
Vol. 27, Issue 10, January 2020
ReliasMedia.com

[INSIDE] 

Financial Disclosure: Critical Care Alert’s Physician Editor Betty Tran, MD, MSc, Nurse Planner Jane Guttendorf, DNP, RN, CRNP, ACNP-BC, CCRN, 
Peer Reviewer William Thompson, MD, Executive Editor Shelly Morrow Mark, Editor Jason Schneider, Accreditations Manager Amy M. Johnson, 
MSN, RN, CPN, and Editorial Group Manager Leslie Coplin report no financial relationships relevant to this field of study.

Balanced Crystalloids Reduce Mortality  
in Critically Ill Adults With Sepsis or Septic Shock
page 77

Seven Days of Antibiotics Was Noninferior  
to 14 Days for Gram-Negative Rod Bacteremia
page 78

SPECIAL FEATURE

The Epidemic of Vaping-Associated Lung 
Injury
By Trushil Shah, MD, MSc

Assistant Professor of Medicine, University of Texas Southwestern, Dallas

Dr. Shah reports that he has received grant/research support from Actelion Pharmaceuticals, Bayer Pharmaceuticals, 
and Liquidia Technologies.

Since the introduction of e-cigarettes in 2004, 
there has been an exponential increase in 
their use.1 While initially intended to be used 

for smoking cessation, an increasing number of 
nonsmokers, many of whom are adolescents, use 
e-cigarettes.2,3 In the most basic form, these devices 
consist of a battery that powers a heating coil when 
activated. This heating coil then transfers heat to a 
wick soaked in “vaping juice,” which converts the 
liquid into vapor for direct inhalation.1 Now more 
commonly known as electronic nicotine delivery 
systems (ENDS), many of these devices contain 
other substances like tetrahydrocannabinol (THC) 
and cannabidiol (CBD), with or without nicotine. 
These devices come in different forms that could 
look like everyday objects, such as USB flash drives, 
credit cards, highlighters, or pens. They also come 

in different flavors.3 Because of the availability of 
flavors and the ease of disguising these devices, 
their use has become popular among teenagers and 
youth.3 In one survey of high school and middle 
school students, 60% used a brand called JUUL, 
which is well known for making flavored, USB-
shaped vaping devices.3 

Few case reports of vaping-associated lung injury 
were reported before 2019.4,5 Since June 2019, 
there has been a considerable rise in reported cases 
of vaping-associated lung injury.6-10 As of Nov. 
20, 2019, 2,290 cases of e-cigarette or vaping- 
associated lung injury (EVALI) have been reported 
to the Centers for Disease Control and Prevention 
(CDC).11 In the same time frame, 47 deaths from 
EVALI have been confirmed across 25 states and 
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the District of Columbia.11 Because of the 
heterogeneous nature of lung injury in 
EVALI and possible under-reporting, the 
actual burden of disease may be much 
higher.6 With symptoms indistinguishable 
from influenza, a high index of suspicion 
is essential to the diagnosis and 
treatment of EVALI. 

DEFINITION AND CASE 
IDENTIFICATION
E-cigarette or vaping-associated lung 
injury (EVALI) is a diagnosis of exclusion 
and should be made by ruling out 
more common causes of acute lung 
injury, especially infections. The CDC 
currently uses surveillance definitions 
of “confirmed” and “probable.”12 A 
confirmed case is defined as a reported 
history of e-cigarette/vaping device use 
within 90 days prior to symptom onset, 
the presence of pulmonary infiltrates on 
chest X-ray or ground glass opacities 
on chest computed tomography (CT), 
negative influenza PCR, and no evidence 
of infection or other plausible diagnosis 
(e.g., cardiac, rheumatologic, neoplastic 
etiologies, etc.).12 A case is reported 
as “probable” if there is evidence of 
infection, or minimum criteria to rule 
out infection are not met, but the clinical 
team believes the infection is not the sole 
cause of lung injury.12 

SYMPTOMS AND SIGNS
According to the CDC’s latest report 
in November 2019, 85% of patients 
with EVALI present with respiratory 
symptoms (cough, shortness of 
breath, chest pain), 76% present 
with constitutional symptoms (fever, 
chills, weight loss), and 57% report 
gastrointestinal symptoms (nausea, 
vomiting, abdominal pain, diarrhea).6 
Interestingly, very few patients presented 
with only respiratory symptoms (9%), 
and most patients had a combination 
of respiratory, constitutional, and 
gastrointestinal symptoms.6,13 Since 
these symptoms are very nonspecific, 
influenza and other viral infections 
should be ruled out before diagnosing 
EVALI. Hypoxemia is the most common 
sign, and the degree of hypoxemia may 
vary from mild to acute hypoxemic 
respiratory failure.13,14 Fever, tachycardia, 
leukocytosis, elevated erythrocyte 

sedimentation rate (ESR), C-reactive 
protein (CRP), and procalcitonin levels 
are seen commonly.14 

IMAGING AND PATHOLOGY FINDINGS
The most common chest X-ray findings 
are bilateral infiltrates. In most cases, 
CT chest imaging reveals bilateral 
ground glass opacities with subpleural 
sparing and septal thickening. However, 
cases of pleural effusion, recurrent 
pneumothorax, and pneumomediastinum 
have been reported as well.15,16 Various 
different pathological and imaging 
presentations have been described, 
including acute hypersensitivity 
pneumonitis, acute eosinophilic 
pneumonia, diffuse alveolar hemorrhage, 
lipoid pneumonia, respiratory 
bronchiolitis-interstitial lung disease, 
organizing pneumonia, and acute 
respiratory distress syndrome (ARDS).16 
Pathology from a more recent epidemic 
has been described as mainly acute 
lung injury/diffuse alveolar damage and 
organizing pneumonia as well as findings 
of foamy macrophages and pneumocyte 
vacuolization.17,18 In addition to ruling 
out infection, bronchoalveolar lavage 
could help diagnose acute eosinophilic 
pneumonia, acute hypersensitivity 
pneumonitis, diffuse alveolar 
hemorrhage, and lipoid pneumonia.16 

POSSIBLE PATHOLOGIC MECHANISMS
Many studies have shown the harmful 
effects of vaping affecting the respiratory 
epithelium, lung endothelium, and nasal 
epithelium, resulting in decreased gas 
exchange and an increase in matrix 
metalloproteinases and neutrophil 
elastases.19-21 However, current data 
and experience with e-cigarettes/vaping 
are insufficient to predict long-term 
toxicities.21 The recent outbreak of 
vaping-related lung injury seems to 
differ from the traditional toxicity of 
e-cigarettes in that it causes an acute 
lung injury pattern, which presents 
within days to weeks of exposure. In 
their investigation of samples collected 
from patients with EVALI, the CDC and 
Food and Drug Administration (FDA) 
found that most patients with lung 
injury had used a THC-based product 
or a combination of nicotine and THC. 
Based on a CDC study, 85% of patients 
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with EVALI reported THC-containing e-cigarette 
use as opposed to 21% of survey respondents 
without EVALI.9 A higher proportion of patients 
with EVALI also were found to use THC-containing 
vapes from an informal source (odds ratio [OR] = 
9.2) and more often used Dank Vapes (i.e., cheaper, 
counterfeit brands from unreliable sources) (OR 
= 8.5).9 Among bronchoalveolar lavage samples 
from patients with EVALI, the CDC found vitamin 
E acetate in all (29/29) samples, THC metabolites 
in 23/28 samples, and nicotine in 16/26 samples.22 
Vitamin E acetate is used as an additive or 
thickening agent in THC-containing e-cigarettes and 
vaping products.22 However, the presence of vitamin 

E acetate only establishes an association and does 
not imply causality. 

TREATMENT AND MANAGEMENT
Most patients with EVALI present with clinical 
and imaging findings similar to ARDS.6,23 All 
patients should be screened for influenza and other 
infections.23 While no definitive treatment of EVALI 
is currently available, the majority of patients were 
treated with corticosteroids and demonstrated 
improvement.14,23,24 However, cases of recovery 
without corticosteroid therapy also have been 
reported.14 If corticosteroids are used, prednisone  
1 mg/kg or the equivalent seems to be an 

Figure 1: Algorithm for Inpatient Management of E-Cigarette/Vaping-Associated Lung Injury 
Patients

Patient with signs/symptoms suggestive of 
e-cigarette/vaping-associated lung injury

Inquire about e-cigarette/vaping 
device use

Evaluate for alternate 
causes, keep EVALI in 

di� erential

• Assess oxygenation (SpO2)
• Obtain chest X-ray and if negative 

consider CT chest 
• Obtain in� uenza PCR
• Evaluate for other viral illnesses
• Evaluate for bacterial infections
• Evaluate for alternate causes 

(cardiac, rheumatological, 
neoplastic causes)

Diagnosis of e-cigarette/vaping-associated lung injury 
• Consider corticosteroids (dose and duration based on severity)
• Consider empiric antivirals and antibiotics (especially if de� nitive 

testing is not resulted)
• Inquire about type of e-cigarette/vaping device, including 

THC and nicotine contents, source obtained from, Dank Vapes, 
frequency, etc.

• Administer supplemental oxygen and mechanical ventilation as 
needed

• Consider bronchoalveolar lavage to rule out other causes
• O� er patient services to help stop e-cigarette/vaping use
• Administer routine in� uenza and pneumococcal vaccination 
• Ensure close follow-up in 1-2 weeks post discharge

No Yes
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appropriate starting dose, but this can be 
individualized based on other patient factors.14,24 
Empiric antibiotics and antivirals should be 
considered in patients with suspected infection.23 
Bronchoalveolar lavage and transbronchial biopsy 
may be helpful to rule out other causes, such as 
infection, acute eosinophilic pneumonia, acute 
hypersensitivity pneumonitis, lipoid pneumonia, 
organizing pneumonia, and diffuse alveolar 
hemorrhage.23 In ventilated patients, ARDS 
management protocols, such as low tidal volume 
ventilation, restrictive fluid strategy, etc., should be 
used. 

The proportion of patients developing 
pneumothorax and pneumomediastinum seems 
to be higher in EVALI patients.24 After signs of 
improvement, close follow-up is important, since 
cases of recurrence have been described, especially 
in patients who restart vaping/e-cigarettes.23 In 
patients presenting with symptoms of EVALI 
without clear chest X-ray findings, CT chest should 
be considered because cases have been described in 
which the chest X-ray has been reportedly normal.23 
An algorithm for managing inpatients with EVALI 
is summarized in Figure 1. If such patients are seen 
in an outpatient setting or are discharged after 
observation, close outpatient follow-up in 48 hours 
should be arranged because cases of acute worsening 
within that time frame have been described.23 All 
patients should be advised against using e-cigarettes/
vaping products, especially those containing THC.23 
Patients with EVALI should be strongly advised not 
to return to e-cigarette/vaping and to come back for 
evaluation if symptoms recur.23 

CONCLUSION
E-cigarette/vaping-associated lung injury cases 
have risen sharply in the past six months, and 
they are anticipated to continue to increase in the 
near future. A high index of suspicion is needed to 
diagnose and treat patients with EVALI. THC and 
vitamin E-containing products seem to be associated 
with the current epidemic. Investigations are 
ongoing to demystify the current EVALI epidemic 
further.  
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ABSTRACT & COMMENTARY

Balanced Crystalloids Reduce Mortality  
in Critically Ill Adults With Sepsis or Septic 
Shock
By Drayton Hammond, PharmD, MBA, BCPS, BCCCP

Clinical Pharmacy Specialist, Adult Critical Care, Rush University Medical Center, Chicago

Dr. Hammond reports no financial relationships relevant to this field of study.

SYNOPSIS: Compared to saline, balanced crystalloids reduced in-hospital mortality and major adverse kidney events within 30 days in 
critically ill patients with sepsis or septic shock.

SOURCE: Brown RM, Wang L, Coston TD, et al; SMART Investigators and the Pragmatic Critical Care Research Group. Balanced 
crystalloids versus saline in sepsis: A secondary analysis of the SMART Trial. Am J Respir Crit Care Med 2019 Aug. 27 [Epub ahead of print].

Fluid resuscitation for critically ill adults with 
sepsis or septic shock is necessary to combat 

significant vasodilation and distributive shock. The 
current Surviving Sepsis Campaign guidelines have 
a strong recommendation based on low quality 
of evidence for initial volume resuscitation with 
intravenous crystalloid fluids.1 However, there 
is no preferential recommendation for balanced 
crystalloid (e.g., lactated Ringers, Plasma-Lyte) vs. 
0.9% sodium chloride (saline). Significant attention 
was given to the SMART trial after its publication 
in 2018, which suggested that critically ill patients 
resuscitated with balanced crystalloids experienced 
fewer major adverse kidney events within 30 days 
of hospital admission (MAKE30, defined as the 
incidence of the composite outcome of death, new 
renal replacement therapy [RRT], or persistent renal 
dysfunction).2 In a pre-specified subgroup analysis, 
patients with sepsis were found to have lower odds 
of MAKE30 (odds ratio [OR] 0.80; 95% confidence 
interval [CI], 0.67-0.94) than those without sepsis 
(OR 0.96; 95% CI, 0.86-1.07), although this 
difference was not significant following a test for 
interaction (P = 0.06).

The SMART investigators conducted a pre-specified 
secondary analysis of critically ill adults with 
sepsis or septic shock who received care in the 
medical intensive care unit at Vanderbilt University 
Medical Center enrolled in SMART.3 All patients 
in the saline group received 0.9% sodium chloride, 
whereas patients in the balanced group received 
lactated Ringers (91%) or Plasma-Lyte (9%). Of 
the 1,641 included patients (balanced group n = 
824; saline group n = 817), 34.1% were in shock 
at ICU admission. Minimal amounts of non-study 
crystalloids were provided in the 24 hours prior to 
ICU admission (approximately 300 mL) and prior 
to hospital discharge or 30 days (approximately 
600-1,400 mL). The incidence of 30-day mortality 
was greater for patients in the saline group (26.3% 
vs. 31.2%, adjusted OR 0.74; 95% CI, 0.59-0.93). 
This finding was maintained following multiple 
sensitivity analyses, including care being provided 
in other ICUs and culture-positive sepsis. MAKE30 
also occurred less frequently among patients in the 
balanced group (35.4% vs. 40.1%; adjusted OR 
0.78; 95% CI, 0.63-0.97), with no difference in new 
RRT (7.4% vs. 10.3%; adjusted OR 0.71; 95% CI, 
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0.48-1.04) but fewer patients progressing to stage 
II or greater acute kidney injury (AKI) (27.4% vs. 
31.9%; adjusted OR 0.79; 95% CI, 0.63-1.00). 
Patients in the balanced crystalloids group had 
a greater amount of ventilator-free, vasopressor-
free, and RRT-free days than patients in the saline 
group. Vasopressor requirements and serum lactate 
concentrations were lower following ICU admission 
in the balanced crystalloids group.

  COMMENTARY
Following publication of the SMART trial, 
systematic reviews and meta-analyses were 
performed to evaluate the impact of balanced 
crystalloids on outcomes in critically ill adults and 
relevant subgroups of critical illness, including 
sepsis and septic shock.2,4,5 From a pathophysiology 
perspective, the benefits from balanced crystalloids 
appear evident, as they may improve resolution of 
metabolic acidosis and AKI that frequently develop 
or worsen during sepsis and septic shock.6 These 
meta-analyses suggested trends toward improved 
in-hospital mortality with balanced crystalloids 
in sepsis, which now have been confirmed by this 
subgroup analysis of the SMART trial. 

These improved outcomes with balanced crystalloids 
may be achievable with relatively small volumes 
of intravenous fluids, as most patients received 
an average of 4 L of intravenous fluids during 
the study period. While the exact mechanisms of 
benefit and harm require further investigation, 
improved end-organ function evidenced by greater 
time without vasopressor, mechanical ventilator, 

and RRT support in the balanced crystalloids 
group suggests multiple mechanisms are involved. 
Based on the point estimates, narrow confidence 
intervals, and robustness of the findings to multiple 
sensitivity analyses, clinicians may be assured that 
using balanced crystalloids as resuscitative fluids 
in critically ill patients with sepsis or septic shock 
improves their likelihood of better outcomes.  
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ABSTRACT & COMMENTARY

Seven Days of Antibiotics Was  
Noninferior to 14 Days  
for Gram-Negative Rod Bacteremia
By Samuel Nadler, MD, PhD

Critical Care, Pulmonary Medicine, The Polyclinic Madison Center, Seattle; Clinical Instructor, University of Washington, 
Seattle

Dr. Nadler reports no financial relationships relevant to this field of study.

SYNOPSIS: In patients with gram-negative rod bacteremia, patients receiving seven days of antibiotics had similar 90-day mortality, 
readmission rates, and rates of recurrent bacteremia as patients receiving 14 days of antibiotic.

SOURCE: Yahav D, Franceschini E, Koppel, et al; Bacteremia Duration Study Group. Seven versus 14 days of antibiotic therapy for 
uncomplicated gram-negative bacteremia: A noninferiority randomized controlled trial. Clin Infect Dis 2019;69:1091-1098.
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With the continuing emergence of resistant 
organisms, antibiotic stewardship is 

increasingly important. Meta-analyses of mostly 
nonrandomized trials have shown that a shorter 
duration of antibiotics for various infections can 
be equally effective compared to longer courses.1,2 
However, many of these trials excluded bacteremia. 
This study reports a noninferiority trial of a shorter 
vs. longer course of antibiotics specifically for gram-
negative rod (GNR) bacteremia.

The Bacteremia Duration Study Group conducted a 
randomized, multicenter, open-label noninferiority 
trial of seven vs. 14 days of antibiotics for GNR 
bacteremia. This trial enrolled 604 patients with 
aerobic GNR bacteremia who had already achieved 
hemodynamic stability by day 7 of antibiotic 
coverage. It included bacteremia from the urinary 
tract, intra-abdominal sources, respiratory tract, 
line infections, and unknown sources. Patients 
were excluded if they had uncontrolled sources 
of bacteremia, polymicrobial sepsis, HIV or 
hematopoietic stem cell transplantation, and specific 
pathogens such as Brucella and Salmonella. The 
study was designed to have an 80% power to detect 
noninferiority within a 10% margin, assuming a 
35% rate of the primary outcome.  

Patients receiving a seven-day course of antibiotics 
had similar rates of a composite primary outcome 
(45.8% vs. 48.3%; P = 0.527) compared with those 
receiving 14 days of antibiotics. Each component 
of the composite outcome was similar in the two 
groups, including 90-day all-cause mortality 
(11.8% vs. 10.7%; P = 0.527), hospital readmission 
rates (38.9% vs. 42.6%; P = 0.363), relapse of 
bacteremia (2.6% vs. 2.7%; P = 0.957), and 
extended hospitalizations beyond 14 days (4.9% vs. 
6.4%; P = 0.483). Secondary endpoints including 
14- and 28-day mortality also were similar. The only 
statistically significant differences between the two 
groups besides duration of antibiotic therapy were 
time to return of baseline activity (two vs. three 
weeks; P = 0.01) and functional capacity at 30 days, 
both favoring the shorter antibiotic arm.

  COMMENTARY
This study adds to a growing body of evidence 
supporting a shorter duration of antibiotic therapy 
for various infections, specifically GNR bacteremia, 
in this publication. The study population was 
inclusive of patients with solid organ transplants, 
central venous catheters, endotracheal tubes, 
prosthetic valves, and implanted devices. The 
most common GNR was Escherichia coli, but 
the study also included patients with Klebsiella, 
Enterobacteriaceae, and, notably, Pseudomonas. 
Although not powered to look for these events, 
there did not seem to be an improvement in the 
rates of acute kidney injury, diarrhea, rash, or 
Clostridium difficile infections that might be benefits 
from a shorter duration of antibiotics.

It is important to consider the exclusion criteria 
in this trial to determine whether a patient could 
be treated with a shorter course of antibiotics. 
The most common reasons for exclusion from 
this trial were uncontrolled infection, recurrent 
bacteremia, hemodynamic instability after seven 
days of therapy, polymicrobial bacteremia, or 
immunosuppression from conditions such as HIV 
or stem cell transplantation. In patients with GNR 
bacteremia without these factors, a seven-day course 
of antibiotic is noninferior to 14 days and may lead 
to earlier functional recovery.  
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1.  According to recent CDC and FDA 
investigations, e-cigarette/vaping-associated 
lung injury is associated with which of the 
following?
a. Nicotine concentration
b. Tetrahydrocannabinol (THC) and 
vitamin E acetate 
c. Medium-chain triglyceride (MCT) oil
d. Terpenes

2.  Before the diagnosis of e-cigarette/vaping-
associated lung injury can be made, which 
of the following needs to be ruled out?
a. Clostridium difficile infection
b. Human immunodeficiency virus (HIV)
c. Hodgkin’s lymphoma
d. Influenza 

3.  In the study by Brown et al, which 
component of the major adverse kidney 
event within 30 days (MAKE30) occurred 
less frequently in patients who received 
balanced crystalloids compared to 0.9% 
saline?
a. ICU mortality
b. New receipt of renal replacement 
therapy
c. Stage II or greater acute kidney injury 
d. Persistent renal dysfunction at hospital 
discharge

4.  In the study by Yahav et al, compared 
with 14 days of antibiotic therapy, seven 
days of antibiotics for gram-negative 
rod bacteremia resulted in which of the 
following?
a. Decreased mortality
b. Increased rates of infection relapse
c. Decreased rates of Clostridium difficile 
infection
d. Similar rates of hospital readmission 

5.  In the trial of seven vs. 14 days of antibiotic 
therapy for gram-negative rod bacteremia, 
seven days of antibiotics was associated 
with:
a. more frequent ICU admissions.
b. fewer episodes of severe rash.
c. faster return to functional status. 
d. higher long-term rates of antibiotic use.


