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INTRODUCTION

The Coronavirus Disease 2019 (COVID-19) pandemic has resulted in an unprecedented global 
health crisis, with millions of cases and deaths reported worldwide. The management of patients 
with COVID-19 is complex and requires a thorough assessment of disease severity for informed 
clinical decision-making. Determination of viral RNA by reverse transcription polymerase chain 
reaction, which was the gold standard diagnostic technique until recently, has good specificity 
but controversial sensitivity (37–71% depending on the studies) and was sometimes inaccessible 
in certain hospitals during the very first wave of this pandemic. Therefore, work was undertaken 
to prove the value of chest computed tomography (CT) for diagnostic purposes.[1] Chest CT 
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has become an essential diagnostic tool in the evaluation of 
patients with COVID-19 because of its high sensitivity for 
detecting COVID-19 infection-associated lung abnormalities, 
which are often quite characteristic of COVID-19 lesions.[2,3] 
Certain chest CT images have been shown to be characteristic 
of COVID-19, such as the initial appearance of ground-
glass opacities, followed by crazy paving images, and finally, 
consolidations. Lesions are usually bilateral, peripheral, 
posterior, and inferior.[4,5] If the diagnosis of COVID-19 
pneumonia is suspected without biological evidence, 
chest CT offers excellent diagnostic performance, with a 
sensitivity of 90% (95% confidence interval [CI]: 89–91%) 
and a specificity of 91% (95% CI: 91–92%).[6] Several studies 
have shown that initial chest CT findings can provide 
valuable information about disease severity and prognosis 
in patients with COVID-19.[7-9] Radiological features such as 
the extent of lung opacities, the presence of pleural effusion, 
consolidation, and nodules, and the involvement of the lung 
lobes have been associated with disease severity and an 
increased risk of complications and even death.[8]

In addition, recent studies have suggested that chest CT 
findings could also be used as a predictor of mortality in 
patients with COVID-19. A  study by Li et al.[10] showed 
that the extent of lung opacities detected by chest CT was 
significantly associated with an increased risk of death in 
patients hospitalized with COVID-19. Similarly, a systematic 
review by Majrashi et al.[11] found that the CT severity score 
can serve as a reliable prognostic indicator of the severity of 
COVID-19.

However, despite these promising results, there is still 
uncertainty as to the predictive value of initial chest CT 
findings for mortality in adult inpatients with COVID-19. 
As the clinical course of the disease is highly variable, it 
appeared essential to identify early on the chest CT findings 
predictive of poor outcomes. Furthermore, the potential 
prognostic value of chest CT during COVID-19 pneumonia 
has not yet been specifically examined in the Congolese 
population.

In the present study, we aim to evaluate the association 
between initial chest CT findings and mortality in adult 
inpatients with COVID-19 in Goma City, in North Kivu 
province in the Democratic Republic of the Congo (DRC).

MATERIALS AND METHODS

Type, period, and population of the study

This study was a retrospective, multicenter, and cross-
sectional study conducted from January 1, 2021, to December 
31, 2022. Three health facilities took part in the study in 
Goma City, in the province of North Kivu (in the DRC): The 
Clinique Internationale de Médecine avancée (CIMAK), the 
Hôpital Charité Maternelle and the Heal Africa Hospital. 

The CIMAK is the only hospital in the city with a CT scan 
machine.

Patients included in this study had the following inclusion 
criteria: Aged ≥18  years; case of COVID-19 confirmed 
by reverse transcription-polymerase chain reaction, or 
suspected pulmonary embolism complicating COVID-19, or 
case of COVID-19 diagnosed based on clinical presentation 
(cough, respiratory distress, and fever), and chest CT images 
consistent with COVID-19. Patients under 18  years of age 
treated for COVID-19 or those with incomplete medical 
records were excluded from the study.

Radiological data were extracted from CT scan reports. Data 
were obtained from the medical records and administrative 
databases of the participating hospitals. The variables 
extracted from these databases were age, sex, clinical 
symptoms and signs, presence of other pre-existing medical 
conditions (including diabetes mellitus, hypertension, cancer, 
etc.), chest CT findings, and mortality during hospitalization.

Chest CT image acquisition technique

When pulmonary embolism was not suspected, chest CT 
scans were performed without intravenous contrast injection, 
with the patient supine and at the end of inspiration. If 
pulmonary embolism was suspected, chest CT scans were 
performed with intravenous contrast injection and bolus 
monitoring, with the patient positioned supine and breathing 
neutrally.

The various chest CT examinations were performed using 
a Siemens Somatom Scope 16-slice CT scanner. The low-
dose protocol was used. Each examination was performed at 
120 kV and between 100 mAs and 150 mAs. Collimation was 
0.6 mm. The sections were each 2.5 mm thick, followed by 
reconstruction with a collimation of 1.25 mm. The topo scan 
delimited the field of examination from the apex to below 
the costophrenic sinuses, including the laterothoracic soft 
tissues.

In accordance with the World Health Organization protocol, 
patients and technicians wore masks and personal protective 
equipment, and complete decontamination was carried out 
after each examination.

Analysis of chest CT images

The visual scale recommended by the Société Française 
de Radiologie and the European Society of Radiology 
was used.[12,13] It has the advantage of being simple, 
rapid, and effective. This method of quantification is an 
assessment of the entire lung parenchyma based on the 
following approximations: The right and left lower lobes 
each represents 25% of the total lung parenchyma, and 
the right and left upper lobes and the middle lobe each 
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represent 15% of the parenchyma. This method defines the 
following categories: Minimal (<10%), moderate (10–25%), 
extensive (26–50%), severe (51–75%), and critical (>75%). 
When the operator hesitates between two categories, it is 
recommended that the lower category should be preferred. 
For each patient included, the initial chest CT scan was 
reviewed retrospectively, blinded to the clinical course, 
and independently by two experienced radiologists (more 
than ten years in practice). The location, type, and extent of 
abnormalities on the chest CT scan were carefully observed 
and recorded. In the event of conflicting results, a consensus 
was reached during a further concurrent reading session by 
the two radiologists. The descriptive elements were graded 
on a standardized form, adapted from the scan report, and 
drawn up based on the recommendations of the Société 
Française de Radiologie, using the visual scale.[12]

Statistical analysis

Qualitative variables were presented in the form of absolute 
frequencies and percentages, and quantitative variables 
were presented with the mean and standard deviation. The 
median and percentiles of the observed distribution were 
also calculated. Bivariate analyses were performed using 
the Pearson test at a 5% significance level. Adjusted odds 
ratios (aOR) with 95% CIs were calculated using a logistic 
regression model by the block entry method. The accuracy 
of the model was assessed using a receiver operating 
characteristic curve and by calculating the area under the 
curve (AUC). The independent variable was the patient’s 
outcome during hospitalization, which was marked by either 
death or survival. All analyses were performed using STATA 
version 16 software.

Ethical considerations

This study was approved by the Medical Ethics Committee 
of the University of Goma (approval no. UNIGOM/
CEM/009/2023). Confidentiality was ensured during data 
analysis.

RESULTS

During the study period, 745 patients were admitted to the three 
hospitals with COVID-19 symptoms. Of these, 669  patients 
were excluded from our retrospective analysis because a chest 
CT scan had not been performed at the time of admission or 
the medical record was incomplete. Consequently, 76 patients 
were included in the present analysis. With regard to the CT 
scan protocol, in eight of the 76 patients (12.6%), an additional 
series of slices after administration of the intravenous contrast 
injection was performed.

Of the 76  patients included, 26  (34.2%) died. [Table  1] 
shows the demographic and clinical characteristics of the 

76 patients included, according to their clinical course during 
the hospitalization. The mean age was 56.1 ± 13.5  years; 
this mean was 60.2 ± 12.2 years for non-survivors and 53.9 
± 13.8 years for survivors. Comparison of these two means 
shows a statistically significant difference (P = 0.0461). 67.1% 
of the patients were male; this proportion was 76.9% for the 
non-survivor patients and 62% for the survivors; we noted 
no statistical difference between these two proportions 
(P = 0.2908). We noted that 11.6% of non-survivors had 
ischemic heart disease, while none of the survivors did; a 
comparison between these two groups shows a statistically 
significant difference (P = 0.0369).

There was no statistical difference between the two groups in 
the proportions of diabetes mellitus and hypertension. With 
regard to clinical signs, no statistical correlation was observed 
between mortality and the following signs: Cough, fever, 
fatigue, myalgia, and gastrointestinal symptoms (P > 0.05). 
On the other hand, we noted that the mean respiratory rates 
of these two groups were statistically different (28.6 ± 8.2 
breaths per minute for non-survivors and 23.1 ± 5.1 breaths 
per minute for the survivors; P = 0.0006). Similarly, for 
resting oxygen saturation levels, non-survivors had a mean 
of 71.9 ± 24.1% compared with 88.9 ± 9.5% for survivors 
(P = 0.0016).

Table 2 shows the correlations in bivariate analysis between 
the chest CT findings and the clinical outcomes of the 
patients. We observed significantly higher proportions of 
right middle lobe, right upper lobe, and left upper lobe 
involvements, as well as images of consolidation, crazy-
paving, and pleural effusion in non-survivors compared 
with survivors (P < 0.05). We also noted that 96.1% of non-
survivors had all five lobes affected compared with 70% of 
survivors (P = 0.0076). As for the degree of lung parenchymal 
involvement, 80.8% of non-survivors had severe/critical 
involvement (>50%) compared with 12% of survivors 
(P < 0.0001).

The results of the multivariate logistic regression are shown 
in Figure  1. The degree of lung parenchymal involvement 
and consolidations were identified as independent 
factors affecting clinical course. Patients with >25% lung 
involvement were more than 16  times more likely to die 
from COVID-19 than those with ≤25% lung involvement 
(aOR = 16.27 [3.30–80.16]; P < 0.0001). Patients with 
consolidations were 3.33  times more likely to die from 
COVID-19 than those without (aOR = 3.33 [1.00–11.47]; 
P = 0.0478) [Figure 1].

The prediction of mortality by the degree of lung involvement 
>25% and the presence of consolidations on chest CT in 
adult inpatients with COVID-19 had a sensitivity of 73.08%, 
a specificity of 82%, a positive predictive value of 67.86%, and 
a negative predictive value of 85.42%. The AUC was 0.8392 
[Figure 2].
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DISCUSSION

The COVID-19 pandemic has highlighted the crucial 
importance of diagnostic and predictive tools to guide 
medical decisions. This study assessed the ability of chest 
CT to predict mortality in patients infected with COVID-19. 
Through an analysis of multicenter data, we examined chest 
CT findings associated with mortality. Our initial results 
indicate a significant correlation between certain chest CT 
findings and mortality in COVID-19 patients. In particular, 
the presence of consolidations and the degree of lung 
involvement emerged as predictive factors. The prognosis 
of COVID-19 pneumonia is variable, and the referral of 
patients being admitted to emergency departments is crucial.

Our study shows that the extent of parenchymal lesions 
on chest CT is the best prognostic factor among the factors 
studied. Lung involvement >25% increased the risk of 
mortality by 16.27  times compared with lung involvement 
≤25%. These results are consistent with previous studies that 
have established a link between the degree of lung parenchymal 
involvement on chest CT and disease severity in patients with 

COVID-19, qualifying it as a key prognostic factor.[14-18] A 
French study by Malécot et al.[9] in a cohort of 515  patients 
with COVID-19 found that those with lung parenchymal 
involvement ≥50% on chest CT had a significantly higher risk 
of mortality. These findings highlight the importance of chest 
CT as an early predictor of clinical outcomes in patients with 
COVID-19. Therefore, imaging features and dynamic changes 
may provide the most objective evidence to assess disease 
severity and predict clinical outcomes.

The study showed that consolidations were chest CT 
findings statistically associated with COVID-19-related 
mortality. This finding is identical to that made by several 
authors who correlate it with pathological observations of 
severe inflammatory exudation in the intra-alveolar spaces 
and the formation of hyaline membranes in patients with 
COVID-19.[18-21] According to Xu et al.,[20] diffuse alveolar 
damage and progressive respiratory failure triggered by 
COVID-19 are the main causes of mortality in severe cases 
of COVID-19. Hu et al.[18] suggested that the presence of 
consolidations on chest CT may predict poor prognosis in 
patients with COVID-19.

Table 1: Demographic and clinical characteristics and comorbidities of the 76 patients on admission in relation to clinical course.

Variable Total (n=76) Non‑survivors (n=26) Survivors (n=50) P‑value

Age (years)
Mean (±SD) 56.1 (±13.5) 60.2 (±12.2) 53.9 (±13.8) 0.0461
Median (IQR) 55.5 (46.5–66.0) 60.5 (51–66) 53.0 (42–66)
Min – Max 23–94 37–94 23–80

Sex, n (%)
Male 51 (67.1) 20 (76.9) 31 (62.0) 0.2908
Female 25 (32.9) 6 (23.1) 19 (38.0)

Comorbidity, n (%)
Hypertension 33 (43.4) 14 (53.9) 19 (38.0) 0.2808
Diabetes mellitus 19 (25.0) 9 (34.6) 10 (20.0) 0.2641
Ischemic heart disease 3 (3.9) 3 (11.5) 0 (0.0) 0.0369
Cough 53 (69.7) 16 (61.5) 37 (74.0) 0.3905
Dyspnea 49 (64.5) 22 (84.6) 27 (54.0) 0.011
Myalgia 10 (13.2) 5 (19.2) 5 (10.0) 0.4403
Fatigue 48 (63.2) 19 (73.1) 29 (58.0) 0.2974
Fever (temperature ≥37.5°C) 23 (30.3) 7 (26.9) 16 (32.0) 0.8462
Gastrointestinal symptoms 11 (14.5) 1 (3.9) 10 (20.0) 0.0857

Temperature (°C)
Mean (±SD) 37.1 (±1.0) 36.9 (±1.1) 37.2 (±1.0) 0.8029
Median (IQR) 36.7 (36.4–37.8) 36.7 (36.0–37.7) 36.8 (36.5–37.8)
Min–Max 35.1–39.3 35.1–39.3 35.5–39.3

Respiratory rate (breaths per min.)
Mean (±SD) 25.0 (±6.8) 28.6 (±8.2) 23.1 (±5.1) 0.0006
Median (IQR) 24.0 (20.0–26.5) 26.5 (22.0–34.0) 22.0 (20.0–24.0)
Min–Max 15–46 15–43 18–46

Oxygen saturation (%)
Mean (±SD) 83.1 (±17.8) 71.9 (±24.1) 88.9 (±9.5) 0.0016
Median (IQR) 90 (80–95) 81.5 (50.0–91.0) 92 (84.0–95.0)
Min–Max 20–99 20–98 60–99

SD: Standard deviation, IQR: Interquartile range
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This study is one of the few to assess the prognostic value 
of CT images in predicting mortality in patients with 
COVID-19. Thanks to its multicenter approach, the study 
was able to enroll patients from three health facilities 
responsible for the management of COVID-19 infection in 
the province of North Kivu, making the results more or less 
generalizable. However, despite these strengths, the study is 

not without certain limitations, and the results shared must 
be interpreted with these limitations in mind. First, the study 
included a small number of patients and the chest CT scan 
studied was the first one performed during hospitalization. 
This implies a disparity in the duration of the disease course 
on the day of chest CT imaging. Second, the associations 

Table 2: Chest CT findings of 76 patients hospitalized for COVID-19 in relation to clinical course.

Variable Total (n=76), n (%) Non‑survivors (n=26), n (%) Survivors (n=50), n (%) P‑value

Lobes involved
Right lower 70 (92.1) 26 (100.0) 44 (88.0) 0.0887
Right middle 64 (84.2) 26 (100.0) 38 (76.0) 0.0061
Right upper 67 (88.2) 26 (100.0) 41 (82.0) 0.0238
Left lower 74 (97.4) 26 (100.0) 48 (96.0) 0.5438
Left upper 64 (84.2) 25 (96.2) 39 (78.0) 0.0490

Number of lobes involved per patient
<5 16 (21.1) 1 (3.9) 15 (30.0) 0.0076
5 60 (78.9) 25 (96.1) 35 (70.0)

Chest CT images
Ground glass opacities 75 (98.7) 25 (96.2) 50 (100.0) 0.3421
Consolidations 37 (48.7) 20 (76.9) 17 (34.0) 0.0009
Subpleural lines 25 (32.9) 2 (7.7) 23 (46.0) 0.0007
Crazy-paving 24 (31.6) 12 (46.2) 12 (24.0) 0.0487
Pleural effusion 7 (9.2) 5 (19.3) 2 (4.0) 0.0424
Bronchial wall thickening 2 (2.6) 1 (3.8) 1 (2.0) 1.0000

Bilateral lung involvement
Yes 71 (93.4) 26 (100.0) 45 (90.0) 0.1587
No 5 (6.6) 0 (0.0) 5 (10.0)

Lung involvement
Minimal (<10%) 15 (19.7) 1 (3.8) 4 (28.0) <0.0001
Moderate (10–25%) 20 (26.3) 1 (3.8) 19 (38.0)
Widespread (26–50%) 14 (18.4) 3 (11.5) 11 (22.0)
Severe/critical (>50%) 27 (35.5) 21 (80.8) 6 (12.0)

CT: Computed tomography, COVID-19: Coronavirus disease 2019

Figure 2: Receiver operating characteristic (ROC) curve evaluating 
the ability of thoracic computed tomography to predict mortality in 
adult inpatients with coronavirus disease 2019.

Figure 1: Multiple logistic regression of risk factors for mortality in 
adult inpatients with coronavirus disease 2019.
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presented in this study are not necessarily causal, as there 
may be residual or unmeasured confounding factors.

CONCLUSION

The results of this study make a significant contribution to the 
understanding of the factors predictive of mortality in adult 
inpatients with COVID-19 in Goma. An in-depth analysis 
of the degree of lung parenchymal involvement and the 
presence of consolidations on chest CT reveals a significant 
correlation with fatal disease outcomes. These findings 
underline the crucial importance of early and accurate CT 
assessment to better risk stratify patients, enabling targeted 
medical intervention and more effective management of 
severe cases of COVID-19. In addition, these results provide 
promising avenues for the development of personalized 
management protocols aimed at improving survival rates and 
optimizing medical resources in the specific context of Goma 
in the face of the COVID-19 pandemic.
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