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Objective. *e purpose of this study is to compare the early radiologic diagnosis of pulmonary infection between serial chest
radiography (chest film) and single chest computed tomography (CTchest) in the first seven days of febrile neutropenia.Methods.
*is study included 78 patients with hematologic malignancies who developed 107 episodes of febrile neutropenia from January
2012 to October 2017 and had a chest film performed within the first seven days. Demographic and radiographic data were
retrospectively reviewed. *ree radiologists independently and blindly evaluated chest films and CT chests. *e sensitivity,
specificity, and correlation of chest film with absolute neutrophil count were carried out. Results. A total of 222 chest films were
performed during this period and found thirty-nine episodes (36.4%) of radiographic active pulmonary infection.*e diagnosis of
clinical positive for pulmonary infection is 44.8% (48/107). Sensitivity, specificity, positive predictive value, and negative pre-
dictive value of serial chest film in the early radiologic diagnosis of pulmonary infection are 50%, 74%, 61%, and 64%, respectively.
*e false-positive rate was 14%, and the false-negative rate was 22%. For single CT chest examinations, twenty-six studies were
assessed, and 42.3% was indicative of radiographic active pulmonary infection. Sensitivity, specificity, positive predictive value,
and negative predictive value of CT chest in the early radiologic diagnosis of pulmonary infection are 91%, 40%, 53%, and 86%,
respectively. *e false-positive rate was 60%. *e absolute neutrophil count was not useful for predicting radiographic active
pulmonary infection. Conclusion. Serial chest film for early radiologic diagnosis of pulmonary infection within the first seven days
of febrile neutropenia has lower sensitivity with higher specificity as compared to a single CTchest. Conversely, CTchest may not
only have a higher sensitivity in determining early pulmonary infection but also has a higher rate of false-positives.

1. Introduction

Patients with febrile neutropenia are particularly at high risk
of infection including bacteria, fungi, and viruses [1, 2].
About 85% of patients are found in underlying hemato-
logical malignancies who received chemotherapy or un-
derwent a hematopoietic stem cell transplant. [1]. *e type
and strength of chemotherapy, as well as the duration and
severity of neutropenia, are the main risk factors that
promote infection in these patients [3]. Infection often
occurs in the gastrointestinal and respiratory tract [1, 2].
Pulmonary infection develops in about 15%. Respiratory

signs and symptoms in these patients are lower than usual.
*erefore, chest film is included as a part of diagnostic
workup. One of the common chest infections found in these
patients is invasive pulmonary aspergillosis.*e chest film in
this infection can show subtle or maybe undetectable
findings, making its early radiographic sensitivity and
specificity rather low [4]. A prior study reveals 29% of
negative chest films and 71% of nonspecific abnormal ra-
diographs in neutropenic patients with early invasive pul-
monary aspergillosis [3]. More obvious radiographic
findings can be seen when the neutrophil count increases.
Computed tomography (CT) in febrile neutropenic patients
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with suspected pulmonary infection shows higher sensitivity
and specificity [5]. Specific CT appearance such as mass or
nodule with halo sign, cavitary lesion, and air-crescent sign
can be identified and gives more suggestion of invasive
pulmonary aspergillosis [5, 6]. However, due to the higher
cost and radiation dose level of CT over chest film, the
proper timing for CT examination is essential. Investigation
too early may have negative radiographic findings, while
investigation too late may cause delay diagnosis and
treatment.

*e purpose of this study is to compare the early ra-
diologic diagnosis of pulmonary infection in the first seven
days of febrile neutropenia between serial chest films and
single CT chest by determining their relative sensitivity and
specificity.

2. Materials and Methods

2.1. Study Population. *is retrospective study was carried
out at the Department of Radiology, Faculty of Medicine,
Srinakharinwirot University, after approval from the In-
stitutional Ethics Committee. We included patients with the
underlying hematologic disease who developed febrile
neutropenia (neutrophil count <500 μL and temperature
>38.3°C) at HRH Princess Maha Chakri Sirindhorn Medical
Center from January 1, 2012 to October 31, 2017. *e in-
clusion criteria were patients who have chest film within the
first seven days of febrile neutropenia. We excluded patients
under age 15 and patients with unavailable clinical data or
radiographic imaging.

2.2. Demographic Data Collection. *e demographic data,
age, sex, type of hematologic disease, chest symptom, and
laboratory findings related to infection were recorded. Chest
symptom was classified into cough, dyspnea, increased re-
spiratory rate >20min, decreased oxygen saturation <90%,
and abnormal chest sounds such as rales, rhonchi, and
decreased breath sound. Laboratory data related to infection
in chest and outside chest were collected.

2.3. Radiographic Data. *ree board-certified diagnostic
radiologists independently and blindly reviewed chest film
and CT chests within the first seven days of febrile neu-
tropenia. Baseline chest film within three months before
the episode of febrile neutropenia was also collected. Chest
film opacity was classified into no opacity, new opacity,
worsened opacity, stable opacity, and improvement. *e
chest films with no opacity, stable disease, and improve-
ment were grouped as no radiological active pulmonary
infection, while chest films with new lesions and pro-
gression were grouped as radiological active pulmonary
infection. CT chest pattern was specified as pulmonary
consolidation, centrilobular nodules/septal thickening,
ground-glass opacity, nodule/mass, and atelectasis. Pa-
tients with CT chest findings of nodule/mass and atelec-
tasis without other patterns were grouped as no
radiological active pulmonary infection. Other CT chest
findings are considered as radiological active pulmonary

infection. In the cases where the radiologic interpretation
was not unanimous, the agreement of two of the three
radiologists was required for an interpretation to be
considered final.

2.4. Statistical Analysis. *e sensitivity, specificity, positive
predictive value, and negative predictive value were deter-
mined by numbers of radiological active pulmonary infec-
tion from chest film and CT chest using the presence of
either positive chest symptoms or positive mycobacterial
study as a gold standard. Evaluation of the ability of absolute
neutrophil count to differentiate positive chest films in fe-
brile neutropenic patients was performed using area under
the curve (AUC) of the receiver operating characteristic
curve (ROC). Interobserver agreement of the radiographic
findings on chest film and CT chest was calculated using
Cohen’s kappa (K) test.

3. Results

From January 2012 to October 2017, 78 patients with un-
derlying hematologic malignancies had developed 107 ep-
isodes of febrile neutropenia. *e mean age of patients was
47.9 years, with a range of 18–90 years. *ere were 47 male
(60.3%) and 34 female (39.7%) patients. Of the 107 episodes,
41 (38.3%) had positive chest symptoms and 33 (30.8%) had
laboratory data related to infection in the chest. *e diag-
nosis of early pulmonary infection from the presence of
chest symptoms or laboratory data or the combination
thereof is 44.8% (48/107). Baseline characteristics of the
patients, as well as chest symptoms and laboratory data, are
described in Table 1.

A total of 222 chest films were performed during the
first seven days of febrile neutropenia, 50% shows no
opacity, while 15.8% had new lesions, 7.7% had pro-
gression, 19.8% was stable, and 7.2% found improvement
on follow-up chest films. *irty-nine episodes (36.4%)
show radiographic active pulmonary infection, 14.0% was
falsely positive, and 22.4% was falsely negative. Sensitivity,
specificity, positive predictive value, and negative pre-
dictive value of serial chest films in the early radiologic
diagnosis of pulmonary infection are 50%, 74%, 61%, and
64%, respectively.

Not all patients underwent CT chest examinations.
Twenty-six single CT chest studies were performed during
this period, 19 of which (73%) were positive with the fol-
lowing rates: pulmonary consolidation 56.0%, ground-glass
attenuation 40.0%, nodular or mass lesions 32.0%, atelectasis
20%, and centrilobular nodules 4%. Ten CT chests (38.4%)
were indicative of radiographic active pulmonary infection,
and 60% was falsely positive. Sensitivity, specificity, positive
predictive value, and negative predictive value of single CT
chest in the early radiologic diagnosis of pulmonary in-
fection are 91%, 40%, 53%, and 86%, respectively. *ere are
36.8% (7/19) of positive CT chest, which found no radio-
graphic active pulmonary infection from serial chest film.
Examples of serial chest film and CTchest abnormalities are
presented in Figures 1–3.
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Details of consensus serial chest films and single CTchest
compared to the clinical diagnosis of early pulmonary in-
fection are summarized in Table 2.

ROC analysis shows that the absolute neutrophil count
was not useful for predicting radiographic active pulmonary
infection (AOC 0.483) (Figure 4).

Table 1: Baseline characteristics of the patients, including details of chest symptoms and laboratory data related to chest infection.

Baseline characteristic Features Number (%)
Gender Male/female 47/31 (60.3/39.7)
Age (years) Median 47.9 (range 18–90)

Hematologic malignancies
Leukemia 43 (55.1)
Lymphoma 31 (39.7)

Multiple myeloma 4 (5.1)

Chest symptoms

Positive/negative 41/66 (38.2/61.7)
Shortness of breath 21 (51.2)

Cough 19 (46.3)
Tachypnea 15 (36.6)
Lung signs 7 (17.1)

Decreased breath sound 4 (9.8)
Hypoxia 2 (4.9)

Hemoptysis 1 (2.4)

Laboratory data related to chest infection

Positive/negative 33/74 (30.8/69.2)
Microbial culture 18 (54.5)

Serum galactomannan 18 (54.5)
Influenza test 2 (6.0)

(a) (b) (c)

(d) (e) (f)

Figure 1: Images in a 58-year-oldmale patient with acute myeloid leukemia who had positive chest symptoms. (A) Baseline chest film shows
right lower lung opacity. (B) Chest film on first day of febrile neutropenia (ANC� 0 μL) shows new opacity at right upper lung and left
retrocardiac region. (C) Chest film on the fifth day of febrile neutropenia (ANC� 624 μL) shows stable opacities at right upper and left lower
lungs. (D–F) Axial and coronal CTchest on third day of febrile neutropenia (ANC� 432 μL) reveals pulmonary consolidation at right upper
lobe and a nodular lesion at left lower lobe. Both lesions are surrounded by a halo of ground-glass attenuation, suggesting angioinvasive
pulmonary aspergillosis. *is case was evaluated as true-positive chest radiograph and CT chest.
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(a) (b) (c)

(d) (e) (f)

Figure 2: Images in a 37-year-old male patient with acute myeloid leukemia whose serum galactomannan test was positive. (a) Baseline
chest film shows no opacity. (b) Chest film on first day of febrile neutropenia (ANC� 11 μL) shows no opacity. (c) Chest film on third day of
febrile neutropenia (ANC� 17 μL) still shows no opacity. (d) Chest film on fourth day of febrile neutropenia (ANC� 0 μL) shows new
opacity at left lower lung (arrow). (e) Chest film on seventh day of febrile neutropenia (ANC� 2511 μL) shows improvement of lower lung
opacity. (f ) Axial CT chest on the fourth day of febrile neutropenia reveals a nodular-like consolidation with surrounding ground-glass
attenuation, representing a CT halo sign. *is case was evaluated as true-positive chest radiograph and CT chest.

(a) (b)

Figure 3: Continued.

4 Radiology Research and Practice



*e overall agreement was substantial for the detection
of baseline chest film lesions (K value 0.65). For identifying
the presence of a lesion, interobserver agreement was higher
when using a single CT chest as compared to serial chest
films (K value 0.64 and 0.55). Details of the interobserver
agreement are summarized in Table 3.

4. Discussion

Patients with underlying hematologic malignancies who
received chemotherapy can develop febrile neutropenia. We
found leukemia, lymphoma, and multiple myeloma as un-
derlying hematologic diseases in febrile neutropenic

(c) (d)

(e)

Figure 3: Images in a 35-year-old male with acute myeloid leukemia who had positive chest symptoms and serum galactomannan test. (A)
Baseline chest film shows opacities at right upper and right lower lungs. (B) Chest film on second day of febrile neutropenia (ANC� 0 μL)
shows improvement of previous opacities with no new opacity. (C) Chest film on fifth day of febrile neutropenia (ANC� 0 μL) shows no
abnormal opacity. (D–E) Axial and coronal CT chest on seventh day of febrile neutropenia (ANC� 0 μL) reveals subtle ground-glass
attenuation at right upper lobe (arrows). *is case was evaluated as false-negative chest radiograph and true-positive CT chest.

Table 2: Summary of consensus chest films and CT chest compared to the clinical diagnosis of early pulmonary infection.

Early pulmonary infection Clinical positive (n� 48) Clinical negative (n� 59)

Chest film Radiological active (n� 39) 24 15 PPV 61%
No radiological active (n� 68) 24 44 NPV 64%

Early pulmonary infection Clinical positive (n� 11) Clinical negative (n� 15)

CT chest Radiological active (n� 19) 10 9 PPV 45.8%
No radiological active (n� 2) 1 6 NPV 100%

PPV, positive predictive value; NPV, negative predictive value.
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patients, which are similar in order as Dimirel et al. [2]. When
these patients develop febrile neutropenia, it leads to in-
creased patient risk of infections, especially in the lungs.
Compared to priors, our results show a higher rate of clinical
pulmonary infection, likely due to patients who confirmed the
diagnosis of infection outside the chest without any chest film
and were therefore not included in our study population
[7, 8]. *e radiological active pulmonary infection compared
to the clinical diagnosis of early infection in our study shows
low sensitivity and moderate specificity. As compared to the
study by Gerritsen et al. [9], our study reveals higher sensi-
tivity but lower specificity. *ese different results may be due
to different patient populations and timing of febrile episodes
used for chest film interpretation. *e false-negative findings
are lower than in prior studies but still suggest that negative
chest film does not exclude active radiologic pulmonary in-
fection [8, 10].*e type of pulmonary infection can also affect
false-negative rates in chest film. Invasive pulmonary mycoses
are often not visible on chest film in the early neutropenic
setting. CT chest can detect very early stage of invasive
pulmonary mycoses and improve the detection rate of pul-
monary infiltration [9]. Zaleska-Dorobisz et al. reported a
higher sensitivity using low-dose CT chest than single chest
film for detection and characterization of pulmonary ab-
normalities in pediatric patients with neutropenic fever.
However, the higher radiation dose for CT is a concern [10].
Our single CT chest in the first seven days of febrile neu-
tropenia shows higher sensitivity and negative predictive
value than serial chest films for the detection of early pul-
monary infection. Similar results were found in malignant
hematological patients who received chemotherapy or

underwent hematopoietic stem cell transplant (HSCT) with
chest CT and chest film performed on the first day of febrile
neutropenia [9]. Other studies show an increased detection
rate from chest CT compared to chest film but differ in some
points from our study [11–13]. However, there is a lower
specificity for early pulmonary infection detection from a
single CTchest than serial chest films and a high false-positive
rate from the single CT chest in our study. Serial chest films
can show changes or stability of the pulmonary opacities,
which may improve radiologists’ confidence in determining
active or not active radiological infection. Conversely, a single
CT chest with the presence of specific CT patterns or specific
radiologic stigmata may also increase the differentiation
between infectious and noninfectious pulmonary disease, as
well [12]. A study by Cornetto et al. shows treatment benefit
for both normal and abnormal early CTchest after HSCT [14].
However, our study did not examine this point in detail.
Another detail that could cause lower than expected speci-
ficity is our categorization of nodule/mass as no radiologic
active pulmonary infection for the purposes of our study,
while in fact, some nodules/mass lesions are infectious pro-
cesses. *erefore, a single CT chest should be helpful for
neutropenic patients with fever of unknown origin.

About the relationship between absolute neutrophil
count and chest film suggesting active pulmonary infection
by using the ROC curve, we found the absolute neutrophil
count is not a significant predictive value for radiologic
active pulmonary infection. *is result is defined by the low
neutrophil count, which limits the inflammatory response in
the chest and leads to undetectable pulmonary infiltration
evidenced by radiography [7]. Deborah et al. revealed that

0.00 0.25 0.50 0.75 1.00
1 - specificity

Area under ROC curve = 0.4833

0.00

0.25

0.50

0.75

1.00

Figure 4: Receiver operating characteristic curve comparing the absolute neutrophil count with radiologic active pulmonary infection as
predictors of pulmonary infection.

Table 3: Interobserver agreement in chest film and CT chest interpretation.

Radiographic interpretation
Observer

1 and 2 2 and 3 3 and 1 All
Baseline chest film 0.60 0.66 0.71 0.65
Presence of chest film active pulmonary infection 0.56 0.56 0.55 0.55
Presence of CT chest active pulmonary infection 0.61 0.69 0.62 0.64
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the utility of chest film in diagnosing infection was low in the
absence of respiratory symptoms. *e use of serial chest film
to evaluate febrile neutropenic patients with respiratory
signs or symptoms can be applied [11, 13].

*e variability of radiology interpretation assessed by
analysis of interobserver agreement shows a similar value as
informed by Gerritens et al. for chest film interpretation.*e
agreement for CT interpretation from our study was slightly
higher [9].

*ere were a few limitations to this study. First, not all
first seven days of febrile neutropenia have chest films and
not all episodes have a CT chest. Most of the CT chests were
requested if there was the presence of clinical or chest film
suspicious of pulmonary abnormality. Second, our patient
population does not include those with clinical diagnoses
confirmed of infection outside the chest who have no chest
film. *ird, laboratory data related to respiratory tract in-
fection were not reported in all patients with suspected
pulmonary infection due to the retrospective nature of the
study.

In conclusion, serial chest film for early radiologic di-
agnosis of pulmonary infection within the first seven days of
febrile neutropenia has lower sensitivity with higher spec-
ificity as compared to a single CT chest. However, there is a
higher false-positive rate for CT chest in determining early
pulmonary infection. *e number of absolute neutrophil
count cannot predict the presence of radiologic active
pulmonary infection from chest film. As a result, we could
apply the use of serial chest films for early febrile neu-
tropenia workup in patients with respiratory signs and
symptoms, while CT chest will be more suitable when
neutropenic patients have fever of unknown origin. Another
advantage of serial chest film over CT chest is for the pe-
diatric population, for which radiation dose is concern, and
in low immune patients who need isolation. [15].
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