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ABSTRACT
Background: To investigate the relationships of plasma transthyretin levels with amyloid beta 
deposition and medial temporal atrophy in amnestic mild cognitive impairment.
Methods: This is a cross-sectional study of association of subjects with amnestic mild cognitive 
impairment. Plasma transthyretin levels, brain magnetic resonance imaging, and 18F-florbetaben 
positron emission tomography were simultaneously measured in subjects with amnestic mild cognitive 
impairment.
Results: Plasma transthyretin levels were positively associated with amyloid beta deposition in global 
(r = 0.394, P = .009), frontal cortex (r = 0.316, P = .039), parietal cortex (r = 0.346, P = .023), temporal 
cortex (r = 0.372, P = .014), occipital cortex (r = 0.310, P = .043), right posterior cingulate (r = 0.350, 
P = .021), left precuneus (r = 0.314, P = .040), and right precuneus (r = 0.398, P = .008). No association 
between plasma transthyretin level and medial temporal sub-regional atrophies was found.
Conclusions: Our findings of positive association of plasma transthyretin levels with global and regional 
amyloid beta burden suggest upregulation of transthyretin level as a reactive response to amyloid beta 
deposition during the early stages of the Alzheimer’s disease process.

INTRODUCTION

Alzheimer’s disease (AD) is now one of the most common 
neurodegenerative diseases in the elderly population 
and has 2 definitive pathological features, which are 
neurofibrillary tangles (NFTs) of intracellular aggregation 
of abnormal hyperphosphorylated tau and amyloid plaques 
of extra-neuronal aggregation of amyloid beta peptide (Aβ) 
in the brain.
The amyloid cascade hypothesis1 suggests that the 
consequent accumulation of Aβ peptides mediates the 
pathogenesis of AD through synaptic injury, gliosis, and 
NFTs. Amyloid beta loads are associated positively with 
clinical cognitive severity and faster cognitive decline in 
people with subjective memory impairment (SMI),2 mild 
cognitive impairment (MCI),3 and early AD.4 Mild cognitive 
impairment patients with amyloid-positive deposition 

have a significantly greater risk of progression to 
dementia compared with people with amyloid-negative 
deposition,5 and faster converters have higher Aβ load 
than slower converters.6 Considering that Aβ deposition 
is progressively initiated 15-20 years before cognitive 
decline in AD, identifying blood-based biomarkers for Aβ 
deposition is critical for prediction of cognitive decline and 
early diagnosis of dementia in the future.
Transthyretin (TTR), a 55-kDa homotetrameric protein, is 
related to the transfer of retinol and thyroid hormones and is 
mainly produced in choroid plexus and liver. Previous studies 
showed that TTR was a protective protein for AD, which is 
associated with Aβ deposition. In vitro,7 TTR binds Aβ and 
keeps it in a soluble form, preventing Aβ aggregation and 
fibrillation. In an in vivo AD transgenic mouse model,8 only 
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ABSTRACT
Objective: COVID-19 pandemic, causing approximately 3 million deaths over worldwide, still continues. Effect of COVID-19 pneumonia after 
treatment on the lungs still not know. Although widely using computed tomography (CT) for diagnosing COVID-19 pneumonia, there is not 
enough study to determine damage of lung after treatment in COVID-19 pneumonia. In this study, our aim was to evaluate lung parenchyma 
changes in COVID-19 pneumonia after treatment with volumetric study, quantitatively.

Methods: 25 patients, who has CT at the time of diagnosis (CT1) and after 28±2 days (CT2), and positive polymerase chain reaction test, were 
included in this retrospective single center study. Total lung volüme (TLV) and emphysematous lung (ELV) volume of CT1 and CT2 were calculated 
automatically by using Myrian® XP-Lung and Percentage of emphysematous area (PEA) was calculated by dividing ELV by TLV. Differences 
between CT1 and CT2 in PEA and in TLV and ELV was determined by Wilcoxon and Paired sample t test, respectively.

Results: Although higher TLV was found in CT2 (4216,43 ± 1048,99 cm3) than CT1 (3943,22 ± 1177,16 cm3), there was no statistical significance 
difference (p=0.052) between CT1 and CT2. ELV was statistically (p=0.017) higher in CT2 (937,22 ± 486,89 cm3) than CT1 (716,26 ± 471,65 cm3). 
There was a strong indication that the medians were significantly different in PEA (p=0,009).

Conclusion: Our study showed that there were emphysematous changes in lung parenchyma after COVID-19 pneumonia with CT, quantitatively 
and in our knowledge, this is the first study that evaluating lung changes quantitative after COVID-19 pneumonia.
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Quantitative Evaluation of Lung Parenchyma Changes after 
Treatment in COVID-19 Pneumonia with Volumetric Study in 
Computed Tomography

1. INTRODUCTION

Novel coronavirus disease (COVID-19), named by The World 
Health Organization (WHO), was first reported in Wuhan, 
China, in December 2019. It spread rapidly all over the World 
(1). WHO has declared the outbreak on March 11 2020, a 
public health emergency of international concern (2). As 
of April 2 2020, 130,400,220 cases have been documented 
globally and 3,357,988 cases in Turkey. 31,713 deaths also 
were reported in Turkey (3). With the epidemic, the burden 
of hospitals and healthcare workers has increased, and it 
has had many social, psychological and economic effects in 
terms of health professionals and society. (4). Coronaviruses, 
belonging to the Coronoviridea family, are single-stranded, 
non-segmented, positive-strand, enveloped Ribonucleic Acid 
(RNA) viruses (5). Quantitative polymerase chain reaction 
(Qpcr) for quantitative detection of nucleic acid was used 
to diagnose COVID-19 (6). However, there were some 
limitations as a sample collection and transportation, and 

depending on these limitations, the total positive rate of RT-
PCR for nasal and pharyngeal swab samples was informed to 
be approximate 30%–60% at first admitted (7).

The main route of transmission of this disease is respiratory 
infection (8). Fever, cough, dyspnea, headache are the main 
symptoms (2). However, other viruses, such as İnfluenza A 
and B, can cause the same clinical symptoms as COVID-19 
(9). COVID-19 demonstrated apparent destruction of the 
pulmonary parenchyma, interstitial inflammation and 
consolidation and caused lesions characteristic of interstitial 
pneumonia (10).

Imaging plays an essential role in diagnosing and treating 
COVID-19 pneumonia, Computed Tomography (CT) is the 
gold standard imaging examination in COVID-19 pneumonia, 
and imaging-based scoring systems have been developed 
for diagnosis (2,11). Various lung changes patterns such as 
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ground-glass opacities, consolidation, the reticular pattern 
was seen on CT (12). CT was used for many years to diagnose 
emphysema qualitatively, but special software programs 
have been developed to analyse emphysematous lung 
volume quantitatively (13).

The effect of COVID-19 pneumonia after treatment on 
the lungs is still not known. Although widely used CT for 
diagnosing COVID-19 pneumonia, there is not enough study 
to determine lung damage after treatment in COVID-19 
pneumonia. The primary target of our study was to determine 
lung parenchyma changes in COVID-19 pneumonia after 
treatment with a quantitative volumetric study using a 
threshold value. To the best of our knowledge, this is the first 
study that evaluates the role of CT in lung parenchyma changes 
of COVID-19 pneumonia after treatment, quantitatively.

2. MATERIAL AND METHODS

The study was conducted in adherence to the Declaration of 
Helsinki. It was reviewed and approved by the institutional 
review board, and protocol review committee (Approval No: 
07.07.2020/2020-12-04) and patient consent was waived by 
committee decision.

2.1. Patients

1297 patients admitted to the emergency room with suspicion 
of COVID-19 disease were evaluated between March 23 and 
June 30 2020. Patient selection was consecutive for this study. 
Nasal and pharyngeal swab specimens were taken from all 
patients, and the diagnosis of 895 patients was confirmed 
by one positive result of real-time reverse transcriptase-
polymerase chain reaction (rRT-PCR). Exclusion criteria 
were; no thorax CT examination at the time of diagnosis 
(625 patients), no thorax CT after 1 month from first CT (233 
patients) and patients with cardiac, lung and other systemic 
disease affecting lung parenchyma (12 patients). 25 patients 
were included in this single-centre, retrospective study.

2.2. CT acquisition

All CT examinations were performed by a 64-slice multi-
detector row CT scanner (Somatom Go Now, Siemens 
Healthcare, Erlangen, Germany). All images were acquired 
at full inspiration in the supine position. No intravenous 
contrast media was used. The scanning range was C3 
vertebrae to L2 vertebrae, including the apex and base of 
the lung. 512x512 matrix size, 1.0 mm slice thickness, and 
a sharp reconstruction kernel (KernelBr64) were used. A 
window level of – 600 Hounsfield Unit (HU) and width level 
of 1200 HU were used for standard window settings.

2.3. Image analysis

One radiologist with 6 years of experience assessed all 
images who was blinded to the clinical information. All 
images were transferred to the workstation, and Myrian 

(version 2.7.6) software was used for advanced analysis of 
images. The consistency of intragroup correlation was not 
checked because the software analysed all measurements 
automatically.

2.4. CT visual, quantitative evaluation

Total lung volumes (TLV) of all patients were calculated 
automatically with Myrianâ XP-Lung application (Fig. 1). 
Healthy and pathological areas were identified automatically 
with the threshold method by the COVID-19 application. 
Emphysematous lung volume (ELV) with threshold values 
under – 950 HU and TLV were recorded for each patient (Fig. 
2). The percentage of the emphysematous area (PEA) was 
calculated by dividing ELV by TLV. All calculations were done 
for both first (CT1) and second CT (CT2) separately.

Figure 1. 60 years old men admitted to the emergency room with 
fever and cough. MyrianÒ software XP-Lung application calculates 
right and left lung volume separately from axial CT images.

Figure 2. The COVID-19 application evaluated the same patient. 
When threshold level choosing – 950 HU and under, the software 
calculated emphysematous lung volume automatically.

2.5. Statistical analysis

IBM Statistical Package for the Social Sciences (SPSS version 
25 for Mac OS) software was used for all statistical analysis. 
The Shapiro-Wilk test determined the fitness of the numeric 
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data set to the normal distribution. Descriptive analyses were 
determined for each data. Due to non-normal distribution, 
the Wilcoxon test was carried out to measure differences 
between PEA of patients. Paired sample t-test was used 
for measuring differences of TLV and ELV between CT1 and 
CT2. A p-value lower than 0.05 was considered statistically 
significant.

3. RESULTS

3.1. Patients demographics

13 patients (52%) were male, and 12 patients (48%) were 
female. The mean age and standard deviation was 51,31 
± 3,88 for male (range: 30-84 years) and 45,50 ± 4,97 for 
female (range: 24-73 years) (Fig. 3). During the study period, 
5 males and 3 females were hospitalised, and no patient was 
died and required intensive care unit. 21 patients (84%) had 
a cough, 12 patients (48%) had a fever, 6 patients (24%) had 
dyspnea, and 4 (16%) patients had headaches. According 
to the COVID-19 treatment guideline of the Turkey health 
ministry, hydroxychloroquine sulfate 2x200 mg was taken by 
all patients for 5 days. 8 patients who were hospitalised took 
Favipiravir 2x600 mg for 5-7 days.

Figure 3. The distribution of age according to gender.

3.2. Radiological findings

The mean and standard deviation (SD) for TLV of CT1 was 
3943,22 cm3 ± 1177,16 cm3 and 4216,43 cm3 ± 1048,99 cm3 for 
CT2. The mean of ELV for CT1 and CT2 were 716,26 cm3 (SD; 
± 471,65 cm3) and 937,22 cm3 (SD; ± 486,89 cm3). According 
to gender, same measurements were summarized in table 1. 
PEA of CT1 and CT2 was showed non-normal distribution and 
median and interquartile range values were 16,51% (10,61% 
– 19,98%) and 22,14% (15,51% – 27,94%), respectively.

The mean value of TLV in CT2 was higher than CT1, but there 
were no statistically significant differences between the 
two measures. Nevertheless, p-value was very close to 0,05 
(p=0,052). A statistically significant difference was found 
between ELV of CT1 and CT2 with a 95% confidence interval 

(p=0,017). After applying the Wilcoxon rank test to the 
percentage of CT1 and CT2, negative rank (mean rank; 9,83, 
the sum of ranks; 59) was found in 6 patients, and positive 
rank (mean rank; 13,39, the sum of ranks; 241) was found in 19 
patients. There was a strong indication that the medians were 
significantly different, equal to a two-tailed p-value of 0,009.

Table 1. The total lung volume and emphysematous lung volume of 
first and second computed tomography in males and females.

Male Female
TLV CT1 4410 ± 1334 3476 ± 802
TLV CT2 4632 ± 1133 3800 ± 799
ELV CT1 863 ± 577 570 ± 291
ELV CT2 1064 ± 555 810 ±3 89

Results were presented as mean ± SD * cm3
Abbreviations; CT1, computed tomography at the time of diagnosis; CT2, 
computed tomography after treatment; ELV, emphysematous lung volume; 
TLV, total lung volume

4. DISCUSSION

In our study population, only 8 of 25 patients were 
hospitalised, and no one was needed intensive care unit. All 
patients had no severe pneumonia and complicated disease 
according to the COVID-19 treatment guideline of the Turkey 
health ministry. In our study, the most crucial finding was 
that ELV and PEA are statistically higher in follow-up CT 
with a threshold value of – 950 HU. The study designed by 
Bradley et al. reported that the main findings in COVID-19 
pneumonia were alveolar damage and focal micro-thrombi 
(14). Moreover, autopsy studies have shown that alveolar 
damage is more widespread with disease progression, 
and fibrotic changes are revealed in the alveolar wall in 
two weeks (15). Therefore, we think that increased ELV 
and PEA in follow-up CT in our study were associated with 
diffuse alveolar damage caused by COVID-19 pneumonia 
consistently with the literature.

Lemmers et al. was reported that pneumothorax, 
pneumomediastinum and subcutaneous emphysema are 
the indicators of alveolar damage in severe disease and 
these complications are 7 times higher in COVID-19 patients, 
treated with mechanic ventilation than non-COVID-19 
patients (16). Previous studies show that COVID-19 patients 
have similar mechanic ventilation parameters with non-
COVID-19 patients, and pneumothorax is not associated 
with barotrauma. (17, 18). Pathophysiologic process in 
pneumomediastinum and subcutaneous emphysema was 
identified as Macklin effect, characterised by air dissection 
across bronchovascular sheaths and spreading interstitial 
emphysema into the mediastinum (19). These patients 
supported this theory by the absence of smoking history and 
no significant comorbidities predisposing air leak. Diffuse 
alveolar damage,  cellular fibromyositis exudates, evident 
desquamation of pneumocytes, and hyaline membrane 
formation was shown in COVID-19 pneumonia similarly SARS 
(20). Wintermark et al. reported that increased pressure in 
the chest, such as cough episodes and Valsalva manoeuvre, 
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and severe diffuse alveolar damage leads to interstitial 
emphysema and causes alveolar rupture and air dissection 
along bronchovascular sheaths. Moreover, they specified that 
presence of pneumothorax and pneumomediastinum after 
progression of pulmonary lesions in thorax CT is associated 
with alveolar damage (21).

The value of qualitative visual evaluation of lung injury in 
thorax CT for predicting prognosis in COVID-19 was proved 
in previous studies (22). Although the recommendation 
of qualitative and visual evaluation score according to CT 
patterns in COVID-19 pneumonia, some limitations such as 
the absence of standardisation and lack of experience were 
reported (23). Some clinical studies also reported that CT 
densitometry reveals emphysematous areas qualitatively 
before spirometry test, there is a good correlation with 
pulmonary function tests, and there is a better correlation in 
determining emphysema with CT densitometry in inspiratory 
phase than visual evaluation (24, 25).

In the literature, qualitative CT studies focused on 
parenchymal lesions, such as GGO, consolidation, on CT 
between diagnosis and the 14th day of COVID-19 (26). To 
evaluate average lung volume, area of both consolidation and 
GGO quantitatively and objectively for measuring disease 
burden in follow-up examinations may provide information 
about disease progression and treatment response (23). In 
previous studies, evaluation of quantitative thorax CT was 
found successful in predicting clinical outcome in COVID-19. 
Furthermore, involved lung volume to total lung volume ratio 
showed high accuracy to predict oxygen support and need of 
mechanic ventilation. As a result, studies were revealed that 
quantitative CT was critical in COVID-19 triage (27). The other 
important finding in these studies was that quantitative 
evaluation of thorax CT at the time of diagnosis and the 4th 
day of COVID-19 might predict the risk of progression into 
severe disease better than clinical biomarkers (28). However, 
there is no study evaluating the literature on lung parenchyma 
changes after COVID-19 infection with quantitative CT.

Our study has several limitations. The first limitation of 
our study was designed as a retrospective study. Another 
limitation was the small study population, and no long term 
follow up of patients.

5. CONCLUSION

In conclusion, this is the first study showing that quantitative 
CT can reveal lung changes after COVID-19 infection. 
Additionally, the results of our study showed that mild 
COVID-19 pneumonia might cause emphysema, and this 
effect may reveal by CT quantitatively. Therefore, even 
though it is possible to infer that mild COVID-19 infection 
may cause emphysema after healing, the accuracy of the 
results obtained from our study should be supported by 
larger patient groups and with multi-centre studies.
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