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ABSTRACT

Objective: The factors associated with post-COVID sequela need to be revealed for
a better follow-up. This study is conducted to reveal the parameters associated with
radiological regression in non-intubated patients hospitalized for COVID pneumonia.

Material and Methods: The demographic and clinical characteristics of the coro-
navirus disease 2019 (COVID-19) pneumonia patients hospitalized in August 2020
were reviewed retrospectively. The data of patients who had radiological complete
regression in the 1st month according to chest X-ray and/or computed tomography of
the thorax were compared with the others.

Results: The patients (n=42) who were followed up in our clinic for COVID-19 pneumo-
nia between August 1 and September 1, 2020, and had undergone radiological con-
trol examinations at least 4 weeks after discharge, were included in the study. It was
observed that a complete radiological response could not be achieved in 38% (n=16)
of the patients in the 1st month. The data of patients with and without complete radio-
logical regression were found to be similar in terms of mean age, gender distribution,
comorbidities, smoking rate, length of hospital stay, duration of radiological follow-up,
and oxygen values at admission. The rates of use of hydroxychloroquine, inhaled corti-
costeroid, non-specific antibiotics, and vitamin C during hospitalization were the same
in both groups. However, the rate of IV steroid administration and antipseudomonal
antibiotic use was lower in the group with complete radiological response (p=0.021
and p=0.038, respectively), and the C-reactive protein (CRP) value was statistically
higher in the group without complete radiological response (33.2 mg/L-78.9 mg/L,
p=0.020). Regression analysis showed that CRP at admission was independently as-
sociated with delayed radiological regression (p=0.011, RR: 1.02, Cl: 1.004-1.033).

Conclusion: Our results revealed that patients with CRP >60 mg/L and who had
received IV steroids and antipseudomonal antibiotic therapy can be regarded as can-
didates for prolonged radiological response in the post-COVID period.
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Amag: KoronavirUs hastaligi (COVID-19) sonrasi ddnemde gorilen sekel lezyonlar ile iligkili faktorlerin ortaya konulmasi hasta takibi
acisindan 6nemlidir. Bu calisma, COVID-19 pnédmonisi nedeniyle servise yatirilan entlbe olmayan hastalarda radyolojik gerileme ile
iliskili parametreleri belirlemek amaciyla yapildi.

Gerec ve Yontemler: Calismada, Agustos 2020 tarihinde hastaneye yatirilan COVID-19 pnémonisi hastalarinin demografik ve klinik
Ozellikleri retrospektif olarak incelendi. Akciger grafisi ve/veya bilgisayarli toraks tomografisine gére birinci ayda radyolojik olarak
tam gerileme olan hastalarin verileri diger hastalarla karsilagtirldi.

Bulgular: 01 Agustos 2020-01 Eylul 2020 tarihleri arasinda klinigimizde COVID-19 pnémonisi nedeniyle takip edilen en az dort hafta
sonraya ait kontrol radyolojik tetkikleri olan 42 hasta calismaya alindi. Tam radyolojik cevabin birinci ayda hastalarin %38'inde (n=16)
saglanamadigi goruldu. Radyolojik olarak tam gerileme olan hastalarin verileri digerleri ile karsilastirldiginda ortalama yas, cinsiyet
dagilimi, ek hastaliklar, sigara icme orani, hastanede kalis suresi, radyolojik izlem suresi ve basvuru anindaki oksijen degerleri aci-
sindan benzer bulundu. Hastanede yatis sirasinda hidroksiklorokin, inhale kortikosteroid, spesifik olmayan antibiyotik ve C vitamini
kullanim oranlari da her iki grupta ayni bulundu. Ancak tam radyolojik cevabi olan grupta intravendz steroid uygulama ve antips6-
domonal antibiyotik kullanma orani daha dustktu (siraslyla p=0,021 ve p=0,038) ve C-reaktif protein (CRP) dederi tam radyolojik
cevap gostermeyen grupta istatistiksel olarak yuksek bulundu (33,2mg/L-78,9 mg/L, p=0,020). Regresyon analizi bagvuru anindaki
CRP degerinin gecikmis radyolojik regresyon ile bagimsiz olarak iligkili oldugunu gésterdi (p=0,011, RR=1,02, Cl=1,004-1,033).

Sonug: CRP duzeyi =60 mg/L olan, intraven®z steroid ve antipsédomonal antibiyotik tedavisi alan hastalarda COVID-19 sonrasi

dénemde uzamis radyolojik cevap oldugu tespit edildi.
Anahtar kelimeler: COVID-19, CRP, hipoksi, radyolojik sekel.

INTRODUCTION

The coronavirus disease 2019 (COVID-19) continues to affect the
globe in all aspects of health and socioeconomic issues. After many
overwhelming waves, in addition to the worries about upcoming vari-
ants, the long-lasting symptoms in the COVID-19 survivors also stand
at our door as an important problem. Long-COVID can be defined as
chronic symptoms of any system lasting more than 12 weeks in the
lack of another alternative diagnosis."! However, the clinical features
of COVID survivors suffering from long-lasting symptoms and having
radiological sequelae have not been fully understood yet. A 15-year
follow-up study showed that after the 2003 epidemic caused by se-
vere acute respiratory syndrome virus from the same virus family,
radiological changes including band-like consolidations and ground-
glass opacities might be permanent.? For COVID-19 pneumonia, the
sequential radiologic changes on thorax computed tomography (CT)
begin with ground-glass opacities and progressive consolidation in
the early, progressive, and peak stages covering the first 13 days
after the symptom onset. The radiologic lesions subside through the
late stage (after 2 weeks of the symptom onset) and faint ill-defined
ground-glass areas and linear opacities may take the stage after-
ward.B4 It was reported that 1 year after moderate COVID nearly
one-third of the patients present with severe DLCO impairment and
fibrotic changes. The estimated incidence of post-COVID lung fibro-
sis after moderate illness is 2—6%.° Undoubtedly, pulmonary fibro-
sis will affect many people as an important part of the post-COVID
syndrome, considering the pandemic scale.®! Pulmonary fibrosis re-
lated to COVID-19 has been reported mostly in patients discharged
from the intensive care unit.!" A recent meta-analysis revealed that
CT score of =18, ICU admission, mechanical ventilation, longer hos-
pitalization, and steroid, antibiotic and immunoglobulin treatments,
chronic obstructive pulmonary disease, and persistent symptoms
may be regarded as risk factors for post-COVID pulmonary fibrosis.”!
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On the other hand, it was reported that 53.0% of patients with mild
COVID-19 recovered with no radiological sequelae within 3 weeks af-
ter discharge.®® However, nearly half of the patients with mild disease
present with prolonged radiologic recovery for which risk factors and
follow-up protocols should be addressed. In this study, we aimed to re-
veal the clinical factors associated with prolonged radiological recovery
(over 4 weeks) in non-intubated patients and to provide scientific proof
for organizing the follow-up protocols for the non-intubated patients.

MATERIAL AND METHODS

This study includes patients (age >18 years) with COVID-19 pneu-
monia who were hospitalized between August 1 and September 1,
2020, in our clinic. This retrospective and cross-sectional study was
approved by the Local Ethics Committee (2012-15/2457) and was
performed in line with the principles of the Declaration of Helsinki.
Informed consent was obtained from the patients for the usage of
their medical data during hospitalization.

All patients had been confirmed as COVID-19 positive by reverse-
transcription polymerase chain reaction test applied on the throat and
nasopharyngeal swab samples obtained at the admission to the hos-
pital. The hospitalization criteria of the Turkish Ministry of Health were
applied. The patients with respiratory rate >24-30/min, SpO, <93%,
blood lymphocyte count <800/uL, C-reactive protein (CRP) >10
mg/L, ferritin >500 ng/mL, or D-dimer >1000 ng/mL were interned in
a conventional service unless they needed intubation. In line with the
recommendations of the Turkish Ministry of Health, the patients with
dyspnea, respiratory rate >24/min, SpO, <93%, or abnormal findings
in physical examination of the respiratory system underwent thorax
CT. The CT findings of all the patients were reported as typical for
COVID-19 pneumonia based on the criteria of the Radiological So-
ciety of North America consensus by a radiologist who had 20 years
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Initial chest X-ray

Post-COVID control chest X-ray on the 426" day

Figure 1: An example of a chest X-ray for a patient without complete regression showing reticular and band-like opacities (a) chest X-ray on the

admission to hospital and (b) chest X-ray during the follow-up.

of experience.® Radiologic findings other than ground-glass opacities
including mediastinal lymphadenopathy, nodules, pleural effusion,
bronchiectasis, and consolidation were also reported. In addition, the
proportion of lung parenchyma involved was visualized in the axial,
coronal, and sagittal planes and categorized as <50% or >50%, sub-
jectively. A follow-up CT was scheduled for the patients who were ad-
mitted to the outpatient clinic after discharge with persistent symptoms
of dyspnea, chest pain, cough, and/or abnormal radiologic findings on
chest X-ray. High-resolution CT (HRCT) examinations were performed
in the supine position and deep inspiration using Siemens Emotion 6
(Siemens AG, Erlangen, Germany) and Toshiba Alexion 16 (Nasu, Ja-
pan). No contrast medium was injected. Parameters were each set to
80-135kV, 50—300 mA with dose modulation, a 1 mm and -1.25 mm
thickness, and reconstruction. All axial and reconstructed CT images
were reviewed in the PACS using mediastinal (width, 340 HU; level,
50 HU), lung (width, 1500 HU; level, -500/-600 HU) window settings.

The patient’s medical files, nursing, and electronic records were
reviewed retrospectively. The demographic characteristics including
age gender, comorbidities, and smoking history were extracted. The
length of hospital stay and the radiological follow-up period was cal-
culated. The clinical and radiological findings were collected for this
study as follows: fever and oxygen saturation (by pulse oximetry or
arterial blood gas) values at admission, treatment protocols (hydrox-
ychloroquine, favipiravir, inhaled or intravenous (IV) steroids, antibi-
otics, vitamin C, and anticoagulants), the presence of severe pneu-
monia (lung parenchyma involvement >50% by visual quantification),
radiologic abnormalities in thorax CT (mediastinal lymphadenopathy,
nodules, pleural effusion, bronchiectasis, and consolidation), and lab-
oratory findings at admission (white blood cell, neutrophil, lymphocyte
eosinophil, and platelet counts, hemoglobin, mean corpuscular vol-
ume, red cell distribution width, mean platelet volume, blood urea nitro-

gen, creatine, aspartate aminotransferase, alanine aminotransferase,
D-dimer, CRP ferritin, and troponin values). The prolonged treatment
with low-molecular-weight heparin (LMWH) after the discharge was
also recorded. It was evaluated whether the D-dimer value was higher
than the age-adjusted cutoff (>agex10), or twice the normal value
(>1 mg/L). In addition, systemic inflammatory index (Sll) and platelet
mean volume/platelet count ratio (MPR) were calculated. MPR was
defined as (mean platelet volume (fL)/platelet count)x103. Sll was cal-
culated as (neutrophil count x platelet count/lymphocyte count)/10°.

Among the patients who recovered from COVID-19 pneumonia
without the need for intubation, the ones who had radiological con-
trol with chest X-ray and/or HRCT at least 4 weeks after hospital-
ization were evaluated by two pulmonologists and a radiologist. The
patients with the complete regression were determined as the com-
plete response group, and the others with the residual radiological
sequelae (residual ground glass, reticular, and/or band-like opaci-
ties) as the prolonged regression group (Fig. 1). In addition to the
parameters mentioned above, these two groups were compared in
terms of follow-up times and laboratory findings during the control.
A subgroup analysis was also performed for the data of the patients
who underwent HRCT for radiological controls (Fig. 2).

Statistical Analysis

The SPSS Statistics 21 for Windows package program (IBM, New York/
USA) was used for the analysis of the data. Descriptive statistics were
shown as meanzstandard deviation for normally distributed variables,
median (25-75" percentile) for the other variables, and the number of
cases and percentages for nominal variables. The significance of the
difference between the groups in terms of means was evaluated with
the “t-test,” the significance of the difference in terms of median values
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Initial thorax CT

Post-COVID thorax CT control on the 133 day

Figure 2: An example of thorax CT for the patients without complete regression showing reticular and ground-glass opacities (a) initial thorax CT

and (b) post-COVID thorax CT control on the 133" day.
CT: Computed tomography.

was evaluated with the “Mann-Whitney U-test,” and nominal variables
were evaluated with the “Pearson Chi-square or Fisher Exact test.”
ROC analysis was performed to calculate the cutoff values. Logistic
regression analysis was applied to identify independent risk factors.
P<0.05 was considered statistically significant.

RESULTS

The data of 97 COVID PCR-positive patients who were hospital-
ized and followed up by our clinic between August 1 and Septem-
ber 1, 2020, were reviewed retrospectively. To determine the clin-
ical factors affecting the radiological regression, the analysis was
performed for 42 patients whose radiological data at least 4 weeks
after hospitalization due to COVID-19 pneumonia were available.
It was observed that 38% (n=16) of the patients could not reach a
complete regression in the 15t month. The patients with the radio-
logic sequela presented with residual ground glass, reticular, and/
or band-like opacities. New-onset traction bronchiectasis or hon-
eycombing was not seen in any of the patients. The data of the
patients with complete regression were compared with the others.
The rate of radiologic follow-up with thorax CT was similar between
the groups. Radiologic sequelae were observed in seven out of
21 patients who were controlled by thorax CT. These data were
also compared in a subgroup analysis. The groups were similar
in terms of mean age, gender distribution, comorbidities, smoking
rate, length of hospital stay, duration of radiological follow-up, and
radiological findings. The median control time was 64.5 days; the
median length of hospital stay was 8 days. The groups were not
statistically different in terms of oxygenation value at the time of
admission. The rates of using hydroxychloroquine, an inhaled cor-
ticosteroid, non-specific antibiotics, and vitamin C during hospital-
ization were similar in both groups. Hydroxychloroquine was solely
used for 7.1% of the patients while 31% took only favipiravir, and
61.9% were given both drugs together or consecutively. It was ob-
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served that LMWH treatment was continued after discharge in ap-
proximately one-third of the patients in both groups (p=1.00). How-
ever, the rate of IV steroid administration and antipseudomonal
antibiotic use was lower in the group with complete regression
(p=0.021 and p=0.038, respectively) (Table 1). Among the labo-
ratory results obtained both on the day of admission and on the
day of follow-up, only the CRP value at admission was found to be
statistically higher in the group without complete regression (33.2
mg/L vs. 78.9 mg/L, p=0.020). In the statistical analysis performed
after the exclusion of three patients with PTE, the rate of D-dimer
higher than 2 times the normal and higher than the age-adjusted
cutoff were similar between the groups (Tables 2, 3).

When subgroup analysis was performed using data from 21
patients who underwent radiologic follow-up with thorax CT, the pa-
rameters showing statistical significance were similar to the previ-
ous results. CRP value at admission was higher in the group with
radiologic sequelae after 4 weeks (19 mg/L vs. 73.9 mg/L, p=0.002).
The rate of IV steroid and antipseudomonal antibiotic use was also
higher in this group (p=0.017 and p=0.049, respectively) (Table 1).
It was found that out of 18 patients with radiologic follow-up data
after the 3 month, six patients had sequelae lesions. The rate of
radiologic sequela after 3 months was 33.3%. When the group with
sequelae lesions in the 3 month was compared with the remaining
12 patients, no statistically significant difference was found between
the groups in terms of parameters included in our study. According
to the results of the regression analysis in which parameters with
statistically significant differences in univariate analysis (IV steroid
use, antipseudomonal antibiotic use, and CRP value), the CRP value
at the time of admission was independently associated with delayed
radiological regression (p=0.011, RR: 1.02, Cl: 1.004—1.033).

With ROC analysis, it was determined that a CRP value of =60
mg/L at the time of application could predict the delay of radiological
resolution with 68.8% sensitivity and 69.2% specificity (AUC: 0.716,
p: 0.020, Cl: 0.56-0.88) (Fig. 3).
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Table 1: Comparisons of demographic and clinical features for factors affecting radiological regression

Patients followed up with chest Patients followed up

X-ray and/or thorax CT with thorax CT
Complete Complete p Complete Complete p
regression + regression - regression + regression -
(n=26) (n=16) (n=14) (n=7)
n % n % n % n %
Age 55.7+14 59.9+12.8 0.33 53.4+14.2 63.9+16.1 0.143
Gender (male) 76.9 20 75 12 1 78.4 1 71.4 5) 1
Hospitalization (days) 8 (6—10) 10 (5.3-12.8) 0.267 6 (5-9.3) 10 (5-12) 0.289
Follow-up period (days) 79.5 (50.8-199.3) 56 (45.8—206.5) 0.727 90 (51.5—204.5) 93 (51-3083) 0.551
SO, (in room air) 93 (90-96) 93 (91.3-94.8) 0.78 94 (90-97) 93 (91-94.5) 0.804
(n=23) (n=12) (n=13) (n=5)
Hypoxemia (SO,<90%) 33.3 8 26.7 49 0.734 35.7 5 28.6 29 1
(n=24) (n=15)
Fever 36.7 (36.4-37) 36.7(36.4-37) 1 36.8 (36.6-37.2) 36.4(36.2-36.8) 0.176
Follow-up with thorax CT 53.8 14 43.8 7 0.751
Comorbidities
HT 30.8 8 31.3 5 1 50 7 14.3 1 0.174
CAD/CHF 7.7 2 0 0 0.256 71 1 0 0 0.469
DM 30.8 8 31.3 5 1 42.9 6 42.9 3 1
Asthma/COPD 11.5 39 35.7 6 0.063 14.3 2 28.6 2 0.432
Treatment
Hydroxychloroquine 731 19 62.5 10 0.51 85.7 12 42.9 3 0.12
ICS 23.1 6 50 8 0.098 214 3 42.9 3 0.306
IV steroid 23.1 6 62.5 10 0.021 14.3 2 71.4 5 0.017
IV vitamin C 23.1 6 18.8 3 1 14.3 2 28.6 2 0.432
Non-specific Ab 57.7 15 68.8 11 0.53 42.9 6 85.7 6 0.159
Antipseudomonal Ab 7.7 2 37.5 6 0.038 71 1 42.9 3 0.049
LMWH after discharge 31.3 5 40 4 0.692 20 2 33.3 1 0.631
(n=16) (n=10) (n=10) (n=4)
Tomographic findings
Severe involvement* 8 2 13.3 2 0.586 14.3 2 0 0 0.293
Nodule 12 3 6.7 1 0.586 143 2 0 0 0.293
Consolidation 4 1 6.7 1 0.708 71 1 0 0 0.469
Pleural effusion 0 0 13.3 2 0.061 0 0 14.3 1 0.147
Bronchiectasis 12 3 6.7 1 0.586 21.4 3 0 0 0.186
Mediastinal LAP 40 10 33.3 5 0.746 35.7 5 28.6 2 1

*: Lung parenchyma involvement >50% by visual quantification. CT: Computed tomography, SO,: Oxygen saturation, HT: Hypertension, CAD: Coronary
artery disease, CHF: Congestive heart failure, DM: Diabetes mellitus, COPD: Chronic obstructive pulmonary disease, ICS: Inhaled corticosteroids, IV: Intra-
venous, Ab: Antibiotics, LMWH: Low molecular weight heparin, LAP: Lymphadenopathy.

DISCUSSION

Recent studies have proven that overexuberant inflammatory re-
sponse and coagulopathy are the main mechanisms responsible
for pulmonary parenchymal lesions in severe COVID-19 cases.['
COVID-19 pneumonia results in mortality in 2-3% of patients, de-
pending on the degree of pulmonary lesions and the patient’s car-

diopulmonary reserve.l'>'4 |n line with our results, the previous stud-
ies proved that the parenchymal changes due to viral pneumonia
disappear completely in two-thirds of patients within 2—4 weeks.['518
However, for COVID-19 survivors intubated due to acute respiratory
distress syndrome, post-COVID fibrotic changes are observed in a
wide range of 4-61% increasing with the duration of the disease.!'"”!
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Table 2: Comparisons of laboratory findings at admission for factors affecting radiological regression

Patients followed up with chest

X-ray and/or thorax CT

Patients followed up
with thorax CT

Complete Complete p Complete Complete p
regression + regression - regression + regression -
(n=26) (n=16) (n=14) (n=7)
WBC#/mm? 5085 (4239.8-6972.5) 6155 (4592.5-9957.5)  0.166 5085 (4272.5-5765) 6550 (4490-7130) 0.136
Neutrophil#/mm? 3335 (2532.5-4880) 4435 3365-7037.5) 0.074 3230 (2450-4052.5) 4320 (3320-5350) 0.062
Lymphocyte#/mm?3 1250 (1050—1540) 1125 (962.5-1427.5) 0.517 1295 (1002.5-1690) 1260 1110-1420 0.911
Eosinophil#/mm? 10 (0-30) 10 (0-27.5) 0.611 10(10-25 10(0-30) 0.507
Hemoglobin (gr/dl) 13.8+1.6 14.4+1.5 0.275 13.9+1.9 14.4+1.6 0.502
MCYV (fl) 89.2 (87.1-92) 90 (86.6-92.8) 0.717 88.2 (84.5-91.5) 90.5 (88.7-92.8) 0.167
RDW (%) 13.5 (13.1-14.9) 13.1 (12.5-13.9) 0.108 14 (13.2-15.2) 12.9 (12.3-13.5) 0.057
Platelet#10%/mm3 198.5+55.7 205.6+60.6 0.699 204.3+50.3 185.9+47 0.429
MPV (fl) 9.6 (8.7-10.1) 9.2 (8.7-9.6) 0.243 9.8 (8.7-10.3) 9.6 (9.3-10.7) 0.601
Sl 549 (350.4-839.5) 769.3 (517.1-1306.2) 0.133 590.1 (305-865.9) 743.1 (494.7-890.9) 0.502
MPR/Platelet# 5 (4-5.8) 4.5 (3.3-5.99 0.517 4.4 (4-5.7) 5.1 (4-6.2) 0.456
BUN (mg/dL) 15 (11.5-20.3) 13 (11.3-15) 0.269 15.5 (9.8-20.3) 14 (12-17) 0.68
Creatinine (mg/dL) 1.1 (0.91-1.19) 0.91 (0.78-1.1) 0.087 1.1 (0.79-1.16) 0.84 (0.75-1.06) 0.217
ALT (UL) 26.5 (20.8-40.8) 18 (15.5-27.8) 0.068 22.5 (19.3-39.3) 23 (17-43) 0.911
AST (U/L) 33 (26-47) 25.5 (19.3-40.3) 0.1 26 (24-40) 35 (27-46) 0.217
CRP (mg/L) 13.2 (14.3-81.3) 78.9 (44.6-147.8) 0.02 19 (8.9-44.2) 73.9 (67.4-148.7) 0.003
D-dimer (mg/L) 0.48 (0.38-0.66) 0.44 (0.33-0.90) 0.86 0.45 (0.35-0.59) 0.65 (0.33-0.91) 0.483
D-dimer>2xn (n), % (3)12.5 (2) 13.3 0.94 (2) 16.7 0 0.289
Dimer>age-adjusted cutoff (n), % (8) 33.3 (6) 40 0.74 (3) 25 (3) 50 0.289
Ferritin (ng/mL) 221.6 (132.1-509.5) 313.6 (117-594.3) 0.754 194.6 (86.4-357.5) 308.5(158.6-510.7)  0.219
Troponin(mg/L) 3.8 (2.5-6.1) 4.1 (2.5-10) 0.57 3.1 (2.5-6.7) 6.6 (3.2-11.7) 0.206

CT: Computed tomography, WBC: White blood cells, MCV: Mean corpuscular volume, RDW: Red cell distribution width, MPV: Mean platelet volume, SlI: Systemic
inflammatory index, MPR: Platelet mean volume/platelet count ratio, BUN: Blood urea nitrogen, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase,

CRP: C-reactive protein

The results of our study contribute to the previous research by pre-
senting the factors affecting radiological regression in non-intubated
patients with COVID-19 pneumonia. Besides, the relationships be-
tween many parameters including Sll, MPR, and RDW, and the radi-
ologic regression were analyzed for the same clinic setting.

Our results show that the complete radiological regression was
observed at the end of the 1t month in 62% of these patients who
were discharged without the need for intensive care. In another study
including intensive care patients, radiological complete regression in
6 months was reported in only 38% of patients with COVID-19 pneu-
monia.l"¥ In a study by Vural et al.,l"® it was stated that during the 3 to
6"-month follow-ups with thorax CT, fibrotic changes were observed
in 35% of the patients, depending on the presence of severe pneu-
monia and the length of hospital stay. In our study, when patients with
and without complete regression were compared, the groups were
statistically identical in terms of age, comorbidities, and oxygenation
at admission. However, the proportion of patients who received IV
steroids and antipseudomonal antibiotics during hospitalization was
statistically higher in the group without complete regression. Steroids
may prevent progression to post-COVID pulmonary remodeling and

fibrosis in the lung.l'¥ On the other hand, as they may cause bacte-
rial or fungal infections as well as prolonged radiological regression,
steroid administration should be tailored to each patient considering
comorbidities. The poor response to initial treatments can be caused
by progressing COVID-19 illness and/or bacterial coinfection or super-
infection. The difficulties in differential diagnosis between these two
phenomena result in a higher rate of empiric use of wide-spectrum an-
tibiotic treatments. Recent researches showed that empiric antibiotic
use for COVID-19 pneumonia did not prevent deterioration or mor-
tality and even is associated with post-COVID pulmonary fibrosis.”2%

According to our results, as well as dimer value and thorax CT
findings at admission, the rate of vitamin C, hydroxychloroquine, and
favipiravir administration during hospitalization was the same between
the groups. Underlining that the rate of vitamin C and hydroxychloro-
quine administration was not different between the groups, this study
contributes to the concrete evidence against the speculations about
these drugs. The results from the Turkish National COVID-19 cohort
including 1500 patients also show that antiviral agents and hydroxy-
chloroquine do not affect mortality.?"! According to our results, the ratio
of the prolonged treatment with LMWH after discharge does not differ
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Table 3: Comparisons of laboratory findings at the follow-up visits for factors affecting radiological regression

Patients followed up with chest

Patients followed up

X-ray and/or thorax CT with thorax CT
Complete Complete p Complete Complete p
regression + regression - regression + regression -
(n=26) (n=16) (n=14) (n=7)
WBC #/mm? 7419.5+1614.1 7966.4+1233.4 0.29 7228+1693.2 7781.7+1076.2 0.487
(n=10) (n=6)
Neutrophil#/mm? 4370.5+1783.3 4762.9+989.9 0.46 4361+1184.8 4688.3+1080.5 0.59
Lymphocyte#/mm? 2059.8+764.8 2501.4+799.2 0.11 2095+725.3 2376.7+624.8 0.444
Eosinophil#mm? 160 (100-225) 180 (97.5-340) 0.555 160 (97.5-240) 160 (90-257.5) 0.457
Hemoglobin (gr/dl) 14.4 (12.4-15.7) 14.9 (13.8-15.8) 0.366 14.6 (12.3-15.6) 14.8 (14.3-15.6) 0.55
(n=21) (n=13)
MCV (fl) 91.3 (88.4-92.9) 89.2 (85.9-94.6) 0.366 88.8 (87.3-91.6) 86.9 (85.5-95.2) 0.664
RDW (%) 14.2 (13.3-15.1) 13.58 (12.9-14.3) 0.256 14.4 (12.8-16.2) 13 (12.6-14) 0.193
Platelet#10%/mm? 262.2+42.2 456.8+56 0.747 269.6+53.4 241.8x7.2 0.385
MPV (fl) 9.6 (9.1-9.9) 9 (8.6-9.6) 0.085 9.6 (9.2-10) 9.4 (9-9.8) 0.445
Sl 420.6 (370.1-642.3) 444.5 (408.7-587.8) 0.814 478.3 (388.4-765.8) 443.1 (408.7-550.5) 1.00
MPR/Platelet# 3.4 (3.2-4.3) 3.7 (2.9-4.6) 0.736 3.4 (2.9-4.4) 4 (3.1-5.5) 0.588
BUN (mg/dL) 12.5 (11-16.1) 14.5 (11-17) 0.708 16 (12-32) 21.3 (13.4-34) 0.794
(n=24) (n=11) (n=11) (n=4)
Creatinine (mg/dL) 0.9 (0.8-0.99) 0.87 (0.74-1.1) 0.876 0.9 (0.83-1.1) 0.73 (0.66—1) 0.281
ALT (U/L) 20.5 (13.8-34.3) 19.5 (15.5-28.8) 0.942 18.1 (15-35) 21 (16-40.5) 0.733
(n=22) (n=12) (n=11) (n=5)
AST (U/L) 21 (15.8-30.8) 23 (15-259 0.674 19 (14-33) 21.5 (14.3-30.3) 0.48
CRP (mg/L) 3.6 (2.1-11.8) 4.3 (1.5-8.9) 0.716 3.9 (1.3-12) 3.7 (1-7) 0.588
(n=19) (n=14) (n=10) (n=6)
D-dimer (mg/L) 0.21 (0.19-0.73) 0.39 (0.2-0.65) 0.25 0.22 (0.19-0.83) 0.39 (0.24-1.4) 0.257
(n=19) (n=11) (n=9) (n=5)
D-dimer>2xn (n), % 3) (n=24) 12.5 (2) n=1513.3 0.94 (2)16.7 0 0.289
Dimer>age-adjusted cutoff (n), % (8) (n=24) 33.3 (6) (n=15) 40 0.74 (3) (n=12) 25 (3) (n=6) 50 0.344
Ferritin (ng/ml) 72.5 (32.3-139.6) 107.5 (62.5-197.4) 0.554 74 (37.8-40.8) 76.2 (42.4-107.7) 0.571
(n=12) (n=79) (n=7) (n=4)

CT: Computed tomography, WBC: White blood cells, MCV: Mean corpuscular volume, RDW: Red cell distribution width, MPV: Mean platelet volume, Sll: Systemic

inflammatory index, MPR: Platelet mean volume/platelet count ratio, BUN: Blood urea nitrogen, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase,

CRP:C-reactive protein

between the groups of radiologic regression. We could not show any
statistically significant difference between the laboratory values at the
time of control, either. However, the initial CRP value was significantly
higher in the group without complete regression. In regression analy-
sis, CRP value also emerged as an independent factor for complete
radiologic regression. According to the results of the ROC analysis, it
was seen that for the patients with initial CRP<60 mg/L, the complete
radiological resolution can be observed in 4 weeks, with a sensitivity
and specificity of 70%, approximately. In another study about the ra-
diological findings in the 3 month after COVID-19 pneumonia, the
increase in the initial BUN value was reported as an independent risk
factor for residual radiological abnormalities.?? Similarly, Han et al.l'®
showed that the initial CRP value was higher in patients with fibrotic
changes in thorax CT during post-COVID follow-up in 6 months. Nev-

ertheless, by multivariate analysis, they concluded that there is a cor-
relation between post-COVID fibrotic changes and older age, acute
respiratory distress syndrome, longer hospital stays, tachycardia, non-
invasive mechanical ventilation, and higher initial thorax CT score.

The biomarkers which can be used in identifying severe COVID-19
patients have been a focus of scientific interest since the beginning
of the pandemic. These studies showed that elevated levels of CRP,
ferritin, serum amyloid A, procalcitonin, lactate dehydrogenase, uric
acid, D-dimer, and lower levels of hemoglobin, oxygen saturation, lym-
phocyte, and platelet count can be regarded as indicators of severe
patients.?'2>-2%5 Besides these classical biomarkers, some researchers
have focused on the clinical importance of RDW, MPV, SlI, and MPR
in COVID-19. These orphan parameters which can be easily derived
from complete blood count have already been offered as markers of




Sahin Duyar et al. Radiological Follow-up for Post-COVID-19 Patients

Journal of Izmir Chest Hospital 2023;37(2):75-83

ROC curve
1.0
0.8 1
> 0.6 -
=
."‘Z"
Q
(]
0.4
0.2 +
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Area under the curve
Test result variable(s): CRP
95% confidence
interval
Standard
Area error p Lover Upper
bound bound
0.716 0.082 0.020 0.557 0.876

Figure 3: ROC curve analysis for a cutoff value of CRP in predicting
complete radiologic regression in 4 weeks.

ROC: Receiver operating characteristic, CRP: C-reactive protein.

inflammation for a broad spectrum of diseases, including cardiovascu-
lar diseases, renal diseases, cancer, and ARDS.??"] The studies in-
vestigating the role of these parameters in COVID-19 pneumonia have
shown that high RDW at admission is associated with mortality, and
high MPR and SlI are associated with severe pneumonia.?5282% |n this
study, the values RDW, MPV, SlI, and MPR were found statistically the
same for the group of patients with and without complete radiologic
regression. In addition, when the D-dimer value was analyzed both
numerically and according to different cutoff values (1 mg/L and cutoff
according to age), it was found to be statistically the same between
the study groups. The results of a follow-up study about the pulmonary
functions in COVID-19 survivors pointed out that an elevated level of
D-dimer is associated with a decrease in post-COVID diffusion capac-
ity.?2l However, this may be due to coagulopathy in the microvascular
area rather than radiological sequelae at the macro-level.

The fact that the follow-up laboratory test results were similar
between the groups with and without complete regression raises
the hypothesis that it may be more cost-effective to request tests
according to the severity of the symptoms in the control visits of
these patients. The subgroup analysis of the patients who under-

went radiologic follow-up with thorax CT yielded the same results
as the group including the patients who followed up with a Chest
X-ray. However, since we could not reach sufficient data on the
severity of the residual symptoms or could not perform CT for all the
patients in our retrospective study, it would not be correct to make
a judgment on these subjects with the results of this study. The cor-
relations between CT and chest X-ray findings must be investigated
in larger series. We found that one-third of our non-intubated group
of patients with residual symptoms and available follow-up data
presented with radiologic sequela after 3 months. We recommend
that the effects of these radiologic lesions including residual ground
glass, reticular, and/or band-like opacities on pulmonary functions
and quality of life as a focus for the studies in the future.

Based on the results for predicting radiological responses in the
post-COVID period for non-intubated patients with COVID-19 pneumo-
nia, complete radiological regression at the end of the 1 month may
not be achieved in the ones who are given IV steroids and antipseu-
domonal antibiotics and who have high initial CRP levels. There is a
need for studies that reveal the effects of these sequelae on quality of
life and respiratory functions in the long term. Most studies on this sub-
ject include intubated patients in the post-COVID survivor group. We
think that the results of this study, in which the factors affecting the radi-
ological regression in patients who were followed up outside the inten-
sive care unit, will contribute to the post-COVID follow-up processes.
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