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INTRODUCTION 

• “Time is brain” 

• 1.9 million neurons die every minute of large artery occlusion  

 



3 C of AIS- Clot, Core, Collaterals 



UNDERSTANDING 
THE BASIC 
BIOLOGY OF THE 
COLLATERAL 
CIRCULATION  

 

  



 Embryonic formation of native collaterals 

(collaterogenesis)  

 

 Acute obstruction induces flow across the 

collateral network (recruitment), followed 

by remodeling  

 

 Chronic obstructive disease formation of 

additional collaterals in (neocollateral 

formation)  

 

 Loss of native collaterals (rarefaction) can 

be caused by aging and other risk factors.  

 

 

Faber et al  
A Brief Etymology of the Collateral Circulation  
Arterioscler Thromb Vasc Biol September 2014  

Collaterals - Lifecycle 



TYPES OF COLLATERALS 

Collateral Arteries/ Primary Collaterals  

• artery-to-artery anastomoses- similar 
locations among human and other 
mammalian species.  
• less anatomic lumen enlargement on a 

percentage basis (remodeling) in 
response to a chronic increase in shear 
stress in obstructive disease,  
• anterior and posterior communicating 

arteries/collaterals of the circle of Willis.  

Microvascular / Secondary Collaterals  

• arteriole-to-arteriole anastomoses that 
cross-connect a small fraction 
• significant tortuosity ,more remodeling 

of  5- to 10-fold in humans with 
occlusive disease 
• pial (leptomenigeal) collaterals of the 

brain  
 

Faber et al  
A Brief Etymology of the Collateral Circulation Arterioscler Thromb Vasc Biol September 2014  



PRIMARY 
COLLATERALS 
 

• Collateral arteries- The circle of Willis 

constitutes the main cerebral collateral 

network  

• Willisian Collaterals 

 

 

Bang et al Collateral Circulation in Ischemic Stroke 
Stroke November 2015  
  
 



SECONDARY COLLATERALS 

• Lepto-meningeal collaterals 

• Dural arteriolar anastomoses 

• Tectal plexus 

• Rete mirabilis caroticus 

• Main A-A collaterals 

 

 

 

 

Liebeskind  
Collateral Circulation Stroke September 2003  
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LEPTOMENINGEAL 
COLLATERALS -LMC 

• ACA-MCA 

• MCA-PCA 

• SCA-PICA 

 

Liebeskind  
Collateral Circulation Stroke September 2003  
  



WHY COLLATERAL 
IMAGING IS NECESSARY 

IN ACUTE ISCHEMIC 
STROKE ? 

This Photo by Unknown Author is licensed under CC BY 

https://www.tasnimnews.com/en/news/2016/09/28/1198429/artificial-blood-vessels-developed-in-lab-can-grow-with-recipient
https://creativecommons.org/licenses/by/3.0/




“TIME IS BRAIN” 

Saver. Stroke 2006;37:263-266. 

 

Estimated Pace of Neural Circuitry Loss In Typical Large-Vessel Supratentorial Acute Ischaemic Stroke 

Neurons Lost Synapses Lost Myelinated Fibres Lost Accelerated Aging 

Per Stroke 1.2 billion 8.3 trillion 7140 km 36 y 

Per Hour 120 million 830 billion 714 km 3.6 y 

Per Minute 1.9 million 14 billion 12 km 3.1 wk 

Per Second 32,000 230 million 200 m 8.7 h 

Minutes Hours Days 

Inflammation 

Peri-infarct 

depolarisations 

Excitotoxicity 

Im
p
ac

t 

Apoptosis 

Time 
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      There are no precise data on the percentage of patients at a given time 

point who still have a reasonable amount of penumbral tissue and vessel 

occlusion 

 

      It is reasonable to believe that: 

• At 60 min, about 90% 

• At 2 h about 80 % 

• At 3 h about 60% and  

• At 4.5 h about 40% of patients have penumbral tissue 

 

     Thereafter, one can only guess: 

• Maybe 30% at 9 h  

• And less than 20% beyond 12 h 

 

Penumbra- A Very Individual Feature 





THROMBOLYSIS: NNT TO ACHIEVE 
EXCELLENT RECOVERY (MRS 0-1) 

mRS, modified Rankin Scale 
NNT, number needed to treat to achieve one additional patient with mRS 0-1  
Lees et al. Lancet 2010;375:1695-1703. 

15 

3 – 4.5 h NNT=14 

90 min – 3 h NNT=9 

≤ 90 mins NNT=4 to 5 



CURRENT STATUS OF SPECIFIC 
TREATMENT FOR ACUTE ISCHEMIC 

STROKE 

• Yes 

• 1. Tissue plasminogen activator within 4.5 hrs. Alteplase/tenecteplase 

• 2. Endovascular treatment in selected pts. Within 6/8/12/24hours…… 

• 2. Aspirin within 48 hrs. 

• 3. Management in SCU 

• May Be  

• 1. Neuroprotection 

 



ALTEPLASE IN ACUTE 
ISCHEMIC STROKE 
 

Two decades passed since NINDS study 
 

Vishnu VY, MVP Srivastava. Innovations in Acute Stroke Reperfusion Strategies. AIAN 2019; 22:6-12.   



INTERVENTIONS PROVEN TO IMPROVE STROKE 
OUTCOMES 

• Management of patient in Stroke Unit. 

• Use of Aspirin within 48 hours of stroke onset. 

• Hemicraniectomy 

• IV thrombolysis within 4.5 hours of stroke onset 



TIME HAS COME! 

• MR CLEAN 

• ESCAPE 

• EXTEND-A 

• SWIFT-PRIME 

• REVASCAT 

• THRACE 

• THERAPY 

• DAWN 

• Endovascular equipoise no longer exists! 



• New Mantra: Time is Clot! 

 

• Outcome revolves around: Core and Collaterals 

 

• Cleaner and Faster identification of patients and expertise in recanalization ( faster and 

safer). 

MR. CLEAN 



http://stroke.ahajournals.org/content/43/1/280/F3.expansion.html 



WHY THIS SEA CHANGE? 

• Devices  with faster and more complete recanalization 

• Heightened awareness of importance of time; efficiency of stroke care pathways and 

workflow efficiencies 

• Neuroimaging criteria for selection of patients for intervention 

 



• What is happening in real world? 

• Most aggressive stroke centers across the world are routinely practicing bridging therapy.  

• This is the best approach in all centres acting as “hubs”for the Telestroke services.  

 



OVER A DECADE, ESPECIALLY IN THE PAST 3 YEARS, ACUTE 
STROKE DECISION-MAKING HAS BECOME COMPLEX AND 
INCREASINGLY INDIVIDUALIZED 

 First thrombolytic agent and time window defined across a population 

 Alteplase, 4.5 hours 

 Then endovascular device and time window defined across a population 

 Stent-retrievers/suction catheters, 6 hours 

 Finally, imaging selection criteria defined who would benefit for extended time windows out 

to 24 hours from stroke onset 

 CTA-CTP for endovascular therapy 

 MRI FLAIR-DWI mismatch for thrombolysis 



DIFFUSION-PERFUSION MISMATCH IN SUB-SIX 
HOUR STROKE 

25 

DWI- 3 days later DWI PWI- MTT 



UNKNOWN ONSET/LATE REVASCULARISATION 
>4.5 H BASED ON ADVANCED « MISMATCH – IMAGING » 

« Time is brain » « Little core & large penumbra is brain » 

CTP 

Michel Ann Neurol 2005 

behance.net 

http://www.unil.ch/central


THREE CLINICALLY USEFUL MISMATCH 
DEFINITIONS 

2) Core – clinical 

mismatch 
Small core 

High NIHSS 

1) Core – penumbra 

mismatch > 1.8 

Red: core 

Green: penumbra 

3) DWI – FLAIR 

mismatch  

FLAIR - DWI + 

http://www.unil.ch/central


Mismach DWI-FLAIR : 

 Mismatch DWI – FLAIR 

or  

Mismatch CTP or MR-PWI : 

 Mismatch ratio > 1.8 

OUR CRITERIA FOR LATE IV THROMBOLYSIS > 4.5 
HOURS 

http://www.unil.ch/central


AND IF I DO NOT HAVE MRI OR CT-PERFUSION 
FOR UNKNOWN ONSET/LATE REVASCULARISATION 
DECISIONS ? 

 

For example using a high ASPECTS 

score as evidence for « small core » 
 

Core – clinical 

mismatch 
Small core 

High NIHSS 

Nannoni AJNR 2021 

http://www.unil.ch/central


Mismach DWI-FLAIR : 

 Mismatch DWI – FLAIR 

or  

Mismatch CTP or MR-PWI : 

 Mismatch ratio > 1.8 

OUR CRITERIA FOR LATE IV THROMBOLYSIS > 4.5 
HOURS 

Mismatch ASPECTS-clinical :  

NIHSS  4-10  

    and CT-ASPECTS ≥ 8 

or  

NIHSS ≥ 10 

    and CT-ASPECTS ≥ 7 

Based on: Nannoni AJNR 2021; Nannoni Int J Stroke 2021 

http://www.unil.ch/central


EXPANDING THE THERAPEUTIC WINDOW 
FOR ACUTE ISCHEMIC STROKE:  WAKE-UP 

OR UNWITNESSED STROKE ONSET 

 ~10% of stroke patients arrive 

within 4.5 hours of symptom 

onset and can be treated with IV 

tPA 

 Up to 1/3 of stroke patients wake-

up with stroke symptoms or have 

unwitnessed onset 

 Historically, they are disqualified 

from acute treatments  

Unknown
Time of
Onset While
Awake

Symptoms
On
Awakening

J Stroke Cerebrovasc. Dis. 2011.  

Unclear Onset Strokes ~ 30% of all 

Strokes 



POSITIVE DWI, NEGATIVE FLAIR MAY IDENTIFY 
STROKES < 4.5 HOURS OLD 

90 min 125 min  130 min  282 min 

DWI 

FLAIR 

Thomalla et al. Ann Neurol. 2009. 



THROMBOLYSIS IN WAKE-UP 
STROKE 

 



 Acute stroke with “last known normal” time > 4.5 hrs (no upper time limit) 

 Met standard eligibility criteria for the use of alteplase 

 Had DWI-FLAIR mismatch (abnormal signal on DWI and no marked signal change on 

FLAIR in the region of the acute stroke).  

 Excluded:  

 Large strokes > 1/3 of MCA or NIHSS > 25 

 Planned thrombectomy  

 The primary endpoint was favorable outcome, defined as mRS = 0-1 at 90 days 

 Randomized to Alteplase vs. Placebo within 4.5 hrs of awakening or “symptom 
discovery” 

WAKE-UP Stroke Trial 

Thomalla et al. NEJM 2018. 



Shift in distribution of 

mRS scores of 90 day 

functional disability 

 

P = 0.003 

Thomalla et al. NEJM 2018. 

WAKE-UP STROKE TRIAL 

Primary Outcome 

Alteplase:  53.3% mRS 0-1 

Placebo: 41.8% mRS 0-1 

P=0.02  

NNT = 8  



THROMBOLYSIS IN WAKE-UP STROKE 
 

NNT 9 



IMPLICATIONS OF WAKE UP TRIAL 
 

•  ≈1 out of every 6 patients wakes up with stroke symptoms and has an unclear 
time of symptom onset 

• Landmark trial- Showed the utility of alteplase in imaging selected patients with 

extended window period 

• Maintained Screening log unlike many other BIG trials 

• Useful to estimate the additional % of patients -potentially eligible 

• 503 of 1362 screened (36.9%) patients were enrolled 

• Increase overall treatment rates with alteplase by ≈9% 

• In centers which administer alteplase to 20% of patients, this would increase 

treatment rates by 50%. For those that treat a lesser percent of patients, the 

relative increase will be even higher. 

Mackey J et al. Population-based study of wake-up strokes. Neurology. 2011;76:1662–1667 

Silver B et al. Stroke. 2018;49:00-00 



IMPLICATIONS OF WAKE UP TRIAL - 
CONCERNS 

 • Rate of a good clinical outcome in both the alteplase and placebo 

arms (53.3% and 41.8% with an mRS of 0 to 1 at 90 days) 

are less than what would be expected for those with lower severity 

strokes (median NIHSS 6) 

 

• Single Centre study – some may argue for a confirmatory trial 

 

• ≈20% of the patients in the study had an occlusion of a large intracranial artery and would 
have qualified for treatment with thrombectomy in DAWN/DEFUSE trial  

• No data are available for octogenarians and nonagenarians 

• Requirement of having an MRI for emergent brain imaging – 24X7 

• Is TNK better than Alteplase in >4.5 hrs with mismatch ?  

                  TWIST Trial 

Silver B et al. Stroke. 2018;49:00-00 



EXTENDING WINDOW PERIOD FOR THROMBOLYSIS 

 
Extending the time for thrombolysis (ECASS-4: ExTEND)  

Randomized double-blind placebo-controlled study  

Hypothesis:  AIS patients with significant penumbral mismatch at 4.5–9 h after onset of stroke 

or wake upstroke, will have better clinical outcome compared to placebo 

 

Primary outcome was day 90 categorical shift in MRS 

Planned sample size was 264 

Trial was stopped early after recruiting 120 patients due to slow recruitment and 

many patients were eligible for mechanical thrombectomy 

Results of this study were presented in ESO conference, 2018 

Failed to demonstrate efficacy and the primary endpoint was mRS shift  

                                 OR 1.23 (95% CI 0.66–2.32) 

Secondary outcome of mRS 0–1 was 35% vs. 28.6% 

                                   OR 1.38 (95% CI 0.63–3.01) 

Trial was underpowered and hence strong conclusions cannot be made out of these 

results. 



THROMBOLYSIS IN THE ERA OF TISSUE 
CLOCK 

 

Should we go to tissue clock irrespective of time 

in thrombolysis within 4.5 hrs also ? 

 

Should we thrombolyze a patient with poor 

ASPECTS and poor collaterals with window 

period < 4.5 hrs or infarct < 1 hr also ?  



TENECTEPLASE 
 

Vishnu VY, MVP Srivastava. Innovations in Acute Stroke Reperfusion Strategies. AIAN 2019; 22:6-12.   



  

Journal of Stroke 

2018;20(1):122-130 



 
 
 

Tenecteplase 
 

Vishnu VY, MVP Srivastava. Innovations in Acute Stroke Reperfusion Strategies. AIAN 2019; 22:6-12.   



COMPLETED TRIALS IN TNK 



TRIALS IN TNK 



RECANALIZATION WITH TENECTEPLASE VERSUS ALTEPLASE IN PATIENTS 
WITH BASELINE VESSEL OCCLUSION AT APPROXIMATELY 1 H POST-

TREATMENT (22% VS. 10% P.0.023, EXTEND-IA TNK) 
AND AT 24 H POST-TREATMENT (71% VS. 43%, P<0.001, POOLED ANALYSIS OF 

ATTEST AND AUSTRALIAN TNK TRIAL). 
 



DISTRIBUTION OF MODIFIED RANKIN SCALE SCORES AT 90 DAYS IN PATIENTS WITH BASELINE VESSEL 
OCCLUSION TREATED WITH (A) THROMBOLYSIS AND THROMBECTOMY IN EXTEND-IA TNK AND (B) 
THROMBOLYSIS ONLY IN POOLED ANALYSIS OF ATTEST AND AUSTRALIAN TNK TRIAL. 



ENDOVASCULAR THERAPY: GAME 
CHANGER  

Evans MRB, et al. Pract Neurol 2017;0:252–265. doi:10.1136/practneurol-2017-001685 



 Head CT     

Stroke Symptoms < 4.5 hrs from time Last Known Normal 

(LKN) 

Acute Ischemic Stroke 

Go to IV tPA protocol -   
Eligible for IV tPA? 

Give IV tPA 

Yes 
No 

Admit 

ACUTE ISCHEMIC STROKE 
DECISION-MAKING 

2008 



Stroke Symptoms < 24 hrs from time Last 

Known Normal (LKN) and Head CT without ICH     

Acute Ischemic 

Stroke 
Stroke 

Mimic 

Go to IV tPA protocol: 

LKN < 4.5 hr and 

eligible for IV tPA? 

Go to HyperAcute MRI 

Protocol; DWI c/w AIS? 

Mimic vs. 

AIS 

Give IV tPA 

Triage per 

Prelim. Dx 

No 

Ye

s 

No (and has not 

received tPA) 

Ye

s 

Ye

s 

Bridge to 

Endovascular 

Wake-up / 

Unwitnessed stroke 

> 4.5 hr from LKN, 

can get hMRI and be 

treated with IV tPA < 

4.5 hr from sx 

discovery?  

N

o 

Go to Wake-up / 

Unwitnessed 

Onset hMRI 

Stroke Protocol 

Perform RAPID / CTA.  Go to 

Endovascular Protocol: Is LVO present 

and eligible for thrombectomy?  

No 

Yes 

Thrombectomy 
Ye

s 

2021 

Acute ischemic stroke decision-making 



LATE TIME WINDOW:: ???  

• We were still stuck in time >>>> ? 6 hrs 



DON’T WE NEED TO LOOK AT TISSUE  

• Time 

• Recanalisation 

• Reperfusion  

• Tissue 

•Time 

•Recanalisation 

•Reperfusion  

•Tissue 



TISSUE VERSUS TIME  

• 2 big studies IA:   

 

• DAWN  

 

• DEFUSE 3 

 

• 2 big studies IV:   

 

• WAKE UP 

 

• EXTEND  



DWI/PWI.  CTP 

• Look for a mismatch 

• Look for tissue still potentially underperfused  

• Recanalisation will lead to better outcome  



DEFUSE- 3 TRIAL 



DAWN TRIAL 

• Infarct volume-DWI or CTP Assessment/Clinical 

Mismatch 

 

  



OTHERS 

• REVASCAT : Endovascular Revascularization With Solitaire Device Versus Best Medical Therapy in 

Anterior circulation Stroke Within 8 hours 

• ESCAPE: Endovascular Treatment for Small Core and Proximal Occlusion Ischemic Stroke: Recruited 

subjects upto 12 hours. 

• POSITIVE: Perfusion Imaging Selection of Ischemic Stroke Patients for Endovascular Therapy: Halted 

 

 



IMAGING CRITERIA: DAWN 

• Stratification by age and NIHSS: 

• Maximum infarct core cut off volumes measured by specific 

imaging software in an automated fashion: 

• > 80 years ( core upto 20 ml; < 80 years, NIHSS 10-19, core up 

to 30 ml; NIHSS >20, core up to 51 ml). 

 



DEFUSE-3: 

• Allowed a larger core volume up to 70 ml but required a mismatch measured by perfusion CT or MRI 

of > 1.8 ( ratio) and 15 ml ( penumbra volume), measured by a specific imaging software in an 

automated fashion.  

• Both require post processing soft ware.  

• Approx., number of patients who can get IVT: 25%  

• EVT < 6 hours: 10% 

• With DAWN & DEFUSE 3 criteria: 2.7% 



ESCAPE TRIAL 



ESCAPE 

• Criteria with CT and CT multiphase angiography and volumetry 

of CT angiography-based lesion core as a substitute for DWI. 



META-ANALYSIS : AURORA 

• Analysis of pooled data for 4 trials 

• Significant treatment benefit of endovascular therapy versus 

standard treatment increasing the odds for an improved outcome 

at day 90 by 2.77 ( 95% CI, 1.95-3.94) (NNT, 2.5). 

• Similar to HERMES Collaboration analysis for EVT < 6 hours. 

• Late Time Window  Paradox: Treatment effect was stronger 

from 12 – 24 hours vs 6-12 hours.  



EXTEND -IA 

 CT perfusion imaging, which was 

processed with the use of fully 

automated software (RAPID)  

 

 Ischemic core- relative cerebral 

blood flow (CBF) < 30% of that in 

normal tissue.  

 

 Ischemic penumbra -time to 

maximum (Tmax) delay > 6 

seconds.  

 
 
 
 
 



SWIFT Liebeskind et al Collaterals in SWIFT  
 



CAE 

CASE 1 

C A S E  2  

C A S E  3  

L A R G E  
I N F A R C

T  

S M A L L  
I N F A R C

T  

S M A L L E R  
I N F A R C T  



IMAGING IN COLLATERAL CIRCULATION 

• Collateral circulation- Characterized with angiography or described in terms of resultant 

perfusion or patterns of infarction  

• Imaging correlates of collaterals parallel the basic four Ps of stroke imaging—  

1. Pipes 

2. Perfusion 

3. Penumbra 

4. Parenchyma  

• Delay and dispersion - the most accurate measures of collateral function  

  -determinants of tissue outcome in the absence of revascularization  

 Bang et al Collateral Circulation in Ischemic Stroke 
Stroke November 2015  
 



DIAGNOSTIC 
TECHNIQUES FOR 
COLLATERAL 
ASSESSMENT  



ASSESSMENT 

 

ANATOMICAL 
 Computed tomography 

angiography (CTA)  
 Digital subtraction angiography 

(DSA)  
 Magnetic resonance angiography 

(MRA)  
 Transcranial doppler (TCD) 

ultrasound  
 
 

FUNCTIONAL 
 

 CT Perfusion  
 Positron emission tomography 

(PET) 
  Single-photon emission 

computed tomography 
(SPECT) 

 Magnetic resonance perfusion 
(MRP) 

 ASL 
 
 



CLINICAL 
SIGNIFICANCE OF 

COLLATERALS  



META- ANALYSIS  

• Two recent systematic reviews and meta-analyses investigated the effects 

of pretreatment collateral circulation  

clinical outcomes 

Imaging outcomes of patients  

• with stroke receiving endovascular treatment.  

 

Liu L, et al. Stroke and Vascular Neurology 2018;  
 



RESULTS: 27 STUDIES (2,366 SUBJECTS) WERE INCLUDED IN QUALITATIVE ANALYSIS, 
AMONG WHICH 24 STUDIES (2,239 SUBJECTS) WERE QUANTITATIVELY ANALYZED. 
 
GOOD PRE-TREATMENT COLLATERALS SIGNIFICANTLY INCREASED THE RATE OF BOTH 
SUCCESSFUL REPERFUSION (RR 1.28, 95% CI 1.17–1.40; P < 0.001) AND RECANALIZATION 
(RR 1.23, 95% CI 1.06–1.42; P = 0.006), AS COMPARED WITH POOR COLLATERALS.  
 
 

Leng et al Cerebrovasc Dis 2016;  
 

  



Leng X, et al. J Neurol Neurosurg Psychiatry 2015  
 



EVT AND COLLATERAL CIRCULATION IN AIS 

• Data from over 20 studies of >2000patients with stroke treated with IAT and/or MT, with or without 
prior IVT shows better pretreatment collateral circulation is associated with  

1. Higher rates of successful recanalisation  

2. Significantly lower risk of symptomatic intracranial haemorrhage within 7 days or before discharge  

3. Doubled chance of achieving a favourable functional outcome at 3 months  

4. Halved risk of death at 3 months  

• Inferences -compensates cerebral blood flow adjacent to the ischaemic area -> better access of the clot 
to intrinsic and extrinsic thrombolytic agents  

• possibly a back pressure that facilitates dislodgement of the clot  

• mitigate the ischaemia-reperfusion injuries.  

 

 

 

Liu L, et al. Stroke and Vascular Neurology 2018;  
 



AHA GUIDELINES 

Guidelines for the Early Management of Patients With Acute Ischemic Stroke: 2019 Update to the 2018 Guidelines for the Early 

Management of Acute Ischemic Stroke 



ALGORITHM FOR PATIENTS WITH AIS 

Silver B et al. Stroke. 2018;49:00-00 



• Time from symptom onset can no longer serve as the sole emergency 

treatment criterion for IVT /EVT. 

• The idiom “Time is brain” should NOT be abandoned! 

• Patients suspected to have a acute stroke syndrome must have pre-hospital, 

hospital, inter hospital and intra hospital pathways running ASAP. 



CONCLUSIONS 

• Change to physiological ( imaging-based) approach using various indirectly implied ( 

DWI/clinical mismatch, DWI/fluid attenuated inversion recovery mismatch, collateral 

status) 

• Direct ( perfusion imaging of core and tissue at risk) 

• Shown substrates of the ischemic penumbra concept is REAL 

• Speed to treatment is invaluable 

 



 

 

• “IMAGE GUIDED IVT/EVT FOR STROKE IS 

SHATTERING THE TIME WINDOW!:……… 
 

• Randolph Marshall 



CORE PRINCIPLES OF AIS MANAGEMENT 

• Waste no time assembling focused clinical stroke history and examination 

• Waste no time imaging the brain and blood vessels 

• Waste no time synthesizing clinical & radiological pictures 

• Waste no time diagnosing 

• Waste no time offering definitive fast treatment  



CONCLUSIONS 

• Identify disabling strokes 

• Image the brain & vessels ( quickly) 

• Identify target patients 

• Treat fast 

 

 



• “Everything comes at the Right Time, but if the 
Right Time is too late to be patient, go earlier 

before it becomes too late” – Michael Bassey 

Johnson 




