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ABSTRACT

Background: Early treatment of COVID-19 leads to better patient outcomes, highlighting the importance of early
diagnosis. Diagnostic modalities include computed tomography (CT) and real-time polymerase chain reaction (RT-
PCR).

Objective: This study aimed to evaluate the diagnostic accuracy of lung ultrasound for the diagnosis of COVID-19
infection.

Patients and Methods: This cross-sectional study was conducted in the emergency ward of Suez Canal University
Hospital from December 2021 to July 2022. The study recruited patients with suspected COVID- 19 infection according
to particular inclusion and exclusion criteria. Patients eligible for the study were subjected to detailed history taking,
complete clinical evaluation, determining comorbidities, evaluation of the presenting symptoms, laboratory
investigations, and imaging studies such as chest X-ray, lung ultrasound, and computed tomography. Patient outcome
was reported.

Results: According to lung US, 68/80 (85%) were COVID-19 positive. The lymphocytic count differed significantly
between COVID positive and negative patients (p-value of 0.026). There was a significant difference in PO, as
demonstrated in the ABG analysis (p-value 0.046). The outcome of COVID- 19 positive patients was ICU admission
(47.1%), inpatient admission (33.8%), or death in the emergency ward (19.1%) respectively. Lung ultrasound detected
all positive cases diagnosed by CT. Lung US showed sensitivity, specificity, a PPV, an NPV, and diagnostic accuracy
of 61.8%, 66.7%, 91.3%, 23.5%, and 62.5%, respectively, compared to PCR.

Conclusion: Lung ultrasound is a promising diagnostic tool for evaluating lung infection in patients suspected/infected
with COVID-19.
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INTRODUCTION usefulness in the diagnosis of respiratory failure and
COVID- 19 (SARS-CoV-2; Severe Acute Respiratory circulatory collapse. It can be used to monitor treatment
Syndrome Coronavirus 2) outbreak resulted in efficacy in critically ill patients. It also detects possible
significant harm and variable challenges to the world ), complications such as pneumothorax and atelectasis ©.
Clinically, it represents a challenge as it has many It also correlated with CT findings, adding to its
symptoms. It might be asymptomatic, symptomatic reliability as a substitute for CT @9, The current study
(fever, fatigue, and dry cough), or present with was conducted to evaluate the diagnostic accuracy of
complications such as severe pneumonia @, with lung lung ultrasound in diagnosing COVID-19 infection.
failure considered the primary cause of intensive care

unit admission @. Although the treatment is almost PATIENTS AND METHODS

supportive, patients with pneumonia might benefit from This cross-sectional study included 80 patients with
other management lines such as anti-viral drugs, anti- suspected COVID-19 infection, who were recruited
inflammatory drugs, and respiratory supportive from the emergency ward of Suez Canal University
measures @, Hospital between December 2021 and July 2022.

Early treatment results in good patient outcomes, Inclusion criteria: Adults of both sexes and suspected
which signifies the importance of early diagnosis ©. COVID-19 infection based on clinical symptoms and
The diagnostic modalities include computed signs @9,
tomography (CT) and real-time polymerase chain Exclusion criteria: Refusal to participate in the study.
reaction (RT- PCR). However, RT-PCR has some
disadvantages as false negative results with low viral Patients eligible for the study were subjected to:
load; a long time is needed to obtain the results, it gives e Personal data (age, sex, geographic distribution,
no reflection about disease severity, and reagent contact information),
shortage limits its utility ®. This emphasizes the role of e Clinical evaluation in the form of Airway,
CT in the diagnosis of COVID-19 infection, even with Breathing, ~Circulation, Disability, ~Exposure
negative PCR results ©. However, CT is an expensive (ABCDE) approach, respiratory rate, and O
tool and might not be available in all healthcare centers saturation.
representing a challenge to the healthcare team . e Determination of comorbidities such as diabetes,

This necessitates the use of a cheap, easy-to-use hypertension, ischemic heart disease, chronic
diagnostic tool such as ultrasound, which proved to be obstructive lung disease, and others.

more sensitive than a chest X-ray ®. It showed
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e Evaluation of the presenting symptoms as cough,
fever, dyspnea, weakness, thoracic pain, syncope,
smell/taste loss, headache, vomiting/diarrhea,
confusion, paresthesia, nasal obstruction, leg

edemas, abdominal pain, leg pain, or hemoptysis
(11

e Laboratory investigations: complete blood count
(CBC), coagulation profile, serum electrolytes (Na,
K), random blood sugar, serum creatinine, C-
reactive protein (CRP), D-dimer, and arterial blood
gases (ABG).

e Imaging modalities such as chest X-ray (CXR),
lung ultrasound, and CT.

e The same researcher performed a lung ultrasound
using (type of machine). The evaluation included a
comment on normal lung appearance or the
presence of a thick pleural line, multiple B lines,
lung comet, and lung rocket 2. Abnormal CT
findings included the presence of consolidation,
GGO, crazy paving, GGO and consolidation, GGO
and crazy paving, lymphadenopathy, and pleural
effusion 13,

The Study outcomes:

Patient outcome was either one of the following:
a) inpatient admission, b) ICU admission, c) death at the
emergency department, d) transferred, or e) discharged.

Sample size estimation:

The sample size was calculated at significance
and error levels of 95% and 10%, respectively. The
prevalence of COVID- 19 infection in an Egyptian
population was 56.67%, and the sensitivity of lung
ultrasound was 88.2% ™. A drop-out proportion of 10%
was added to the raw result giving a count of at least 80
participants.

Ethical Consideration:

This study was ethically approved by Suez
Canal University's Faculty of Medicine Research
Ethics Committee. Written informed consent of all
the participants was obtained. The study protocol
conformed to the Helsinki Declaration, the ethical
norm of the World Medical Association for human
subjects.

Statistical Analysis

The population was classified as either COVID
positive or negative based on lung US results. When
applicable, percentages and frequencies (number of
cases) were used to statistically characterize the data.
The statistical software SPSS edition 22.0 for Windows
was used for all statistical computations. Continuous
variables with normally distributed data were tested
using the t test, whereas categorical variables were
tested using the chi-square test. Fisher's exact for
categorical variables and Mann-Whitney U tests for
continuous variables were used to assess non-normally
distributed data. Statistical significance was defined as
P-values below 0.05.

RESULTS

The study recruited 80 patients with suspected
COVID-19 infection. According to lung US, 68/80
(85%) were COVID-19 positive. They demonstrated the
following ultrasound findings: thick pleural line (16/68,
23.5%), multiple B lines (25/68, 36.8%), lung comet
(20/68, 29.4%), and lung rocket (7/68, 10.3%). There
was no significant difference between COVID positive
and negative patients in their primary demographic data
(Table 1).

Table (1): Basic demographic data of the studied population according to their COVID status as evidenced by Lung

US.
Covid -ve (12/80) Covid +ve (68/80) P value

Age (years) 16- 25 0 (0%) 4 (5.9%) 0.1512
26-35 1 (8.3%) 17 (25%)
35-45 3 (25%) 10 (14.7%)
46-55 4 (33.3%) 13 (19.1%)
56-65 0 (0%) 14 (20.6%)
>65 4 (33.3%) 10 (14.7%)

Gender Male 8 (66.7%) 45 (66.2%) 0.9742
Female 4 (33.3%) 23 (33.8%)

Residency Rural 4 (33.3%) 32 (47%) 0.3782
Urban 8 (66.7%) 36 (53%)

Chronic illness Diabetes 3 (25%) 27 (39.7%) 0.549?
HTN 4 (33.3%) 21 (30.9%) 0.745P
IHD 4 (33.3%) 8 (11.8%) 0.075°
COPD 1 (8.3%) 19 (27.9%) 0.277°
CLD 0 (0%) 1 (1.5%) 1.00°

& Chi-square test, ® Fisher exact test
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There was no difference in the clinical presentation, including standard, neurological, uncommon, and non-
COVID symptoms, between both groups (Table 2). Also, the clinical evaluation showed a nonsignificant difference

between both groups (Table 3).

Table (2): Clinical presentation of the recruited patients.

Covid -ve (12/80) Covid +ve (68/80) P value
Symptoms Cough 1(8.3%) 11 (16.2%) 0.681°
Fever 0 (0%) 6 (8.8%) 0.584°
Cough and fever 10 (83.3%) 38 (55.9%) 0.110°
Dyspnea 4 (33.3%) 17 (25%) 0.723°
Weakness 0 (0%) 3 (4.4%) 1.000°
Chest pain 0 (0%) 6 (8.8%) 0.584°
Neurological Syncope 4 (33.3%) 25 (36.8%) 0.8202
symptoms Loss of smell/taste 8 (66.7%) 36 (53%) 0.532°
Headache 2 (16.7%) 20 (29.4%) 0.495°
GIT symptoms | Vomiting 11 (91.7%) 47 (69.1%) 0.164°
Diarrhea 4 (33.3%) 35 (51.5%) 0.2472
Uncommon Confusion 12 (100%) 45 (66.2%) 0.0582
symptoms Paresthesia 0 (0%) 10 (14.7%)
Nasal obstruction 0 (0%) 13 (19.1%)
Non-  COVID | Abdominal pain 5 (41.7%) 24 (35.3%) 0.1902
symptoms Leg pain 7 (58.3%) 29 (42.6%)
Hemoptysis 0 (0%) 15 (22.1%)
4 Chi-square test, ® Fisher exact test.
Table (3): Clinical evaluation of the studied population.
Covid -ve (12/80) Covid +ve (68/80) P value
Airway Patent 7 (58.3%) 42 (61.8%) 0.8222
Obstructed 5 (41.7%) 26 (38.2%)
Breathing Equal 6 (50%) 4 (5.9%) 0.753°
Assisted breathing 6 (50%) 28 (41.2%)
Respiratory rate | <29 6 (50%) 24 (35.3%) 0.351°
>29 6 (50%) 44 (64.7%)
Pulse <100 9 (75%) 31 (45.6%) 0.115°
>100 3 (25%) 37 (54.4%)
SBP <90 4 (33.3%) 25 (36.8%) 0.575%
90-100 6 (50%) 38 (55.9%)
100-110 2 (16.7%) 5 (7.4%)
DBP 90-100 6 (50%) 40 (58.8%) 0.569?
60-80 6 (50%) 25 (36.8%)
40-50 0 (0%) 3 (4.4%)
O saturation 95-100% 7 (58.3%) 26 (38.2%) 0.177¢
80-95% 0 (0%) 11 (16.2%)
70-80% 1 (8.3%) 17 (25%)
<70 4 (33.3%) 14 (14.7%)
GCS <8 1 (8.3%) 20 (29.4%) 0.066*
9-11 8 (66.7%) 22 (32.4%)
12-15 3 (25%) 26 (38.2%)

3 Chi-square test, ® Fisher exact test

The lymphocytic count differed significantly between both groups (p-value 0.026), with 38.2% of COVID-
positive patients having a count of 500-700. Additionally, serum K levels differed significantly between them (p-value
0.043). Also, there was a significant difference in PO, as demonstrated in the ABG analysis (p-value 0.046) (Table 4).
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Table (4): Laboratory evaluation of the studied population.

Covid -ve (12/80) | Covid +ve (68/80) P value
79 3 (25%) 11 (16.2%)
- 0, 0,
11.5-13 1(8.3%) 4 (5.9%)
1.000-4.000 0 (0%) 10 (14.7%)
4.000-11.000 9 (75%) 37 (%)
9 a
WBCs (X10°9L) 11 000-15.000 3 (25%) 15 (22.1%) 0.306
cBC >15.000 0 (0%) 6 (8.8%)
0.100-0.500 0 (0%) 2 (2.9%)
Lymphocytes 0.500-0.700 2 (16.7%) 26 (38.2%) 0.026°
(x10° /L) 0.700-0.1000 9 (75%) 20 (29.4%) '
0.1000-0.4800 1(8.3%) 20 (29.4%)
150000-200000 0 (0%) 10 (14.7%)
200000-350000 1 (8.3%) 4 (5.9%)
9 a
PLT (x10°L) 350000-450000 10 (83.3%) 52 (76.5%) 0.438
>450000 1(8.3%) 2 (2.9%)
25-35 4 (33.3%) 24 (35.3%) .
Coagulation | 1" >35 8 (66.7%) 44 (64.7%) 0.896
profile 112 8 (66.7%) 44 (64.7%) .
INR >1.2 4 (33.3%) 24 (35.3%) 0.896
<135 0 (0%) 5 (7.4%)
Na (mmol/L) 135-140 4 (33.3%) 24 (35.3%) 0.5932
Serum 140-145 8 (66.7%) 39 (57.4%)
electrolytes <35 1 (8.3%) 23 (33.8%)
K (mmol/L) 354 10 (83.3%) 30 (44.1%) 0.043°
455 1(8.3%) 15 (22.1%)
110-200 3 (25%) 33 (48.5%)
RBS (mg/dL) 200-350 8 (66.7%) 30 (44.1%) 0.307°
>400 1(8.3%) 5 (7.4%)
100-300 0 (0%) 17 (25%)
LDH (mg/dL) 300-400 5 (41.7%) 27 (39.7%) 0.1102
>400 7 (58.3%) 24 (35.3%)
<05 2 (16.7%) 16 (23.5%)
D- dimer (ug/dl) >0.5 10 (83.3%) 51 (75%) 0.785°
3 0 (0%) 1 (1.5%)
0.8-1 0 (0%) 4 (5.9%)
1-10 7 (58.3%) 32 (47%) .
CRP (mg/di) 10-100 4 (33.3%) 13 (19.1%) 0.319
>100 1(8.3%) 19 (27.9%)
0.5-1 7 (58.3%) 32 (47%)
Serum creatinine (mg/dl) 1-3 5 (41.7%) 30 (44.1%) 0.5122
>3 0 (0%) 6 (8.8%)
95-100 3 (25%) 30 (44.1%)
80-95 6 (50%) 12 (17.6%) .
PO2 (mmHg) 70-80 1(8.3%) 20 (29.4%) 0.046
ABG <70 2 (16.7%) 6 (8.8%)
bO2/Fio rati 1300200 3 (25%) 30 (44.1%)
(mmHg) 200-100 6 (50%) 17 (25%) 0.198°
9 <100 3 (25%) 21 (30.9%)
Positive 4 (33.3%) 42 (61.8%) b
PCR Negative 8 (66.7%) 26 (38.2%) | Ot

3 Chi-square test, ® Fisher exact test
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Only one patient showed normal CXR findings
while being COVID-19 positive as diagnosed by lung
US. Variable CT findings were found as consolidation
(7.4%), GGO (27.9%), crazy paving (22.1%), GGO+
crazy paving (27.9%), lymphadenopathy (2.9%),
pleural effusion (7.4%), and lymphadenopathy + pleural
effusion (4.4%) (Table 5).

Table (5): Imaging results

Covid -| Covid
ve +ve | Pvalue
(12/80) | (68/80)
B 67
Positive 0 (0%) 0
CXR B (98f/0) 0.0001°
Negative (100%) | (1.5%)
12
Normal (100%)| 0 (0%)
Consolidation 00%)| 7 i%)
19
GGO 0 (0%) (27.9%)
Crazy paving 0 (0%) (2215)%)

CT | GGO + crazy 19 0.00012
paving 0 (0%) (27.9%)
Lymphadenopathy | 0 (0%) | g%)

Pleural effusion 0 (0%) (7 i%)
Lymphadenopathy 3

and pleural 00%) | (4400
effusion P

4 Chi-square test, ® Fisher exact test

Among those who were COVID- 19, 32 (47.1%)
patients were admitted to the ICU, 23 (33.8%) were
admitted to the inpatient, and 13 (19.1%) died in the
emergency ward (Table 6).

Table (6): Patient outcome.

Covid - Covid
ve +ve P value
(12/80) (68/80)
Transferred 3 (25%) 0 (0%)
. 32
ICU admission 1 (8.3%) (47.1%)
Died at the 5 13
a
ivided (16.7%) | (19.1%) | 0001
Inpatient 5 23
admission (41.7%) | (22.8%)
Discharged 1(8.3%) | 0 (0%)

2 Chi-square test

Lung ultrasound detected all positive cases diagnosed
by CT. Lung US showed a sensitivity of 61.8%, a
specificity of 66.7%, a PPV of 91.3%, an NPV of
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23.5%, and a diagnostic accuracy of 62.5% compared to
PCR (Table 7).

Table (7): Diagnostic performance of lung US
compared to PCR.

Diagnostic
accuracy

Sensitivity |Specificity | PPV | NPV

LUS| 61.8% 66.7% |91.3%|23.5%| 62.5%

DISCUSSION

COVID-19, a world pandemic, affected middle
age patients (26-35years), males, and diabetics greatly.
This differed from previous research results where men
and old age (+70) were high-risk factors for COVID- 19
infection ¥, Another study reported hypertension and
diabetes as the most common comorbid conditions
associated with COVID-19 infection, with many
infections occurring in the middle-aged population @,
Infection of men would be explained by the fact that
infectious diseases of the respiratory system occur in
men more than in women. Additionally, the SARS
pandemic affected men more than women (617,

It has variable presenting symptoms such as
cough and fever, dyspnea, loss of taste and smell,
syncope, vomiting, diarrhea, confusion, and other
unrelated symptoms. This differed from the WHO
interim clinical guidance ®®. It has been reported that
COVID-19 has a wide range of symptoms that are
altered by patients' age and general condition 9. These
include myalgia, sore throat, chest, and abdominal pain,
and respiratory symptoms @9, It also may be
asymptomatic or present with severe lung infection
associated with multiorgan failure @Y. Continuous
update of the presenting symptoms is warranted,
respecting geographic distribution @, PO, decreased
significantly in the COVID positive group. This agreed
with previous results where PO, was decreased in
infected persons, especially those with severe infection
and lung failure @, The lymphocytes were significantly
reduced in the infected group. This was confirmed
previously in multiple studies 223, Lymphopenia was
explained by the viral effect on CD4+ and CD+8 T cells
leading to decreased lymphocyte production ¢4,

Early diagnosis is of paramount importance. The
CT chest, PCR, and lung US have been used. However,
the availability of each one differs from one institute to
another @, Lung ultrasound was presented early in the
diagnosis of chest infection ©®, and it provides results
in a short time, with no increased risk of radiology
exposure as with CT, and is easy to be done. However,
it carries the same risk of infection transmission to the
health care team @7, CT findings were variable, with
GGO and crazy paving occurring predominantly. Other
studies reported the presence of patchy or segmental
GGO with vasodilatation, GGO with consolidation, and
consolidation alone  2®_ Lung ultrasound findings
included a thick pleural line, multiple B lines, lung
comet, and lung rocket. Another study reported lung US
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as a pleural thickening and subpleural consolidations
with more significant predominance in patients with
severe presentation and those who died @,

In the current study, lung US detected positive
cases diagnosed by the CT. However, it showed
sensitivity and specificity of 61.8% and 66.7%,
respectively, compared to PCR testing. Another
reported lung ultrasound results were similar to CT in
diagnosing COVID-19 infection. However, they
reported a sensitivity of 88.2% and a specificity of
11.5% @. Additionally, an earlier study reported
similarities in the results obtained by ultrasound and CT
highlighting their role in diagnosing different chest
conditions ?®. An additional one reported 89% and 59%
sensitivity and specificity of lung ultrasound in
diagnosing lung manifestations of COVID- 19 infection
@9 Inconsistent results reported by studies would be
explained by the non-specific findings associated with
COVID-19 infection Y. B lines occurred with COVID-
19, as well as pulmonary edema. Pleural effusions and
consolidations occurred with COVID-19 infection, viral
and non-viral pneumonia, and pulmonary embolism ©2),
Accordingly, it would be difficult to discriminate
between the cause of these findings, whether it was
attributed to COVID infection or another underlying
comorbidity G9. Thirteen (19.1%) patients died in the
emergency department. Another study reported a death
rate of 29% 9. Another one in China reported a fatality
rate of 15% 3,

This difference would be due to variable causes
of death (lung failure, bleeding, and sepsis) affecting
infected patients in the ICU while our patients were only
evaluated in the emergency department. Also, using
PCR in some studies to diagnose COVID- 19 infection
in patients with severe infection only is a cause of bias
and results in altered results . About one-third of the
patients with COVID-19 infection required ICU
admission. This was similar to the rates reported by
Huang et al. @, while lower rates were also reported
(11.8%) @9,

STRENGTH AND LIMITATIONS

The study was carried out as a prospective cohort
rather than a retrospective study. The sample size was
small. The patients were classified according to their
COVID-19 infection status without evaluating their
severity, which might be more informative. The role of
lung ultrasound in patient outcomes was not evaluated.
Predictors of patient mortality were not evaluated.

CONCLUSION

In conclusion, Lung ultrasound is a promising
diagnostic tool for evaluating lung infection in patients
suspected/infected with COVID-19.
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