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Background: This study was conducted to define the clinical features and outcome of acute chest syndrome
(ACS) insickle cell disease (SCD) patients in the Eastern Province of Saudi Arabia.

Patients and M ethods: Thiswas a prospective study involving patients who were12 years or younger, admitted
to Qatif Central Hospital with ACS (or developed ACS during hospitalization) between July 1992 and July 1997.
Chest x-ray, CBC, cultures (blood, sputum and throat), mycoplasma titers and blood gases were performed at the
onset of ACS. Oxygen therapy, antibiotics, blood transfusion and mechanical ventilation were used as reguired.
Results: One hundred and thirty -two patients with episodes of ACS (154 admissions which accounted for 7.7%
of SCD admissions) were studied. Fever, cough and chest pain were the most common symptoms. Raised
temperature, tachypnea and tachycardia were the most common findings. ACS was associated with painful crisis

(46.8%) and infections (13%). It was mild in 31.2%, moderate in57.1% and severein 11.7% of admissions.
Radiological studies revealed unilateral infiltrate in 69.5%, bilateral infiltrate in 20.8% and pleural effusionin
3.3%. There was a significant drop in Hb and platelets, and arise in WBC. Significant hypoxiawas found in

10.4% and bacteremia was found in 7.1%. Cephal osporine was required for 37%, simple blood transfusion for
74%, exchange transfusion for 2%, and mechanical ventilation for 0.7% of admissions. None of our patients died.

Mean duration of hospitalization was 6.7 days.

Conclusion: Acute chest syndrome in children with sickle cell disease in the Eastern Province of Saudi Arabiais
relatively mild and infrequent, and rarely associated with bacteremia
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Acute chest syndrome (ACS) isacommon complication in
patientswith sickle cell disease (SCD),* causing significant
morbidity and mortality.? The term “acute chest syndrome”
was first suggested for this complication by Charache et al 2
in 1979, acknowledging the difficulties in determining its
pathogenesis. Thefrequency of this complication is
variable, reaching up to 45% of individuals with SCD?* It
accounts for more than90% of hospital admissions.>®
Thereis very limited information on this complication in
the so-called “benign” Saudi SCD.” This report definesthe
frequency, clinical and laboratory features of 154 episodes
of ACSin children with SCD admitted to Qatif Central
Hospital in the Eastern Province of Saudi Arabia.

Patients and M ethods

All pediatric patients (12 years or younger) with SCD
admitted in Qatif Central Hospital (QCH) from July 1992 to
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July 1997 with ACS, as well asthose who developed ACS
during hospitalization were included. The diagnosis of SCD
was confirmed by sickling test, hemoglobin electrophoresis,
and family study?

Acute chest syndrome is defined as an acute episode
associated with clinical and/or radiological evidence of new
pulmonary abnormalitiesin patients with SCD, and often
accompanied by fever, bone pain, chest pain, cough,
dyspnea, hypoxia, leukocytosis and decline in hemoglobin
below the usual steady state level. 2% Chest x-rays,
complete blood counts, cultures (blood, sputum and throat)
were performed on admission, or when the chest symptoms
developed during the course of illness. Room air arterial
blood gases were done on admission whenever possible.
Mycoplasma antibody titer (complement fixation) and/or
cold agglutinin titerswere done if they were available.
Complement fixation titer** and cold hemagglutinin
titers***® of 1:32 or more were considered significant. A
simple scoring system was used to assess the degree of
clinical severity: score “0" was made when there was no
respiratory distress, which indicated mild disease; score" 1"
was made when there was tachypnea (age adjusted), which
indicated moderate severity; and score “2” was made when
there were tachypnea and retraction, which indicated severe

TaBLe 1  Acutechest syndromeby age.

Age group No. of patientswith ACS
<2years 5
2-4years 35
5-6years 30
7-8years 34
9-10 years 28
11-12 years 22
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TABLE 2. Presenting symptomsand signs of patientswith ACS
Symptoms No. % Signs No. %
Fever 144 935 T<389C 84 54.¢
Cough 126 81.8 T>389C 25 16.:
Chestpain 66 429 Tachypnea 106 68.¢
Productive cough 50 325 Retractions 18 11.7
Shortness of breath 38 247 Tachycardia 90 58.¢
Whitish sputum 35 227 Dullnesstopercussion 11 7.1
Y ellowish sputum 13 8.4 Decreased bresth sounds 52 33.¢
Greenish sputum 2 13 Rales 82 53.
Rhonchi 5 38
Branchial breathing 9 5&
Normal exam 33 21«
TaBLE 3. Associated problemswith ACS.
Problems No. %
Painful crises 72 46.¢
Abdomen 25 16.2
Back 20 1z
Chest 14 9.1
Extremities 13 84
Infections 20 1
Bacteremia 11 7.1
URTI 6 3¢
UTlI 1 0.7
Acute cholecydtitis 1 0.7
G6PD deficiency and acute hemolytic anemia 4 2¢€
Post operative 3 z
Sequestration crisis 2 1z
Traumato chest 1 0.7
Bronchia asthma 1 0.7
URTI=upper respiratory tract infection; UTI=urinary tract infection.
TaBLe 4. Basdineand ACSlaboratory values.
Tests Baseline(mean)  ACS (mean) P-value
Hb (g/dL) 8.6 7.8 0.00z
WBC (x10°/L) 114 17.8 0.00000z
Platelets (x10%L) 390.7 335.9 0.02
Retics (%) 797 8.7 0.5t
S. bilirubin 38 33 0.57

disease’® Patients with severe disease were admitted in
pediatric intensive care unit.

All patients were treated with intravenous fluid. Simple
analgesia (paracetamol) or narcotic analgesiawas given as
needed. Oxygen therapy was given for hypoxia(PO2 <60
mm Hg, or O, saturation <90%) and moderate-to-severe
disease. Ampicillin was given to patients with mild-to-
moderate disease. In patients with severe disease or patients
with mild-to-moderate disease not responding to ampicillin,
third-generation cephal osporin was given. Oral
erythromycin was given to al patients. Vancomycin and
third-generation cephal osporine were given to patients with
shock, rapidly progressing disease or respiratory failure.
Simple blood transfusion was given to patients with severe
disease, consolidation involving one or more lobes and
Pa0, of less that 76 mmHg despite oxygen therapy. Partial
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exchange blood transfusion was given to patients with
rapidly progressing disease or signs of respiratory failure.
Mechanical ventilation was given to those patients who
deteriorate despite oxygen therapy and partial exchange
transfusion.’® The information was recorded prospectively.
A statistical program (Epistat package) was used to perform
various statistical tests.

Results

During the study period, total admissionsin pediatric
medical ward in Qatif Central Hospital was9527, of which
2010 admissions (21.1%) were for SCD complications. Of
the SCD admissions, 154 (132 patients) were for ACS,
which accounted for 7.7% of SCD admissions. Of the 132
patientswith ACS, two patients had sickle cell beta-zero-
thalassemia (Sb°T), three had sickle cell beta ™ thalassemia
(S'T), and 127 had sickle cell anemia (SCA).

The age of patientswith ACSranged from 9 months to
12 years, with amean of 6.9years. The age distribution are
shown in Table 1. Of the 132patients, 99 patients were
males and 33 were females, with amale to female ratio of
3:1 Most of the patients with ACS had only one episode,
but 13 patients (8.4%) had at |east two episodes each. One
patient with Sb°T had five episodes of ACS and two
patientswith Sb* T had two episodes each.

The presenting symptoms and physical findings at the
time of hospitalization are shown in Table 2. Associated
problems other than ACS are shown in Table 3. Three
patients developed ACS postoperatively. One patient
developed ACS three days post-splenectomy and the other
two patients (one patient post-cholecystectomy and the
other post-excision of dermoid cyst) developed ACS one
day post operatively.

Mild ACSwas found in48 admissions (31.2%),
moderate ACS in 88 admissions (57.1%), and severe ACS
in 18 admissions(11.7%).

Radiological studies showed unilateral infiltrate in107
episodes (69.5% ) and bilateral infiltrate in32 episodes
(20.8%). In the unilateral, there was more right side
involvement (47.4%) than left side(20.8%). They varied by
age (Figure 1). Pleural effusion was found in six episodes
(3.3%). The older children had middlie and lower lobe
involvement significantly more often than the younger
children did (P<0.0000001).

Laboratory findings are shown in Table 4 Hemoglobin
showed a significant change during ACS, with hemoglobin
dropping by an average of 1.6 g/dL. The mean of
polymorphoneuclear cells(PM N) was 61.5%+20.3and of
band cellswas5.7%+7.5. Total serum bilirubin was
increased in 6 (46.2%) of 13 patients with yellowish
sputum, in comparison to7 of 35 patients (20%) with white
sputum, but the differences was not statistically significant
(P=0.15). The mean of HbF was21.2%z+10.3and of MCV
was73.8+10.1



Room air arterial blood gas sampling was performed in
26.6% (41 of 154) of admissions(Oxygen was started
before arterial blood gasesin the rest of admissions). Mean
PaO, was 66.3 mm Hg, mean O, saturation was88.7% and
mean Pa CO; was 33.6 mm Hg. Thirty-nine percent (16 of
41 patients) presented with PaO, less than 60 mm Hg.

Bacteremia was documented in 7.1% (11 of 154) of
ACS episodes. The most common organisms isolated were
Salmonella (3 of 11) and Streptococcus pnemoniae (2 of
11). Other organisms isolated were Hemophilus influenzae
(1 of 11), Staphylococcus aureus(1of 11), Staphylococcus
epidermidis(1 of 11), Bacillus species (1 of 11) and both
Enterobacter agglomerans and Acenetobacter (1 of 11).

Urine cultures showed Klebsiella spp. in one patient.
Sputum cultures revealed Hemophilus influenzae-b in one
patient. Group A b-hemolytic Streptococcuswasisolated in
two patients from throat swab. Pleural fluid and other
cultures showed no growth.

Serological studies for mycoplasma infections were
donein 81 admissions. Positive titer was found in 35
admissions (43,2%), but significant titer was found in only
22 admissions (27.2%).

All patients received hydration and erythromycin.
Ampicillin was given to 98 patients (63.6%), whereas
cephal osporine was given to 57 patients(37%) and 20
(13%) were given other antibiotics. Simple blood
transfusion was given to 114 patients (74%), whereas only
three patients (2%) were given exchange blood transfusion.
Eighteen patients required | CU care and one patient
regquired mechanical ventilation.. None of our patients died.
The mean duration of hospitalization was6.7 days.

Discussion

SCD isamajor health problem in the Eastern Province
of Saudi Arabia. Asshown in this study, SCD-related
problems accounted for more than 20% of total admissions
to the pediatric medical ward. ACSis an important
complication of SCD. It was listed as the cause of death in
as many as25% of patients who died of SCD.'” Accurate
characterization of this complication become necessary in
the Eastern Province of Saudi Arabiawhere SCD is
relatively benign in comparison to other parts of Saudi
Arabiaand the world.*®2° The frequency of 7.7% islow in
comparison to other areas where the frequency may reach
over 90%.” It was found, as stated in other studies, that
ACS was significantly more frequent in SCA than other
SCD variants®*

FIGURE 1. Age-specific radiographic finding in ACS.

Although ACS was reported more frequently in children
between 2 and4 years old,® our study showed almost
similar pattern in patients2-10years old. The frequency
was slightly decreased at agell-12 years, and very low for
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those under 2 years of age The low ACS frequency in
those under 2 years was observed by others® It could have
been the effect of higher Hb F concentration in those
patients.

Recurrent attacks of ACS occurred in less than 10% of
SCD patients in the Eastern Province, which was low in
comparison to other areas®* where recurrence may occur in
20%-80%. Although ACS was associated with acute
painful crisesin around 50% of admissions, all patients,
except three, presented with ACS at admission. Thiswas
different from other areas wher ACS was diagnosed at
admission in 30%-50% .**%! This may suggest pulmonary
infarction in our patients rather than bone marrow/fat
embolism, which is quite possible in those patients who
presented with severe acute painful crisis followed by ACS
after admission.

Thefinding of yellowish sputum in 8.4% of the
admissions (26% of those with productive cough) was a
new feature which had not been described previously. It
seemed that the yellowish sputum may be related to
increase in serum bilirubin, but further studies of this
association are required. It may be an important feature
because yell owish sputum (probably non-infective) may be
mistaken for greenish sputum, which is infective. This may
play arole in the management of these patients.

Bacteremia was documented in only 7.1% of admissions.
Thisis supported by recent reports, which showed that
bacteriaare an uncommon cause of ACS.Y On the other
hand, the association of acute painful crisisin around 50%
of admissions may suggest that intravascular sickling in the
lungs may account for much of the clinical picturein ACS.
It isextremely difficult to differentiate between infarction
and infection by clinical, radiological or laboratory tests.™*

Practically, pulmonary infarction may lead to pulmonary
infection and vice versa. Therefore, infarction and infection
should be considered in the management of these patients.

The finding of significant titers for mycoplasma
infections in more than 40% of those who underwent
serological studies for mycoplasma may support the current
practice of giving erythromycin (or new macrolides) to all
patients with ACS. Thisis also supported by recent study
which showed Chlamydia pneumoniae and Mycoplasma
pneumoniae were the most frequent isolated pathogens®

In ACS, simple blood transfusion may be beneficial in
shortening the clinical course and decreasing mortality 2
In this study, the use of simple blood transfusion in 74% of
admissions may have contributed to rapid improvement of
our patients.

In severe cases of ACS that required ICU, significant
hypoxia and requirement of broadspectrum antibiotics were
rarely found. Exchange blood transfusion and mechanical
ventilation were rarely required. There was no mortality in
our studied patients. These observations suggest the mild
nature of ACS in the Eastern Province of Saudi Arabia,
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which may also indicate the mild nature of SCD in this
area.

The cause of this mild nature is not known, but genetic
factors may play an important role. Perrine et al. have
shown that the glycine/alanine ratio in patients from the
Eastern Province (mild SCD) is significantly different from
that of Jamaicans (severe SCD).*® H-Hazmi et al. have
shown different b-globin gene haplotypesin Saudi Arabia
depending on whether or not a specific polymorphic site of
specific restriction endonucleaseis present (+) or absent (-).
In the Eastern Province, a haplotype (+ +- + + 5)to the b-
globin gene has been identified in majority of the patients,
whilein the Southwestern region where the SCD is severe,
adifferent haplotype (- - - - +) has been identified in SCA
patients>>?

The mechanism by which genetic factors affect the
severity of SCD is not known. Many authors have however
implicated high Hb F*"? and alphathal assemia®®* ACS
has been found to be inhibited by high Hb F levels*® It
has also been found that hydroxyurea therapy which
induces high Hb F decreases the frequency of ACS
significantly.3%37 On the other hand, a-thalassemia was not
found to affect ACS frequency.* In this study, we think
high Hb F and probably a -thalassemia (low MCV) may

have contributed to the mild nature of ACS.

In conclusion, ACS in children in the Eastern Province
of Saudi Arabiaisrelatively infrequent, mild and rarely
associated with bacteremia. Thisis may be part of the
relatively benign nature of SCD in this area.

References

1. SprinkleRH, Cole T, Smith S, Buchanan GR. Acute chest syndrome
in children with sickle cell disease Am JHematol Oncol 1986 ;8:
105-10.

2. Poncz M, KaneE, Gill FM. Acute chest syndromein sickle cell
disease: etiology and clinica correlates J Pediatr 1985;107:861 -6.

3. Charache S, Scott JC, Charache P. Acute chest syndrome in adults
with sickle cell anemia. Arch Intern Med1979;139:67-9.

4.  Poncz M, Greenberg J, Gill FM, Cohen A. Hematologica changes
during acute chest syndromein sickle cell disease. Am J Pediatr
Hematol Oncol 1985;7:96-9.

5. Athanasou N, Hatton C, McGee JOD, Wesatherall DJ. Vascular
occlusion and infarction in sickle cell crisis and the sickle chest
syndrome. JClin Pathol 1985;38:659-&4.

6. Castro O, BrambillaDJ, Thrington B, Reindorf CA, Scott RB,
Cillette P, et a. The acute chest syndrome in sickle cell disease:
incidence and risk factors Blood 199484:643-9.

7. Al-DabbouslA, Abu-Srair HA, Al-Faris SS. Pattern of admissions of
children with sickle cell disease in Qatif Central Hospital, Saudi
Arabia Bahrain Med Bul 1994;16:3-6

8. Srair HA, OwaJA, Oman HA, Madan MA. Acute chest syndromein
children with sickle cell disease Indian J Pediatr 1995;62:195-7.

9. Al-Jan'aAH, Al-Dabbous|A. Laboratory diagnosis of patients with
sicklecell disease. In: Al-Jam’aAH, Al-Dabbous|A, editors.
Management Manual of Sickle Cell Disease, 1t edition . Dammam:
Al-Shati Modern Press,1992:264-70.

10. Al-Jam'aAH, Al-Dabbous|A. Management of acute chest
syndrome. In: Al-Jam’aAH, AlDabbous|A, editors. Management
Manual of Sickle Cell Disease, 1t edition. Dammam: Al-Shati
Modern Press, 1992:52 8.

170 Annals of Saudi Medicine, Vol 22, Nos 3-4, 2002

11

12

13

14

15

16

17.

18

19

20,

21

22

23

24

25
26,

27.

28

29

30

31

32

Haynes J, Manci E, Voelkel N. Pulmonary complications. In:
Embury EH, Habbel RP, Mohandas N, Steinberg MH, editors. Sickle
Cell Disease: Basic Principles and Clinical Practice. |t edition. New
Y ork: RavenPress, 1994:623-31.

Well JV, Castro O, Malik AB, Rodgers G, et a. Pathogenesis of lung
disease in sickle hemoglobinopathies Am Rev Respir Dis 1993;148:
24956.

Koren A, Wad |, Haevi R, Ben Ami M. Acute chest syndrome in
children with sickle cell anemia Pediatr Hematol Oncol 1990:99-
107.

The Committee on Infectious Diseases. Mycoplasma pneumoniae
Infections In: Red Book, 24th edition. American Academy of
Pediatrics 1997:370-372.

Hall G, Washington JA. Microbiology, In: Tietz NW, editor. Clinical
Guideto Laboratory Tests, 2nd edition. ?? WB Saunders, 1990:792.
EmreV, Miller ST, Rao SP, Rao M. Alveolar-arterial oxygen
gradient in acute chest syndrome of sickle cell disease. J Pediatr
1993;123:272-5.

Vichinsky EP, Styles LA, Colangelo LH, Wright EC, Castro O,
Nickerson B, et a. Cooperative Study of Sickle Cell Disease. Acute
chest syndrome in sickle cell disease: clinical presentation and
course. Blood 1997;89:1787 -92.

Perrine RP, Brown MJ, Clegg JB, Weatherall DJ, May A. Benign
sicklecell anemia. The Lancet 1972,;2:1163-7.

El Mouzan MI, Al Awamy BH, Al Torki MT. Clinical features of
sickle cell disease in Eastern Saudi Arab Children. Am J Hematol
Oncol 1990112:51 -5

El Mouzan MI, Al Away BH, Al Torki MT, Niazi GA. Variability of
sickle cell disease in the Eastern Province of Saudi Arabia. J Pediatr
1989;114:973-6.

Vichinsky EP, Neumayr LD, EarlesANN, William R, et a. Causes
and outcome of the acute chest syndromein sickle cell disease. N
Engl JMed2000;342:1855-65

Mallouh AA, AshaM. Beneficia effect of blood transfusionin
children with sickle cell chest cyndrome AJDC 1988;142:178 -82.
Buchanan GR. Recent advances Curr Probl Pediatr1993:219-29
Emre U, Miller ST, Gutierez M, Steiner P, Raw M. Effect of
transfusion in acute chest syndrome of sickle cell disease. J Pediatr
1995;127:901 -4.

El-Hazmi MAF. b-globin gene polymorphism in the Saudi Arab
population. Hum Genet 1986 ;73:314.

El-Hazmi MAF, Bahakim HM, Al-Swailem AM, Warsy AS. The
features of sickle cell disease in Saudi children. JTrop Pediatr1990;
36:148-55.

Powars DR, Weiss JN, Chan LS, Schroeder WA. Istherea
threshhold level of fetal hemoglobin that ameliorates morbidity In
sicklecell anemia. Blood 1984;63:921 -6.

Odenheimer DJ, Sarnaik SA, Whitten CF, Rucknagel DL Sing CF.
The relationship between fetal hemoglonin and disease severity in
children with sickle cell anemia Am JMed Genet 1987;27:525-35.
Al-Awamy BH, Niazi GA, El-Mouzan MI, Altorki MT, Naeem MA.
Relationship of hemoglobin F and alphathalassemiato severity of
sickle cell anemiain Eastern Province of Saudi Arabia. Ann Trop
Pediatr 1986;6:261-5.

Westherall DJ, Clegg JB, Blankson J, McNeil JR. A new sickling
disorder resulting from interaction of the genesfor hemoglobin S and
a-thalassemia. Br JHemat1969;17:517-26

El-Hazmi MAF. Clinical manifestation and laboratory findings of
sickle cell anemiain association with a-thalassemiain Saudi Arabia
ActaHematol 1985;74:155-60.

Stevens MCG, Maude GH, Beckford M, Grandison Y, et d. a-
thalassemia and the hematdogy of homozygous sickle cell diseasein
childhood Blood1986;67:411-4.



33.

34.

35.

36.

37.

El-Hazmi MAF, Al-Swailem A, Bahakim HM, Al-Faleh FZ, Warsy
AS. Effect of alphathalassemia, G-7-PD deficiency and Hb F on the
nature of sickle cell anemiain South-Western Saudi Arabia. Trop
Geogr Med 199042:241-7.

Padmos MA, Roberts GT, Sackey K, Kulozik A, et d. Two different
forms of homozygous sickle cell disease occur in Saudi Arabia. Br J
Hematol 1991;79:93-8.

Weil JV, Castro O, Malik AB, Rodgers G. Pathogenesis of lun g
disease in sickle hemoglobinopathies. Am J Respir Dis 1993:148:
249-56.

Jayabose S, Tuga O, Sandoval C, Patel P, et a. Clinical and
hematol ogic effects of hydroxyureain children with sickle cell
anemia JPediatr 1996;129:559-65.

Charache S, TerrinML, Moore RD, et a. Effect of hydroxyureaon
the frequency of painful crisesin sickle cell anemia. N Engl JMed
1995;332:1317-22.

CHEST SYNDROME IN SICKLE CELL DISEASE

Annals of Saudi Medicine, Vol 22, Nos3-4, 2002

171



