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ABSTRACT: 

Introduction: Cerebral DSA is the gold standard modality of imaging in diagnosis and 

management of cerebrovascular diseases.  

 

Objective: To study the utility of DSA   among the various cerebrovascular and Spino vascular 

diseases and  determine the  utility of DSA in patient management And study the complication 

related to DSA procedure. 

 

Material And Methods: - The study was conducted in the Department of Neurology sheri Kashmir 

institute of medical sciences (SKIMS) and department of Neurology Super Speciality Hoapital    

Shreen bagh GMC Srinagar   over a period of  3 years.  Total of 240 Neurological patients of 

possible vascular aetiology who had a definitive indication was taken for DSA in SKIMS/SSH 

GMC Srinagar. After a proper informed consent and written consent DSA where done by trained 

Neurointerventionist  

 

Results : - The mean age of patients in the  study was 46 years (6-90 ) and females constituted 40 

% in the study. Most of the DSA where done by short 5F Femoral Sheeth and about 30 cases DSA 

done by direct diagnostic catheter insertion over 0.35 Teurmo-wire after puncture without a short 

sheath. The mean age subjects were with mean age of 46 years (6-95 yrs). Out 240 cases of DSA 10 

cases where done by Radia access and rest through femoral route In the study number and 

percentage of patients undergoing DSA where IS 128 (53%), HS 30 (12.5%) , SAH 48 (20%) IIH3 
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(1.25%) incidental aneurysma 14 (5.8%) and  CVT 8 (3.3%) , spinal angiographies 9 (3.4%) and 

others 8 (3.3%).. Out of 128 ischemic stroke cases , one  case underwent, DSA followed by  

thrombectomy and rest 127  cases Ischemic strokes who finally underwent the DSA,   and proved 

symptomatic extra cranial internal carotid artery  atherosclerotic diseases  35 ( 27.30) %, 

symptomatic   total ICA  occlusion 30 ( 23.4%),  symptomatic intracranial atherosclerotic 

diseases  15 (11.7), arterial dissections were 20 (15.6%)  Common carotid artery diseases  were 3 

(2.3%)  non atherosclerotic arteriopathy 15 (11.7%) where  and 10 DSA where normal. After DSA 

in ischemic stroke group 101 patients (78.6%) of patients where  managed medically and only  27 

(21.4%) were managed with intervention. Both groups had a good out come Out of 30 cases Of 

ICH, DSA showed 9 patients AVM, 6 AVF, 4 aneurysms and 11 normal DSA and  Out of 48 cases 

of SAH 12 where having perimesyncephalic bleed and rest where 36 were aneurysmal SAH. All 

patients were managed according to indications.  Most of the non-neurological complications were 

puncture site hematoma (12.5%)  two  patients had  femoral  artery pseudo aneurysms  and 

where managed by local hand   compression . One patient reqired blood transfusion due to drop in 

hemoglobin & few  patients (6%) were  mild systemic complications  as nausea, vomiting, 

contrast dye allergy. Non of the patient had any TIA and stoke. We where lucky as one developed 

asymptomatic complete ICA  occlusion secondary  to ICA  dissection  and was successfully  

managed by emergency carotid stenting.  

 

Conclusion: DSA has good utility in management and prognosis of selected cases of neurological 

disorders with vascular etiology and the procedure is  safe under the hands of trained  people. 

 

Key Words:   Digital Subtraction Angiography, Ischemic stroke, Hemorrhagic Stroke, Sub 

Arachnoid Hemorrhage, Arteriovenous Malformation, Carotid Artery Stenting                                                         

 

INTRODUCTION 

Cerebral. Digital Subtraction Angiography (DSA)  is the Gold standard modality of imaging in 

diagnosis and management of Cerebrovascular diseases All the three phases blood flow  of  brain 

vessels  i,e arterial, capillary and venous  are seen on DSA   and is routinely used for adequate  

anatomical  assessment and  diseases of  extra cranial and intracranial arteries and veins.
1,2

  

Compared to conventional angiography, DSA had shown higher accuracy, superiority and quality.
3
 

Besides diagnosis, DSA has emerged important armentarium to carry out    therapeutic 

Neurointervention. DSA  is  not  used for  evaluating prognosis and despite growing evidence of 

its reliability and potential prognostic role 
4 

DSA is usually a safe technique and but  it can be 

occasionally associated with complications. Various non neurological complications of DSA   are 

nausea, vomiting, hypotension, anaphylaxis, groin hematoma, retroperitoneal hematoma pseudo 

aneurysms and neurological complications like transient and permanent neurological deficits   

secondary to thromboembolism and dissections of blood vessels 
3,5,6,7,8 

 

OBJECTIVE 

To study the utility of DSA among the various cerebrovascular and Spinovascular diseases and 

determine the utility of DSA in patient management and study the complication    related to DSA 

procedure. 

 

Inclusion criteria: 1. Age > 5 years 2. Hemorrhagic stroke 3. Ischemic stroke   4. Patient’s 

demonstration of understanding of study requirements, willingness to comply with all protocol 

required evaluations, provision of written informed consent before specific tests and procedures are 

performed.  
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Exclusion criteria: 1. Patients less than 5 years of age 2 . Patients who don’t consent 

 

TOOLS USED:  

DSA Machine with 3 Dimension Angiogram. With Hardware like various Diagnostic catheters, 

0.35, Curved  Guide  wire, contrast, heparin , xylocaine , 18 gauge  puncture needle  and 5 F 

femoral sheath  

 

Material and methods: After fulfilling selection criteria, informed consent was taken from the 

patient or his/her attendant for the study. All the patients were subjected to the following;1) Clinical 

history 2) General physical examination 3) Thorough neurological examination 4) Baseline 

investigations including: DSA is being done routinely in Sheri- Kashmir Institute of Medical 

Sciences (SKIMS) and Super-Specialty Hospital (SSH) GMC Srinagar. This prospective study 

entitled “Utility and safety of Digital Subtraction Angiography, in Management of Cerebral   

Vascular Diseases.” was conducted in the Department of Neurology SKIMS and Department of 

Neurology SSH   Shreen bagh GMC Srinagar over a period of 3 years. A Total of 240 neurological 

patients of possible vascular aetiology who had a definitive indication was taken for DSA suite in  

SKIMS/SSH GMC Srinagar. Patients who where planned for DSA where already admitted in the 

department of Neurology or where admitted one day before. Preprocedure preparation where started 

with the groin preparation and hardware collection for DSA and formal written consent.  After 

proper aseptic precaution and bilateral groin preparation a local out 10-15 ml xylocane was injected  

locally make the area pain free. Proper care was taken to the puncture site and most of punctures 

where done by single wall puncture.  Heparin was used as anticoagulation for the procedure with 

dose ranging from 40 IU -70 IU /kg of body weight. In ischemic stroke heparin dose was kept 

higher 4 -5 thousands IU and in haemorrhage or SAH cases heparin dose was kept low 2500-3000 

IU. Most of DSA where performed by 5F PICARD over 0.35  curved Turmo wire  and  very few 

times  need of  second diagnostic catheter  like SIM 2 catheter and 5F  JR was  used. Canulation 

of difficult or tortuous arteries where done in presence of roadmap or Smart Mask. Cannulation of 

difficult arteries is an art and requires a proper training and understanding pressure dynamics with 

distal wire position and proper torquing and forward pushing of the of wire and  diagnostic 

catheter. Four vessel or 6 vessel angiography with or without three Dimensional angiography was 

done depending upon the need. Contrast used in most of times was omnipaque and only few cases  

vesipaque was use  and  was diluted 50% with normal saline. Proper care was taken to avoid any 

possible complication and avoid air embolism according to latest standards. Post procedure sheath 

sheath was removed after 2 hrs and patient was kept immobile for 6hrs. Post procedure all the DSA 

where studied and patient where monitored for any complication for 24 hours. Spinal angiographies 

where done with 5F C2/ 5F RDC catheter with or without GA depending upon patient cooperation. 

Post procedure patients were managed according to indication as medical management or surgical 

management. All the patients were followed up up to 3 months and outcome was checked in MRS 

scale in cases  

 

RESULTS 

A total of 240 patients where subject to  DSA lab of SKIMS and Superspacality hospital GMC 

Srinagar under  a trained neurovascular interventionist. DSA is a safe procedure in expert hands 

and not takes more than 45 minutes in routine cases. During the procedure all the possible 

precautions are taken to prevent the complication. A Total of 240 neurological patients of possible 

vascular aetiology who had a definitive indication was taken for DSA  suite    in  SKIMS/SSH 

GMC Srinagar Females constituted 40% of the patients rest where males. Almost all the patients 

included in the study where native Kashmiries. The age distribution of the subjects is given in Table 

1 with age range from 6 yrs to 90 yrs. (Mean age = 46 years ) The various indications of patients for 
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DSA and their numbers and percentage are given in Table 2. 
Age (Years) Number Percentage 

<20 20 8.3% 

20-29 28 11.6% 

30-39 35 14.5% 

40-49 48 20% 

50-59 42 17.5% 

60-69 38 15.8% 

≥ 70 29 12.0% 

Total 240 100 

Table 1: - Showing Age in years in the patients Undergoing DSA 

DIAGNOSIS n Percentage 

ISCHEMIC STROKE 128 53.30% 

HEMORRHAGIC STROKES 30 12.5% 

SAH 48 20% 

IIH 3 1.25 

INCIDENTAL ANEURYSMAL 14 5.8 

CVT 8 3.3 

SPINAL ANGIOGRAPHIES 9 3.4 

OTHER 8 3.3 

TOTAL 240 100 

Table 2: Showing Various Indications for DSA among study patients 

Most of the DSA where done by short 5F Femoral Sheeth and about 30 cases  DSA done by direct 

diagnostic catheter insertion over 0.35 Teurmo-wire after puncture without a short sheath. The 

mean age subjects were with mean age of  46 years (6-95 yrs). Out 240 cases of DSA 10 cases 

where done by Radia access and rest through femoral route. Out of  240 cases  of DSA 31/240  

DSA where normal  (29 cerebral DSA and 2 spinal DSA) Out of 29 normal cerebral DSA  10 

where from ischemic stroke group, 7 from hemorrhagic stroke group and 12 from SAH group 

proved to be perimesyncephalic bleed and all where managed conservatively with best medical 

treatment 

Ischemic Stroke 
n %age 

Management Death/Dysability 

MRS>4  Medical  Endovascular  Surgical  

Symptomatic 

Extracranial 

Atherosclerotic  

ICA  Diseases  

35 27.30% 10 (33%) 

17 (45%) 8 (22%) 

2                       
 CAS  CEA 

Complete  

Occlusion  of ICA  
30 23.40% 29 1 MT 1 DC 1 

 Symptomatic  

ICAD 
15 11.70% 14 (94%) 1 0 2 

CCA DISEASES 3 2.30% 3 (100%) - - - 

NORMAL STUDY 10 7.80% 10 (100%) 0 0 - 

NON 

ATHESCLAROTIC  

ARTERIOPATHY 

15 11.70% 15(100) 0 0 1 

DISSECTION  

(ICA and VA) 20 15.60% 20 (100) 0 0 - 

 

TOTAL CASES 128 100% 101(78.9%) 19 8 10 

Table 3: Various Causes & Percentage of Ischemic Stroke Patients in Study and  their  

Management  and Outcome. 
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ICA= Internal Carotid Artery , ICAD =Intracranial Atherosclerotic  Diseases, CCA= Common  

Carotid Artery   VA= Vertebral Artery , CAS = Carotid Artery Stenting, CEA Carotid End 

artectomy, MT= Mechanical Thrombectomy, DC = Decompressive Craniotomy & MRS = 

Modified Rankling Scale. 

 

  In ischemic the group the DSA diagnosis and there mode of management and and outcome 

in the form of MRS is given in Table 3. One case of DSA was done in window period of acute 

ischemic stroke which was due to total ICA occlusion secondary Cardio embolic  source and  

thrombectomy was successful. Out of  rest 127  cases Ischemic strokes who finally underwent the 

DSA,  symptomatic extra cranial internal carotid artery  atherosclerotic diseases who requires 

carotid revascularization where  35 ( 27.30) %, symptomatic   total ICA  occlusion 30 ( 23.4%) 

(29 chronic ICA occlusions), symptomatic intracranial atherosclerotic diseases were 15 (11.7), 

arterial dissections were 20 (15.6%)  , common carotid artery CCA diseases  were 3 (2.3%)  non 

atherosclerotic arteriopathy 15 (11.7%) where  and 10 DSA where normal.  

 After DSA in ischemic stroke group 101 patients (78.6% ) of patients where  managed medically 

and only  27 (21.4%) were managed with intervention. Out 128 ischemic stroke patients   of 27 

ischemic stroke intervention group  17 patients  underwent carotid artery stenting  and one 

bilateral carotid stenting , one patient  was taken for intracranial  balloon angioplasty and 8 

patients carotid Endartectomy  CEA and one patient was taken for thrombectomy followed by 

decompressive craniotomy.  All patients of who underwent Carotid Artery Stenting and carotid 

Endartectomy where doing well without any further stroke or worsening MRS at 90 days. One 

patient of Mechanical thrombectomy died on day 8 and one patient intracranial angioplasty 

developed recurrent stroke and worsening MRS  at  3 months. Only  4 patients out 101 medically 

management group had worsened MRS, out of them 2 did not  agreed for carotid revascularization 

and where on best  medical therapy   and one was a case of moyamoya diseases with recurrent 

ischemic strokes not fit for ECA and MCA bypass and other was  having severe  left  MCA M1 

Stenosis who developed recurrent strokes  in left MCA territory and MRS deteriorated before 

Intracranial MCA angioplasty and stenting was planned.  

Out of 30 cases of total occlusion of ICA, 21 where due to atherosclerotic diseases and 8 where 

having ICA dissection ( distal cervical  and pertous  segment occlusion ) Both groups where 

having good collaterals like ACOM, PCOM, ECA and Pial collaterals  on DSA and blood pressure 

was kept on higher side to maintain the collaterals. No further deterioration in MRS was seen. Out 

of 15 cases of ischemic stroke secondary to non atherosclerotic  inflammatory arteriopathy  , 6 

where having moyamoya diseases, 5 pts had  severe  Supraclenoid    inflammatory ICA diseases  

with flow limitation  diseases and two MCA M1 non atherosclerotic diseases  and  4 where 

having fibromascular dysplasia. Out of 20 cases of   stroke secondary to dissection  5 patient had 

DSA documented distal cervical ICA dissection and 15 had either vertebral artery dissection. 

Suspicion of stroke in posterior circulation PICA territory secondary to dissection where always 

proved by DSA and was found to be better modality than convention angiography or MRI.  

 
HEMORRHAGIC 

STROKE 
n  

Percentage  

AVM 9 30% 

DURAL AVF 6 20% 

ANEURYSM 4 13.33% 

MOYAMOYA 4 13.33% 

NORMAL STUDY 7 23.33% 

TOTAl  30 100% 

Table 4: Showing Various Causes in number and percentage of Intracranial hemorrhage after DSA 
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Out of 30 cases of atypical hemorrhagic stroke who under went DSA  where the various etiologies 

are given in the Table  4 . Two out  of 9 AVM cases underwent embolizatiom, and 4 gamaknife  

and two did not agreed for treatment . Out dural  6  dural AVF  two where  having  anterior 

cranial fossa AVM ( ethamoidal dural AVF ) and where managed neurosurgically, 2 where 

managed with endovascular embolization and two lost to follow up. Out of 4 aneurysms causing 

atypical intracranial haemorrhage two where sent to clipping and two  coil embolization. Rest of 

the 11/30 where managed conservatively.Out of 48 cases of SAH 12 where having 

perimesyncephalic bleed and rest where 36 were aneurysmal SAH  and where taken for coiling or 

clipping depending. Out of 3 cases of  idiopathic intracranial hypertension (IIH) taken for DSA 

proved to be Dural  AVF with venous hypertension  and both require  endovascular management 

and one was managed medically and  one proved  to have severe transverse sinus Stenosis with 

significant pressure deficit. Out of 14 incidental aneurysms 6 where planned for  endovascular 

embolization and 8 with followed up depending upon the DSA features of risk of rupture of 

aneurysm. Of all cases of CVT who where taken for DSA had persistent headache and DSA showed 

slow venous drainage with chronic occlusion of one or both sides of the venous systems and where 

managed medically. Spinal angiographies where done and procedure was completed within 3 hrs    

under  general anasthesia. Out of 9 spinal DSA 7 came out to be spinal dural AVM and where 

planned either neurosurgically or endovascularly and two where normal. 

 

 

DSA complications  Number Percentage 

Reversible Neurological 

deficit  TIA 
0 0 

Permanent neurological 

deficit  (Stroke)  
0 0 

Puncture site hematoma 15 6.2 % 

Occlusion of access  0 0 

Pseudo Aneurysm 2 0.8% 

Contrast nephropathy  3 1.4% 

Allergic contrast reaction 3  1.4% 

Arterial dissection  1 0.5 % 

Nausea/vomiting  7 3.2% 

Retroperitonial Hematoma 0 0 

Need for one unit of BT 1 0.4% 

  Twist and  kink   in 

Picard Diagnostic catheter  
1 0.4% 

   

Table 5: Showing the number and percentage of complications of DSA among study patients 

 

Complication profile of patients undergoing DSA are given in table 5. During one DSA   

procedure done by trainee, patient developed asymptomatic total ICA occlusion secondary to 

dissection left  ICA due to contrast  injection in the wall of left ICA by diagnostic catheter and 

flow was maintained by the contra lateral ICA through ACOM  . Urgent antiplatelet followed by 

coronary stenting 4x 28 mm was placed in left  ICA   and artery was repaired  immediately and 

flow was maintained.. Non of the patient developed the   worsening of neurolological deficit  

either  TIA   or permanent stroke. Mild complications like puncture site hematoma and two cases 

of pseudoaneurysm which where managed my manual compression and one required need of of unit 

of blood transfusion. Few patients developrd dye related  nausea  and allergic reaction and was 

managed medically.  During one procedure the diagnostic lower 1/3 part shaft  picard    cathter 
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developed   partial knot  , kink and twist   because of clock and counter clock wise movements  

to hook  left  CCA  and  tortucity  of right   internal iliac artery and was managed by removing 

the  short femoral sheath first  and  followed by  then removing   kinked and twisted  portion of 

picard  through  the femoral puncture site and the cutting the picard in to two halves. 

 

DISCUSSION  

DSA is thought to be the safe and effective method of dealing the vascular diseases of brain and 

planning further medical, endovascular or open surgical management. Mean age of our study was 

46 yrs ( 6 yrs -90) and females constituted 40% in the study and was similar to the study conducted 

by Usman FS and et 
9 

and also age range was  comparable to the study. In our study , Ischemic 

stroke, hemorrhagic stroke and SAH patients constitutes the major groups ( 85.5%).  Bashir Q  in 

his paper  percentage of patient  taken for DSA  were subarachnoid hemorrhage accounting for 88 

cases (30.8%), followed by 76 cases of stroke (26.6%) and 66 instances of arteriosclerotic vascular 

disease (23.1%).
10    

For decades, the transfemoral access (TFA) at the groin was the preferrable 

vascular access site for the interventionalists
11 

 and we are also much comfortable with the 

transfemoral approach . Stone et al found that for Cerebral DSA , Transfemoral   artery acess  and 

transradial acess ups achieved their procedural goals with comparable efficacy (99% versus 97%), 

though patients strongly prefer the radial approach (64.8%; p<0.001). 
11

Similar findings were 

shown by made by Snelling et al and Khanna et al.
13,14

  

Of the the patient who were subjected to DSA, 12.9 % patients where having normal DSA and were 

managed conservatively and where discharged with assurance of no further cerebrovascular risk of 

similar diseases. All these patients had a very good prognosis.
15

 Out of 240 patients, our study 

showed 87.1 percent abnormalities of cerebral and spino- vascular  diseases in  DSA. Smoker W R 

and at all in a series of 93 patients had 76% were having abnormalities.
16

 and Usman FS et al 81.5 

% had cerebral vascular abnormalities on DSA.
9
  In addition to conventional imaging we did DSA 

in 128 ischemic stroke patients.and  Leeet all  CTA showed  positive predictive value of 91.1 % 

and negative predictive value  of 95.1 % compared with DSA and according to him DSA increases 

the diagnostic accuracy as compared to the conventional angiograms
17

 .  Shaban s et al   similarly 

described the benefits of DSA on conventional angiographies and dopplar studies in diagnosis , 

treatment and prognostication of ischemic stroke patients.
4 

DSA in ischemic stroke group group was done after more than one weak  to understand the 

mechanism of ischemic stroke , collaterals status, pseudo occlusion, flow dynamics, etiology   and 

different modes of treatment, and  any  possibility of revascularization. In our study   he common  

etiologist  in ischemic stroke group  where atherosclerotic intracranial and extracranial diseases , 

arterial dissection , non atherosclerotic arteriopathy.  The prevalence of extracranial internal carotid 

artery significant stenosis was highest among   large artery infarcts patients and lowest among  

lacunar infarcts patients (P < 0.05). 
18 

The study “ Evaluation of ischemic crebrovascular disease 

with digital subtraction angiography”  by Yin Z    found Among the 452 patients, intracranial 

artery disease (IAD) was seen in 159 (35.2%), extracranial artery disease (EAD) in 144 (31.8%) and 

coexisting intracranial and extracranial artery disease in 149 (33.0%).
19

 In our study we were 

became wiser in decision making between  medical management or  surgical or  endovascular 

management depending upon the DSA parameters. In ischemic stroke patients, being it arterial 

dissection, total occlusion ICA, non-atherosclerotic inflammatory arteriopathy or moyamoya 

diseases, or ICAD   all where managed conservatively and had a good prognosis. Similarly 

patients of ischemic stroke group who where taken for CAE or CAS all where doing good with 

better MRS . 

 DSA has been very informative in non-hypertensive paranchymal hemorrhages  and  

subarachenoid hemorrhage in our study Recently paper published by somitra halder et all  role of 

DSA in intracerebral vascular anomaly comparison with computed tomography 
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angiography/magnetic resonance angiography    showed only 19 out of 50    patients are nicely 

delineated by CTA by vascular architecture pattern but rest most of the patients remains 

undetermined.  They also showed that MRA depicts better than CTA and picked 3550 / patients to 

correctly delineate the vascular anatomical .
20 

Liang Xu  showed SAH patients with negative initial 

DSA findings had benign clinical courses and outcome.
21 

  Our study of SAH patients showed 12 

patients where Angiography negative SAH and had a  good prognosis and  rest were taken for 

coiling or clipping   

Increase age itself increase the complexity of the DSA procedure because of unfolding of Aorta and 

increased tortuosity of vessels with advanced age. Also prolonged time taken during the procedure 

is also a risk factor for the DSA.  Complications of the DSA procedure were neurological & 

non-neurological. Most of the non-neurological complications were puncture site hematoma (6.3%), 

two patients (0.4%) were femoral  artery pseudo aneurysms  and were managed by local hand   

compression . One patient reqired blood transfusion due to drop in hemoglobin & few were 

systemic as nausea, vomiting, contrast dye allergy. Non of the patient had any TIA and stoke. We 

where lucky as one developed asymptomatic complete ICA  occlusion secondary  to ICA  

dissection  and was successfully  managed by emergency carotid stenting .Our study on 

neurological complication were  similar to Burger et al 
5 

who  found (0.4%) low rate of 

complications among children. Qasim Bashir 
10

et al also reported low rate (0.3%) of complications. 

Similar complications following DSA also noted by Jie Shen et al 
8
. Higher incidences of non 

neuolgical and neurological complication of DSA where reported by  Yoon-Hee Choo et al
22

.and 

abjeet and etal   in their studies 
3
.  Older studies report local complications with rates as high as 

4% 
23

, whereas recent studies, reported no cases of local infection and groin haematoma in only 

1.55% of participants. 
8 

It is estimated that DSA carries a rate of transient neurological 

complications of 1.3–2.6%. 
24 

Perhaps one of the most concerning complications is the production 

of catheter-associated emboli, which can induce cerebral ischemia and neurological adverse 

effects.
25 

This rate stands at 0.1–0.5% for permanent complications, and lower still in some studies 
8
. The rate of neurological adverse effects varies and is a consequence of both patient- and 

operator-dependent factors 
8 

 

CONCLUSION 

DSA has  good utility in management and prognosis selected cases of neurological disorders 

vascular etiology and the procedure is  safe under the hands of trained  people. 
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