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ABSTRACT

Introduction: Acute Chest Syndrome (ACS) is
a leading complication of sickle cell disease
(SCD) with significant morbidity and mortality.
The current practice guidelines lack sufficient
detail on the evidence behind our standard of
practice.

Materials and Methods: A comprehensive
literature search was accomplished with
PubMed with a particular focus on literatures
published between 2015-2021 with the
keywords ACS management, vaso-occlusive
crisis, sickle cell, antibiotics, opioids,
transfusion, fluid, steroids, bronchodilators,
incentive spirometry, anticoagulation, oxygen,
prevention, and SARS-CoV2. We included
literatures both in the adult and pediatric
population.

Results/Discussion: ACS is defined as a new
infiltrate in a chest radiograph involving at least
one broncho-pulmonary segment in an
individual with one additional clinical finding.
There are multiple causes of ACS which
include  infections, pulmonary  edema,
hypoxemia, and hypoventilation. The goal is to
quickly diagnose and treat this condition to
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prevent irreversible lung damage and mortality.
In this narrative review, we discuss why a
balanced approach to fluid and pain
management will provide better outcomes for
patients, and the evidence behind using
antibiotics, steroids, bronchodilators, nitric
oxide, incentive spirometry, as well as the
current management of patients with
concomitant ACS and SARS-CoV2.

Conclusions: All patients admitted with ACS
should be started on a third-generation
cephalosporin and macrolide or a fourth-
generation fluoroquinolone, incentive
spirometry, thromboprophylaxis, oxygen, and
simple or exchange transfusion if needed, with
a balanced approach to fluid resuscitation and
pain control.

INTRODUCTION

Acute Chest Syndrome (ACS) is the leading
cause of death and second most common cause
of hospitalization in patients with sickle cell
disease (SCD).! It is diagnosed with the
presentation of new radiographic findings and
often accompanied by fever or respiratory
symptoms. Prompt diagnosis and management
are crucial to prevent irreversible lung damage
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and death. This review article will provide a
framework to guide hospitalists to manage
patients admitted with ACS. We will also
present the available literature to date to support
these guidelines. A comprehensive literature
search was accomplished with PubMed with a
particular focus on literature published between
2015-2021 with  the keywords ACS
management, vaso-occlusive crisis, sickle cell,
antibiotics, opioids, transfusion, fluid, steroids,
bronchodilators, incentive spirometry,
anticoagulation, oxygen, prevention, and
SARS-CoV2. We included literatures both in
the adult and pediatric population.

ETIOLOGY

Any pathologies that cause hypoxia may be an
inciting event for ACS, including but not
limited to infection, asthma, oversedation, fluid
overload, obstructive sleep apnea, or
hypoventilation. This is because hypoxemia
promotes  sickling in the pulmonary
vasculature.?

The most common causes of infection
in the pediatric population are viral or
Chlamydia pneumoniae, and in the adult
population is Mycoplasma pneumoniae.
Infectious causes of ACS are more common in
the pediatric population and have three times
prevalence during winter.® Infections trigger
ACS by promoting excessive lung
inflammation due to the damaged lung
microvasculature in a person with an already
high inflammatory state, on top of having the
Virchow's Triad.#

In the adult population, fat embolism is
suspected to be the most common cause, as
postmortem bronchoalveolar lavage in many
patients who have died from SCD demonstrates
fat-containing alveolar macrophage.®

Opioid-induced  hypoventilation is
another etiology common in the adult
population. It has been observed that adult
patients often are not admitted due to ACS but
rather with vaso-occlusive crisis (VOC), then
later during the hospital course develop ACS.
Opioids, commonly used to treat VOC, may
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cause hypoventilation and atelectasis in these
adult patients, resulting in ACS.®

PATHOPHYSIOLOGY

ACS is an acute lung injury that is a product of
the prothrombotic nature of SCD: the
Virchow's  triad, elevated levels of
inflammatory cytokines, abnormal rheology of
sickled red blood cells (RBCs) adhering to
leukocytes, resulting in vaso-occlusion and
tissue hypoxia. This promotes inflammation
and infarction in the pulmonary vasculature,
which leads to atelectasis, hypoventilation, and
ventilation-perfusion mismatch and can
become a vicious cycle that further worsens
infarction and inflammation. If patients are not
treated promptly or face repeated insults, they
can be left with elevated pulmonary artery and
right ventricular pressure, and heart failure.?

CLINICAL PRESENTATION

Diagnosis of ACS must have both a
radiographic finding and at least one clinical
finding. The radiographic finding must include
a new pulmonary infiltrate involving at least
one lung segment that is not due to atelectasis
(Figures 1 and 2). Clinical findings include
tachypnea, temperature greater than 38.5
degrees Celsius, hypoxemia, rales, and
respiratory symptoms such as chest pain,
shortness of breath, wheezing, and cough. It is
important to note, however, that radiologic
signs often lag behind clinical symptoms.
Therefore, if a patient has hypoxia with a
normal chest x-ray, ACS should still be on the
differential and a CT chest should be
obtained.>6

Some patients may present with
symptoms consistent with severe ACS
including multi-lobar disease, inability to
maintain  oxygen saturation >95% on
supplemental oxygen, increased difficulty
breathing, or pleural effusions.’
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MANAGEMENT

Fluids

We recommend conservative and
individualized fluid resuscitation with IV
crystalloids to patients who are hypovolemic,
while being cognizant of the patients’ fluid
balance and  cardiopulmonary  status.
Maintenance fluid should only be provided to
patients who cannot take in oral hydration. Any
fluid administration must be closely monitored
to prevent fluid overload, pulmonary edema,
and worsening of ACS.

The theory behind providing fluid is to
stop or slow the rate of sickling by increasing
plasma volume to decrease blood viscosity.
There is, however, significant heterogeneity in
the amount of fluid provided across different
institutions. This comes with significant risk of
fluid overload in patients with ACS.8

The reason to be conservative and
selective with fluid management is that fluid
overload has been implicated in triggering ACS
by inducing atelectasis or pulmonary edema.
This is especially problematic as SCD patients
have a higher incidence of concomitant renal or
cardiovascular comorbidities compared to the
general population. The data on efficacy and
safety of IV fluids are also scant. One
retrospective study in 2020 demonstrated a
higher association of adverse events when an
increased amount of 1V fluids was given in the
first 24 hours and over an entire hospitalization.
Adverse events were defined by new oxygen
requirement, ACS, aspiration event, hospital-
acquired infection, acute kidney injury, or ICU
transfers. However, the incidence of ACS itself
was not increased in the group that received
more 1V fluids.® To date, we could not find any
data supporting the use of IV fluids to prevent
or improve ACS. Current evidence
demonstrates that fluid administration to SCD
patients experiencing VOC is purely theoretical
and that higher fluid administration, especially
in the first 24 hours, is concerning for increased
adverse events. There is a need for double-blind
randomized controlled trials (RCTs) before
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making conclusions about the efficacy and risk
of IV fluids in regard to treating VOC and ACS.

Oxygen

Supplemental oxygen therapy is recommended
for any patients with low SpO2 or PaO2. The
optimal SpO2 is not known. The general
guideline is to use supplemental oxygen
therapy for signs of tachypnea, or to keep SpO2
above 92% or within 3% of their baseline while
ensuring PaO2 is above 70mmHg. If needed,
we also recommend escalating to noninvasive
ventilation (NIV), mechanical ventilation, or
extracorporeal membrane oxygenation
(ECMO).

This recommendation is founded on the
mechanism of hypoxia causing ACS. In
alveolar hypoxia, sickle cells are trapped within
small alveolar vasculature, thereby inducing
sickling even more. There is minimal evidence
on whether oxygen therapy prevents ACS or the
best oxygen delivery method. We found only
one prospective randomized controlled study
comparing NIV to supplemental oxygen
delivered via face mask. NIV did not improve
the patient's hypoxemia but did improve the
patient's respiratory rate and A-a gradient. The
length of hospitalization, however, did not
differ.?

Antibiotics
A third-generation cephalosporin  and a
macrolide, or a fourth-generation

fluoroquinolone is recommended for all
patients diagnosed with ACS to cover for
Chlamydia, = Mycoplasma,  Streptococcus
pneumoniae, and Haemophilus influenzae.?
These are the most common organisms
associated with ACS, and antibiotics should be
given regardless of blood or sputum cultures.
To date, there are no RCTs to fully
determine the efficacy or safety of antibiotics in
the treatment of ACS. The only study we could
find to date on this topic is a retrospective study
in the pediatric population demonstrating a
decrease in all-cause readmission at 7 and 30
days and 30 days ACS-related readmission
after receiving guideline adherent antibiotics.
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However, these patients also had a longer
length of hospital stay, ICU stay, and higher
mortality.10-1?

Pain Control/Opioids

We recommend treating pain aggressively with
non-opioids or non-pharmacological therapies
such as acetaminophen, NSAIDs, and heat,
massage, while being judicious with parenteral
opioids. The goal is to prevent atelectasis while
also being cautious of oversedation and
hypoventilation, all of which can exacerbate
ACS.

Some studies have suggested that
narcotics may be beneficial if given
judiciously. Patient-controlled analgesia, for
example, has been associated with shorter
hospital stay, decreased total opioid
consumption, and higher patient satisfaction.'3
Another small pediatric retrospective study
showed patients treated with nalbuphine had a
fivefold decrease in the rate of ACS
development, theorized to be due to the
different receptors nalbuphine targets by
effectively controlling pain while not causing
as much hypoventilation compared to
morphine.t*

High doses of opioids, however, have
been associated with worse outcomes in some
studies. A small (15 pediatric patients) RCT of
oral versus continuous IV morphine to treat
VOC demonstrated that patients receiving oral
morphine have a higher plasma morphine
concentration and morphine  metabolite
(morphine-6-glucuronide) concentration
compared to patients receiving IV. The result
showed patients receiving oral morphine had an
increased risk of developing ACS.*> Another
study similarly demonstrated that children who
received higher cumulative doses of morphine
due to acute pain crisis had a higher risk of
developing ACS during hospitalization.'®

It is difficult to draw conclusions about
the degree to which pain medications, including
opioids, prevent or cause ACS due to a lack of
quality  clinical  studies.  Given  our
understanding of the pathophysiology of ACS
that narcotics may be beneficial in small
quantities and harmful in large quantities, it
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may be prudent to maximize other pain
treatment modalities (Tylenol, NSAIDs,
massage therapies, heat, etc.) prior to starting
someone on opioids.*’

RBC Simple or Exchange Transfusions
For simple red blood cell transfusion, we
recommend 10ml/kg of RBC to children, or 1
or 2 units of RBC to adults, who meet all of the
following criteria:
1. Symptomatic ACS
2. Hemoglobin <9 g/dL
3. Decrease in hemoglobin >1 g/dL from
baseline
For exchange transfusion, we recommend this
to patients who meet one of the following
criteria:
1. Severe ACS, as defined previously
2. Progressive ACS with one of the
following criteria:
a. Continued hypoxia despite
supplemental oxygen
b. Worsening
infiltrates
c. Decreasing hemoglobin despite
simple transfusions
The target hemoglobin is up to 10g/dL for both
simple and exchange transfusion.

The above recommendations are
founded on expert consensus from the National
Heart, Lung, and Blood Institute (NHLBI),
British and American Society of Hematology,
and from our experience.*8-2° The theory behind
simple transfusion is to help compensate for the
symptomatic acute on chronic anemia in the
setting of hypoxia, and to reduce the further
sickling and worsening of ACS.

Patients with more severe ACS
symptoms or those who failed simple
transfusion therapy may benefit from exchange
transfusions. The theory behind exchange
transfusion is to allow for a large volume of
blood transfusion without the risk for
hyperviscosity syndrome. This allows for
improved oxygenation by removing patients'
HbS and replacing them with HbA, resulting in
reduced blood sickling and hemolysis. The end
goal is to reduce vaso-occlusive events while
increasing RBC oxygen-carrying capacity. This

pulmonary



AJHM Volume 6 Issue 4 (Oct-Dec 2022)

theory has been demonstrated in a study where
patients who received double exchange
transfusions had a short-lived (less than 24-
hour) decrease in white blood count, absolute
neutrophil count, and soluble adhesion
molecule. Soluble adhesion molecule causes
adhesion of sickled erythrocytes or neutrophils
to the vascular endothelium. It is, however,
unclear whether there is any clinical
significance associated with this short-lived
effect.?! There is so far only one small RCT
involving 10 patients that showed decreased
ACS in patients who received exchange
transfusions.?? In addition, transfusions in
general carry  significant risk  of
alloimmunization.

Due to the limited evidence and the
potential for serious adverse effects, the above
recommendations are conditional and the
decision to transfuse should involve
consultations ~ with  hematologists  and
intensivists.

Bronchodilators
Bronchodilators should be considered in
patients with history of asthma or patients
exhibiting signs and  symptoms  of
bronchospasms.

There are, however, no clinical trials to
date demonstrating the effectiveness of
bronchodilators in patients with ACS.
Wheezing is also a less common presentation in
adults compared to the pediatric population, so
bronchodilators may be less beneficial in adults
for that reason.10 23

Nitric Oxide
There is not enough evidence for us to
recommend routine use of nitric oxide.

Nitric oxide has been proposed to
improve oxygenation in patients with ACS by
selectively vasodilating areas of the lung with
good oxygenation, in an attempt to improve
ventilation-perfusion ratio. This may, in theory,
decrease  pulmonary  hypertension  and
sickling.?* One clinical trial demonstrated no
difference in mortality, rate of mechanical
ventilation, Alveolar-arterial gradient, or rate of
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transfusion. However, a posthoc analysis with
larger sample size does show a significant
benefit in hypoxemic ACS patients compared
to placebo. Hypoxemic patients in this study
had a worse ventilation-perfusion mismatch,
likely due to a significant right-to-left shunt, a
pathology nitric oxide is theorized to mitigate.?®
There is a need for a repeated study with a
larger sample size focusing on hypoxemic
patients to definitively demonstrate the benefit
of nitric oxide in hypoxemic ACS patients.

Steroids

Routine use of corticosteroids is not
recommended unless there are concerns about
concomitant pathologies that have been proven
to improve with corticosteroids such as
reversible airway disease or acute respiratory
distress syndrome (ARDS).

There are no data on the use of steroids
in the adult population in the setting of ACS
whereas the results in pediatrics are mixed at
best. Studies have shown mixed results of
increased rates of readmission and hospital
stay,?® no difference in hospital stay or
readmission rates,?’ and decreased length of
hospitalization, transfusion rates, opioid doses,
and rates of clinical deterioration with no
statistically significant increases in readmission
rates.?® Therefore, routine use of corticosteroids
is not recommended in the treatment of ACS.

Incentive Spirometry (1S)

We recommend that all patients admitted to the
hospital with SCD or ACS be encouraged to
perform 10 maximal breaths every 2 hours.

A pediatric RCT study demonstrated
decreased length of hospital stay in patients
admitted for VOC who were placed on
mandatory IS, and two pediatric RCT studies
have demonstrated decreased chance of
developing ACS when admitted for VOC.2%30
An adult study attempted to replicate the
pediatric study without any differences.3! The
difference in outcome between the adult and
pediatric study could be due to the different
etiology of ACS in these two populations.
Pediatric ACS is most commonly associated
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with  infections, which IS has been
demonstrated to prevent. In contrast, adult ACS
iIs most commonly due to fat emboli, which IS
is not able to prevent.3! Despite the study in
adults not demonstrating any significant
differences, there is little harm in starting
patients on IS, with some theoretical benefit.

There have been no studies to date to
determine the efficacy of incentive spirometry
to prevent worsening of ACS.

Anticoagulation
We recommend all patients over age 18 be

placed on thromboprophylaxis.
Thromboprophylaxis may be any of the
following:

1. Low-molecular-weight heparin

2. Unfractionated heparin

3. Fondaparinux
This is in alignment with the guidelines
provided by the American College of Chest
Physicians (ACCP), as both SCD and ACS
place patients in a hypercoagulable state.
Pulmonary vasculature occlusion due to
thrombosis has been theorized to cause ACS
due to the Virchow's triad. There is, however, a
lack of clinical trials demonstrating efficacy of
venous thromboembolism (VTE)
prophylaxis.®> One randomized clinical trial
attempted to demonstrate the efficacy of
unfractionated heparin in patients with ACS.
However, no conclusions were drawn from the
study due to insufficient enrollment resulting in
early termination of the study.®?

Hydroxyurea
Hydroxyurea should be used as a preventative
therapy to all patients with a history of ACS as
it has been shown to decrease the incidence
(50%) of ACS.3

Hydroxyurea works by increasing HbF
production and inhibiting production of HbS,
thereby reducing hemolysis and vaso-
occlusion. It should be titrated up to a
maximum of 35mg/kg while aiming for ANC >
2 x 10%L and platelet count > 80 x 10%/L.
Contraindication to hydroxyurea includes GFR
<30mL/Minute/1.73m?, pregnancy, or breast-
feeding female. Therefore, it is important to
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also offer contraception to both males and
females who are taking hydroxyurea.®®

L-Glutamine
We suggest the use of L-glutamine as a
preventative therapy to patients diagnosed with
ACS despite being placed on maximal therapy
of hydroxyurea, or those who cannot take
hydroxyurea due to the above contraindication.
This recommendation is founded on the results
of a phase 3 clinical trial demonstrating
decreased incidence of ACS, (8.6% vs 23.1%)
independent of hydroxyurea use.®

The mechanism of L-glutamine is
uncertain, but it is hypothesized to increase
reduced glutathione to counteract the oxidative
damage in RBCs of patients with SCD.%’

Special Consideration: SARS-CoV2
Like many pulmonary viral infections, SARS-
CoV2 can also cause ACS. This has been
demonstrated in several adult and pediatric case
studies. Since the common upper respiratory
virus and SARS-COV?2 can present with almost
identical symptoms, it is crucial to consider
both in patients with a history of SCD. Two of
the most common complications of SARS-
CoV2 associated with patients with SCD or
ACS are cytokine release syndrome and
pulmonary embolism. This is due to SARS-
CoV2, SCD, and VOC all inducing a
hypercoagulable state, and elevated IL-6.
Therefore, in addition to the standard therapy,
many experts recommend a lower threshold to
perform exchange transfusion to prevent or
decrease sickling. Additionally, there are two
case reports to date documenting successful
treatment with tocilizumab, an IL-6 inhibitor.3®-
41

Exchange transfusions, however, have
not been demonstrated to prevent ICU
admission in a recent French study. Therefore,
the use of tocilizumab should also be
experimental due to a -current lack of
evidence.*?
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CONCLUSION
ACS is a common and serious cause of Figure 1. PA chest radiograph showing
morbidity and mortality in patients with SCD. consolidation in lingula and left lower lobe

We recommend all patients with ACS be
treated with a combination of antibiotics, pain
control, incentive spirometry,
thromboprophylaxis, and providing
supplemental oxygen or transfusions/exchange
transfusions if clinically indicated.
Unfortunately, there is a considerable gap in
research supporting these treatments. As
physicians and researchers, we should strive to
conduct larger clinical trials in the management
of ACS, especially considering the prevalence
and affliction this disease has on many of our
patients.

Notes
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PA chest radiograph showing consolidation in the lingula and left lower lobe

Figure 2. Left lower lobe consolidation and small right lower lobe pleural effusion with atelectasis

Mediastinal window of the same left lower lobe dense consolidation and small right lower lobe

Left lower lobe dense consolidation and small right lower lobe pleural effusion with atelectasis pleural effusion and atelectasis
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