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Abstract

Background: High resolution chest computed tomography (HRCT) is an es-
tablished imaging modality that accurately assesses disease processes that are
non-specific on conventional chest radiography. Chest Computed Tomogra-
phy (CT) has proven invaluable in the evaluation of various diseases of the
chest providing precise diagnosis that have great impact on the course of
management. In this study, our aim is to evaluate the spectrum of radiological
findings in all patients that had chest CTs at a tertiary health Institution in a
developing Country. Method: This is a 6-year retrospective study of all pa-
tients that had Chest CT from 2009 till 2015. All patient data were retrieved
and their Chest CT images reviewed and radiological findings and diagnosis
documented. Results: Age range of patients was 1 - 84 years with a mean of
52.36 + 22.9 years. Ten patients were children (12%). There were more
males 53 (63.1%) than females 31 (36.9%) in the study. Referral for imaging
was predominantly from internal medicine 33 (47.1%) and Surgery 27
(38.6%) departments. Most of the patients, 53 (63.1%) did not have pre-
vious chest radiographs. Consolidative changes were the most common
parenchymal finding (77.4%). Few mediastinal masses were found in the
study population. CT angiography constituted only 10.7% of all chest CT's
done in adults. Conclusion: Few chest CT evaluations are performed
compared to CTs of other parts of the body done in the same period. Chest
CT is generally under-utilized even in a tertiary institution. There is a need to
educate chest physicians on the role and advantages of CT use for the man-
agement of their patients.
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1. Introduction

Computed Tomography (CT) has revolutionalised diagnostic imaging since its
conception in 1971, and has become an integral part of daily thoracic imaging
practice [1]. High resolution chest computed tomography is an established im-
aging modality, developed over the last decade, for accurate assessment of dis-
ease processes that are non-specific on conventional chest radiography. It com-
bines very high contrast resolution with high spatial resolution in evaluating
pulmonary diseases. It has proven invaluable in the evaluation of various disease
or pathological conditions of the chest with resultant precise diagnosis that have
great impact on the course of management.

It is indicated in trauma patients with high risk deceleration injuries for as-
sessing the mediastinum for aortic and spinal injuries, some of which may ap-
pear normal on chest radiographs [2] [3]. Multidetector chest CT remains the
best modality in the screening and diagnosis of chest trauma, with possible
findings including parenchymal lesions such as pulmonary lacerations, pleural
space abnormalities such as pneumothorax, diaphragmatic rupture, and rib
fracture from blunt trauma to the chest wall [4]. Chest CT is also crucial for the
staging of lung cancer and provides differential diagnosis via recognition of pat-
tern and distribution of the disease [1]. Thin-slice multi-detector-row CT is also
sensitive for the detection of lung nodules; evaluation of peripheral bronchogen-
ic carcinoma for pleural and chest wall invasion [5] [6].

Although, chest CT angiography (CTA) is commonly employed to evaluate
suspected pulmonary embolism, non-pulmonary embolism findings such as in-
cidental pulmonary nodule or adenopathy may be found [7]. Chest CT remains
an important imaging modality for the diagnosis of pulmonary septic emboli,
and determining the extent of disease; by demonstrating features such as mul-
tiple peripheral nodules (in 83% of cases), a feeding vessel sign (67%), cavitation
(50%), wedge-shaped peripheral lesions abutting the pleural (50%), air bron-
chograms within nodules (28%), and extension into the pleural space (39%) [8].

Furthermore, high resolution chest CT has been documented to be highly
useful in evaluating patients with acute or chronic chest symptoms for paren-
chymal lung disease such as invasive pulmonary aspergillosis, a potentially fatal
disease [9]. The presence of the halo sign in this condition is an early sign that
has been shown to be associated with better patient prognosis [10]. Chest CT can
detect features of pleural tuberculosis and differentiate active from inactive dis-
ease; by detecting pleural rind of fluid collection. It can also show complications
of the disease such as broncho-pleural fistula and chest wall involvement [11].
Bronchial tree diseases including inflammatory disorders such as bronchiectasis,
obstructing lesions such as tumours, bronchial fistula as well as congenital ab-
normalities of the lungs, are well depicted on high resolution chest CT [12].

There is paucity of literature on local studies in this environment on imaging
findings at chest computed tomography, hence emphasizing the relevance of this

research. This study aims to describe the source of referral for chest CT and
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spectrum of radiological findings in UCH Ibadan, Nigeria.

2. Materials and Methods
2.1. Study Design and Setting

This is a retrospective and descriptive study, carried out at the radiology de-
partment of the University College Hospital, Ibadan, Nigeria spanning a 6-year
period from 2009 to 2015.

University College Hospital (UCH) is the foremost Tertiary institution and
Teaching Hospital in Nigeria, it is located in Ibadan, South Western and receives
referral from South-Western states of Nigeria and beyond. The Hospital is an
850 bed hospital with occupancy rate of 55 - 60 with 56 service and clinical de-
partments and runs 96 consultative out-patient clinics per week in 50 specialty
and sub-specialty disciplines. About 150,000 new patients are seen in the various

out-patient clinics every year.

2.2. Method

Inclusion criteria for this study were all subjects referred for Chest CT for vari-
ous chest conditions, irrespective of their age and gender during the study pe-
riod. Subjects that have most demographic and clinical information details rec-
orded. Subject that had clear images of diagnostic value, devoid of artefacts with
both pre and post contrast Computed Tomographic image correlates were eva-
luated. Those excluded were patients with scanty demographic and clinical in-

formation. Non diagnostic images were also excluded.

2.3.Imaging

A 64-slice Toshiba CT machine was used to acquire the images of 84 patients
who had chest CT scans, irrespective of their age and gender during the study
period. CT scanning of the chest was conducted with patient lying supine on the
CT gantry and the scanogram acquired. Pre-contrast axial images were then ac-
quired from the thoracic inlet to the lowest hemi-diaphragm using a breath-
holding technique. Post-contrast axial images were subsequently acquired using
an automatic injection pump that delivered low osmolar contrast agent (Iopa-
midol™) at a rate of between 3 - 5 ml per second with 3 mm collimation and a
pitch of 1.8 mm used. Reformatted sagittal and coronal images were then gener-
ated for analysis and reporting. The radiological data on Chest CT performed
during the period were retrieved and independently reviewed by two certified
and experienced radiologists. The degree of agreement between findings re-
ported by each radiologist was evaluated with first ten patients and K = 0.9.

Data collection sheet was used to record extracted patients’ information in-
cluding their biodata, referral source, presenting complaints and clinical diagno-
sis. The imaging findings of the reviewed chest CT images were also recorded
into the prepared data sheet. Missing data were also noted.

The collected data was entered into the statistical package for social sciences
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(SPSS) software version 20 spread sheet and analyzed. The data is presented us-
ing frequency tables, percentages and bar charts as appropriate. Chi square tests
were used for statistical analysis of categorical variables. Ethical approval was not
sought as secondary data was employed. However, there is HIPPA compliance
with confidentiality preserved by assigning numbers to each eligible patient in

place of real names.

3. Results

Eighty-four patients had chest CT study done from 2009-2014 at the UCH Iba-
dan. The age of patients ranged from 1 - 84 years with a mean of 52.36 + 22.9
years. Ten patients were children (11.9%), 73 were adults (86.9%) while a patient
had no age documentation. There were 53 (63.1%) males and 31 (36.9%) females
in the study. The majority, 33 (47.1%) of the patients were refereed from the de-
partment of internal medicine and 27 (38.6%) were from department of surgery.
Referrals were also from radiotherapy with 2 (2.9%) patients, 4 (5.7%) from pe-
diatrics; otorhinolaryngology and Obstetrics and Gynecology referred a case
each. Most of the patients, 53 (63.1%) patients did not have previous chest radi-
ograph while 31 (36.9%) had taken a chest radiograph prior to the chest CT.
Abnormal chest X-ray findings were found in 29 (93.5%) of these patients.

3.1. Lungs

In all patients, consolidative changes were the most common parenchymal find-
ing seen in 77.4% of the studied patients, especially in the left lower lobe in
27.4%. Overall, consolidation, lung collapse, intra-pulmonary mass and bron-
chiolar dilatation were predominantly seen in the left lower lobe (51.2%). In-
tra-pulmonary masses alone were frequently seen in the left upper lobe (14.3%)
and the lower lobes (10.7%) as shown in Table 1.

3.2. Pleural

There were more pleural collections on the left as seen in 21 (25%) patients than
on the right side 11 (13.1%). Pneumothorax was only noted on the right side in
only 2 (2.4%) patients. A diagnosis of pleural based mass was made in 3.6% of

patients.

3.3. Mediastinum

Few mediastinal masses were found in the study population. Anterior medias-
tinal masses were found in 3 (3.6%) of the patients, posterior mediastinal mass
was documented in 2 (2.4%), while superior, inferior and middle mediastinum
masses were seen in one patient (1.2%) each. Soft tissue swelling was present in
only 5 (6.0%) patients.

3.4. Vascular

CT angiography constituted only 10.8% of all chest CTs done. Only 9/83 adults
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Table 1. Distribution of lung lesions on CT chest.

Lung Lobes
Lung findings Total
RUL LUL RML LL RLL LLL

Consolidation 5 (6%) 9 (10.7%) 7 (8.3%) 8(9.5%) 13 (15.5%) 23 (27.4%) 65 (77.4%)

Collapse 1(1.2%) 7 (8.3%) 0 4(4.8%) 3 (3.6%) 9 (10.7%) 24 (28.6%)
Mass 8(9.5%) 12 (14.3%) 5(6.0%) 8(9.5%) 8 (9.5%) 9 (10.7%) 50 (59.5%)
Bronchiolar

e 2(24%) 4(4.8%) 2(24%) 2(24%) 2(24%)  2(24%) 14 (16.8%)
Dilatation

—

LLALLLL]_LLLLLLLLLAL

(a) (b) (c)

Figure 1. Spectrum of findings at Chest CT. (a) Pulmonary embolism: CT pulmonary
angiography in mediastinal window, in coronal and axial views showing concave filling
defects (blue arrows) in the right and left main pulmonary arteries surrounded by a rim
of contrast. There is associated dilatation of both pulmonary arteries worse on the right
side. Poor inspiratory effort is noted as a result of the breathlessness, (b) Consolidation:
CT chest in lung window, in sagittal and axial views demonstrate extensive hyperdensity
in the right lower lobe limited superiorly by the oblique fissure with branching tubular
hypodensities within it (air bronchogram). A chest tube is noted in situ, (c) Bronchogenic
CA: CT Chest in lung and mediastinum window in Coronal and axial views.

were referred for CTA. Aneurysmal dilatation of the ascending aorta was seen in
one patient. Calcifications were noted in the ascending aorta of 5 (6.0%) pa-
tients, aortic arch of 8 (9.5%) patients and descending aorta of 6 (7.1%) patients.
Clots/thrombus was found in the pulmonary trunk in only one patient, in the

right main trunk and left main trunk in 2 (2.4%) patients (Figure 1).

3.5. Vertebrae

Only 9 reports adequately documented degenerative changes in the spine. The
changes found include but are not limited to osteophytes, bone sclerosis and de-
struction in reducing frequency. The lower thoracic vertebrae (T6-T12) were more

commonly affected than the upper thoracic vertebrae, but to varying degrees.

3.6. Radiologic Diagnoses

Opverall, chest CT was normal in 9 (11.4%) patients. The top radiologic diagnoses
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Top Radiological Diagnoses

Rib cage Cha%

Soft tissue Mass \_Consolidation

Pleural Based Pulmonary ~—— Pulmonary
Mass Embolism Tubeculosis

Figure 2. Top radiologic diagnoses made at chest CT of 84 patients. Others*: atelectasis,
emphysematous bullae, interstitial lung disease, pleural effusion, pneumothorax, asper-
gilloma, sarcoidosis, etc.

made were bronchogenic carcinoma (20.4%), metastatic deposits (10.4%), con-
solidation (8.9%), pulmonary tuberculosis (8.9%), pulmonary embolism (5.1%),
pleural based mass (3.9%), soft tissue mass (2.6%) and rib cage changes in (2.6%)
as depicted in Figure 2. Other diagnoses (27%) made comprised of atelectasis,
ephysematuos bulla, interstitial lung disease, pneumothorax, aspergilloma and
sarcoidosis, etc. All the diagnoses made were more common in males than in
females. None of these diagnoses was made in children except for consolidative

changes.

4. Discussion

CT has emerged as a useful tool in the study of the anatomy, physiology, pa-
thology of the body [13]. CT gives good spatial resolution of both soft tissue and
bony structures [14]. CT is more informative than plain radiography and helps
to narrow down differential diagnoses. High resolution CT of the chest is a po-
werful tool for the evaluation of acute and chronic respiratory diseases [9]. For
example, lung consolidation appears as foci of decreased attenuation which be-
comes more conspicuous on contrast-enhanced CT [15].

Low dose chest CT is regarded as the investigation of choice for the detection
of lung disorders in children with persistent or progressive chest symptoms de-
spite institution of conventional treatment [16]. In this study children accounted
for only 12% of the study population indicating that few referrals were made for
chest imaging. A study carried out in a children’s hospital in the US evaluated 56
children who had chest CT following plain chest radiographs for persistent or
progressive chest symptoms despite antibiotics therapy, found parenchymal and
pleural lesions, pericardial effusion that were not apparent on plain chest radio-

graphs [17]. Parenchymal complications like abscesses and bronchopleural fistulas
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were detected in about 70% of the cases. Pleural complications like abnormally
located chest tube and loculated pleural fluid; detected easily by Chest CT were
not detected by plain radiographs [17]. The volume of fluid collection was also
correctly estimated by CT. Chest CT's are seldom requested to evaluate progres-
sive or lack of response to treatment of chest diseases or complications that may
arise in children in our setting. Rather requests for repeated follow-up chest ra-
diographs are the norm. This practice might be due to several reasons like un-
availability of CT facilities in the locality, lack of funds to pay for the study, in-
adequate knowledge of the value of chest CT in the management of cases of
chest infection in children when CT is rightly indicated.

TB is endemic in Nigeria and Nigeria ranks 10™ among the 22 high-burden
TB countries in the world with an estimated 320,000 prevalent cases of TB in
2010, equivalent to 199/100,000 cases [18]. The TB burden is compounded by a
high prevalence of HIV and Multi-drug resistant tuberculosis (MDR-TB). Lagos,
Kano, and Oyo have the highest TB prevalence rate in Nigeria. [18] [19]. In a
study that evaluated 20 cases of pleural TB by Chest CT, CT was able to accu-
rately differentiate acute from chronic disease. The diagnosis of acute disease
was made with improved accuracy in areas with small cavitations and lymph
node enlargement not detected by plain X-ray [11]. We are often able to diffe-
rentiate active from chronic TB on plain film but not as accurately as can be
done if CT is utilized for this assessment [20]. Despite these staggering epidemi-
ologic data, and in some cases unequivocal clinical, laboratory and plain film
results, screening of TB cases is often limited to plain radiographic evaluation
and therapeutic trial of anti-TB drugs in our environment. The low rate of CT
evaluation may be due to the managing physicians’ fear of ionizing radiation and
lack of adequate information of CT usage in appropriate TB cases.

High resolution chest CT is the most sensitive non-invasive imaging modality
for evaluating parenchymal and bronchoscopically inaccessible bronchial lung
abnormalities. It is indicated for symptomatic patients with normal chest radio-
graphs and/or normal pulmonary function testing. Characterization of
non-specific radiographic findings, parenchymal disease activity and follow- up,
lung biopsy localization as well as to localize bronchiectasis are other docu-
mented use of Chest CT [21]. Bronchiolar dilatation was detected in 14 (16.8%)
patients in our study. Most patients with Chronic Obstructive pulmonary dis-
ease COPD are rarely referred for imaging with CT and the management of the
majority of patients with COPD in our environment is often limited to clinical
and plain radiographic assessment which might result in wrong classification
and poor characterization of cases. Cystic fibrosis was adequately evaluated us-
ing chest CT in a study of 117 cases of cystic fibrosis conducted by Helbich et al.
[22]. The study found imaging features including bronchiectasis (80.3%), peri-
bronchial wall thickening (76.1%), mosaic perfusion (63.9%), and mucous plug-
ging (51.3%). The value of Chest CT is further emphasized in the study by Mul-
ler et al [23]. The study was able to determine the accuracy of chest CT in the
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recognition of bronchiectasis in 13 lungs by correlating with bronchographic
findings. In this study, no case of cystic fibrosis was found, presumably due to
rarity of such cases in our environment. Chest wall masses may be evaluated by
plain radiography, ultrasound, CT, MRI PET/CT and guided biopsies [14]. The
utilized modalities will depend on the suspected differential diagnosis. However,
CT is regarded as the workhorse of diagnostic imaging of chest wall lesions as it
gives excellent soft tissue contrast and adequately differentiates osseous from
non-osseous masses [14]. Soft tissue chest wall masses such as hematomas, li-
pomas, liposarcomas, rhabdomyomas, elastofibromas and osseous lesions like
hyperosteosis, chondrosarcomas, plasmacytomas, Schwannoma and hemangi-
omas have been described in the literature. In our study soft tissue masses found
were few and constituted only 2.4% of all patients studied.

The United State Preventive services Task Force (USPSTF) recommends an-
nual screening for lung cancer with low-dose computed tomography (LDCT) in
adults aged 55 to 80 years who have a 30 pack-year smoking history and cur-
rently smoke or have quit within the past 15 years. There is no Lung cancer
screening policy in Nigeria as is the case for most cancers. This might be due to
socio-political reasons in addition to reported low incidence of cancer in local
literature. In a 30-year (1965-1990) retrospective review of cases of lung cancer
from the Cancer Registry of the University College Hospital (UCH), Ibadan Ni-
geria, only 142 cases were analyzed with a male: female ratio of 1.7:1. Squamous
cell carcinoma was found most commonly but adenocarcinoma predominated in
females among all lung cancers diagnosed at autopsy [24]. The epidemiology of
malignant lung tumours in Ibadan at the time probably differs from that in the
more industrialized countries and this suggests a different view of risk factors for
this environment [24]. Also at the time CT was not an available means of inves-
tigation. Twenty years later, CT is still unavailable and inaccessible as an imag-
ing modality and lung cancer screening tool. A recent evaluation of lung cancer
in the eastern part of Nigeria seems to suggest an increasing incidence of this le-
sion in Nigeria with 51 new cases diagnosed over a 30-month period [25].

CT angiography has become a powerful diagnostic tool in neuro vascular im-
aging Worldwide, the newer visualization methods (2D multiplanar and the 3-D
images) employed has produced images comparable to that of catheter based
angiography [26]. CTA in the evaluation of pulmonary embolism has been re-
ported to have a sensitivity range of 53-100% and specificity of 83-100% [27].
Contrast-enhanced Multidetector-row computed tomography (CT) is currently
the imaging modality of choice in the evaluation of suspected pulmonary em-
bolism or acute aortic syndrome [27] [28]. Pulmonary embolism and aortic le-
sions were the prominent vascular lesions detected in these study. However
there is high possibility of underutilization of CTA in our environment particu-
larly in suspected pulmonary embolism as reported in other parts of the World
[27].
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5. Conclusion

Few CT chest evaluations are performed compared to the total number of CT's of
the other parts of the body done in the same period. Chest CT is generally un-
der-utilized even in a tertiary institution in a typical developing country setting.
There is a need to educate chest physicians/managing physicians on the role and
advantage of CT for the management of patients. Employing low dose radiation
technique based on patient size and newer software technology has reduced rad-
iation dose up to 65% in chest examinations. Low dose chest CT is currently
used for detection of lung cancers. We advocate the institution of low dose CT
screening for lung cancers in our hospitals in the appropriate age group and in
those with high risk factors to prevent untimely death among our population.
Using the proper low-dose peadiatric settings or low dose adult dose for an indi-
vidual with a justified, optimized computed tomography chest scan will result in

more benefit than harm.

6. Limitations

This was a retrospective study and there were some missing patients’. Extracted
socio-demographic and clinical information was limited to what was already in

the cards.
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