
  
 

 

 بسم الله الرحمن الرحيم
 ∞∞∞ 

 هناء محمد علي تم رفع هذه الرسالة بواسطة / 

بقسم التوثيق الإلكتروني بمركز الشبكات وتكنولوجيا المعلومات دون أدنى 

  .الرسالةمسئولية عن محتوى هذه 

 

 ملاحظات: 
٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠

٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠٠ 

  
 

 

 

                               
  

 



Three to six-months Follow-up Chest CT Findings after 

COVID-19 Pneumonitis, incidence of complications 

and correlation to different risk factors 

Thesis 
Submitted in Partial Fulfillment of the M.Sc. 

Degree in Radiodiagnosis 

By 

Omar Mostafa Ali Elsayed Hebisha 
M.B., B.Ch., Ain Shams University 

 

Supervised by 

Prof. Dr. Sherine George Moftah 
Professor of Radiology 

Faculty of Medicine, Ain Shams University 

 

Dr. Asmaa Magdy Mohamed Salama 
Lecturer of Radiology 

Faculty of Medicine, Ain Shams University 
 

 
Faculty of Medicine  

Ain Shams University 

2022 



  



 

First and foremost, I feel always indebted to ALLAH, the 

Most Kind and Most Merciful. 

I’d like to express my respectful thanks and 

profound gratitude to Prof. Dr. Sherine George 

Moftah, Professor of Radiology - Faculty of Medicine- 

Ain Shams University for her keen guidance, kind 

supervision, valuable advice and continuous 

encouragement, which made possible the completion of 

this work. 

I am also delighted to express my deepest 

gratitude and thanks to Dr. Asmaa Magdy 

Mohamed Salama, Lecturer of Radiology, Faculty of 

Medicine, Ain Shams University, for her kind care, 

continuous supervision, valuable instructions, constant 

help and great assistance throughout this work. 

I would like to express my hearty thanks to all my 

family for their support till this work was completed. 

Last but not least my sincere thanks and 

appreciation to all patients participated in this study. 

 

Omar Mostafa Ali Elsayed Hebisha 



List of Contents 

Title       Page No.  

List of Tables ................................................................................................ i 

List of Figures ............................................................................................. ii 

List of Abbreviations ................................................................................. viii 

Introduction ................................................................................................. 1 

Aim of the Work ......................................................................................... 2 

Review of Literature 

Lung Anatomy ..................................................................................... 3 

Radiological Anatomy  of the Lung .................................................. 17 

Pathology ........................................................................................... 30 

Technical Aspects of High-Resolution CT ....................................... 38 

Lung Morphology Pitfalls ................................................................. 43 

HRCT Features of Covid-19 Pneumonitis ........................................ 50 

Patients and Methods ................................................................................ 68 

Results....................................................................................................... 72 

Illustrative Cases ....................................................................................... 82 

Discussion ................................................................................................. 99 

Summary and Conclusion ....................................................................... 105 

References ............................................................................................... 107 

Arabic Summary ......................................................................................ـ   ـــــ

 
 

 



 

 i 

List of Tables 
Table No.     Title   Page No.  

Table (‎1-1):  Nomenclature of Pulmonary Segments .................... 10 

Table (‎6-1):  Classification According to the Radiological 

Society of the Netherlands ........................................... 54 

Table (‎7-1):  Descriptive data regarding demographic data. .......... 72 

Table (‎7-2):  Descriptive data regarding CT chest findings 

correlation with CO-RADS classification................. 73 

Table (‎7-3):  Descriptive data regarding the CT chest 

findings at the follow up CT chest: ........................... 75 

Table (‎7-4):  Descriptive data regarding CT chest findings at 

the follow up study. ................................................... 76 

Table (‎7-5):  Descriptive data regarding the different risk 

factors included in our study: .................................... 77 

Table (‎7-6):  Descriptive data regarding correlation of age 

and gender to residual CT chest findings. ................. 78 

Table (‎7-7):  Descriptive data regarding correlation of 

different risk factors (smoking, diabetes 

mellitus, hypertension, pre-existing pulmonary 

disease, pre-existing renal disease and steroid 

therapy) to residual CT chest findings. ..................... 80 

 

 

 

 



 

 ii 

List of Figures  
Fig. No.     Title   Page No.  

Figure (‎1-1):  Surface anatomy of the thorax showing both 

lungs including their surfaces ......................................... 4 

Figure (‎1-2):  Lungs in Situ: Anterior View shows the covering 

pleura of each lung ......................................................... 5 

Figure (‎1-3):  Bronchopulmonary Segments, lobes, and fissures 

of both lungs .................................................................... 8 

Figure (‎1-4):  Nomenclature of Bronchopulmonary Segments   ........ 11 

Figure (‎1-5):  Components of the lung interstitium .............................. 12 

Figure (‎1-6):  Pulmonary lobular anatomy ......................................... 14 

Figure (‎1-7):  Anatomy of the secondary pulmonary lobule ................. 14 

Figure (‎1-8):  Lymph nodes and vessels of the lung including 

superficial and deep plexuses ......................................... 16 

Figure (‎2-1):  Normal plain X-ray chest PA view showing the 

cardiac borders as well as the pulmonary lines ............ 17 

Figure (‎2-2):  Normal trachea and main bronchi .................................. 18 

Figure (‎2-3):  (A) Bronchus sinus (yellow arrow) shown on the 

coronal multiplanar reconstruction image of the 

right hemothorax as a short bronchus connecting 

the medial right upper lobe directly to the trachea. ...... 19 

Figure (‎2-4):  Apicoposterior (thin arrow) and anterior (thick 

arrow) segmental bronchi of the left upper lobe 

(LUL) are seen on axial ................................................ 20 

Figure (‎2-5):  The major fissures (arrows) in the lower and the 

upper zones ................................................................... 21 

Figure (‎2-6):  Normal anatomy of the central pulmonary arteries ......... 22 

Figure (‎2-7):  A maximum-intensity projection image obtained 

from a CT scan shows two main right and left 

inferior pulmonary veins as they drain into the 

left atrium (LA) ............................................................ 23 



 

 iii 

List of Figures (Cont…)  
Fig. No.     Title   Page No.  

Figure (‎2-8):  B/A ratio in a normal subject ....................................... 24 

Figure (‎2-9):  The B/A ratio is calculated by dividing the 

internal diameter (i.e., luminal diameter) of the 

bronchus ....................................................................... 24 

Figure (‎2-10):  Increased B/A ratio in a normal 78-year-old man. 

The internal diameter of a bronchus (arrow) in the 

right lower lobe exceeds the diameter of the 

adjacent pulmonary artery.............................................. 25 

Figure (‎2-11):  T/D ratio in a normal subject........................................ 26 

Figure (‎2-12):  Normal HRCT lobular anatomy ................................... 28 

Figure (‎4-1):  (A-B) compared the quality of multi-planar 

reconstructions obtained from an MDCT data set 

(0.5-mm collimation, 0.5-mm reconstruction 

interval) ........................................................................ 41 

Figure (‎4-2):  (A-B) Coronal (A) and sagittal (B) MinIP 

reconstruction from 1.25-mm MD-HRCT in a 

patient with lymphangiomyomatosis). ......................... 42 

Figure (‎4-3):  (A-B) MIP image in a patient with small lung 

nodules obtained using a multidetector-row helical 

CT scanner with 1.25-mm detector width and a pitch 

of 6 ................................................................................ 42 

Figure (‎5-1):  Dynamic inspiratory (A) and expiratory (B and 

C) HRCT in a normal subject, obtained with low 

(40) mA. On the inspiratory scan ................................. 43 

Figure (‎5-2):  (A-B) Normal HRCT appearances of the trachea on 

inspiratory (A) and expiratory (B) scans ........................ 44 

Figure (‎5-3):  (A-B) ―Double fissure‖ artifact ...................................... 45 

Figure (‎5-4):  (A-B) Axial HRCT of a 41-year-old woman 

undergoing evaluation for possible interstitial 

lung disease .................................................................. 46 



 

 iv 

List of Figures (Cont…)  
Fig. No.     Title   Page No.  

Figure (‎5-5):  Axial NECT of an 80-year-old man evaluated for 

a pulmonary nodule identified on radiography 

shows right lower lobe para-vertebral ground-

glass opacity ................................................................. 47 

Figure (‎5-6):  Axial NECT of an asymptomatic 74-year-old 

man ............................................................................... 48 

Figure (‎5-7):  (A-B) Axial NECT of an asymptomatic 80-year-

old woman evaluated for a pulmonary nodule 

identified on radiography ............................................. 49 

Figure (‎6-1):  (A) 39-year-old male. CT chest shows moderate 

involvement of the left upper lung lobe with 

subpleural lines .............................................................. 58 

Figure (‎6-2):  (A) 57-year-old male with mild involvement of 

the right upper lobe with multiple rounded 

nodules of GGO ........................................................... 58 

Figure (‎6-3):  Image of a 36-year-old asymptomatic patient with 

negative RT-PCR ......................................................... 59 

Figure (‎6-4):  Image of a 49-year-old patient (COVID-19 positive 

by PCR) with a history of HIV on 6th day of illness 

with fever and dyspnea .................................................. 60 

Figure (‎6-5):  Sequence of images of a 79-year-old patient with 

fever, dyspnea, and myalgia of 10 days of evolution ...... 61 

Figure (‎6-6):  Images of two patients over 50 years old with 

disease time of 20 days................................................. 62 

Figure (‎6-7):  Images of three patients over 50 years old with 

disease time of 120 days............................................... 63 

Figure (‎6-8):  50 years old male patient complained of cough 

and dyspnea of 10 days duration .................................. 64 

Figure (‎6-9):  68 years old male patient complained of fever and 

dyspnea of 12 days duration ......................................... 65 



 

 v 

List of Figures (Cont…)  
Fig. No.     Title   Page No.  

Figure (‎6-10):  72 years old male patient complained of chest 

pain and tightness ......................................................... 66 

Figure (‎6-11):  Initial and follow-up CT images in a 71-year-old 

woman with COVID-19 pneumonia ............................ 67 

Figure (‎7-1):  Pie-chart shows percentage of gender in the study 

group............................................................................. 72 

Figure (‎7-2):  Pie-chart shows percentages of cases as regards 

their CT chest findings correlations with CO-

RADS classification in their first CT chest 

examination. ................................................................. 73 

Figure (‎7-3):  Bar-graph shows percentages of cases as regards 

their CT chest findings correlations with CO-

RADS classification in their follow up CT chest. ........ 74 

Figure (‎7-4):  Pie-chart showing percentage of CT findings at 

the follow up CT chest examination. ........................... 75 

Figure (‎7-5):  Bar-graphs showing number and percentage of 

cases with different risk factors correlated in this 

study. ............................................................................ 77 

Figure (‎7-6):  Double bar-graph showed correlation of gender 

of cases with residual CT chest findings. ..................... 78 

Figure (‎7-7):  Bar-graph showed correlation of age of cases 

with residual CT chest findings with P-value of 

0.037 (significant), ....................................................... 79 

Figure (‎7-8):  Double bar-graph showed correlation of different 

risk factors with residual CT chest findings 

(smoking, diabetes mellitus, hypertension, pre-

existing pulmonary disease, pre-existing renal 

disease and steroid therapy). ........................................ 80 

Figure (‎8-1):  First CT revealed bilateral peripheral patchy areas 

of ground glass opacities .............................................. 82 



 

 vi 

List of Figures (Cont…)  
Fig. No.     Title   Page No.  

Figure (‎8-2):  Follow up CT chest was done after 3 months and 

revealed total resolution of the previously noted 

ground glass opacities .................................................. 83 

Figure (‎8-3):  First CT chest showed left diffuse nodular ground 

glass opacities ............................................................... 84 

Figure (‎8-4):  Follow up CT chest after 4.5 months showed 

progression of the previously seen left ground 

glass opacities seen at ................................................... 85 

Figure (‎8-5):  First CT chest showed bilateral peripheral patchy 

areas of ground glass opacities ..................................... 86 

Figure (‎8-6): Follow up CT chest after 3 months showed lung 

fibrotic bands more evident on the right side ............... 87 

Figure (‎8-7):  First CT chest revealed bilateral peripheral patchy 

areas of ground glass opacities ..................................... 88 

Figure (‎8-8):  Follow up CT chest was done after 5 months and 

revealed bilateral diffuse septal thickening with 

fibrotic bands ................................................................ 89 

Figure (‎8-9):  Second follow up CT chest was done after 3 

months and revealed regression of the previously 

noted bilateral diffuse septal thickening with 

fibrotic bands and resolution of the previously 

seen left fissural based pulmonary nodule ................... 89 

Figure (‎8-10):  First CT showed bilateral small lower basal 

peripheral patchy areas of ground glass opacities 

mounting to small consolidation areas ......................... 91 

Figure (‎8-11):  Follow up CT chest after 5 months showed 

bilateral posterior basal multiple sub-segmental 

smaller and fainter ground glass opacities ................... 92 

Figure (‎8-12):  First CT chest axial cuts (A) showed bilateral 

ground glass opacities .................................................. 93 



 

 vii 

List of Figures (Cont…)  
Fig. No.     Title   Page No.  

Figure (‎8-13):  Follow up CT done after 3 months showed bilateral 

minimal to mild pleural effusion .................................... 94 

Figure (‎8-14):  First CT showed multiple bilateral peripheral patchy 

areas of ground glass opacities ........................................ 95 

Figure (‎8-15):  Follow up CT chest done after 3 months revealed 

total resolution of the previously noted disease 

process .......................................................................... 96 

Figure (‎8-16):  First CT showed multiple bilateral peripheral 

patchy areas of ground glass opacities ......................... 97 

Figure (‎8-17):  Follow up CT done after 4.5 months showed 

almost total resolution of the previously noted 

ground glass opacities, yet showed newly 

developed right middle and lingular segments 

thick fibrotic reticulations ............................................ 98 

 

 

 

 

 

 



 

 viii 

List of Abbreviations  
Abb.    Full term  
 

AA  ...................... Aortic arch  

AFOP .................. Acute fibrinous and organizing pneumonia  

AP ....................... Anteroposterior  

CDC  ................... Centers for Disease Control and Prevention  

COVID-19  .......... Coronavirus disease 2019  

CT ....................... Computed Tomography  

DIC  .................... Disseminated intravascular coagulation  

ICU ..................... Intensive care unit  

LA ....................... Left atrium  

LLL ..................... Left lower lobe  

LUL .................... Left upper lobe  

MDCT ................. Multi-detector  

MPR .................... Multi-planar reformat  

NGS .................... Next generation sequencing  

PIC ...................... Pulmonary intravascular coagulopathy  

RUL .................... Right upper lobe  

SARS CoV-2 ....... Severe acute respiratory syndrome corona 

virus-2  

T  ......................... Thickness  

 

 

 

 



Introduction  

 1 

INTRODUCTION 

Coronavirus disease 2019 (COVID-19), caused by severe acute 

respiratory syndrome coronavirus 2, or SARS-CoV-2, has 

become a global pandemic. As of November 19, 2020, World 

Health Organization stated that this disease has been found in 

more than 200 countries. Pathology studies have shown that 

COVID-19 causes injuries in multiple organs and tissues, with 

extensive pulmonary involvement similar to that found in other 

coronavirus infections (ie, severe acute respiratory syndrome 

coronavirus and Middle East respiratory syndrome coronavirus 

infection) (Xu et al., 2020). 

Chest CT plays a crucial role in the diagnosis and follow-

up of patients with COVID-19 pneumonitis. Numerous studies 

have documented radiographic changes in the acute course of 

COVID-19, which range from mild to severe cases (Shi et al., 

2020; Pan et al., 2020; Bandirali et al., 2020). Recent 

publications Han et al. (2020); Wang et al. (2020) have found 

that approximately 94% of hospitalized patients have persistent 

lung parenchymal findings on their discharge CT scans. In 

addition they reported that lung opacities in 53 % of patients with 

mild COVID-19 resolved with no adverse sequelae within 3 

weeks after discharge. Data from previous coronavirus infections 

(ie, severe acute respiratory syndrome and Middle East 

respiratory syndrome) suggest that there may be substantial 

fibrotic consequences (Zhang et al., 2020);Antonio et al., 2020; 

Das et al., 2020) in patients with COVID-19. However, little is 

known about the long-term lung changes after COVID-19 

infection.  
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AIM OF THE WORK 

To evaluate pulmonary changes on 3-6 months follow-up chest 

CT scans and to explore the risk factors for fibrotic-like 

changes in the lung in patients who recovered from COVID-19 

pneumonia. 

 

 

  


