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Postoperative fever occurs in many patients. If no 
infection is found, atelectasis, if present, may be blamed. 
This study of 100 postoperative cardiac surgery patients 
followed up from day of surgery through the second 
postoperative day with daily portable chest radiographs 
and continuous bladder thermometry was designed to 
look for an association between atelectasis and fever. 
The daily incidence of atelectasis increased from 43 to 
69 to 79%. However, the incidence of fever, defined as 
temperature ~38.0°C fell from 37 to 21 to 17%. When 
defined as temperature ~38.5°C, the daily incidence of 

postoperative fever is a common occurrence. Causes 
include infection, hematoma, pulmonary embo

lism, malignant hyperthermia, and drug fever. A
telectasis causing fever has become dogma. Standard 
surgery textbooks1·2 list atelectasis as a cause of 
fever, although they provide no primary source. A 
recent article3 simply attributed the cause of fever in 
"many" febrile patients following coronary artery 
bypass grafting to atelectasis. However, a recent re
view4 of fever in patients in the ICU disagreed with 
atelectasis as a cause of fever. The evaluation of 
postoperative fever includes history, physical exam
ination, and appropriate radiologic and laboratory 
tests, including cultures and Gram stains of body 
fluids . Frequently, no infection or other obvious 
source can be found . If breath sounds are abnormal 
or a chest radiograph (CXR), if taken, is abnormal, 
atelectasis may be correctly or incorrectly diagnosed 
and believed to be the source of the fever. 

Treatments for atelectasis include cough and deep 
breathing, incentive spirometry, percussion and pos
tural drainage, !32-agonists, intermittent positive pres
sure breathing, ultrasonic nebulizers, and even anti
biotics.1·2 While atelectasis may cause pulmonary 
shunting and hypoxemia and require treatment for 
these reasons, attributing fever to atelectasis may lead 
to missing an infection or to inappropriate therapy. 
Unnecessary treatments and missed diagnoses can 
add significantly to the cost of patients' bills. 

As both fever and atelectasis are common occur
rences after surgery, this study was initiated to look 
for an association between radiologically determined 
atelectasis and fever. 
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fever fell daily from 14 to 3 to 1 %·Using x2 analysis, no 
association could be found between fever and amount 
of atelectasis. This contradicts common textbook dogma 
but agrees with previous human study and animal 
experiments. (Chest 1995; 107:81-84) 

CXR=chest radiograph; LIMA=left internal mammary 
artery; PEEP=positive end-expiratory pressure; Sp02= pe
ripheral oxygen saturation 
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METHODS 

This study was part of a larger study that was approved by the 
institution's Human Experimentation and Research Committees. 
Informed consent was waived because no changes in routine care 
were done. One hundred consecutive adult patients admitted to 
the cardiovascular ICU after open heart surgery at a tertiary care 
community hospital were studied. 

Patient characteristics are shown in Table l. All patients were 
premedicated with an anxiolytic and a narcotic. Anesthesia was 
induced with diazepam (0.15 ± 0.03 mg/ kg) and fentanyl (30 ± 8 
~tg/kg). Thiopental (1 to 3 mg/ kg) was added if needed to lower 
mean arterial pressure to 70 mm Hg before intubation. Pancuro
nium or vecuronium was used for muscle relaxation. A haloge
nated agent was used for maintenance of anesthesia. All patients 
received cefazolin , 2 g intravenously preincision, postbypass, and 
every 8 hours for six additional doses. Surgery was performed 
through a median sternotomy. The heart was arrested with cold 
cardioplegia solution and cooled with topical ice slush. Systemic 
hypothermia was not used. Instead, the patient was actively 
warmed while receiving cardiopulmonary bypass to maintain 
urinary bladder temperature of 37°C. At the end of bypass and 
before chest closure, the lungs were manually inflated with a 
sustained breath to reexpand all visibly atelectatic areas. 

After surgery, patients were mechanically ventilated at 10/ min 
and tidal volume (initailly 932 ± 106 mL) was adjusted to main
tain mild hypocarbia. Inspired oxygen concentration was 0.50 in 
93 patients and greater than 0.50 in the remaining seven. The Fio2 
was decreased as rapidly as possible to maintain peripheral oxy
gen saturation (Sp0 2) ~95%. Positive end-expiratory pressure 
(PEEP) was set at 5 em H20. Patients were weaned and extubated 
as quickly as tolerated. Postextubation, patients received supple
mentary oxygen to maintain Sp02 ~95% . All patients performed 

Table !-Patient Characteristics 

Characteristic 

Age, yr 
Male/ female 
Weight, kg 
Smoke, active/ ex/ never 
LIMA harvested/ not harvested 

*Mean±SD. 

No. 

61.6 ± 8.8* 
72/ 28 
83.0± 14.6* 
19/25/56 
62/ 38 
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incentive spirometry hourly while awake and received chest 
percussion four times daily. If clinica lly indicated, patients also 
received albuterol aerosols, ultrasonic nebulizer treatments with 
sterile saline, or nasotracheal suction. 

Chest radiographs were taken on admission to the unit (day O) 
and on the morning of the first (day l ) and second (day 2) post
operative days. One patient did not have a day 2 CXR. All CXRs 
were read at one time by one observer, who was blinded to the 
identity of the patient. Each lung was scored independently for 
atelectasis and graded 0 for no atelectasis; l for plate-like, discoid, 
or wedge-like atelectasis; or 2 for lobar atelectasis. The presence 
or absence of an opacity and its characteristics and the position 
of the hemidiaphragm and hilum were used to define atelectasis. 
Because topical ice slush can cause an elevated h emidiaphragm5 

through, presumably, phrenic nerve dysfunction, a C XR without 
an opacity but with an elevated hemidiaphragm was graded 0 for 
no atelectasis. The scores for the two lungs were then added to
gether to get the daily atelectasis score for each patient. Urinary 
bladder temperature (Mon-a-Therm Model 6400, Mallinckrodt, 
St. Louis, Mo) was monitored continuously. The highest temper
atures on the day of surgery (day 0) and on the first (day l) and 
second (day 2) postoperative days were recorded . For tempera
ture 2:38.5°C, two blood cultures, urine culture, and sputum 
Gram stain and culture were obtained. Patients did not receive 
aspirin or other antipyretics before surgery or during this study. 

Data were stored in a 386/ 33-MHz computer (Gateway 2000, 
North Sioux City, SO) utilizing software (QBasic, Microsoft, 
Bellevue, Wash) and analyzed for means, standard deviations, x2 

goodness-of-fit, and estimation of difference between two pro
portions by standard formulas. 

RESULTS 

No patient was found to have an infection. Fifty
six patients were extubated the day of surgery and 44 
on day 1. While the patients extubated on day 0 were 
more likely to have atelectasis than those extubated 
on day 1, this was not statistically significant (95% 
confidence interval = -0.28 to 0.08). There was also 
no difference in atelectasis between those patients 

Table 2-The Number of Patients on Each Day Who 
Had Temperatures (Temp) 2::38.(f'C or 38.5°C and the 
Number Who Had Each Atelectasis (Atel) Score for 

Left, Right, and Both Lungs Added Together* 

Day 0 Day 1 Day 2 

Temp 2:38. 0°C 37 21 17 
Temp 2:38.5°C 14 3 1 
Atelleft=O 61 31 21 
Ate! left=1 37 65 58 
Ate! left=2 2 4 20 
Ate! right=O 86 86 81 
Ate! right=l 14 14 15 
Ate! right=2 0 0 3 
Ate! both=O 57 31 21 
Ate! both=1 32 51 44 
Ate! both=2 10 18 28 
Ate! both=3 1 1 5 
Ate! both=4 0 0 

*O=no atelectasis ; 1 =plate-like, discoid, or wedge-like atelectasis; 
2= lobar atelectasis for left and right lung separately. Score for both 
lungs is achieved by adding the scores for the left and right lung for 
each patient. 
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Table 3-Daily and Cumulative Presence (Atel +)or 
Absence (A tel -) of Atelectasis and Presence or 

Absence of Fever 

Temp Temp 
2:38.ooc 2:38.5°C 

+ + 

Atel + 17 26 3 40 Day 0 
Atel- 20 37 11 46 
Atel + 1 7 52 0 66* Day 1 
Atel- 4 27 3 31* 
Atel + 13 65 l 77 Day 2 
Ate!- 4 17 0 21 
Atel + 47 143 4 183* Day 0-2 
Atel- 28 81 14 98* 

*p<O.Ol. p>0.05 for all other groups (difference between propor
tions). 

who had left internal mammary artery (LIMA) har
vesting and those who did not. There was also no 
difference in fentanyl or diazepam dose between 
those who developed atelectasis and those who did 
not. One hundred ninety CXRs showed atelectasis, 
with the frequency increasing daily . However, the 
daily occurrence of fever decreased daily, whether 
fever was considered as a bladder tern perature 
>38.0°C, or more restrictively, temperature 
>38.5°C (Table 2). Patients who have fever , tem
perature >38.0°C, are as likely not to have atelecta
sis as to have atelectasis. For higher fever, tempera
ture >38.5°C, febrile patients on day 1 and cumu
latively, day 0 to 2, are more likely to not have 
atelectasis than have atelectasis. Otherwise, there was 
no difference in the proportion of patients with 
atelectasis in the febrile and nonfebrile categories 
(Table 3). Table 4 shows that atelectasis and fever 
(temperature >38.0°C) are independent of each 
other (x2 values of 1.16, 1.86, 0.72, and 0.36 for each 
of the 3 days and total , respectively) . 

DISCUSSION 

This study shows that there is no association 
between radiographically diagnosed atelectasis and 

Table 4-Daily and Cumulative Patient Frequencies 
for Amount of Atelectasis (Both Lungs Combined) and 
Temperature 2:38.0°C (Fever+) or <38.0°C (Fever-) 

Atelectasis 

0 2:2 

Fever+ 20 14 3 Day 0 
Fever- 37 18 8 
Fever + 4 13 4 Day l 
Fever- 27 38 14 
Fever + 4 6 7 Day 2 
Fever- 17 38 27 
Fever+ 28 33 14 Day 0-2 
Fever - 81 94 49 
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fever in the first 2 days after open heart surgery, 
which means that fever should not be blamed on at
electasis. This is in agreement with Roberts et al6 who 
found that the association between radiographic ev
idence of atelectasis and fever in patients during the 
first 4 days after abdominal surgery was no better 
than chance. However, Schlenker and Hubay7 found 
an association between temperature elevation above 
38°C and atelectasis in 151 patients who had under
gone abdominal surgery. However, atelectasis was 
diagnosed on the basis of auscultatory findings of 
rales or decreased breath sounds. Only 60 of 151 pa
tients had postoperative CXRs. Of the 110 patients 
with auscultatory findings of atelectasis, only 30 of 50 
radiographs were abnormal: atelectasis , homogenous 
density , or pleural effusion. In light of their poor as
sociation between radiographic and auscultatory 
definitions of atelectasis, it is doubtful that they found 
an association between fever and atelectasis, but in 
reality, they did find an association between fever 
and abnormal chest auscultation, which may have 
been pneumonia, congestive heart failure , or other 
diseases. 

In my study, portable radiographs were used to 
make the diagnosis of atelectasis. Observer bias was 
limited by having the same reader read all the CXRs, 
looking only for atelectasis, and using constant crite
ria. Although portable radiographs are frequently 
used, their sensitivity and specificity are unknown. 
Nevertheless, the incidence of atelectasis and its 
left-sided predominance found herein are similar to 
that found by Wilcox et al.8 

Early attempts at elucidating a mechanism of how 
atelectasis causes fever were conducted by Lansing 
and Jamieson9 and by Shields. 10 Lansing and Jamie
son9 placed cotton plugs in the left-main bronchus of 
30 dogs. Atelectasis was diagnosed by radiograph in 
a "few animals," by microscopic sections of the lungs 
in another "few animals," and by arterial blood gases 
in a third "group of animals." The animals became 
febrile within 12 h. Distal to the plug, the "bronchi
al tree was filled with a thick mucopurulent exudate." 
Fourteen of the animals that had received culture
negative, sterile cotton plugs had culture of the mu
copurulent exudate. All cultures yielded bacterial 
growth. Three of four animals that had their blood 
cultured were bacteremic. Six animals were treated 
with penicillin and streptomycin at the time of 
bronchial plugging. "Only very slight rises in tem
perature" were seen , but microscopic sections of the 
involved lung "showed complete atelectasis of the 
lung with inflammatory cell infiltration ." In retro
spect, it appears that the animals had a foreign-body 
obstruction and postobstruction pneumonia as shown 
by blood and sputum culture results and inflamma
tory cell infiltration on microscopic section . He noted 

also that fever but not atelectasis was prevented by 
antibiotics. 

Shields10 produced atelectasis by ligating the right 
middle lobe bronchus of dogs. One group of dogs had 
Pneumococcus culture injected into the bronchus 
distal to the ligature. Another group had no injection, 
but was merely ligated. The injected dogs "showed 
[radiographic] evidence of consolidation" and had 
leukocytic infiltration on necropsy. The group with 
ligated bronchi simply showed changes of atelectasis. 
Neither group had changes in rectal temperature. By 
not producing fever in either his atelectasis or pneu
monia group, Shields was thus unable to answer his 
question, "If simple collapse of pulmonary tissue 
causes [fever, leukocytosis, cough and sputum], why 
do not such symptoms occur in patients with thera
peutic pneumothorax [for tuberculosis]?" 

These animal studies produced what one would 
term pneumonia-a pulmonary infection, which 
usually does produce fever in postoperative patients, 
and not what one currently calls atelectasis, which is 
collapse of the alveoli without evidence of infection . 
Of course, the two processes may coexist in the same 
patient. It may be that these studies that produced 
pneumonia but called it atelectasis led to the belief 
that atelectasis caused fever. 

Lobar, segmental, or subsegmental atelectasis can 
occur when an airway is obstructed and the alveoli 
distal to it collapse as they absorb their gas volume 
into their capillaries. Retained mucus is the most 
common cause, although blood or foreign bodies, 
such as teeth or chewing gum, particularly in trauma 
victims, may also cause obstruction. Microatelectasis 
may occur from alveolar tidal volume less than net 
gas absorption (Oz+Nz in minus COz+Nz out) in 
each alveolus. This leads to decreased alveolar size, 
lessened compliance, and further decrease in alveo
lar tidal volume. This rapidly eventuates in complete 
collapse or atelectasis of the alveolus. Causes include 
neuromuscular disease, loss of airway support (as in 
COPD), and, most commonly, after surgery, loss of 
diaphragmatic function , leading to a decreased tidal 
volume. Microatelectasis may progress to involve a 
subsegmental or larger area and thus become visible 
on CXR. 

The daily increase in atelectasis in my study may 
be due to the loss of positive pressure with extubation 
as there is a trend for the earlier extubated patients 
to be more likely to have atelectasis. Although com
puted tomography (CT scan) proven atelectasis oc
curs immediately after the induction of general an
esthesia in almost all studied subjects and the amount 
could be decreased by the application of PEEP ,11.12 

my study found that the incidence of atelectasis in
creased daily, which suggests that efforts to prevent 
or reverse intraoperative atelectasis would have little 
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effect on the incidence of postoperative atelectasis. 
The authors11·12 believed that atelectasis probably 
occurred from compression rather than from resorp
tion of gas or bronchial obstruction. Intraoperatively, 
hypothermia is more common than fever. Roe13 

noted that patients who became hypothermic intra
operatively developed a moderate hyperthermia 
postoperatively, whereas patients who maintained 
their intraoperative temperature did not display a 
postoperative fever. This would not explain the fever 
in my study patients as they were all actively warmed 
on cardiopulmonary bypass to maintain normother
mia. Recently, Kharazmi et aP4 found endotoxemia 
in patients undergoing cardiopulmonary bypass. This 
endotoxemia without signs or culture evidence of 
infection might explain the fever in patients with or 
without atelectasis and limits the generalization of 
this lack of association to noncardiac surgical pa
tients. Postextubation, atelectasis has been associated 
with poor diaphragmatic function and inability to 
remove secretions. 

CONCLUS!OI\' 

This study found that fever is common after heart 
surgery. Fever appeared benign as no infection was 
found in any patient. Most importantly, this study 
found that there is no association between radio
graphically diagnosed atelectasis and fever postop
eratively in patients who have undergone cardiac 
surgery. Therefore, fever should not be ascribed to 
atelectasis. This is in agreement with the study of 
Roberts et al6 in patients who had undergone ab
dominal surgery and with animal experimental mod
els9.10 that also failed to find any association when 
atelectasis is separately defined from pneumonias. 
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