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INTRODUCTION

 CTCA has become the mainstay imaging 
modality for assessing the status of coronary 
vessels. It is preferred over catheter angiography 
as it is safe, non-invasive imaging modality with 
short scan time. 
 The primary mainstay of the coronary CTA 
procedure is patient selection and appropriate 
procedural protocols with the aim to acquire ideal 
images which is a prerequisite for the secondary 
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ABTRACT
Objective: To have a systematic standardized approach to performing and interpretation of coronary CT 
Angiography (CTA) in order to maintain and enhance the diagnostic accuracy of the imaging modality.
Methods: This retrospective observational study was performed in Radiology Department, Lady Reading 
Hospital, Medical Teaching Institute, Peshawar, Pakistan from August 2018 to September 2019. Patients 
referred for coronary CT angiography were screened and prepared in radiology department. The examination 
was performed on Toshiba-160 slice CT Scanner (Prime Aquilion) utilizing standardized protocols tailored 
towards optimum image acquisition. Interpretation of the images were based on the guidelines provided 
by the Society of Cardiovascular Computed Tomography (SCCT).
Results: Total 95 CTCA procedures were performed in the department, out of which 85 were included in 
study showing 49(57%) as normal and 36(42%) were positive for coronary disease. Of the abnormal cases 
16(18.8%) had mild disease, nine (10.6%) patients had moderate disease, while severe disease was noted 
in 11 (12.9%) cases. Coronary quantitative stenosis revealed five cases (5.9%) with LAD involvement only 
and five (5.9%) with severe triple vessel disease. The remaining varied in degree of stenosis and number 
of segments involved. Post CABG were 14 cases (16%) and native arteries showed triple vessel disease. CTA 
for percutaneous stent patency were three (3.5%) cases with 100% stent patency.
Conclusion: Patient selection with tailored protocols are the mainstay for achieving optimal images. This  
form the basis for accurate interpretation, based on a standardized and systematic approach, utilizing 
various post processing tools, in order to maintain the high diagnostic accuracy of this semi-invasive, safe 
imaging modality in a variety of patients suspected of coronary artery disease, coronary artery bypass 
grafts and stent patency.
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mainstay, represented by the correct analysis and 
interpretation of the acquired data using different 
post processing tools, followed by a formal report 
with provision of attached selected images to 
the referring physician. The key is to avoid false 
positive and false negative findings. 
 Coronary CTA is today a widely accepted semi 
invasive imaging modality for both cardiologists 
and radiologists. The main strength of this imaging 
modality is dependent on its high negative 
predictive value,1 with patients having a normal 
study being excluded from undergoing further 
workup/procedures. However, a false positive 
result may lead to further workup.

METHODS

 The study is based on the guidelines provided 
by the Society of Cardiovascular Computed 
Tomography (SCCT).2 Patients referred for 
CCTA scans to the radiology department, are 
verified for indication for the procedure. Patient 
appropriateness for the procedure and selection 
of tailored protocol is done in the radiology 
department. Referrals were from wards and 
outpatient cardiology clinics. All referrals require 
completion of a safety questionnaire form in 
radiology department based on the Royal College 
of Radiologists recommendations. The study was 
done with the approval of the research ethics 
committee of Lady Reading Hospital (Ref:No. 355/
LRH/MTI dated on December 24, 2019.
 Exclusion criteria from CTA study were patients 
with poorly controlled asthma, atrial fibrillation/
flutter. Paediatric patients were also excluded from 
the study. Other exclusion criteria were poorly 
controlled tachycardia. All patients were advised 
to take their routine medications on schedule 
(including beta-blockers or calcium channel 
blockers), refrain for eating for four hours prior to 
the scan and to avoid caffeine containing drinks 
and other stimulants for six hours prior. Some of 
the patients were started on oral beta-blockers prior 
to the scan, which helped in heart rate control.3

 Patients were checked by trained radiology 
technicians and vitals recorded. Those patients 
who had poorly controlled heart rate and other co-
morbid conditions were excluded from the coronary 
CTA study. Minimum 20G peripheral venous 
cannula was placed in the right arm by radiology 
technician for the purpose of administering 
intravenous contrast. On achieving satisfactory 
heart rate control, patients were positioned on the 
gantry table and ECG electrodes were placed on the 

chest wall. Breath-hold techniques were practised 
prior to image acquisition and prospective ECG 
gated scans were performed.
 Calcium score was obtained for all patients. Scans 
were performed on a Toshiba 160-slice CT scanner 
(Prime Aquilion). Iopromide (ultravist 300, 1.5ml/
Kg) was used with 0.9% sodium chloride bolus 
chaser. Initially, a 20mL test bolus of contrast with 
a 20mL saline push was given, and the remaining 
contrast was administered timely to maximise 
contrast dose. The time from contrast injection to 
image acquisition was 7s. 
 After post-processing, a Royal college of London, 
level II certified consultant radiologist using 
a dedicated Toshiba work station generated a 
report. “Optimal quality” scans meant all coronary 
arteries and branches were clearly visualised, 
calcium score and detailed description of the 
coronary vessels were given. “Suboptimal/poor 
quality” meant that the vessels were visualised 
sub optimally due to artefacts.
 Reports for normal scans, with low or normal 
calcium scores, were issued directly to the 
referring physician. Positive scans were subject to 
discussion and detailed reporting. The absolute 
coronary artery calcium (CAC) score was labelled 
in accordance to Agaston method, as zero for 
absent CAC, 1-100 as discrete CAC, moderate 
CAC as 101- 400 and accentuated as more than 
400.4 The CAC score is an independent marker of 
risk for cardiac events.
 Luminal stenosis for Obstructive coronary artery 
disease was defined as a luminal stenosis more 
than 70% in one or more major epicardial vessel 
or more than 50% in the left main stem.5 Luminal 
cross-sectional area stenosis were classified as 
minimal (<25%), mild non-obstructive (25–49%), 
moderate non-obstructive (50–69%), or obstructive 
(>70%) disease.6

RESULTS

 Ninety five CTCA’s were performed between 
August 2018 and September 2019. Of these, six 
(6.3%) paediatrics cases that underwent cardiac 
CT for congenital heart were excluded from the 
analysis. Two patients had suboptimal studies 
due to poor heart rate control; one case was 
abandoned due to atrial fibrillation and another 
one due to previous history of contrast allergy. 
Our study was conducted on 85 patients. Out 
of the 85 patients, 65 (76%) were male patients 
and 20 (23%) were female. The coronary artery 
calcium score and quantitative stenosis was 
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analysed in accordance to coronary artery 
segmentation model. There were 14 (16%) post 
CABG cases. The number of grafts, frequency of 
patency, stenosis and occlusion was analysed. 
Three patients had percutaneously placed stents, 
which were assessed for patency. 
 The most common indication for CTCA was to 
investigate potential stable CAD accounting for 
majority of requests. In 42 (49.4%) cases, the CTCA 
was requested for the assessment of low-risk acute 
chest pain. In 32 (37.6%) the patients were asymp-
tomatic but the CTCA was performed due to risk 
factors like hypertension, diabetes mellitus and 
known coronary artery disease. In the remaining 
11 (12.9%), the CTCA was requested for indications 
like referred epigastric pain mimicking chest pain 
with palpitations and shortness of breath. The pa-
tients ranged in age from 27 to 77 years (Fig.1). A 
mean age of 52.29 years and standard deviation of 
±10 years is calculated using SSPS version 16.
 CTCA for Coronary Artery Calcium (CAC) 
Score based on Agaston method showed49 (57%) 
individuals as normal and 36 (42%) having 
positive coronary angiography results (Fig.2). 
Coronary artery calcium score is illustrated in 
Table-I. Amongst the positive cases 16 (18.8%) 
showed mild/discrete CAC score, 9 (10.6%) 
patients as moderate while severe CAC score was 

noted in 11 (12.9%) cases.
 Categorization was done as single, two and 
three vessel disease based on involvement of 
major arteries like LAD, LCX and RCA. Assessing 
severity of disease with quantitative analysis of 
coronary vessels revealed LAD single vessel mild 
to moderate disease in five cases (5.9%) and severe 
stenosis in triple vessel disease in five cases (5.9%).
 The remaining range of mild, moderate and 
severe two vessel or mild to moderate triple vessel 
disease were categorized in accordance to SCCT 
coronary artery segmentation model and each 
segment described. The native arteries in post 
CABG patients were also categorized as triple 
vessel disease.
 Fourteen post CABG patients and three patients 
with stent placement were assessed for graft and 
stent patency. All patients with coronary artery 
stents revealed patent stents with good flow. The 
post CABG cases were evaluated for the number 
of grafts, their patency, visibility of stumps / 
occlusion (Table-III, Fig.2).
• In our study 5 (35%) patients had two vessel 

bypass grafts, out of which three patients had 
both grafts patent, and two patients had one 
graft patent and one blocked.

• Four patients had triple vessel bypass grafts, 
out of which two had all grafts patent, and one 

Result analysis and interpretation of CT Angio

Fig.1: Age distribution. Fig.2: Frequency of various bypass grafts used.

Table-I: Coronary artery calcium score.
Degree of Severity Calcium scoring Frequency Percent Valid Percent Cumulative Percent

Normal Zero 49 57.6 57.6 57.6
Mild  1 to 100 16 18.8 18.8 76.5
Moderate 101 to 400 9 10.6 10.6 87.1
Severe 401 plus 11 12.9 12.9 100.0
 Total 85 100.0 100.0
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patient had two grafts patent while one patient 
had all three grafts blocked.

• Quadruple vessel bypass grafts were seen in 
four patients, out of which two grafts were 
patent in two patients, and two patients had 
only one graft patent.

• It was noted that patients with saphenous vein 
grafts were likely to be blocked, and the arterial 
graft LIMA to LAD was more likely to be patent, 
in these patients.

• One patient had five bypass grafts out of which 
three were blocked including one arterial graft.

• The various types of bypass graft were also 
described while reporting CTCA, their patency, 
stenosis or occlusion as depicted in the table 
below.

DISCUSSION

 Coronary CT angiography is performed as a 
semi-invasive imaging modality for assessment 
of presence or absence of coronary artery 

disease.7 Invasive coronary angiography is still 
the gold standard investigation for both imaging 
of emergency and elective coronary artery 
intervention.8 However, because of the risk of 
complications, coronary CTA is considered 
an imaging modality of choice having a high 
diagnostic accuracy in patients suspected of 
coronary artery disease.9 Its diagnostic accuracy is 
comparable with invasive coronary angiography 
forming the basis for coronary CTA as the initial 
investigation by the National Institute for Health 
and Care Excellence (NICE) for stable coronary 
artery disease and atypical angina in the UK.10

 The key to acquire an optimum cardiac CT image 
is based on advanced CT protocols and techniques. 
This is dependent on fast acquisition requiring, 
precise scan timing ensuring optimum contrast 
opacification which is about 250-300 HU in order 
to delineate low density soft atherosclerotic plaques 
having density of 40 HU from intermediate fibrous 
plaques (90 HU) and calcified plaques (>130 HU). 
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Table-II: Coronary CT angiography results with degree of stenosis.
Degree of Stenosis of Coronary Artery Frequency Percentage Cumulative 
   Percentage

Mild to Moderate Stenosis LAD  5 5.9% 5.9%
Mild Stenosis LAD and LCx 1 1.2% 7.1%
Mild LAD , severe LCx Stenosis 1 1.2% 8.2%
Severe Stenosis LAD + LCX with Diagonal or OM Branch  1 1.2% 9.4%
Mild LAD + Severe Diagonal / Obtuse Marginal Stenosis  1 1.2% 10.6%
Severe LAD / LCx  + Mild RCA Stenosis 1 1.2% 11.8%
Severe  LAD + Moderate RCA Stenosis 1 1.2% 12.9%
Moderate LAD + Mild RCA Stenosis 2 2.4% 15.3%
Mild LAD, LCx + Moderate RCA Stenosis 2 2.4% 17.6%
Moderate Stenosis LAD + RCA 1 1.2% 18.8%
Mild stenosis LAD + LCx + RCA 1 1.2% 20.0%
Mild Stenosis LAD + RCA +/- Ramus Intermedius 4 4.7% 24.7%
Severe Stenosis LAD+LCx + RCA, Triple Vessel Disease 5 5.9% 30.6%
Post CABG / Stent placement 17 20.0% 50.6%
Normal study 42 49.4% 100%
Total  85 100. 0%
(Abbreviations: LAD left anterior descending, LCx left circumflex, D diagonal branch,
OM obtuse marginal branch, RCA right coronary artery, Post CABG coronary artery bypass grafting).

Table-III: Post CABG bypass graft frequency per patient.
Number of Bypass Grafts Frequency Percent Valid Percent Cumulative Percent

Double bypass graft 5 5.9 35.7 35.7
Triple bypass graft 4 4.7 28.6 64.3
Quadruple bypass graft 4 4.7 28.6 92.9
5 grafts 1 1.2 7.1 100.0
Total 14 16.5 100.0 
Other patients without CABG including normal study 71 83.5  
Total  85 100.0
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 Imaging and the field of view (FOV) is set 
accordingly. Successful imaging is dependent 
on faster scanning and slower heart rate. In 
other words, heart rate control is critical for the 
examination which is acquired by beta blockers 
to have an ideal heart rate of 50-59 beats/
minute. IV metoprolol is safe with increments 
given every 5 minutes to a total dose of 15-25mg 
with ECG gating. Multiple phases are acquired 
over a cardiac cycle for optimum images of 
coronary arteries, hence image data is acquired 
throughout the cardiac cycle. Standard mAs are 
500-550 mAs with 120kV with slice thickness of 
as low as 0.5mm.7 One of the main advantages 
of coronary CTA over catheter angiography is 
acquisition of multi planar reconstructed images, 
the quality of which is inversely proportional to 
the slice thickness, hence an ideal CTA has an 
increased negative predictive value.9 Around 
the year 2000, multi detector CT scans were 
introduced making coronary imaging free of 
motion artefacts. Standard radiation dose is 1.5-
5mSv,3 dependent on the patient habitus and CT 
protocols as well as the type of CT system used 
but with tailored protocols dose can be reduced 
to below 1.0mSv.

 Suboptimal non diagnostic indeterminate scan is 
acquired in overweight patients, those who cannot 
hold breath and with fast heart rate. Cardiac CT 
assessment encompasses a range of parameter’s as 
shown in Table-IV.
 We analysed the number and types of bypass 
grafts, their patency and the presence of stumps 
or stenosis, and status of native vessels. There was 
occlusion in 41% of bypass grafts, although the time 
of surgery varied among patients from one to 15 
years. Although there are many causes of venous 
bypass graft dysfunction. The two major causes 
of graft failure within the first year after surgery 
are intimal hyperplasia and thrombosis, with an 
occlusion rate of 10–15%. And after the first year, 
atherosclerosis mechanisms predominate. After 
five years, atherothrombotic occlusion of venous 
grafts accounts for a reduced patency rate. It has 
traditionally been estimated to range between 40% 
and 60% at 10-12 years.11

 Study show that evaluation of coronary bypass 
grafts by CTA is highly accurate in predicting 
the findings seen on ICA with a meta-analysis, 
of 16- and 64-slice CTAs quoting a sensitivity of 
98% and specificity of 97% for graft stenosis or 
occlusion.12

Table-IV: Cardiac CT review methodology.
Series Check for

 • Calcium score
 • Any other calcification
 • Pericardium, hiatus hernia, etc.
 • Pulmonary/pleural/hiatus abnormalities
Coronary artery analysis
Step 1: Coronal Aorta • Image quality: contrast, noise, step artefacts
 • Aorta and aortic root: size and any plague
Step 2: LVOT • Aortic root: measure if dilated
 • Left atrium size
Step 3: AV double oblique • AV morphology
 • Coronary origins
 • LA appendage for any thrombus
Step 4: Long & short axis views • Chamber size
 • Myocardial thickness if ED phase
 • Myocardial enhancement
 • Atrial and ventricular septum
 • LAD course
Step 5: Vessel walking • Go through LMS, LAD, Diagonals, CXA, Obtuse Marginals, 
  RCA, and PDA for general morphology, branching pattern 
  and plaque distribution
Step 6: Vessel Analysis • Use curved MPR on each vessel to analyse
 • Any plaques
 • Characterize the plaques
 • Evaluate the degree of stenosis

Result analysis and interpretation of CT Angio
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 CTA increases the detection of graftable LAD 
and thus favours CABG in patients which, 
otherwise, seem poor candidates on conventional 
angiography thereby increasing the survival of 
patients with coronary heart disease.13

 Invasive angiography is more sensitive than 
CT angiography but both have equal specificity 
for the detection of stenotic lesions in the distal 
segments of four main coronary arteries.14

Recommendations: Appropriate referrals, patient 
preparation and scan quality remain significant 
factors in running a CTCA service. An MDT 
approach would be a key to the delivery of a 
cardiac CT services. In addition, use of intravenous 
beta blockers needs to be encouraged for optimum 
image quality in a controlled, safe environment. 
It is also recommended to get calcium score and 
coronary CT angiography done in the same setting 
as the absence of calcium or low calcium does not 
exclude significant coronary stenosis.15

CONCLUSION

 Patient selection with tailored protocols are the 
mainstay for achieving ideal images required for 
accurate interpretation based on a standardized 
and systemic approach, utilizing various post pro-
cessing tools, in order to maintain the high diag-
nostic accuracy of this semi-invasive, safe imaging 
modality in patients suspected of coronary artery 
disease, coronary artery stent and graft patency.
Grant Support & Financial Disclosures: None.

REFERENCES
1. Budoff MJ, Dowe D, Jollis JG, Gitter M, Sutherland J, Halamert 

E, et al. Diagnostic performance of 64-multidetector row 
coronary computed tomographic angiography for evaluation 
of coronary artery stenosis in individuals without known 
coronary artery disease: results from the prospective 
multicenter ACCURACY (Assessment by Coronary Computed 
Tomographic Angiography of Individuals Undergoing 
Invasive Coronary Angiography) trial. J Am Coll Cardiol. 
2008;52(21):1724-1732. doi: 10.1016/j.jacc.2008.07.031

2. Raff GL, Abidov A, Achenbach S, Berman DS, Boxt LM, Budoff 
MJ, et al. SCCT guidelines for the interpretation and reporting 
of coronary computed tomographic angiography. J Cardiovasc 
Comput Tomogr. 2009;3(2):122-136. doi: 10.1016/j.jcct.2009.01.001

3. Parsons IT, Bannister C, Badelek J, Ingram M, Wood E, Horton 
A, et al. The HASTE Protocol: A standardised CT Coronary 
Angiography service operated from a District General 
Hospital. Open Heart. 2018;5(2):e000817. doi: 10.1136/
openhrt-2018-000817

4. Neves PO, Andrade J, Monção H. Coronary artery calcium 
score: current status. Radiol Bras. 2017;50(3):182-189. 
doi: 10.1590/0100-3984.2015.0235

5. SCOT-HEART investigators. CT coronary angiography in 
patients with suspected angina due to coronary heart disease 
(SCOT-HEART): An open-label, parallel-group, multicentre 
trial. Lancet. 2015;385(9985):2383-2391. doi: 10.1016/S0140-
6736(15)60291-4

6. Hecht HS, Cronin P, Blaha MJ, Budoff MJ, Kazerooni EA, Narula 
J, et al. 2016 SCCT/STR guidelines for coronary artery calcium 
scoring of noncontrast noncardiac chest CT scans: A report of 
the Society of Cardiovascular Computed Tomography and 
Society of Thoracic Radiology. J Cardiovasc Comput Tomogr. 
2017;11(1):74-84. doi: 10.1016/j.jcct.2016.11.003

7. Hoffmann U, Bamberg F, Chae CU, Nichols JH, Rogers 
IS, Seneviratne SK, et al. Coronary computed tomography 
angiography for early triage of patients with acute chest 
pain: the ROMICAT (Rule Out Myocardial Infarction using 
Computer Assisted Tomography) trial. J Am Coll Cardiol. 
2009;53(18):1642-1650. doi: 10.1016/j.jacc.2009.01.052

8. Patel MR, Peterson ED, Dai D, Brennan JM, Redberg RF, 
Anderson HV, et al. Low diagnostic yield of elective coronary 
angiography. N Engl J Med. 2010;362(10):886-895. doi: 10.1056/
NEJMoa0907272

9. Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma 
H, Gottlieb I, et al. Diagnostic performance of coronary 
angiography by 64-row CT. N Engl J Med. 2008;359(22):2324-
2336. doi: 10.1056/NEJMoa0806576

10. Crosland P. Chest pain of recent onset: assessment and 
diagnosis. Medicine 2016.

11. Donkol RH, Mahmoud ZS, Elrawy M. Evaluation of Coronary 
Artery Bypass by CT Coronary Angiography. Coronary 
Artery Bypass Graft Surgery: Intech Open. 2017. doi: 10.5772/
intechopen.70439

12. McKavanagh P, Yanagawa B, Zawadowski G, Cheema A. 
Management and prevention of saphenous vein graft failure: 
a review. Cardiol Ther. 2017;6(2):203-223. doi: 10.1007/s40119-
017-0094-6

13. Khan SS, Khan ZA, Ullah H, Noor L, Shah I, Khan MA, et al. 
Diagnostic accuracy of computed tomographic angiography for 
the detection of stenotic lesions of the distal segments of main 
coronary arteries. Pak Heart J. 2012;45(2):116-120.

14. Bhulani N, Khawaja A, Jafferani A, Baqir M, Ebrahimi R, Sajjad 
Z. Coronary calcium scoring: are the results comparable to 
computed tomography coronary angiography for screening 
coronary artery disease in a South Asian population? BMC Res 
Notes. 2013;6(1):279. doi: 10.1186/1756-0500-6-279

15. Rehan A, Abbas SQ, Riaz R, Akhtar RP. Determination of 
Positivity of Computed Tomographic Angiography in Poorly 
Visualized Left Anterior Descending Artery on Conventional 
Angiography. J Coll Physicians Surg Pak. 2018;28(10):739-743.

Authors’ Contribution:

TN: Conceived, data collection, manuscript writing 
& editing, review and final approval and integrity 
of the work. 
NU: Manuscript writing, editing of manuscript, 
references and accuracy. 
TA: Manuscript writing and editing of references.
FA: Data analysis, manuscript writing, editing of 
references and accuracy.


	_GoBack
	_Hlk518555613
	_Hlk518556496
	_Hlk518562249
	_Hlk504052285
	_GoBack
	_Hlk518747891
	_Hlk518745115
	_Hlk518747705
	_Hlk518744023
	_Hlk518746353
	_Hlk518746765
	_Hlk518715056
	_Hlk518747552
	_Hlk518747996
	_Hlk518747820
	_Hlk518744611
	_Hlk518749350
	_Hlk518748471
	_Hlk518747332
	_Hlk518744235
	_Hlk518730642
	pntd.0007493.ref042
	pntd.0007216.ref032
	_GoBack
	_ENREF_27
	_ENREF_33
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_32
	_ENREF_26
	_ENREF_44
	_ENREF_45
	_ENREF_31
	_ENREF_43
	_ENREF_71
	_ENREF_91
	_ENREF_77
	_ENREF_78
	_ENREF_89
	_ENREF_99
	_ENREF_65
	_ENREF_79
	_ENREF_54
	_ENREF_48
	_ENREF_84
	_ENREF_67
	_ENREF_70
	_ENREF_61
	_ENREF_98
	_ENREF_57
	_ENREF_63
	_ENREF_75
	_ENREF_100
	_ENREF_72
	_ENREF_51
	_ENREF_73
	_ENREF_103
	_ENREF_59
	_ENREF_97
	_ENREF_95
	_ENREF_104
	_ENREF_56
	_ENREF_82
	_ENREF_47
	_ENREF_80
	_ENREF_60
	_ENREF_68
	_ENREF_76
	_ENREF_101
	_ENREF_96
	_ENREF_102
	_ENREF_94
	_ENREF_83
	_ENREF_62
	_ENREF_64
	_ENREF_90
	_ENREF_93
	_ENREF_86
	_ENREF_52
	_ENREF_85
	_ENREF_55
	_ENREF_87
	_ENREF_74
	_ENREF_53
	_ENREF_66
	_ENREF_88
	_ENREF_81
	_ENREF_58
	_ENREF_92
	_ENREF_69
	_ENREF_50
	_ENREF_49
	_ENREF_29
	_ENREF_30
	_ENREF_37
	_ENREF_38
	_ENREF_36
	_ENREF_28
	_ENREF_35
	_GoBack
	_GoBack
	_Hlk19188091
	_Hlk17719428
	_GoBack
	_Hlk20300803
	_Hlk18485253
	_Hlk18501931
	_Hlk33010854
	_Hlk23559736
	_GoBack
	_bookmark0
	_bookmark1
	_bookmark2
	_bookmark3
	_bookmark4
	_bookmark5
	_bookmark6
	_bookmark7
	_bookmark8
	_bookmark9
	_bookmark10
	_GoBack
	pathological
	obstruction
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_7
	_ENREF_8
	_ENREF_10
	_ENREF_11
	_ENREF_44
	_ENREF_34
	_Hlk529099902
	_Hlk529099860
	_Hlk529953334
	_Hlk5721313
	_Hlk7529653
	_GoBack
	_Hlk7530394
	_Hlk24644062
	_Hlk33964845
	_Hlk18929185
	_Hlk33973462
	_Hlk33994937
	_Hlk6850615
	_Hlk6852370
	_Hlk18931827
	_Hlk19094201
	_GoBack
	_Hlk19229248
	_Hlk33974013
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_GoBack
	_GoBack
	_GoBack
	_Hlk536837298
	_Hlk530187961
	_Hlk534763562
	_Hlk522930573
	_Hlk32230040
	_GoBack
	_Hlk530341878
	_Hlk17373396
	_Hlk527488160
	_Hlk17373409
	_Hlk19809021
	_Hlk24911978
	_Hlk24641027
	_Hlk24675777
	_Hlk24674459
	_Hlk24733827
	_Hlk26727043
	_Hlk26128953
	_Hlk26129022
	_Hlk26133074
	_GoBack
	_GoBack
	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_Hlk23398134
	_30j0zll
	_1fob9te
	_GoBack
	_GoBack
	_Hlk514152878
	_Hlk518378787
	_GoBack
	_GoBack
	ZOTERO_BREF_En7JWrUSgsoK
	_GoBack
	_Hlk37453044
	_GoBack
	OLE_LINK15
	_GoBack
	bau1
	bau2
	bau3
	_GoBack
	_GoBack

