
stream practice, and have not been endorsed 
by any major guidelines.

A variety of 
anti-infl amma-
tory therapies 
have been used 
in trials for IBS, 
mostly with 
negative results
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Elimination
of gluten
is not
recommended 
for IBS-D

Postinfectious pathophysiology
During acute gastrointestinal infection, there 
is a transient increase of lymphocytes and neu-
roendocrine cells in the gastrointestinal tract. 
These can alter motility through serotonin 
production and increase intestinal permeabil-
ity. It is postulated that these abnormalities 
occasionally persist, leading to IBS,1,2 as has 
recently been shown after Giardia infection.41 
 This theory is supported by the discovery 
that patients with IBS have elevated levels of 
2 key antibodies in the bacteria-host interac-
tion during acute gastrointestinal illness: anti-
CdtB and antivinculin antibodies.42 In fact, 

antivinculin antibodies themselves may play a 
role in the complicated postinfectious patho-
physiology, as decreased levels of vinculin can 
lead to weaker cell-cell adhesion and decrease 
the integrity of the extracellular matrix, mak-
ing the intestine more permeable.43 It may 
also alter gut motility by binding with actin 
located near the interstitial cells of Cajal, 
which help regulate motility.43 
 Glutamate. Until recently, there were no 
therapies targeted to this mechanism, but a 
recent small randomized controlled trial of 
glutamate, a dietary supplement purported to 
reduce intestinal permeability, showed mark-
edly positive effects compared with placebo 
in postinfectious IBS (NNT < 2).44 However, 
the reproducibility of these results has been 
questioned,45 and this therapy is not currently 
recommended by any guideline.

Food sensitivity
Most patients with IBS believe their symptoms 
are related to diet.3,4 Unlike with food allergy, 
there is no established way to identify specifi c 
food sensitivities. In one study, patients with 
IBS were placed on exclusion diets based on 
their serum immunoglobulin G (IgG) titers 
to various food antigens and compared with 
a sham diet group.46 There was a signifi cant 
decrease in symptom severity in the true diet 
group, especially when those who did not ad-
here to the diet were excluded (NNT = 2.5). 
 While encouraging, most of the foods that 
were excluded were those already known to 
cause increased symptoms in IBS patients such 
as wheat, milk, and yeast, perhaps rendering 
IgG testing unnecessary. This method is not 
currently used to devise diets for IBS patients.
 FODMAPs. Elimination of fermentable 
oligosaccharides, disaccharides, monosaccha-
rides and polyols (FODMAPs) is recommend-
ed by the guidelines.1 FODMAPs are sugars 
that ferment in the gut due to inadequate 
digestion; common ones are lactose, fructose, 
fructans, and sorbitol. Foods containing FOD-
MAPs include wheat, some fruits and vegeta-
bles, corn syrup, and onions. 
 An initial observational study showed sig-
nifi cant symptom improvement in 74% of IBS 
patients adhering to a low-FODMAP diet.47 
However, this study only included patients 
with a positive fructose breath test and did not 

TABLE 3

Proposed diets 
for irritable bowel syndrome

Traditional IBS diet

Eat small, frequent meals

Reduce gas-producing foods, including:
  Soda
  Juice
  Caffeine
  Beans
  Onions
  Bagels
  Pretzels
  Alcohol
  Wheat
  Certain fruits

Modifi ed NICE diet

Eat small, frequent meals

Limit high-fi ber foods

Avoid:
  Alcohol
  Caffeine
  Soda
  Sorbitol

Low-FODMAP diet

Avoid wheat, selected fruits and vegetables, 
corn syrup, onions

FODMAP = fermentable oligosaccharides, disaccharides, mono-
saccharides, and polyols; NICE = National Institute for Health 
and Care Excellence 
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include a control group. 
 A subsequent small randomized controlled 
trial reported a mean 30% decrease in symp-
tom severity with a low-FODMAP diet com-
pared with a typical Australian diet.48 How-
ever, subsequent randomized controlled trials 
that compared the low-FODMAP diet with 
a traditional IBS diet,49 or the modifi ed UK 
National Institute for Health and Care Ex-
cellence (NICE) diet (Table 3)50 showed no 
difference in effi cacy—each diet caused global 
symptom improvement in approximately 50% 
of patients. The low-FODMAP diet led to 
decreased abdominal pain compared with the 
modifi ed NICE diet. Therefore, while a low-
FODMAP diet is recommended by the guide-
lines,3 it is also reasonable to prescribe other, 
simpler diets. Moreover, nonresponders at 4 
weeks should discontinue the low-FODMAP 
diet and start an alternative one. Patients 
should be encouraged to eat small, healthy 
meals frequently and exercise.1 
 Conversely, patients who do improve with 
a low-FODMAP diet after 4 weeks must care-
fully reintroduce FODMAPs to devise a long-
term individualized diet under the guidance of 
a trained nutritionist.
 Lactose. Nearly 40% of IBS patients are 
estimated to have lactose maldigestion.2 Some 
experts recommend excluding lactose even in 
patients without true lactose intolerance.2

 Gluten elimination is not recommend-
ed.3 While one randomized controlled trial 
appeared to show that a gluten-free diet was 
benefi cial in patients with IBS,51 a subsequent 
trial showed no benefi t in those already on a 
low-FODMAP diet.52,53 The earlier study did 
not differentiate between gluten and fructans, 
and the symptom improvement was likely re-
lated to elimination of the FODMAP fructans 
rather than gluten.

Microbiome alterations
Some patients with IBS have an altered mi-
crobiome composition.53 Whether this con-
stitutes small intestinal bacterial overgrowth 
remains controversial. 
 Part of this controversy is due to a lack 
of a gold standard diagnostic test for small 
intestinal bacterial overgrowth itself. Intes-
tinal aspirates are expensive, unreliable, and 
technically diffi cult to obtain.54 The reliabil-

ity of breath testing is controversial because 
a variety of substrates can be used, and most 
tests lack uniform criteria for positivity.55 Ab-
normal breath tests are common among IBS 
patients, ranging from 35% to 84%.56

 A meta-analysis using case-control stud-
ies of patients with IBS and healthy controls 
showed that the IBS patients were 3 times more 
likely to have an abnormal breath test.55 The 
glucose breath test appears to have the high-
est specifi city for IBS.55 This has led some to 
hypothesize that some patients with IBS-like 
symptoms may truly have small intestinal bac-
terial overgrowth, or can be treated as such.55 
 However, a study that applied the diag-
nostic criteria of an abnormal breath test and 
abnormal jejunal aspirate cultures to IBS pa-
tients compared with healthy controls found 
no difference between the 2 groups.56 When a 
lower cutoff for positivity of jejunal aspirates 
was used, IBS patients had a greater preva-
lence of positive criteria. This may suggest a 
milder form of overgrowth-like pathology. 
 Routine screening of IBS patients for small 
intestinal bacterial overgrowth is currently 
not standard practice,3 but research into tar-
geted therapies that act on the microbiome is 
ongoing.
 Low-FODMAP diet. Responders to the 
low-FODMAP diet experienced large changes 
in the composition of their microbiomes.57 
Unfortunately, response to the diet was not 
predicted by baseline microbiome composi-
tion. There is hope that in the future, we will 
discover properties of patient fecal microbiota 
that may help predict which IBS patients will 
respond most to the low-FODMAP diet.57 
Perhaps breath testing will prove effective at 
predicting response.47

 Probiotics theoretically replenish the mi-
crobiome with certain bacteria, alter gut pH, 
provide barrier protection and have anti-
infl ammatory effects.31,58 Though the quality 
of data is poor and scattered among various 
formulations, probiotics are currently recom-
mended for IBS-D, given their minimal risk.3,58

 Rifaximin is an antibiotic that is poorly 
absorbed, which maximizes its effect on the 
gastrointestinal tract while minimizing sys-
temic adverse effects. The Targeted, Nonsys-
temic Antibiotic Rifaximin Gut-Selective 
Evaluation of Treatment for IBS-D 1 (TAR-

Probiotics are 
currently 
recommended 
for IBS-D, 
given their 
minimal risk
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GET 1) and TARGET 2 controlled trials 
showed greater adequate relief of IBS-D or 
IBS-M symptoms (NNT = 10) in patients tak-
ing rifaximin compared with placebo with 3 
months follow-up.59 The TARGET 3 study 
showed that retreatment with rifaximin re-
mains effective if symptoms recur.60

 While response to rifaximin correlates 
with improvement in lactulose breath test-
ing,61 an attempt to predict response to rifaxi-
min using lactulose breath testing was unsuc-
cessful.61 Rifaximin is currently approved for 
empiric use in IBS-D.3

 Fecal microbiota transplant. In a small 
randomized controlled trial, 65% of patients 
had signifi cant improvement in their symp-
toms 3 months after receiving a fecal microbi-
ota transplant (NNT = 4.5).62 Unfortunately, 
the benefi t above placebo was not sustained at 
12 months. 
 A subsequent meta-analysis showed no 
overall evidence of benefi t from fecal mi-
crobiota transplant compared with placebo, 
although on subgroup analysis, patients who 

received only single-dose transplants had a 
modest benefi t (NNT = 5). A newly published 
randomized controlled trial showed a large 
benefi t over placebo.63 
 Fecal microbiota transplant is not currently 
endorsed by any guideline for IBS-D, but that 
may change in light of the emerging evidence.

Bile acid malabsorption
Increased amounts of bile in the colon can in-
crease colonic motility, fl uid secretion, muco-
sal permeability, and visceral sensation.64 Bile 
acid malabsorption may be present in 30% to 
50% of IBS-D patients.1 Bile acid absorption 
can be detected by serum tauroselcholic acid 
(SeHCAT) level, fecal bile acid, serum 7 al-
pha-hydroxy-4-cholesten-3 (C4), or fi broblast 
growth factor 19 (FGF19) measurement. 
 In a recent study, abnormal SeHCAT lev-
els in patients with IBS-D predicted response 
to treatment with a bile acid sequestrant with 
impressive accuracy.65 Unfortunately, Se-
HCAT testing is not currently available in 
the United States. Direct measurement of fe-
cal bile acid requires 48-hour stool collection 

Fecal 
microbiota 
transplant 
is not currently 
endorsed, 
but that may 
change

Irritable bowel syndrome-diarrhea confi rmed

Any or all of the following may be indicated:
mNICE, traditional IBS, or low-FODMAP diet (Table 3)
Regular exercise
Psychological therapy
Peppermint oil
Antispasmodic, antidiarrheal, or both

If improved 
on low-FODMAP diet, 
guided reintroduction of 
FODMAP foods

If not improved on low-
FODMAP diet, switch to 
alternate IBS diet

If not improved

Second-line therapies

Brain-gut axis 
treatments
Tricyclic antidepressants
Alosetron or ondansetron
Eluxadoline

Food sensitivity 
treatments
Avoidance of selected 
FODMAP foods after 
guided re-introduction

Microbiome 
alteration
Rifaximin
Probiotics
Possibly low-FODMAP
  diet

Bile acid 
malabsorption 
treatment
Bile acid sequestrant

FODMAP = fermentable oligosaccharides, disaccharides, monosaccharides, and polyols; mNICE = modifi ed National Institute for Health 
and Care Excellence 

Figure 2. Suggested algorithm for treating irritable bowel syndrome-diarrheal type.



CLEVELAND CLINIC JOURNAL OF MEDICINE  VOLUME 87  • NUMBER 8  AUGUST 2020 509

KURIN AND COOPER

and a high-fat diet so it may be impractical for 
many patients. 
 Serum C4 and FGF19 were evaluated as 
biomarkers for bile acid malabsorption, both 
separately66,67 and more recently in combina-
tion,68 and have been found to have specifi c-
ity and negative predictive value of approxi-
mately 80% but lower sensitivity and positive 
predictive value. 
 Abnormal serum C4 levels have previously 
been shown to predict response to bile acid se-
questrant therapy in IBS-D, although in a very 
small sample.69 Based on this, some authors 
have recommended serum C4 and FGF19 as 
screening tests for bile acid malabsorption 
in IBS-D patients,68 but this has not reached 
mainstream practice and is not currently rec-
ommended by any guideline. Expert opinions 
are mixed regarding empiric use of bile acid 
sequestrants in IBS-D patients.8

 ■ TARGETED THERAPY 
STILL A WORK IN PROGRESS

Irritable bowel syndrome is a heterogeneous 
disease that is a conglomerate of several 

pathologic mechanisms and degrees of sever-
ity that require individualized management 
strategies. Diagnosis remains clinical and ex-
tends beyond the Rome IV criteria. While the 
traditional understanding of IBS as a disorder 
of brain-gut interactions remains true, ongo-
ing research has contributed to an evolving 
understanding of IBS that includes an increas-
ing number of subtle yet objective microscopic 
intestinal abnormalities that likely contribute 
to the pathophysiology of IBS-D. 
 Therapies are increasingly targeting 
one or more of these mechanisms, leading 
to availability of several new treatment 
options (Figure 2). Identifying patients’ 
precise mechanism of disease to enable 
targeted therapy remains a work in prog-
ress, but there is reason to hope this can be 
achieved in the near future. In the mean-
time, evidence-based therapy remains em-
piric, although clinicians are free to adjust 
the order in which approved therapies are 
attempted in accordance with their clinical 
suspicion for the most prominent symptoms 
or pathophysiology.  
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