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Abstract

Background: Postoperative fever is common after cardiac surgery. In the absence of documented infection, atelectasis is often
suggested as a cause of postoperative fever. However, this link is not well supported by pathophysiologic mechanisms. The
purpose of this study was to investigate whether an association exists between atelectasis and postoperative fever in pediatric
patients undergoing cardiac surgery. Methods: A retrospective review was performed on consecutive pediatric patients who
underwent cardiac surgery on cardiopulmonary bypass at a single cardiac surgery center from January |, 2009, to December 31,
2009. Postoperative chest radiographs were evaluated and each lung was scored independently for atelectasis. Clinical
parameters including the highest daily recorded temperature were noted and compared to atelectasis data. Results: A total of
203 patients were enrolled; 139 patients (68.5%) had fever at least once during the first 3 postoperative days. The incidence of
atelectasis on each day was 41%, 57%, and 71%, respectively. There was no association between fever and atelectasis on any
postoperative day (P = .21). Microbiological cultures were performed on 8| patients, and infection was found in 7 patients
(3.5%). The frequency of either fever or atelectasis was similar between cyanotic and acyanotic patients. Conclusions:
Postoperative fever and atelectasis are both common after pediatric cardiac surgery. In our study, there was no significant
association between postoperative fever and atelectasis. In children undergoing cardiac surgery with cardiopulmonary bypass,
fever in the postoperative period should not be attributed to atelectasis.

Keywords
pediatric, lung pathology, postoperative care, infection

Submitted November 17, 2010; Accepted February 20, 201 1.
Presented at the Society of Critical Care Medicine meeting, San Diego, California, USA; January 15-19, 201 1.

Introduction Although there are data demonstrating the lack of association
between postoperative fever and atelectasis in adult
patients, there have been no published studies evaluating
whether an association exists between postoperative fever

Postoperative fever is common in adult patients undergoing
cardiac surgery.' Postoperative fever is also frequently seen
in pediatric patients depending on the specific type of surgery
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and atelectasis in pediatric patients. The purpose of this study
was to investigate whether a relationship exists between post-
operative fever and atelectasis in pediatric patients
undergoing cardiac surgery.

Methods

A retrospective chart review was performed on consecutive
pediatric patients who underwent cardiac surgery on cardiopul-
monary bypass at Children’s Memorial Hospital in Chicago, I1li-
nois, from January 1, 2009, to December 31, 2009. All pediatric
patients (<18 years) undergoing cardiac surgery with cardiopul-
monary bypass were eligible for inclusion. Patients were
excluded if they required extracorporeal membrane oxygen sup-
port within 72 hours of surgery or had prior history of structural
lung abnormality including patients with history of diaphrag-
matic hernia or previous pulmonary surgery with segmental
resection including pneumonectomy. All patients were routinely
maintained on parenteral antibiotics following cardiac surgery
for at least 48 hours following surgery per usual clinical practice.
The routine use of antipyretics for fever was at the discretion of
the clinical team. The study was approved by the Children’s
Memorial Hospital Institutional Review Board.

Postoperative chest radiographs for study patients were re-
evaluated by an attending radiologist. The radiologist was
blinded to the patient’s postoperative clinical course with respect
to fever as well as intraoperative parameters or findings. Each
lung was scored independently for atelectasis and graded 0 for
no atelectasis, 1 for diffuse atelectasis, 2 for focal or lobar
atelectasis, and 3 for complete whiteout." The scores for the
2 lungs were added together to obtain the daily atelectasis score
for each patient. The presence or absence of an opacity and
appearance on subsequent radiographs was used to discern find-
ings from other pulmonary infiltrative processes. Any evidence
suggestive of pneumonia was also noted. Urinary bladder or sur-
face skin temperature were monitored and recorded hourly in
this patient population. Fever was defined as temperature
>38°C. The highest recorded temperature on the day of surgery
and on the first and second postoperative days was also noted.
All available microbiological cultures were reviewed for the first
5 postoperative days. An infectious cause of fever was consid-
ered if there was a positive blood, urine, or endotracheal tube
secretion culture, including viral culture or polymerase chain
reaction (PCR) within 48 hours of fever. Endotracheal tube cul-
tures were considered positive if an organism was identified with
greater than 10 to 25 white blood cells per high-powered field in
the sputum sample to exclude potential colonization from con-
founding the analysis. Patients with documented infection were
not included in the analysis for association between fever and
atelectasis, given the presumed alternative cause of fever. Addi-
tional patient demographics including operative data, gender,
and age were collected for multivariable analysis.

The Cochran-Mantel-Haenszel test was used to assess uni-
variate association of demographic variables with fever and
atelectasis over time. Participants were stratified into groups
based on demographic variables in order to increase the power

Table I. Ten Most Frequent Cardiac Diagnoses

Primary Cardiac Lesion n (%)
VsD 36 (18)
Isolated valve abnormality 23 (12)
Tetralogy of Fallot 19 (10)
Single ventricle (not HLHS) 15 (8)
Coronary artery abnormality 15 (8)
ASD or PFO 14 (7)
Cardiac transplant Il (6)
AV canal (AVSD) 11 (6)
Hypoplastic left heart syndrome (HLHS) 8(4)
Conduit stenosis 8 (4)

Abbreviations: ASD, Atrial Septal Defect; VSD, Ventricular Septal Defect; PFO,
Patent Foramen Ovale; AVSD, Atrioventricular Septal Defect.

to detect an association using the Cochran-Mantel-Haenszel
test. We used a generalized linear model method with a
cumulative logit link function to evaluate the relationship
between the day of extubation and presence of atelectasis and the
degree of fever and severity of atelectasis. A generalized linear
model was also used to evaluate the association between fever,
atelectasis score, demographic variables, and other clinical cov-
ariates. A weighted least square method was used to analyze
atelectasis score changes over time. The analysis was conducted
using SAS 9.2 (SAS Institute Inc, Cary, North Carolina).

Results

A total of 203 patients met the inclusion criteria. Microbiologi-
cal cultures were performed on 81 patients, and presumed
infection (6 positive endotracheal tube cultures and 1 positive
urine culture) was found in 7 patients. There were no cases
of pneumonia or bacteremia. In all, 196 patients underwent
analysis for association between fever and atelectasis. Cardiac
lesions and demographic data on patients included in the asso-
ciation analysis are presented (Tables 1 and 2). A total of 134
patients (68.4%) had fever at least once during the postopera-
tive study period, and 155 (79.1%) patients had some degree
of atelectasis. The frequency of fever and specific atelectasis
scores varied by postoperative day (Table 3). There was no
association between fever and presence of atelectasis on any
postoperative day (Table 4). There was also no relationship
between the degree of atelectasis as indicated by higher
atelectasis scores and highest daily temperature (P > .05). In
univariate analysis, cyanotic patients were less likely to have
fever than acyanotic patients (odds ratio [OR] = .56, 95%
confidence interval [CI]: 0.32-0.99, P = .0448). The fre-
quency of atelectasis was similar between cyanotic and acya-
notic patients (P = .74).

With respect to mechanical ventilation, 20.5% of patients
were without mechanical ventilation on postoperative day 0,
56.4% were free from mechanical ventilation on postoperative
day 1, and 69.2% were free from mechanical ventilation by
postoperative day 2. By postoperative day 3, only 30.8% of
patients continued to require mechanical ventilation. There was
an increase in the number of patients with atelectasis over time
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Table 2. Demographic Information on Patients Without Culture-Proven Infection (n = 196)

Temperature Analysis n (%) Radiographic Analysis n (%)
Variable Any Fever No Fever P Value Any Atelectasis No Atelectasis P Value
Male 82 (72) 32 (28) 89 (78) 25 (22)
Female 52 (63) 30 37) .2060" 66 (80) 16 (20) .6814%
Postoperative physiology
Cyanotic 12 (55) 10 (45) 18 (82) 4 (18)
Acyanotic 122 (70) 52 (30) .13907 137 (79) 37 (21) 73777
Cardiopulmonary bypass time (minutes) 123.6 + 57.0° 102.2 + 48.2 .0126° 115.6 + 54.8 1214 + 56.7 .5992
Age (months) 54.7 + 60.6 46.1 + 67.1 .0030 56.2 + 632 359 + 587 .0061

 Chi-square test.
® Mean + SD.
€ Wilcoxon rank sum test.

Table 3. Number of Patients With Fever and the Number Who Had
Each Atelectasis Score (n = 196)

Patients n (%)

Day 0 Day | Day 2
Fever >38.0 76 (39) 98 (50) 63 (32)
Total atelectasis score
0 114 (58) 85 (43) 56 (29)
| 32 (16) 45 (23) 42 (21)
2 36 (19) 42 (22) 56 (29)
3 10 (5) 18 (9) 30 (15)
>4 4 (2) 6 (3) 12 (6)

(Table 3). There was no relationship between the day of patient
extubation and presence of atelectasis (P = .6367).

In the multivariate regression analysis, the probability of
fever occurrence was significantly associated with postopera-
tive day, age, and duration of cardiopulmonary bypass
(Table 5). After adjusting other covariates, the odds of fever
on postoperative day 1 was 1.69 (95% CI: 1.15-2.49) compared
to fever on postoperative day 0. There was no difference in
odds of fever between postoperative day 2 and postoperative
day 0. Comparing the odds of fever in older patients with
age greater than 24 months, neonatal patients younger than
1 month had lower risk of fever (OR = 0.18, 95% CI: 0.07-
0.45, P = .0003); patients with age between 12 months and
48 months had higher risk of fever (OR = 2.03, 95% CI:
1.24-3.33, P = .0049) compared to those older than 48 months.
Longer duration of cardiopulmonary bypass time was associ-
ated with higher risk of fever (P = .002) but not with the actual
highest daily temperature (P = .374). Although significant in
the univariate analysis, the risk of postoperative fever was not
different between cyanotic and acyanotic patients (P = .7537)
after adjusting other variables in the model.

Discussion

Postoperative fever and atelectasis are both common after
pediatric cardiac surgery. However, we found no association
between fever and atelectasis in the first 72 hours following

surgery. This finding is consistent with adult studies that also
have failed to show association between fever and atelectasis
after cardiac surgery. In spite of data to the contrary, a number
of recent medical textbooks continue to espouse atelectasis as a
common, or even the most common cause of postoperative
fever.””!! Given the available data, we question the practice
of including atelectasis as a differential diagnosis for post-
operative fever in children.

Postoperative fever after cardiopulmonary bypass is
common and can be explained by known pathophysiologic
mechanisms. Cardiopulmonary bypass leads to the activation
of multiple inflammatory mediators through neutrophil degra-
nulation, oxygen-free radical production, complement activa-
tion, and cytokine release.'? Elevated concentrations of tumor
necrosis factor-o (TNF-a) and interleukin 6 (IL-6) may
contribute to postoperative fever in children undergoing con-
genital cardiac surgery.13 The use of preoperative corticoster-
oids to blunt the inflammatory response has been well studied,
and steroids have been shown to attenuate the release of
proinflammatory cytokines in children undergoing cardiac
surgery on bypass.'*

One surprising finding in this study was that the neonatal
patients in the study cohort (birth to 1 month of age) were less
likely to have postoperative fever compared to those older than
4 years. This finding was unexpected, given the differences
between neonates and infants with regard to the inflammatory
response to cardiopulmonary bypass.'> This finding may be a
result of the relatively small number of neonates in the sample
(11.3%). Also, although the univariate analysis revealed that
cyanotic patients were more likely to have fever compared to
acyanotic patients, this finding was not maintained when cor-
rected for other data elements in the multivariable model.

Postoperative infection as a cause of fever appears to be
a rare event. Ryan et al found that the incidence of early
postoperative sepsis in adults undergoing cardiac surgery on
cardiopulmonary bypass was 0.2%."® In our cohort, no patients
were found to have positive blood cultures. Although 6 of
our patients had positive endotracheal cultures, none developed
radiographic evidence of pneumonia. Although we only
included positive culture where sputum gram stain was positive
for leukocytosis, it is unclear whether the positive endotracheal
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Table 4. Association of Fever and Clinical Variables Over Time

Postoperative Day 0

Postoperative Day | Postoperative Day 2

Variable Fever + Fever — Fever + Fever — Fever + Fever — P Value®
Total atelectasis score 0 45 (39) 69 (61) 37 (44) 48 (56) 15 (27) 41 (73) .2066
>1 30 (37) 51 (63) 61 (55) 50 (45) 47 (34) 92 (66)
Age group (months) <l 4 (18) 18 (82) 2(9) 20 (91) I (5) 21 (95) <.0001
1-12 26 (38) 42 (62) 35 (51) 34 (49) 25 (36) 44 (64)
12-48 23 (62) 14 (38) 26 (70) 1 (30) 12 (32) 25 (68)
>48 22 (32) 46 (68) 35 (51) 33 (49) 24 (36) 43 (64)
Physiology Cyanotic 8 (36) 14 (64) 8 (36) 14 (64) 3(14) 19 (86) .0448
Acyanotic 67 (39) 106 (61) 90 (52) 84 (48) 59 (34) 114 (66)
Gender Male 47 (41) 67 (59) 56 (49) 58 (51) 38 (33) 76 (67) .5000
Female 28 (35) 53 (65) 42 (51) 40 (49) 24 (30) 57 (70)
?* Cochran-Mantel-Haenszel.
Table 5. Multivariate Analysis Between Fever and Other Clinical Variables Over Time
Variables Odds Ratio 95% Confidence Interval Chi-Square Statistic P Value
Male vs female 1.13 0.75—1.71 0.34 .5599
Postop day | vs 0 1.69 1.15-2.49 7.04 .0080
Postop day 2 vs 0 0.73 047—1.13 1.97 .1605
Postop day | vs 2 231 1.63—-3.28 21.90 <.0001
Age <I vs >48 months 0.18 0.07—-0.45 13.34 .0003
Age |—12 vs >48 months 1.03 0.62—1.72 0.01 9118
Age 12—48 vs >48 months 2.03 1.24-3.33 793 .0049
CPB time 1.0l 1.00—1.01 9.82 .0017
Cyanotic vs acyanotic 0.88 0.40—1.92 0.10 .7537

Abbreviation: CPB, cardiopulmonary bypass.

cultures represented bacterial colonization or true tracheitis.
Given the low rate of serious bacterial infection in these
patients, the practice of routinely obtaining multiple bacterial
cultures from blood in patients with fever in the early post-
operative period may require further study.

There are a number of limitations in this study. First, this
study represents a retrospective review of a limited number
of consecutive cases. Also, variations in clinical care could not
be controlled, given our retrospective design, and may have
impacted on our findings. For example, although we do not use
a specific antipyretic protocol, all postoperative patients are
prescribed acetaminophen (15 mg/kg) every 4 hours as needed
if febrile above 38°C. In rare cases, external cooling with ice
packs or cooling blankets have been used in patients with
fevers unresponsive to antipyretics or those with junctional
ectopic tachycardia. We did not review the actual number of
antipyretic doses given to each febrile patient and as such, this
may have impacted our findings. However, given that these
cardiac surgery patients were cohorted in a cardiac intensive
care unit with a core group of cardiac-focused intensive care
physicians and standardized admission order sets, variation in
clinical practice should have been minimized. Also, although
relatively small, the number of patients in our sample is nearly
double those found in the studies performed in the largest adult
study to date. Radiographic findings of atelectasis could be

subject to interpretation by different radiologists and as a result,
could have impacted our findings. Multiple reviewers with
excellent interrater reliability may have increased the accuracy
of identification of atelectasis. We designed our study such that
a single radiologist reviewed all radiographic data in order to
eliminate the risk of interrater reliability concerns and modeled
the objective scoring system on previously published metho-
dology.! Finally, given that the radiologist was blinded to the
clinical data, there should have been no clinical bias to the
radiographic findings.

Conclusions

Postoperative fever and atelectasis are both common after car-
diac surgery in children. This study failed to find a significant
association between fever and atelectasis during the first 72
hours following surgery with cardiopulmonary bypass.
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