
PPuurrppoossee::  Upper abdominal surgery for cholecystectomy or
splenectomy is the most frequently performed surgical procedure
in patients with sickle cell disease (SCD). The acute chest syndrome
(ACS) is the most common sickle-related postoperative complica-
tion. The objective of the study was to characterize the clinical and
radiological presentation of ACS complicating cholecystectomy and
splenectomy. 
MMeetthhooddss::  The medical records of all children with SCD undergo-
ing cholecystectomy or splenectomy during the 15-year period
from January 1988 through December 2002 were reviewed.
Patients who experienced ACS within 14 days after surgery were
identified. Data collected included demographics, perioperative
management, clinical and radiological findings, and outcome.
RReessuullttss::  The overall incidence of postoperative ACS was 16%,
occurring in nine of 51 patients having cholecystectomy and in
seven of 48 patients having splenectomy. Mean time to onset of
symptoms was 49 hr after surgery (range, 24–96 hr). Cough, fever,
and an abnormal chest examination were documented for all
patients at presentation. Radiologically, ACS involved the basal
lobes in all cases and was multi-lobar in 25%. Patients were more
likely to have new infiltrates involving the lung on the side of the
surgery or bilateral infiltrates than isolated contralateral infiltrates at
presentation (P < 0.0001). Isolated upper or middle lobe involve-
ment did not occur. Fifty percent of cases demonstrated evidence
of a pleural effusion. 
CCoonncclluussiioonn::  ACS complicating cholecystectomy or splenectomy
shows a predilection for basal lung regions and for the lung on the
side of surgery. These results have implications for the pathogene-
sis and prevention of postoperative ACS.

Objectif : L’intervention chirurgicale abdominale haute pour une
cholécystectomie ou une splénectomie est l’opération la plus fréquente
chez les patients atteints de drépanocytose. Le syndrome pulmonaire
aigu (SPA) est la complication postopératoire la plus fréquente reliée à
la drépanocytose. Nous voulions montrer la présentation clinique et
radiologique du SPA suivant la cholécystectomie et la splénectomie.

Méthode : Les dossiers médicaux de tous les enfants atteints de dré-
panocytose, qui ont subi une cholécystectomie ou une splénectomie
entre janvier 1988 et décembre 2002, ont été revus. Les patients
atteints d’un SPA pendant les 14 jours suivant l’opération ont été
repérés. Nous avons noté les caractéristiques démographiques, la
prise en charge périopératoire, les constatations cliniques et radio-
logiques et les conséquences opératoires.

Résultats : L’incidence totale de SPA postopératoire a été de 16 %,
survenant chez 9 des 51 patients avec cholécystectomie et chez 7
patients avec splénectomie. L’apparition des symptômes a pris en
moyenne 49 h après l’opération (étendue, 24 – 96 h). La toux, la
fièvre et l’examen pulmonaire anormal ont été notés pour tous les
patients examinés. Au plan radiologique, le SPA intéressait les lobes
inférieurs dans tous les cas et était multilobaire dans 25 % des cas.
L’examen montrait plus de nouveaux infiltrats touchant le poumon du
côté de l’opération ou des infiltrats bilatéraux que des infiltrats con-
trolatéraux isolés (P < 0,0001). Une atteinte isolée du lobe supérieur
ou moyen ne s’est pas présentée. Un épanchement pleural a été mis
en évidence dans 50 % des cas.

Conclusion : Le SPA compliquant une cholécystectomie ou une
splénectomie montre une prédilection pour les régions pulmonaires
basses et pour le poumon du côté opéré. Ces résultats ont des impli-
cations sur la pathogenèse et la prévention du SPA postopératoire. 
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Acute chest syndrome shows a predilection for
basal lung regions on the side of upper abdominal
surgery
[Le syndrome pulmonaire aigu montre une prédilection pour les régions basales du

poumon du côté de la chirurgie abdominale haute]

Mark W. Crawford MBBS FRCPC, Melanie Speakman MBCHB MRCP FRCA, Edmund D. Carver MBBS MRCP FRCA,
Peter C. W. Kim MD PhD FRCSC

From the Departments of Anesthesia and Surgery and the Research Institute, The Hospital for Sick Children, University of Toronto,
Toronto, Ontario, Canada. 

Address correspondence to: Dr. Mark Crawford, Department of Anesthesia, The Hospital for Sick Children, 555 University Avenue,
Toronto, Ontario M5G 1X8, Canada. Phone: 416-813-6466; Fax: 416-813-7543; E-mail: mark.crawford@sickkids.ca 
Support was provided from departmental sources. 

Assessed October 15, 2003.
Revision accepted March 1, 2004.



HE acute chest syndrome (ACS) is the
most common postoperative complication
and the leading cause of death resulting
from sickle cell disease (SCD).1–4 Defined

as a new pulmonary infiltrate that involves at least one
complete lung segment in association with fever and
respiratory symptoms, ACS occurs spontaneously or
as a postoperative complication in more than 50% of
children diagnosed with SCD.3–6 The exact cause of
ACS is uncertain in most cases.7

As a consequence of hemolysis and sequestration,
abdominal surgery for cholecystectomy and splenecto-
my is the most frequently performed surgical proce-
dure in patients with SCD.3,4 These operations are
associated with a relatively high incidence of postop-
erative ACS.3,4,8 In a retrospective study from this
institution, ACS complicating cholecystectomy and
splenectomy was characterized by new pulmonary
infiltrates that occurred predominantly on the side of
the abdominal surgery.8 However, the number of
episodes of ACS was inadequate to establish a statisti-
cally significant relationship between pulmonary infil-
trates and operative site. To further characterize the
clinical and radiological presentation of postoperative
ACS in children, we reviewed all cases of postoperative
ACS complicating cholecystectomy or splenectomy at
our institution during the 15-year period extruding
from January 1988 through December 2002.

MMeetthhooddss
With Research Ethics Board approval, we conducted a
retrospective analysis of the medical records and chest
radiographs of all children who experienced ACS after
undergoing cholecystectomy or splenectomy during
the 15-year period from January 1988 through
December 2002. The Hospital for Sick Children
Health Records Clinical Database was used to identi-
fy potential cases. For the period January 1988 to
March 2002, the hospital database was created by
coding and classifying all diagnoses and procedures
documented in the medical record using the
International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM). Thereafter, the
10th Revision (ICD-10-CA) was used to create the
database. Patients diagnosed with SCD who under-
went cholecystectomy or splenectomy in the 15-year
period were identified using the following ICD-9-CM
codes: 282.60, 282.69, 51.22, 51.23, 41.50, and
41.43; and the following ICD-10-CA codes: D570,
D571, D572, 1.OD.98, 1.OB.89, and 1.OB.87. The
medical records were subsequently reviewed to identi-
fy patients who experienced ACS within 14 days after
surgery. All children diagnosed with postoperative

ACS were included in the analysis. The diagnosis of
ACS was based on the following criteria: 1) radi-
ographic evidence of a new pulmonary infiltrate that
involved at least one complete lung segment and was
consistent with the presence of alveolar consolidation,
but excluding atelectasis; 2) a temperature greater
than 38.0ºC; and 3) respiratory symptoms.4,9,10

Specific data collected for each patient included demo-
graphics, perioperative management, clinical and radi-
ological presentation, and outcome. Fisher’s exact test
was used for comparison of categorical variables, and
Student’s t test for continuous outcomes. Data are
presented as mean ± SD. P < 0.05 was considered sta-
tistically significant. 

RReessuullttss
Patient characteristics
Ninety-nine patients diagnosed with SCD underwent
cholecystectomy or splenectomy during the 15-year
study period. The overall incidence of postoperative
ACS was 16%, occurring in nine of 51 patients follow-
ing cholecystectomy and in seven of 48 patients follow-
ing splenectomy. The mean age and weight of the 16
patients were 9.4 yr (range, 3.9–18 yr) and 30 kg
(range, 13–56 kg), respectively. Eleven (69%) were
female. Ten (63%) had homozygous hemoglobin S dis-
ease (SS), four (25%) had sickle-hemoglobin C disease
(SC), and two (13%) had sickle-ß-thalassemia. Eleven
(69%) had a history of a previous spontaneous ACS.

Perioperative management
Preoperatively, the mean hemoglobin concentration
was 94.5 ± 11.1 g·L–1 (range, 76.0–121 g·L–1).
Overnight preoperative hydration using 1.0 to 1.5
times the maintenance rate was documented for seven
(44%) patients, and preoperative simple transfusion for
four (25%). Intraoperative management consisted of
general anesthesia with preoxygenation, tracheal intu-
bation, positive pressure ventilation, and temperature
conservation techniques in all patients. No regional
anesthesia was performed. Nine patients (56%) had
laparoscopic surgery. Three laparoscopic procedures
were converted to open surgery. Total anesthesia time
(the time from induction to emergence from anesthe-
sia) was significantly less for cholecystectomy (mean
duration, 118 min; range, 75–165 min) than for
splenectomy (mean duration, 214 min; range, 80–380
min; P < 0.01). There were no documented episodes
of intraoperative oxygen desaturation, hypotension, or
blood loss requiring administration of blood products.
All patients received supplemental oxygen in the post-
operative care unit. Analgesia was provided with con-
tinuous morphine infusion in 56%, patient controlled
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analgesia (PCA) using morphine in 38%, or intermit-
tent iv opioid boluses in 13%. The prophylactic use of
postoperative incentive spirometry was not document-
ed for any patient.  

Clinical presentation of postoperative ACS
The most common presenting symptoms were cough
and fever, which were present in all patients. Chest
pain was less common, occurring in 38%. Tachypnea,
tachycardia, and an abnormal chest examination were
documented for all patients. Findings on chest exami-
nation included decreased breath sounds in all
patients, crepitations in 75%, the use of accessory mus-
cles of respiration in 57%, bronchial breathing in 31%,
and wheezing in 6%. The overall mean time to onset
of symptoms was 49 ± 20 hr after the end of surgery
(range, 24–96 hr). Time to onset of symptoms in
patients with bilateral chest infiltrates at presentation
(65 ± 17 hr; range, 48–96 hr) was significantly greater
than in those with unilateral infiltrates (39 ± 15 hr;
range 24–72 hr; P < 0.01). Hemoglobin oxygen satu-
ration decreased from a mean of 97% in the immedi-
ate postoperative period to 87% (range, 70%–95%)
with the onset of ACS despite administration of sup-
plemental oxygen (P < 0.05).

Radiological findings
Five of the nine patients who developed ACS after
cholecystectomy had new pulmonary infiltrates involv-
ing the right lung and four had bilateral infiltrates at
presentation. Five of the seven patients who developed
ACS after splenectomy had new pulmonary infiltrates in
the left lung and two had bilateral infiltrates. In no
patient was ACS isolated to the lung opposite the oper-
ative site. Patients were more likely to present with pul-
monary infiltrates on the side of surgery or bilateral
pulmonary infiltrates than with isolated contralateral
involvement (P < 0.0001). ACS involved the basal lobes
in all cases and was multi-lobar in 25% of cases. Isolated
upper or middle lobe disease did not occur in any
patient. Six of the ten patients who had unilateral dis-
ease at presentation progressed radiologically to bilater-
al involvement within 48 hr. Fifty percent of all cases
had evidence of a pleural effusion on the chest radi-
ograph. Chest radiographs repeated at the time of dis-
charge from hospital in all but two children
demonstrated partial resolution of the pulmonary infil-
trates in ten and no change in four.

Therapy and hospital course
Therapy for ACS included the administration of sup-
plemental oxygen, iv antibiotics, opioid analgesics,
chest physiotherapy, and incentive spirometry in all

cases. The onset of ACS was associated with a reduc-
tion in hemoglobin concentration (mean reduction,
15.1 ± 8.9 g·L–1; P < 0.05), which was treated with
simple transfusion in two patients and exchange trans-
fusion in one. The duration of oxygen therapy was 5
± 1 days. One patient with unilateral involvement who
was transfused preoperatively required nasal bi-level
positive airway pressure for 48 hr in the intensive care
unit. The overall mean length of postoperative hospi-
talization was nine days (range, 5–13 days). No posi-
tive sputum, blood or urine cultures were
documented. There were no vaso-occlusive pain crises
or other postoperative complications of SCD and no
deaths attributed to ACS.

DDiissccuussssiioonn
The overall incidence of postoperative ACS in this ret-
rospective study was 16%, which is similar to previ-
ously reported rates for sickle-related complications
after abdominal or thoracic surgery, 15% to 19%.4,11,12

Postoperative ACS was characterized by predominant-
ly basal pulmonary infiltrates that always involved the
lung on the side of the surgery and either remained
localized to that lung or progressed to involve both
lungs. Isolated upper or middle lobe infiltrates or iso-
lated contralateral infiltrates did not occur in any
patient. In addition, ACS was associated with radi-
ographic evidence of a pleural effusion in 50% of chil-
dren. These features of postoperative ACS are in
contrast to those reported for children presenting with
spontaneous ACS.6 In the case of spontaneous ACS,
children are prone to have isolated upper or middle
lobe involvement and the incidence of pleural effusion
is much less than that observed in the present study,
3%.6 Thus, postoperative ACS appears to differ in
some aspects from spontaneous ACS in children.
Although the current study was not designed to inves-
tigate the pathogenesis of postoperative ACS in chil-
dren, these observations might provide some insight.

Postoperative ACS showed a predilection for basal
lung regions and for the lung on the side of the
abdominal surgery. Increasing evidence indicates that
hypoxia plays a cardinal role in the pathophysiology of
ACS.13–15 Upper abdominal surgery, whether per-
formed via laparotomy or laparoscopy, is associated
with significant basal pulmonary atelectasis and
hypoxemia, resulting in part from factors such as pos-
itive pressure ventilation, pneumoperitoneum, lung
compression from surgical retractors, altered chest
wall and diaphragmatic mechanics, and hypoventila-
tion in the postoperative period due to pain or nar-
cotics.16–21 Atelectasis causes intrapulmonary
shunting,22 and the regional hypoxia that ensues could
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potentially enhance hemoglobin S polymerization,
upregulate endothelial cell adhesion receptors, and
thereby contribute to the intrapulmonary sequestra-
tion of erythrocytes and vaso-occlusion known to
occur in ACS.1,13 Strategies such as alveolar recruit-
ment maneuvers and incentive spirometry have been
shown to decrease the frequency of postoperative
atelectasis and pulmonary complications.20,23

Moreover, the early prophylactic use of incentive
spirometry every two hours during the day and while
awake at night significantly decreased the incidence of
ACS in SCD patients admitted to hospital for acute
pain.24 By preventing pulmonary atelectasis, it is plau-
sible that these strategies could also avert postopera-
tive ACS or decrease its severity.

Additionally, our finding that involvement of the
ipsilateral lung predominates at presentation suggests
that a local inflammatory response to surgery might be
involved. The magnitude of the local inflammatory
response evoked by open and laparoscopic cholecystec-
tomy is similar, as demonstrated by similar increases in
immunohistochemically detected peritoneal inflamma-
tory cytokines.25 Like hypoxia, inflammatory cytokines
cause sickle cells to adhere to the pulmonary endotheli-
um by upregulating endothelial cell adhesion recep-
tors.15 Cytokines also play a pivotal role in inflammatory
reactions within the lung.26 The anti-inflammatory
action of glucocorticoids has been shown to have a ben-
eficial effect in children with ACS or vaso-occlusive
crises.9,27 In a double-blind placebo-controlled trial,
dexamethasone significantly shortened the duration of
symptomatic spontaneous ACS and hastened discharge
from hospital.9 However, the safety and efficacy of anti-
inflammatory drugs as a prophylaxis for postoperative
ACS has not been investigated.

In the current study, two-thirds of patients in whom
ACS developed had a history of previous spontaneous
ACS and two-thirds were homozygous for the SS
genotype. Other known risk factors for ACS1 such as a
low fetal hemoglobin concentration and high steady
state neutrophil count were not documented for any
patient. The onset of postoperative ACS was associated
with significant hypoxemia and a reduction in hemo-
globin concentration below steady state values, as pre-
viously reported.6 Postulated etiologic factors7,9,28 such
as infection and pulmonary fat embolism from infarct-
ed bone marrow were not identified. Although ACS is
frequently self-limiting in children, it can rapidly
progress to respiratory failure, cardiovascular collapse,
encephalopathy, multi-organ failure, rhabdomyolysis
and sudden death.28 Recurrent episodes lead to pul-
monary hypertension, chronic restrictive lung disease,
and cor pulmonale,1,5,23,28 emphasizing that aggressive

prevention of this complication in the postoperative
period is prudent.

In the current study, 25% of patients in whom ACS
developed had received simple preoperative transfu-
sion. Even with exchange transfusion there was a mor-
bidity rate of 14% among SCD patients having
cholecystectomy.29 In a randomized trial, Vichinsky et
al. reported that simple transfusion was as effective as
exchange transfusion (to decrease HbS to less than
30%) in preventing sickle-related postoperative com-
plications and was associated with 50% fewer transfu-
sion-related complications.4 In a subset of
non-randomized patients having cholecystectomy
without preoperative transfusion, the incidence of
postoperative sickle-related complications was as high
as 38%.12 Similarly, in the Cooperative Study of Sickle
Cell Disease, the risk of postoperative ACS increased
as the total hemoglobin concentration decreased in
patients undergoing abdominal surgery.3 However,
the lack of prospective data from a rigorous random-
ized controlled trial makes recommendations regard-
ing preoperative transfusion difficult.

Clinically, it can be difficult or nearly impossible to
distinguish ACS from uncomplicated pneumonia and
other causes of a new pulmonary infiltrate in the post-
operative period. Moreover, we cannot exclude the
possibility that some children who were mildly symp-
tomatic might not have received a postoperative chest
radiograph, and hence episodes of mild severity could
have been missed clinically.30 Thus it is important that
care be exercised in generalizing the results of the cur-
rent retrospective analysis. 

In conclusion, ACS remains a common and poten-
tially serious complication of abdominal surgery in
children diagnosed with SCD. The predominance of
lower lobe involvement may be attributable to atelec-
tasis and hypoxia. The predilection for involvement of
the lung on the side of the surgery suggests that a
local inflammatory response to surgery might also play
a role in the pathogenesis of postoperative ACS. Based
on these observations, we recommend the routine use
of strategies such as intraoperative alveolar recruit-
ment maneuvers, postoperative incentive spirometry,
and judicious postoperative analgesia to prevent pul-
monary atelectasis after upper abdominal surgery in
patients with SCD. Additionally, the role of preopera-
tive transfusion, anti-inflammatory drugs, and neurax-
ial analgesia needs further investigation. Prospective
controlled studies are warranted to evaluate the safety
and efficacy of these interventions as a prophylaxis for
ACS in this patient population.
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