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      Early postoperative fever (EPF) is a common sequel 
of various procedures.  1   It may be attributed to 

infectious or noninfectious causes, usually in accor-
dance with its temporal association to the operation. 

Empirically, infectious causes are considered mainly 
for fever presenting later than 48 h after surgery, 
whereas EPF is most commonly attributed to nonin-
fectious causes.  2   Moreover, noninfectious causes appear 
to cause fevers of  ,  38.9°C (102°F), whereas a higher 
temperature should raise concern for infectious causes.  3   
Often, the cause of fever is not identifi ed despite the 
rigorous efforts of the clinicians.  4-6   

 Atelectasis is also a common fi nding in the postop-
erative setting, with an incidence of up to 90%.  7   It has 
also been argued that atelectasis accounts for 90% of 
postoperative respiratory system complications,  8   and 
that respiratory complications compose the largest 
single cause of morbidity and prolonged hospitaliza-
tion after major surgery.  9   

 Most surgical textbooks have adopted the concept 
that atelectasis is the most common cause of EPF,  10-12   
some claiming that atelectasis “is responsible for 
over 90% of febrile episodes during that period” 
(the fi rst 48 h after operation).  10   On the other hand, 
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version 5.0 (the Nordic Cochrane Centre, the Cochrane Collabo-
ration; Copenhagen, Denmark) software. Comparison of dichoto-
mous variables was made by  x  2  tests, when applicable. For the 
studies reporting data on the crude daily occurrence of atelectasis 
and fever in consecutive days, we also used Pearson correlation 
analysis. Diagnostic OR (DOR) was calculated for each study 
using the formula (TP/FN)/(FP/TN), where T is true, F is false, 
P is positive, N is negative, and the pooled DOR was estimated 
using the random effects model.  26   Statistical heterogeneity between 
studies was assessed with a  x  2  test ( P   ,  .10 indicated signifi cant 
heterogeneity). Statistical signifi cance was set at  P   ,  .05. 

 Results 

 Our primary search yielded 369 articles; eventu-
ally, eight studies were considered eligible ( Fig 1  ). 
All studies were prospective in design and four 
were blind (the investigators who examined the CXR 
or CT scan were blinded). Four studies were inter-
ventional (three were randomized), and four were 
observational ( Table 1  ). In all studies, atelectasis 
was diagnosed partly or solely by radiologic criteria 
(CXR in six, spiral chest CT scan in one, both in one 
study). Fever was defi ned as a temperature of  �  38°C 
(100.4°F) in three of the studies (other cutoff points 
were 37.8°C and 37.5°C in two studies; one study 
examined the mean temperature of the patients 
and two studies did not report the temperature 
cutoff point). The included studies enrolled a total 
of 998 postoperative patients (681 in observational 
and 317 in interventional studies). Most patients had 
undergone cardiac surgery (564 patients), and others 
had undergone abdominal (370 patients) or maxillo-
facial surgery (64 patients). 

 Seven out of eight studies suggested no statistically 
signifi cant association between atelectasis and early 
postoperative fever. Two out of eight studies pro-
vided data on fever and atelectasis for each of the 
three fi rst postoperative days (POD),  27,28   and another 
two studies reported the incidence of fever during 
the fi rst two or four PODs but only assessed for 
atelectasis once.  29,30   One study evaluated the patients 
for atelectasis and fever on POD 1 only,  31   another one 
did not report the time point of patient assessment,  32   
and two studies evaluated the impact of an interven-
tion on both postoperative atelectasis and fever.  33,34   

 Five studies reported data eligible for extraction 
and synthesis.  27,29-32   Despite the considerable hetero-
geneity in the defi nition of fever, the time point of 
fever and atelectasis assessment, and the subjectivity 
of radiologic fi ndings, we synthesized these data with 
the methodology of meta-analysis. The pooled DOR 
of EPF for the diagnosis of postoperative atelectasis 
was 1.4 (95% CI, 0.92-2.12) ( Fig 2  ). This should be 
interpreted with caution because of the major limita-
tions stated above. We also calculated the sensitivity, 
specifi city, positive predictive value (PPV), negative 

several investigators strongly deny the fact that 
atelectasis is a major cause of EPF, describing it as 
“common textbook dogma,”  13   or “misconception.”  14,15   
In this context, we aimed to evaluate the available 
evidence and address a fundamental question: Is 
atelectasis a major cause of EPF? 

 Materials and Methods 

 Data Sources 

 A systematic review of the literature was performed on PubMed 
and Scopus databases, up to January 2011. There was no limita-
tion on the year of publication. The primary search was conducted 
with the following pattern: (“atelectasis” or “atelectatic”) and 
(“fever” or “febrile” or “pyrexia”) and (“postoperative” or “sur-
gery” or “surgical” or “operation”). Secondary searches included 
the terms “respiratory complications” and “temperature.” We also 
sought to fi nd potentially useful studies in the references of the 
relevant articles, considering any study written in English, French, 
German, Spanish, Italian, and Greek. 

 Study Selection 

 One investigator (M. N. M.) searched the literature and exam-
ined relevant studies for potential inclusion in this review. To 
be considered eligible, a study should report data on operated 
patients, including the incidence of atelectasis and fever, as well 
as their potential coexistence in patients. We considered all patient 
populations, except for the patients who had undergone lung sur-
gery, taking into account that such patients may suffer from other 
local complications (clinical or subclinical) that may infl uence the 
emergence of atelectasis and/or fever. Studies reporting on fewer 
than fi ve patients with postoperative atelectasis or fever were 
excluded. Moreover, unpublished studies reported as abstracts in 
conferences were not included in this review.  16   

 Data Extraction 

 We extracted data regarding the design (prospective or retro-
spective, blinding, randomization) and the methodology of the 
study, the population characteristics (type of surgery, number of 
participants), the incidence of unexplained postoperative fever 
and properly diagnosed atelectasis, and their coexistence in oper-
ated patients. We also extracted data regarding the interventions 
that some studies applied to reduce the incidence of postopera-
tive atelectasis and the outcomes of those interventions. 

 Defi nitions 

 EPF is conventionally defined as an axillary temperature 
of  �  38°C (100.4°F) up to 48 h after the operation, which seems 
equivalent to a rectal temperature of  �  38.5°C (101.3°F).  5,17-19   
Investigators’ defi nitions of EPF were accepted for all included 
studies. Atelectasis, on the other hand, is usually diagnosed by 
clinical, laboratory, or radiologic criteria; yet, the existing evidence 
suggests that a diagnosis based on a chest radiograph (CXR) or 
CT scan is preferable.  20-25   Therefore, studies in which atelectasis was 
diagnosed without the use of imaging modalities were excluded. 

 Statistical Methods 

 The statistical analyses were performed with SPSS 17.0 
(SPSS Inc; Chicago, Illinois) and Review Manager (RevMan), 
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predictive value (NPV), and accuracy of EPF (as a 
diagnostic test) for the detection of atelectasis. Sensi-
tivity ranged from 13% to 47%, specifi city from 41% to 
87%, PPV from 22% to 66%, NPV from 45% to 77%, 
and accuracy from 43% to 72% ( Table 2  ). 

 Only one study reported a signifi cant association 
between EPF and atelectasis.  29   In this study, the 
investigators prospectively evaluated the incidence 
of fever each of the fi rst four postoperative days, as 
well as atelectasis on POD 4. Whereas no association 
was found between EPF on each POD and atelectasis 
( P   .  .05) on POD 4, there was a signifi cant association 
between EPF on any of POD 1 to 2 and atelectasis 

  Figure  1. Flow diagram describing the selection process for our 
review. pts  5  patients.   
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(association) is not met according to the existing 
evidence, one can presume the absence of a causal 
relationship. 

 The study of Roberts et al,  29   which has been highly 
cited by authors advocating that EPF is unrelated to 
atelectasis, may have been misinterpreted, at least in 
part. Several researchers commented on this study 
that it “fail(s) to show correlation between body tem-
perature and atelectasis,”  36   there is “poor correla-
tion between fever and atelectasis,”  15   and that the 
“association…was no better than chance.”  27   However, 
using their own data, we calculated a  P  value of .02, 
suggesting a signifi cant association between postop-
erative fever (48 h) and atelectasis (POD 4). This was 
the only study suggesting such an association. 

 In another study, enrolling 151 abdominal surgery 
patients, Schlenker and Hubay  38   concluded that fever 
on POD 1 was correlated with auscultatory fi ndings 
of atelectasis ( P   ,  .01). The authors claim that “a good 
correlation was found between the auscultatory and 
roentgenographic evidence for atelectasis”; however, 
out of 16 patients with an auscultatory diagnosis of 
mild atelectasis who received a CXR, only nine had 
radiographic abnormalities, including but not con-
fi ned to atelectasis. Furthermore, out of 34 patients 
with auscultatory evidence of severe atelectasis who 
received a CXR, 21 had abnormal fi ndings: fi ve had 
plate-like atelectasis, 11 a homogeneous density, and 
fi ve a pleural effusion. Taking those fi ndings into 
account, it appears that radiographic modalities are 
preferable to auscultation alone for the diagnosis 
of atelectasis and do not allow for any conclusions 
with regard to the association of atelectasis with 
fever. 

 Lansing and Jamieson 39 , 40  and Shields 41  have inves-
tigated the pathogenesis of fever in atelectasis in 
animal models. Lansing and Jamieson  39   observed that 
after placing cotton plugs in the left main bronchus 
of 30 dogs, the animals became febrile within 12 h; 
however, there was evidence of infection distal to 
the plug in almost all animals. Antibiotics resolved 

  Figure  2. Diagnostic OR (DOR) of early postoperative fever (EPF) for the diagnosis of atelectasis 
(EPF is evaluated as a diagnostic test for atelectasis; gold standard is considered the radiologic diag-
nosis). The fi gure should be interpreted with caution because of the heterogeneity of the studies. 
Vertical line  5  “no discrimination” point between the patients with or without atelectasis; squares  5  
DOR; horizontal lines  5  95% CI; diamond  5  pooled DOR. df  5  degrees of freedom; M-H  5  Mantel-
Haenszel.   

on POD 4 ( P   5  .02). However, even in the latest sce-
nario, EPF performed poorly as a diagnostic test 
(sensitivity, 26%; specifi city, 75%; accuracy, 43%). 

 Only two of the included studies directly addressed 
our question.  27,30   The prospective study by Engoren  27   
specifi cally examined the potential association of EPF 
with atelectasis. The author performed multiple anal-
yses and concluded that “atelectasis and fever are 
independent of each other” and that febrile patients 
were as likely to have as not to have atelectasis. In 
contrast, although the authors of the Spanish study 
refrained from performing any analysis, using their 
data we calculated a  P  value of .54, implying no associa-
tion between atelectasis and fever.  30   In both studies, 
EPF performed poorly as a diagnostic test (sensitivity, 
13%-26%; specifi city, 75%-80%; accuracy, 43%-59%). 
This was also the pattern for the rest of the included 
studies ( Table 2 ). 

 Discussion 

 Our fi ndings suggest that the popular belief of 
atelectasis being the most common cause of EPF is 
not supported by the existing clinical evidence. More-
over, the perception that atelectasis is a cause of fever 
at all has yet to be proven. In this context, cases of 
EPF traditionally attributed to atelectasis may in fact 
be associated with the physiologic response of the 
human body to tissue injury derived by an operation 
and the overall perioperative stress.  14,35,36   

 In fact, our review only indirectly assesses whether 
atelectasis is a major cause of EPF. All eligible studies 
reported a potential association between atelectasis 
and EPF; no study actually examined the potential 
for causation (ie, that atelectasis is the cause of EPF). 
To do so, one should examine the Bradford-Hill cri-
teria, which constitute of strength of association, con-
sistency, specifi city, temporal relationship, biologic 
gradient, biologic plausibility, coherence, reversibil-
ity, and analogy.  37   However, since the fi rst criterion 
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it is possible that we may have missed studies report-
ing relevant data because of that limitation in the 
search process. 

 Our fi ndings have important implications for clini-
cal practice. EPF should not be a priori attributed 
to atelectasis. Moreover, patients may not need 
atelectasis-related interventions, such as incentive 
spirometers or other measures (ie, intermittent posi-
tive pressure breathing, deep breathing exercises 
under supervision, and so forth), solely because of 
the presence of fever. Despite the lack of proven 
benefi t of these interventions after upper abdominal 
surgery  44   and coronary artery bypass grafting  45   and 
their association with increased cost, they currently 
constitute common practice. In addition, although 
this fever is usually benign and requires no addi-
tional measures to resolve, the surgeon should keep 
in mind the possibility of another process causing 
fever. Some advocate that EPF should not be evalu-
ated at all for the sake of cost-effectiveness.  5   Further-
more, atelectasis may be present in afebrile patients 
as well. 

 In conclusion, there is no clinical evidence suggest-
ing that atelectasis is a major cause of EPF. The 
rather limited evidence implies that atelectasis may 
be not associated with fever at all. Consequently, 
EPF may be caused by the stress of operation and 
the increase in circulating pyrogenic cytokines in the 
absence of infection. Large studies are needed to 
precisely evaluate the contribution of atelectasis in 
EPF. 
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