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Objectives

* Recognize the epidemiology and pathophysiology of Acute Chest
Syndrome (ACS) in sickle cell patients (Knowledge).

* Interpret early presentation and diagnostic criteria of ACS
(Comprehension).

* Apply evidence-based treatment strategies for managing ACS in the
emergency department
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Case

e LS is a 42-year-old AA female who has a PMH of Sickle cell anemia (HbSS) and
MDD. She presents to the ED with generalized pain in both her legs after failing
her home pain medication regimen. The ED team commenced with VOC
management and the patient was eventually admitted to the floor.

* On day 4 of admission LS develops fever, cough, chest pain, and respiratory
distress. When a chest x-ray (CXR) was done it was revealed that the patient had

ACS.
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Case cont.

* Medications (Outpatient) * Social/Family History
* Opioids e Lives with husband and 1 child
* Percocet 5/325mg 1-2 tablets every « (-) smoking

4-6 hours as needed for pain
* MS Contin 30mg BID

* (-)illicit substances
* (+) alcohol occasionally (1-2 glass of

* Non-Opioids wine ever couple months)
e Sertraline 50mg daily * Surgical History
* MVl daily . C-Section (2018)

 Bilateral total hip replacement
(2021)
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Overview of ACS

e ACS is a form of acute lung injury that involves
vaso-occlusion within the pulmonary vasculature.

* ACS is a life-threatening thoracic complication that
can result in lung injury, difficulty breathing, and
low oxygen to the rest of the body.

* Important to note that ACS is considered a medical
emergency and needs to be properly treated
accordingly.

Koehl JL, Koyfman A, Hayes BD, Long B. High risk and low prevalence diseases: Acute chest syndrome in sickle cell disease. Am J Emerg Med. 2022
Aug;58:235-244. doi: 10.1016/j.ajem.2022.06.018
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Overview of ACS cont.

* Vaso-occlusion pain is considered the
leading cause of hospitalizations in patients
with SCD. 10-20% of these patients develop Acute Chest Syndrome

ACS within 3 days of admission.

« ACS is considered the 2" most common
cause of hospitalization for SCD patients

e ACS accounts for approximately 25% of
deaths in patients with SCD

* |ts important to note that 80% of patients
with ACS experience a VOC even prior to the
episode of ACS

Koehl JL, Koyfman A, Hayes BD, Long B. High risk and low prevalence diseases: Acute chest syndrome in sickle cell disease. Am J Emerg Med. 2022 Aug;58:235-244. doi:
10.1016/j.ajem.2022.06.018
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Pathophysiology of ACS

* The development of ACS represents a cycle
of lung infarction, inflammation, and
atelectasis leading to ventilation—perfusion
mismatch and hypoxemia.

* Due to the nature of this disease state
(abnormality of RBCs, low alveolar oxygen
tension) you have adhesion that occurs to
each other, leucocytes, and the endothelium
causing vaso-occlusion and tissue hypoxia

* Inflammatory cytokines get released, which
promotes inflammation of the airways

Adhesion Sickling

Thrombosis Hemolysis
Vaso-occlusion - S
L 1 ] RBC

w PLT

Endothelium Bone marrow
C 1 |

= Rib infarction infarction
H
Decreased / \ eme Rib pain
oxygen delivery In situ pulmonary Pulmonary
thrombosis infarction

17% 16%

Hypoventilation
Atelectasis

Desaturated
hemoglobin

Acute chest syndrome

Jain S, Bakshi N, Krishnamurti L. Acute Chest Syndrome in Children with Sickle Cell Disease. Pediatr Allergy Immunol Pulmonol. 2017 Dec 1;30(4):191-201. doi:

10.1089/ped.2017.0814
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Pathophysiology of ACS cont.

Copyright © The McGraw-Hill C: ies, Inc. F required for jon or display.

* Role of vascular cell adhesion molecule 1
(VCAM1), which happens to be upregulated in
the endothelium from a hypoxic state/fat
embolism.

* The upregulation of VCAM1 has a role in
inducing red cell adhesion to the respiratory
endothelium and increasing vaso-occlusion
within the pulmonary vasculature.

Picture 1 Sickled cells
can clump together in the
lungs, causing pain and

thing.
Bhasin N, Sarode R. Acute Chest Syndrome in Sickle Cell Disease. Transfus Med Rev. 2023 Jul;37(3):150755. doi: 10.1016/j.tmrv.2023.150755 trouble brea ng
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Presentation and Diagnosis

The presentation and severity associated with ACS
can differ significantly in patients.

* ACS typically presents with chest pain, cough,
dyspnea, fever, leukocytosis with new pulmonary
infiltrate on imaging.

e Severe ACS can also present with rapid respiratory
compromise and multi-organ failure

Patient’s can also present with neurological
symptoms (AMS, seizures, etc).

Koehl JL, Koyfman A, Hayes BD, Long B. High risk and low prevalence diseases: Acute chest syndrome in sickle cell disease. Am J Emerg Med. 2022 Aug;58:235-244.
doi: 10.1016/j.ajem.2022.06.018
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Koehl JL, Koyfman A, Hayes BD, Long B. High risk and low prevalence diseases: Acute chest syndrome in sickle cell disease. Am J Emerg Med. 2022 Aug;58:235-244. doi: 10.1016/j.ajem.2022.06.018

Multiorgan failure: acute dysfunction of at least 2 organ systems
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Presentation and Diagnosis cont.

* Landmark study done by Vichinsky et al. in
2000, which was a multi-center prospective

study
Causes and Outcomes of the Acute Chest Syndrome
* Examined over 600 episodes of ACS in 538 in Sickle CEH Disease
patients and studied causes and outcomes in
ACS in sickle cell disease. ©  VIEW THE RELATED ARTICLE

Published September 14,2000 | N Engl | Med 2000;343:824 | DOI: 10.1056/NEJM200009143431122
* |dentified a specific cause in 38% of patients, VOL 343 NO. 11
and when incomplete data was excluded
identified in 70%.

* 2 main etiologies were fat embolism and
infection (30%).

Vichinsky EP, Neumayr LD, Earles AN, Williams R, Lennette ET, Dean D, Nickerson B, Orringer E, McKie V, Bellevue R, Daeschner C, Manci EA. Causes and outcomes of the acute chest syndrome in sickle
cell disease. National Acute Chest Syndrome Study Group. N Engl J Med. 2000 Jun 22;342(25):1855-65.
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Vichinsky EP, Neumayr LD, Earles AN, Williams R, Lennette ET, Dean D, Nickerson B, Orringer E, McKie V, Bellevue R, Daeschner C, Manci EA. Causes and outcomes of the acute chest syndrome in sickle cell disease. National Acute Chest Syndrome Study Group. N Engl J Med. 2000 Jun 22;342(25):1855-65.
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Presentation and Diagnosis cont.

e ACS (Adu Its/com mon etlologles) TABLE 4. CAUSES OF THE ACUTE CHEST SYNDROME.*
* VOC
* Fat embolism ALL EPISODES
CAuUSE (N=670) AGE AT EPiISODE OF AcUTE CHEST SYNDROME

0-9 yr 10-19 yr =20 YR
(N=329) (n=188) (N=153)

no. of episodes (%)

Fat embolism, with or without infectiont 59 (8.8) 24 16 19
Chlamydiat 48 (7.2) 19 15 14
Mycoplasma§ 44 (6.0) 29 7 8
Virus 43 (6.4) 36 5 ’)
H H H : B i 30 (4.5 13 5 12
 ACS (Pediatrics/common etiologies) e o ES 7; ~ : :
xed infections X
* Infection Legionella 4 (0.6) 3 0 1
Miscellaneous infectionsy 3(04) 0 3 0
L
Asthma Infarction| 108 (16.1) 50 43 15
Unknown** 306 (45.7) 139 88 79

Vichinsky EP, Neumayr LD, Earles AN, Williams R, Lennette ET, Dean D, Nickerson B, Orringer E, McKie V, Bellevue R, Daeschner C, Manci EA. Causes and outcomes of the acute chest
syndrome in sickle cell disease. National Acute Chest Syndrome Study Group. N Engl J Med. 2000 Jun 22;342(25):1855-65.
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Presentation an iagnosis cont.

TABLE 5. INFECTIOUS PATHOGENS ISOLATED
IN 671 EPISODES OF THE ACUTE CHEST

* Common pathogens in ACS Fedint
* Mycoplasma pneumoniae vl

Chlamydia pneumonine 71

. . Mycoplasma prewmonine 51

e Chlamydia p eeatory Sy v %

a m I a n e u m O n I a e Czsal;lfja(:;—ypf)}sl;ziel St;;rhl;slacaccuj anremns 12

. . . Streptococcus preurnoniae 11

* Respiratory syncytial virus Dok ome Komels =
Rhinovirus

Parainfluenzavirus
Haemophilus influenzae
Cytomegalovirus
Influenza A virus
Legionella pneumophila
Escherichia coli
Epstein—Barr virus
Herpes simplex virus

* Antibiotic therapy is important to Pucoenomas smees

Adenovirus

facilitate in these patients to provide B

optimal treatment. Nreotacresinm mebesontonts

Enterobacter species

Klebsiella pneumonine

Mycobacterinm avinm complex

Salmonella species

Serratia marcescens

Total 24

O o = N NN NN W W W W R U

Vichinsky EP, Neumayr LD, Earles AN, Williams R, Lennette ET, Dean D, Nickerson B, Orringer E, McKie V, Bellevue R, Daeschner C, Manci EA. Causes and outcomes of the acute chest *All infectious agents isolated during epiSOdCS of
syndrome in sickle cell disease. National Acute Chest Syndrome Study Group. N Engl J Med. 2000 Jun 22;342(25):1855-65. the acute chest syndromc are included.
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Presentation and Diagnosis cont.

* Diagnostic criteria

* Acute illness w/new pulmonary
infiltrate

* 1 or more new respiratory y -
symptoms or signs (cough, chest Dlagl’IOSlS
pain, fever, hypoxemia, wheezing,
tachypnea).

* Important to remember that these
criteria are broad and to properly
conduct a differential diagnosis
(pneumonia, PE, pleural effusion,
etc.)

Bhasin N, Sarode R. Acute Chest Syndrome in Sickle Cell Disease. Transfus Med Rev. 2023 Jul;37(3):150755. doi:
10.1016/j.tmrv.2023.150755


Presenter Notes
Presentation Notes
Important to note infiltrates may not appear until 2-3 days after initial presentation. Do not cross out ACS just because the chest x-ray comes back negative 

Bhasin N, Sarode R. Acute Chest Syndrome in Sickle Cell Disease. Transfus Med Rev. 2023 Jul;37(3):150755. doi: 10.1016/j.tmrv.2023.150755.
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Treatment of ACS

* Analgesia
e Antibiotic therapy

 Respiratory Support e
NT

* Fluid Management
* Blood Transfusion

e Early recognition and prompt
initiation of treatment are
associated with lower mortality
rates, shorter hospital stays,
decreased healthcare costs, and a
reduced likelihood of recurrence

StatPearls Publishing; 2024 Jan-


Presenter Notes
Presentation Notes
emDOCs.net – Emergency Medicine EducationemDOCs Podcast - Episode 100: Acute Chest Syndrome Part 1 - emDOCs.net - Emergency Medicine Education

Friend A, Settelmeyer TP, Girzadas D. Acute Chest Syndrome. [Updated 2023 Nov 25]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan-. Available from: https://www.ncbi.nlm.nih.gov/books/NBK441872/
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Treatment of ACS (Analgesia)

* VOC is a common trigger for ACS in patient’s with SCD

e Utilization of multi-modal analgesia

* Evidence based guideline directed pain care (ASH guidelines)
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Treatment of ACS (Analgesia) cont.

* VOC treatment

* Opioids (pt specific Homopioids ),
protocol/weight-based
regimen) vor Opioids

e NSAID (Toradol x 5 days) A\ /

* Acetaminophen VAEEEN  Enalgesia

* Pain dose ketamine
(0.1-0.3mg/kg/hr, max dose
0.5-1mg/kg/hr)

f"l /
4 !"'.sw_ir|:h|;:-1t:|gi(:a.l/,.r ! .Edjuvants/

Regional
Analgesia
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Presentation Notes
Brandow AM, Carroll CP, Creary S, Edwards-Elliott R, Glassberg J, Hurley RW, Kutlar A, Seisa M, Stinson J, Strouse JJ, Yusuf F, Zempsky W, Lang E. American Society of Hematology 2020 guidelines for sickle cell disease: management of acute and chronic pain. Blood Adv. 2020 Jun 23;4(12):2656-2701.

Acetaminophen and Toradol should be scheduled 
Ketamine- pain refractory to opioids 
Example of weight based opioid regimen: morphine 0.1-0.15 mg/kg 

Koehl JL, Koyfman A, Hayes BD, Long B. High risk and low prevalence diseases: Acute chest syndrome in sickle cell disease. Am J Emerg Med. 2022 Aug;58:235-244. doi: 10.1016/j.ajem.2022.06.018
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Treatment of ACS (Antibiotic therapy)

Infection is another common trigger for ACS

e Antibiotic therapy is important in patients with
ACS

» Atypical organisms are common infectious
agents in ACS

* Antibiotic therapy

» 3"d generation cephalosporin (ex: Rocephin)
with a macrolide (azithromycin) or
fluoroquinolone (levofloxacin)

 Critically ill patients can receive zosyn and
vancomycin with a macrolide

Koehl JL, Koyfman A, Hayes BD, Long B. High risk and low prevalence diseases: Acute chest syndrome in sickle cell disease. Am J Emerg
Med. 2022 Aug;58:235-244. doi: 10.1016/j.ajem.2022.06.018
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Treatment of ACS (Respiratory Support)

* Respiratory support is important for this
patient population

* If the patient is hypoxemic, supplemental
oxygen should be administered to attain an
02 saturation above 95% (nasal cannula,
HENC, NIPPV, mechanical ventilation if pt
unable to protect airway)

* Incentive spirometry is another important
aspect of ACS management. 10 maximal
inspirations every 2 hours. IS helps to improve
tidal volumes and also atelectasis.

Am j Hosp Med 2022 April;6(2):2022
Management of Acute Complications of Sickle Cell Disease: A Pocket Guide for the Clinician. American Society of
Hematology. Noronha, S., & Lanzkron, S. (2014)
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Management of Acute Complications of Sickle Cell Disease: A Pocket Guide for the Clinician. American Society of Hematology. Noronha, S., & Lanzkron, S. (2014).
Wang Kevin, Das-Ireland, Monisha, et al. Acute chest syndrome: a narrative review to guide inpatient management. American journal of hospital medicine, volume 6, issue 2 (2022 April-June). DOI: https://doi.org/10.24150/ajhm/2022.013
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Treatment of ACS (Fluid Management)

* Wang et al. discussed the importance of making sure fluid
management is conservative and individualized for that patient,
considering their fluid status.

* Ifthe patient is euvolemic, maintenance fluids can be started (D5 in
0.45%NS) at maintenance rate to avoid over-hydration. In
hypovolemic patient’s fluid resuscitation should be employed.

* ASH guideline panel chooses not to offer a recommendation for or
against IV fluids in addition to standard pharmacological
management

* We need more high-quality studies regarding the efficacy and risk of
IV fluids in treating ACS

* Fluid management should be guided by the patient's hydration
status to restore and maintain adequate hydration without causing
fluid overload.

Am j Hosp Med 2022 April;6(2):2022


Presenter Notes
Presentation Notes
Wang Kevin, Das-Ireland, Monisha, et al. Acute chest syndrome: a narrative review to guide inpatient management. American journal of hospital medicine, volume 6, issue 2 (2022 April-June). DOI: https://doi.org/10.24150/ajhm/2022.013
file:///C:/Users/d57259/Downloads/Pocket%20Guide%20Acute%20Complications%20SCD%20(3).pdf (Am j Hosp Med 2022 April;6(2):2022) 

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.
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Treatment of ACS (Blood Transfusion)

e Simple Transfusion

* Symptomatic ACS

* Hemoglobin <9 g/dL I ,

» Decrease in hemoglobin >1 g/dL form baseline ,
* Exchange Transfusion

* Hypoxia despite oxygen supplementation o

* Worsening pulmonary infiltrates, increasing respiratory

distress -

* Decreasing hemoglobin despite simple transfusion

* Target Hb >10g/dL for both simple and exchange. For

adults, its recommended 1-2 units of RBC and
10ml/kg for pediatrics.

(Am j Hosp Med 2022 April;6(2):2022)

Chou ST, Alsawas M, Fasano RM, et al. American Society of Hematology 2020 Guidelines for Sickle Cell Disease: Transfusion Support.
American Society of Hematology. https://ashpublications.org/bloodadvan ces/article/4/2/327/440607/AmericanSociety-of-Hematology-2020-
guidelines-for. Published January 27, 2020.
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Wang Kevin, Das-Ireland, Monisha, et al. Acute chest syndrome: a narrative review to guide inpatient management. American journal of hospital medicine, volume 6, issue 2 (2022 April-June). DOI: https://doi.org/10.24150/ajhm/2022.013
file:///C:/Users/d57259/Downloads/Pocket%20Guide%20Acute%20Complications%20SCD%20(3).pdf
Chou ST, Alsawas M, Fasano RM, et al. American Society of Hematology 2020 Guidelines for Sickle Cell Disease: Transfusion Support. American Society of Hematology. https://ashpublications.org/bloodadvan ces/article/4/2/327/440607/AmericanSociety-of-Hematology-2020- guidelines-for. Published January 27, 2020.
Davis BA, Allard S, Qureshi A, et al. Guidelines on red cell transfusion in sickle cell disease Part II: indications for transfusion. Br J Haematol. 2017;176(2):192-209
National Heart, Lung, and Blood Institute. (2016). Evidence-Based Management of Sickle Cell Disease: Expert Panel 2014. U.S. Department of Health & Human Services, National Institutes of Health. Evidence-Based Management of Sickle Cell Disease: Expert Panel, 2014

Simple transfusion: 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.

Exchange transfusion: allow for a large volume of blood transfusion without the risk for hyper-viscosity syndrome. This allows for improved oxygenation by removing patients' HbS and replacing them with HbA, resulting in reduced blood sickling and hemolysis
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Knowledge Question #1

* What were the 2 most common pathogens that were isolated in ACS
patients in Vichinsky et al. landmark study?
A. E.coli & Rhinovirus
B. Legionella pneumophilia & RSV
C. Mycoplasma pneumoniae & Chlamydia pneumoniae
D. Streptococcus penumoniae & Parvovirus
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Knowledge Question #1 Answer

* What were the 2 most common pathogens that were isolated in ACS
patients in Vichinsky et al. landmark study?
A. E.coli & Rhinovirus
B. Legionella pneumophilia & RSV
C. Mycoplasma pneumoniae & Chlamydia pneumoniae
D. Streptococcus penumoniae & Parvovirus
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Knowledge Question #2

* Which clinical scenario accurately describes the decision to utilize
exchange transfusion?
* A. Hemoglobin <9 g/dL
* B. Decreasing Hypoxia after oxygen supplementation
* C. Symptomatic ACS
* D. Worsening pulmonary infiltrates, increasing respiratory distress
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Knowledge Question #2 Answer

* Which clinical scenario accurately describes the decision to utilize
exchange transfusion?
* A. Hemoglobin <9 g/dL
* B. Decreasing Hypoxia after oxygen supplementation
* C. Symptomatic ACS
* D. Worsening pulmonary infiltrates, increasing respiratory distress
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