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Acute chest syndrome in sickle cell disease.

A brief review

Vasileios Lazaris

Abstract

Acute chest syndrome (ACS) is a severe complication of sickle cell disease. It affects all disease genotypes, leads to
prolonged hospitalisations, and is a common cause of disease-attributed mortality. Prompt diagnosis plays a crucial
role in the treatment of ACS patients. Hydroxyurea and infection prevention contribute to lower rate of ACS. Moreover,
transfusions and supportive care alleviate the symptoms in the acute phase of the disease. This brief review presents
all aspects of ACS, from the pathophysiology and risk factors to the treatment and prevention options.
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INTRODUCTION

Sickle cell disease (SCD) is an autosomal recessive
inherited disease with very high prevalence, especially
in sub-Saharan Africa [1,2]. The disease is caused by
a single nucleotide mutation of the 3-globin gene
(HBB) that replaces glutamate with valine. The altered
haemoglobin causes shape changes to the red blood
cells (RBCs) resembling sickles. The misshapen RBCs
are trapped in the small blood vessels causing vessel
obstruction, tissue hypoxia, and severe pain.

The severity of the symptoms varies between the
affected individuals. The most common symptom is
the vaso-occlusive crisis (VOC), a painful event resulting
from capillary obstruction. Some patients experience
life-threatening complications such as splenic sequestra-
tion crisis, neurologic complications like haemorrhagic
or ischaemic stroke, and acute chest syndrome. Acute
chest syndrome (ACS) is a severe complication of SCD,
mainly affecting respiratory capability. Chest pain, pul-
monary infiltrates, dyspnoea, and fever characterise it.

It is known that over 50% of children with homozy-
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gous SCD (HbSS) will suffer from ACS at least once in their
decade of life [3]. Furthermore, ACS isa common cause of
hospital admission, with a mean length of stay over seven
days and in-hospital mortality of just below 2% [4]. How-
ever, some older studies have reported mortality rates up
to 3% in all ACS patients, 2% in the pediatric population,
and 9% in adults [5]. ACS affects all SCD genotypes but
is more common in those with homozygous SS and S/
beta-thalassemia-null genotypes [6]. More specifically,
the incidence of ACS ranges from 3.9/100 patient-years
in the HbSP+ population to 12.8/100 patient-years in
the HbSS population [7]. Recurrent episodes of ACS may
lead to debilitating lung disease [8].

ACS diagnosis & clinical manifestations

According to the British Society of Haematology
(BSH), ACS is defined as an acute illness with a newly
developed pulmonary infiltration accompanied by fever
and/ or respiratory symptoms. The symptoms include
cough, chest pain, wheezing, tachypnoea, and increased
work of breathing, among others [9]. Older publications
described ACS as a new pulmonary infiltrate on a chest
radiograph [7] or as a condition that includes chest pain,
increased leukocytosis, fever, and pulmonary infiltrate
[10]. Hypoxia is a worrying clinical sign, and though
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it was not initially included in the definition of ACS,
others consider it part of it [8]. Hypoxia which can be
defined as Pa0, less than 60 mmHg or relative hypoxia
to baseline, which is defined as more than a 2% decrease
in SpO, from a steady state on room air, is a worrying
sign. Hypoxia may precede other clinical symptoms or
X-ray findings. Moreover, the clinical manifestations of
ACS depend on the patient’s age; for example, younger
patients usually do not experience chest pain. In addi-
tion, wheezing, cough, and fever were most common
among children, whereas pain in the arms and legs
and dyspnoea were more common among adults [5].

An ASC severity index was proposed by Ballas et
al. in 2010 (Table 1) [11]. This index was mainly used
in clinical research and is not widely validated in real-
world settings [12].

ACS can occur during a VOC. A predictive score,
including reticulocyte and leukocyte counts and spine
and pelvic pain, can be used to identify the patients
that will not develop ACS. Despite its high negative
predictive value (98.8%), it has a low positive predictive
value (39.5%). Nevertheless, it can be a helpful tool for
the early discharging of low-risk patients [13]. Secretory
phospholipase A2 was evaluated as a predictive marker
for developing ACS during VOC in the PROACTIVE study

but showed a 24% positive predictive value [14].

As may be noted, the preceding definition lacks
specificity. The clinical signs of ACS resemble those of
pneumonia. These two entities usually cannot be distin-
guished. As aresult, all patients should be treated with
antibiotics for severe community-acquired pneumonia.
Furthermore, other urgent medical entities should be
excluded. The differential diagnosis algorithm should
include acute coronary syndrome, acute myocardial
infarction, pneumothorax, pleural effusions, empyema,
aortic dissection, and ARDS [8].

The initial workup of a patient with suspected ACS
should at least include a chest X-ray, complete blood
count, basic biochemistry, blood group, and screen
or crossmatch, blood cultures, ABG measurement in
cases with hypoxia, serology for atypical respiratory
organisms and urine for Pneumococcal and Legionella
antigen, sputum for bacterial culture and nasopharyn-
geal swab for virus testing [9]. Moreover, a lung CT scan
will be needed in only a few cases as part of the initial
workup because a chest X-ray can easily identify lung
infiltrates [15].

Risk factors for developing ACS
High white blood cell (WBC) counts, low haemoglo-

Table 1. The ACS severity index, as it is first described in Ballas et al [11].

Mild ACS

Moderate ACS

Severe ACS

Very Severe ACS

Meets the diagnostic criteria
above AND all of the follow-

ing:

Meets the diagnostic criteria
above AND all of the follow-
ing:

Meets the diagnostic criteria
above AND 1 or more of the
following:

Acute Respiratory Distress Syn-
drome (ARDS), as defined by the 3
criteria of the American-European
Consensus Conference, includes:

Transcutaneous oxygen satu-
ration >90% in room air (FiO2
=0.21)

Segmental or lobar infiltrates
that involve no more than 1
lobe by chest radiography

Responsive to simple transfu-
sion of no more than 2 units
of red blood cells (or 15 cc/kg
packed red blood cells)

Transcutaneous oxygen satu-
ration =85% in room air (FiO2
=0.21)

Segmental or lobar infiltrates
that involve no more than 2
lobes by chest radiography

Responsive to transfusion of
>3 units of red blood cells (or
more than 20 cc/kg packed
red blood cells)

Respiratory failure (PaO2 <60
mmHg or PCO2 >50 mmHg)

Mechanical ventilatory sup-
port required

Transcutaneous oxygen sat-
uration <85% in room air or
<90% despite maximal supple-
mental oxygen

Segmental or lobar infiltrates
that involve 3 or more lobes
by chest radiography

Requiring transfusion or ex-
change transfusion of red
blood cells to achieve hae-
moglobin A >70%

Acute onset of bilateral infiltrates
on chest radiograph

Pulmonary artery wedge pressure
of <19 mmHg or the absence of
clinical evidence of left atrial hy-
pertension

PaO2/FiO2 <200 regardless of
positive end-expiratory pressure
(PEEP) level
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bin F (HbF), young age, and more than 3 VOC episodes
in the past years are well-established risk factors. Asthma
and tobacco use are also related to ACS occurrence.
Another risk factor is the genotype; individuals with
more severe SCD (HbSS and HbSB0) tend to develop
more frequently ACS than those with mild SCD (HbSC
and HbSf3+ genotypes) [16].

Acute chest syndrome pathophysiology

ACS is a type of acute lung injury. The exact events
that lead to the syndrome manifestation are not fully
known. The triggering causes contributing to the pre-
sentation of ACS are infections, pulmonary fat embolism,
and pulmonary artery infarctions [17]. These events
eventually lead to ventilation-perfusion mismatch,
hypoxemia, and acute pulmonary artery and right
ventricular pressure increases. At the microscopic level,
there is vaso-occlusion, sickling of the abnormal red
blood cells, adhesion of leukocytes, and inflammation
of the pulmonary vascular endothelium. The inflam-
mation is promoted to the nearby alveolar and small
airway tissues [18].

Pulmonary infection is detected in up to 38% of
patients with ACS. In children with ACS, the most typical
cause is viral infections. The respiratory syncytial virus
(RSV) is the main culprit. Moreover, atypical bacteria
such as Mycoplasma pneumoniae can also be detected in
children with ACS. Other bacteria, such as Staphylococcus
aureus and Streptococcus pneumoniae, can be detected,
especially in adult patients. Infections can induce exces-
sive acute lung injury in a SCD patient. This is proven
in SCD mouse models, which developed acute lung
injury with a low dose of endotoxin, while the wild-type
mice remained unaffected [19]. SARS-CoV-2 infection
was identified as a triggering event of ACS. These two
entities have overlapping symptoms and radiological
signs. The patients that develop ACS usually have more
localised infiltrates consistent with consolidation rather
than a more diffuse pattern [20-23].

Pulmonary fat embolism is associated with ACS [24].
The emboli are derived from the infarcted and necrosed
bone marrow. The fat is turned into free fatty acids in
the lung’s blood vessels, promoting inflammation and
endothelial damage. Fat embolism is shown in autopsy
studies. In the living, the diagnosis of pulmonary fat
embolism is based on the presence of fat-laden mac-
rophages in the bronchoalveolar lavage (BAL). However,
BAL cannot be performed in every ACS case.

Pulmonary vessel infarction is another cause of ACS.

The misshapen red cells obstruct the pulmonary vessel
leading to exacerbations of hypoxemia. CT pulmonary
angiogram (CTPA) is not routinely done in patients with
ACS. However, Dessap et al., in a prospective study, have
shown a 17% prevalence of pulmonary artery embolism
detected by CTPA [25].

Management of ACS

There are no randomised clinical trials for the ACS.
ACS is potentially fatal; therefore, early diagnosis and
treatment are essential. The treatment aims to mini-
mise irreversible lung damage that leads to long-term
sequelae.

Oxygen supply should be given to maintain SpO,
levels beyond 95%. SpO2 levels should be regularly
monitored. ICU specialists should be informed in case
of an increased need for oxygen support. Noninvasive
ventilation (NIV) has been used in ACS cases with severe
hypoxia.The NIV could reduce the need for intubation
and mechanical intubation. Bilevel positive pressure
(BiPAP), continuous positive pressure support (CPAP),
and high-flow oxygen can be used in trained centers
and wards [26,27]. NIV lowers the respiratory rate, raises
Pa02, and reduces heart rate. Mechanical ventilation
may be required in patients with worsening acute respi-
ratory despite NIV or with a failing level of consciousness
[9,28]. Furthermore, few reported cases of successful use
of veno-venous extracorporeal membrane oxygenation
(VV-ECMO) despite the increased risk of haemolysis and
thrombosis from SCD [29,30].

Intravenous (IV) hydration should be provided to all
patients with ACS.The amount of IV crystalloids needed
depends on the patient’s cardiopulmonary status. Fluid
intake and outtake should be closely monitored to avoid
fluid overload and acute pulmonary oedema.

In many cases, ACS is accompanied by VOC affecting
the thoracic bones (sternum, ribs, and thoracic spines).
The chest pain affects normal breathing and leads to
lung atelectasis. Therefore, sufficient pain relief treat-
ment can ameliorate breathing function. Acetamino-
phen, non-steroid anti-inflammatory drugs and opioids
can be used. Other drugs, such as inhaled nitric oxide,
have not been proven effective [31]. However, opioid
overdose can lead to alveolar hypoventilation and ACS
[32]. A strategy that can lead to lower doses of morphine
is patient-controlled analgesia. It is a strategy in which
the patients can titrate the analgesia by themselves,
leading to lower cumulative doses of morphine [33].

Incentive spirometry can be combined with the
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appropriate pain relief to reduce the incidence of ACS
in case of thoracic bone infarction. It is studied in the
pediatric population and post-operative setting [34-36].
Usually, ten inspirations every two hours when the pa-
tient is awake are sufficient. Despite the encouraging
results in the pediatric population, incentive spirometry
was not proven effective in adult patients. In a recently
published small randomised trial, incentive spirometry
did not significantly reduce the incidence of ACS [37].

As mentioned above, ACS cannot be distinguished
from lower respiratory tract infections. Therefore, anti-
biotics are recommended in all cases [9]. Despite the
lack of randomised controlled trials on this topic [38],
all patients should receive community-acquired pneu-
monia treatment. It should be noted that the antibiotic
regimen covers causes of atypical pneumonia, such as
Mycobacterium pneumoniae and Chlamydia pneumoniae.
Ceftriaxone plus a macrolide (azithromycin or clarithro-
mycin) or a fourth-generation fluoroquinolone such as
moxifloxacin or levofloxacin can be used [39].

The use of blood transfusions is a generally accepted
clinical practice in the context of critically ill ACS patients
[40]. However, no randomised clinical trials support
this practice, except for one inconclusive trial due to a
small group of participants [41]. Not all patients with
ACS require a blood transfusion. The clinician should
choose between a simple or top-up transfusion and
an exchange transfusion. A simple transfusion can
be used when the patient is anaemic. An exchange
transfusion can be used when the patient is severely
ill or continues to deteriorate despite the simple trans-
fusion. A haemoglobin higher than 9 gr/dl before the
exchange transfusion is preferred [9]. Most clinicians
aim at haemoglobin S (HbS) levels lower than 30-40%
when performing exchange transfusions.

Corticosteroids have been used in the treatment
of ACS. The patients recovered faster but had higher
readmission rates due to recurrent VOCs [42,43]. More-
over, a small retrospective study showed that inhaled
corticosteroids do not decrease the morbidity of ACS
[44]. Therefore, the use of corticosteroids is generally not
suggested. Patients with ACS in combination with acute
asthma or COVID-19 may be the exception [9,45,46].

ACS prevention

Hydroxyurea (HU) has been used for VOC preven-
tion. The drug elevates the HbF levels, interrupting
the elongation of deoxy-HbS polymers, decreases the
adhesion of blood cells to the vascular endothelium,
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and finally improves vascular tone. It is shown that HU
reduces the ACS in the first year of the treatment. The
beginning dose is 15 mg/kg/day and gradually increases
to the maximum tolerated dose (usually 30-35 mg/kg/
day) [47,48]. If the HU is ineffective or cannot be toler-
ated by the patient, long-term transfusion may be a
solution. Itis shown that sickle cell patients that receive
long-term transfusions for stroke prevention or silent
cerebral infarct prevention have lower rates of ACS
[49,50]. The major side effect of chronic transfusion is
iron overload. Individuals receiving frequent transfusions
should receive chelation therapy and monitor with MRI
for liver haemochromatosis [40].

Another option, in case HU is not tolerated or is inef-
fective, is disease-modifying drugs such as crizanlizumab
and L-glutamine. It is not proven that these drugs are
effective in preventing ACS. However, they reduce the
preceding VOCs. It is to be noted that the L-glutamine
is not approved by the European Medicines Agency
(EMA). Voxelotor is a recently approved drug that acts
as an HbS polymerisation inhibitor. Voxelotor increases
haemoglobin and reduces haemolysis. It is yet unclear
whether the voxelotor improves the clinical symptoms
of SCD [51].

Hopefully, new drugs are on the way, such as the
first-in-class, oral, small-molecule allosteric activator of
pyruvate kinase, mitapivat. This drug is being evaluated
in clinical trials and is expected to increase haemoglobin
levels and reduce VOCs and other complications like
ACS, osteonecrosis, and nephropathy [52].

Another strategy for reducing the risk of ACS is
infection prevention. The prophylactic use of penicil-
lin V until at least the age of five years, pneumococcal
vaccination, and annual influenza vaccination are highly
recommended. Apart from the routine vaccination se-
ries with the pneumococcal conjugate vaccine PCV13,
children with SCD should receive the pneumococcal
polysaccharide vaccine PPSV23 at age of two years
for additional protection against S. pneumoniae with a
booster given at five years of age. The influenza vaccine
should be started at the age of six months. There is no
evidence for prophylactic antibiotics to prevent ACS in
patients with VOC [9,36,53].

Long term complications

Interstitial lung disease and pulmonary hyperten-
sion were considered long-term complications of re-
current ACS, although no causation is documented
[8]. Radiologic studies have shown increased scarring
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and fibrotic lesions in patients with repeated ACS [54].
Furthermore, a case series study showed diffuse cystic
lung disease in SCD patients, which has never been
reported again, although a correlation with ACS was
not established [55]. A relatively recent study from
Nigeria in paediatric patients showed that abnormal
lung function assessed by spirometry was correlated
with repetitive ACS [56]. An older study in the adult
population showed only a trend toward lower total lung
capacity and haemoglobin-adjusted diffusing capacity
in those with repeated ACS [57].

CONCLUSION

ACS is a complication and a common cause of death
in patients with SCD [58]. However, mortality has de-
creased over the years with the introduction of antibi-
otics, vaccinations, hydroxyurea use, and therapeutic
education for families. VOC prevention can lead to less
ACS incidence and a better quality of life [59]. Hydroxyu-
rea has shown effectiveness against the complications
of SCD and ACS. New studies should address ACS’s inci-
dence, morbidity, and mortality in the post-hydroxyurea
era. Furthermore, new drugs recently approved for SCD
need to prove effective in preventing ACS. Apart from
these classical treatment approaches, ongoing and
planned gene therapy trials aim to cure SCD.

In addition, patients with suspected ACS should be
aggressively treated. Oxygen supply, hydration, pain
relief, and blood transfusions are the cornerstones in
the management of ACS (Figure 1). The role of novel
drugs in shortening hospital staying or ACS outcomes
is unknown. Clinical trials regarding the optimal man-
agement of ACS are needed.
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Figure 1. The main cornerstones in treating ACS.

Overall medical advances have changed the qual-
ity of life of SCD patients in the last decades, yet many
aspects need improvement. Lastly, action should be
taken to ameliorate the disparities between SCD patients
with different socio-economic or racial statuses to have
access to medical care and optimal management of
their disease complications [60].
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