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ABSTRACT 

Background- Digital subtraction angiogram is the gold standard test to evaluate vascular disorders of brain. It helps in diagnosis and to plan 
appropriate treatment. As it is an invasive technique, it carries a potential risk of complications. 
Materials and methods- Retrospective analysis of 125 cases of non-hypertensive hemorrhagic stroke was done, comparing 
pre-procedural and post-procedural clinical status after DSA using a C- arm over a period of 2 years from 01/03/2021 to 
28/02/2023. 
Results-Inaseriesof125patients of non-hypertensive hemorrhagic stroke, subarachnoid hemorrhage (SAH) is the most 
common vascular disorder associated with intracranial aneurysm. Local complications which is more common, can be 

avoided with proper patient preparation and post-procedural management. 
Conclusion- DSA is a gold standard method for detecting intracranial vascular lesions. With proper postoperative care and pre-
operative preparation,this procedure can be done safely and complications can be avoided. 
Keywords: Digital subtraction angiogram, vascular disorder, non-hypertensive stroke, C-arm,subarachnoid hemorrhage, 
complications, gold standard. 
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution‑Non 
Commercial‑Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non‑commercially, as 
long as appropriate credit is given and the new creations are licensed under the identical terms. 

 

INTRODUCTION 
Spontaneous, non-hypertensive intracerebral 

haemorrhage accounts from 25% to 50% of all acute 

stroke cases, depending on the population.[1] They can 

have disastrous effect and accounts for large 

proportion of morbidity and mortality among stroke 

patients. Annual incidence of stroke in India is 44.29 

to 559/100000 persons in different parts of the 

country.[2]and thirty days case fatality rate is 

41.08%.[3] Delay in treatment increases the mortality 

rate. There are many aetiologies for non-hypertensive 

haemorrhagic stroke like spontaneous rupture of 

intracranial aneurysm, AVM, intraparenchymal 
haemorrhage from tumour, cerebral venous sinus 

thrombosis, cerebral amyloid angiopathy, 

arteriovenous fistulas, coagulopathy etc.In young 

patients or those without identifiable risk factors, 

AVM are most common cause so, vascular imaging, 

such as conventional angiography or multidetector CT 

angiography, should be pursued to exclude the 

possibility of occult vascular abnormality.[4] 

Digital subtraction angiogram (DSA) is one of the 
best methods to detect vascular lesions and plan 

operative management on basis of morphology and 

location of the lesions. Appropriate diagnosis on time 

and timely intervention has prognostic value in non-

hypertensive haemorrhagic stroke. Advancement of 

CT angiogram (CTA) and MR angiogram (MRA), 

although increased their accuracy but they cannot 

replace DSA which is the gold standard procedure for 

detecting cerebrovascular disease.[5]It has lower false 

negative finding than MRA and CTA angiogram.A 

sound understanding of the principles and appropriate 

periprocedural care are essential.Basic knowledge on 
how to interpret these images and principles on how 

to perform a catheter angiogram is important to avoid 

complications. 

 

OBJECTIVES 

 To determine the nature of vascular disorder in 

cases of non-hypertensive haemorrhagic stroke 

on the basis of DSA finding. 
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 To determine the complications of intra-arterial 

digital subtraction angiography. 

 

Inclusion criteria 

 Patients with history and clinical findings 
suggestive of vascular disorders of brain. 

 Patient with non-hypertensive spontaneous 

intracranial bleed referred from other 

departments of hospital. 

 

Exclusion criteria 

 Ischaemic stroke. 

 Hypertensive bleed. 

 Patients with history of renal insufficiency, 

cardiac disorders, hepatic failure etc. 

 Patients with poor GCS <7 were not included. 

 Any history of a severe anaphylactic reaction to 

the contrast medium. 

 Coagulopathy with an increased risk of delayed 

haemostasis. 

 Patient who has not given consent. 

 

 

 

MATERIALS AND METHODS 

We selected 125 cases of non-hypertensive 

hemorrhagic stroke who underwent DSA in our 

department. The pre-procedural neurological 

examination was compared to the post-procedural 
neurological examination and any differences noted. 

The time taken for the procedure, the intraoperative 

and post-operative complications were also noted. 

Post DSA diagnosis was recorded. Sedation used 

during the procedures isDexmedetomidine (loading 

dose 1µg/kg body weight over 10min then 0.5 µg /kg 

body weight to continue), side effects include 

hypotension, bradycardia. Contrast used is Iohexol, a 

low-osmolality, non-ionic contrast agent (NIOSCAN, 

300 mg I/mL).C-arm with flat panel detector was used 

and 30-degree PA view, 30-degree oblique and lateral 

view angiograms were taken. 

 

RESULT 
In our study, in the age group less than 20 years, only 

2(1.6%) patients; 20 to 40 years, 24 (19.2%) patients; 

41 to 60 years, 73 (58.4%); and above 60 years, 26 

(20.8%) patients were found respectively. (TABLE 1 

& FIGURE 1) 

Table 1: Showing age wise distribution of patients. 

Age groups Number of patients Percentage 

<20 2 1.6% 

20-40 24 19.2% 

41-60 73 58.4% 

>60 26 20.8% 

TOTAL 125 100% 

 

 
 

Females outnumbered males in our study, with 68(54.4%) female and 57(45.6%) male patients. (TABLE 2 & 

FIGURE 2) 

Table 2: showing realtionship of male and female associated with vascular lesions 

Sex Number Percentage 

Male 57 45.6% 

Female 68 54.4% 

Total 125 100% 
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There were 100 cases of subarachnoid hemorrhage (SAH). In the age group less than 20, no cases of SAH were 

found;in age group of 20 to 40 years, 23 cases; 41 to 60 years 55 cases and above 60 years, 22 cases were found.  

(TABLE 3 & FIGURE 3) 

Table 3:  showing number of sah patients with male and female distribution. 

SPONTANEOUS SAH (100) TOTAL% 

SEX/AGE <20 20-40 41-60 >60  

MALE 0 11 23 11 45 

FEMALE 0 12 32 11 55 

 

 
 

In this study, ACOM aneurysm was diagnosed in 32 

cases (25.6%), out of which 17(13.6%) were females 

and 15(12%)were males. DACA aneurysm was found 

in 3 (2.4%) patients, 1 (0.8%) female and 2(1.6%) 

males. There were 17(13.6%) cases of PCOM 

aneurysm, out of which 9(7.2%) were females and 

8(6.4%) males.2(1.6%) cases of P2 segment 

aneurysmwere found, both male and female 1(0.8%) 

each. MCA aneurysm in 17(13.6%) patients,10(8%) 

females and7(5.6%) males.ICA bifurcation aneurysm 

in 7(5.6%) cases out of which 4(3.2%) werefemales 

and3(2.4%)were males. PICA aneurysm was detected 

in 1(0.8%)male patient. MOYA-MOYA disease was 

found in 3(2.4%) cases out of which, 2(1.6%) were 

 

FIGURE 2: RELATIONSHIP OF MALE AND FEMALE 

ASSOCIATED WITH VASCULAR LESIONS 
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FIGURE 3: AGE WISE MALE & FEMALE DISTRIBUTION OF SUB-

ARACHNOID HAEMORHAGE 
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females and 1(0.8%) male. Intracranial AVM, 

13(10.4%) cases, of which 3(2.4%) females and 

10(8%) males. Carotid cavernous fistula in 1(0.80%) 

female patient. The Cases where no obvious 

abnormalitywasdetectedwere included in others 

29(23.20%) cases, among which 21(16.8%) were 

females and 8(6.4%) males. (TABLE 4, FIGURE 4 

&FIGURE 5) 

 

TABLE 4: SHOWING DIFFERENT TYPE OF VASCULAR LESIONS DETECTED AFTER DSA 

DIAGNOSIS TOTAL PERCENTAGE FEMALE % MALE % 

ACOM ANEURYSM 32 25.6 17 13.6 15 12 

DACA ANEURYSM 03 2.4 01 0.8 02 1.6 

PCOM ANEURYSM 17 13.6 09 7.2 08 6.4 

P2 SEGMENT ANEURYSM 02 1.6 01 0.8 01 0.8 

MCA ANEURYSM 17 13.6 10 8 7 5.6 

ICA BIFURCATION ANEURYSM 07 5.6 04 3.2 03 2.4 

PICA ANEURYSM 01 0.8 00 0 01 0.8 

MOYA-MOYA DISEASE 03 2.4 02 1.6 01 0.8 

INTRACRANIAL AVM 13 10.4 03 2.4 10 8 

CAROTID CAVERNOUS 

FISTULA 
01 0.80 00 0 01 0.8 

OTHERS 29 23.20 21 16.8 8 6.4 

 

 
 

 

 

FIGURE 4: SHOWING PERCENTAGE OF DIFFERENT TYPES OF 

VASCULAR LESIONS 
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FIGURE 5: SHOWING GENDER WISE DISTRIBUTION OF 

DIFFERENT TYPES OF VASCULAR LESIONS 
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It was observed that out of 66 patients who had pre-DSA GCS 13-15,64 patients had maintained their GCS of 

13-15 at the end of 6 hours and only 2 had fall in their GCS. Out of the 59 patients who had pre-DSA GCS 7-12, 

52 patients had GCS between 7-12 and 7 patients had further fall in GCSat the end of 6 hours. (TABLE 5, 

FIGURE 6, TABLE 6 & FIGURE 7)) 

 

TABLE: 5 SHOWING FALL IN GCS AFTER DSA OF PATIENT HAVING PRE DSA GCS-OF 15-13 

PRE DSA 

GCS-OF  15-

13 

AT 0 

HOUR 

GCS OF 

15-13 

FALL IN 

GCS AT 0 

HOUR 

AT 1 

HOUR      

GCS OF 15-

13 

FALL IN 

GCS AT 1 

HOUR 

AT 6 

HOURS 

GCS OF 15-

13 

FALL IN 

GCS AT 6 

HOUR 

66 53 13 57 09 64 02 

 

 
 

TABLE 6: SHOWING FALL IN GCS AFTER DSA OF PATIENT HAVING PRE DSA GCS-OF 12-7 

PRE DSA 

GCS-OF  

12-7 

AT 0 

HOUR 

GCS OF 

12-7 

FALL IN 

GCS AT 0 

HOUR 

AT 1 

HOUR      

GCS OF 12-

7 

FALL IN 

GCS AT 

1 HOUR 

AT 6 

HOURS 

GCS OF 12-

7 

FALL IN 

GCS AT 6 

HOUR 

59 38 21 52 07 52 07 

 

 
 
The local complications observed following DSA were pain at injection site(8cases), hematoma at puncture site 

(4 cases) and diminished distal pulsation (2 cases). (TABLE 7) 

 

 

FIGURE 6: SHOWING FALL IN GCS AFTER DSA OF PATIENT HAVING 

PRE DSA GCS-OF 15-13 
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FIGURE 7: SHOWING FALL IN GCS AFTER DSA IN PATIENTS 

WITH PRE DSA GCS-12-7 
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TABLE 7: SHOWING COMPLICATIONS OF DSA 

COMPLICATIONS AFTER DSA  

LOCAL 

 PAIN AT INJECTION SITE 08 

 HEMATOMA AT PUNCTURE SITE 04 

 DIMINISHED DISTAL PULSATION 02 

 INFECTION 00 

 

SYSTEMIC 

 

 CONTRAST RELATED ALLERGY 00 

 CHEST PAIN 00 

 NAUSEA AND VOMITING 07 

 SHORTNESS OF BREATH 01 

 PULMONARY EDEMA 00 

 DRY THROAT 09 

NEUROLOGICAL 

 INFARCT 02 

 REBLEEDING 02 

 SEIZURE 03 

 DIZZY, FAINT, LIGHT-HEADED 14 

 HEADACHE 06 

 SYNCOPE 00 

 TRANSIENT VISION LOSS 00 

 DETERIORATION OF PREVIOUS NEUROLOGICAL STATUS/ 

FALL IN PRE DSA GCS 
09 

 HEMIPARESIS/APHASIA 02 

 
The common systemic complications observed after DSA were nausea and vomiting (7 cases) and 1 patient 

developed shortness of breath. (TABLE 7)Common neurological complications observed were dizziness, light 

headedness and faintness which was seen in 14 cases, followed by deterioration of neurological status and fall in 

pre-DSA GCS in 9 cases, headache in 6 cases, seizure in 3 cases and infarct and rebleeding in 2 cases each. 

(TABLE 7)It is observed in the present study that in the majority of cases (56.8%) all the local, systemic and 

neurological complications which developed after DSA; occurred between 30-60 minutes following the 

procedure. (TABLE 8) 

TABLE8: SHOWING TIME TAKEN FOR DSA PROCEDURE AND COMPLICATIONS 

 

 

 
 

 

 

 

 

 

DISCUSSION 
In our study, 125 patients were analyzed who 

underwent DSA over a period of 2 years from 

01/03/2021 to 28/02/2023. 

Patients were divided into 4 age groups, vascular 
lesions were less below 20 years of age(only2 cases of 

AVM), maximum cases were between 40 to 60 years 

followed by age groups > 60 years. (TABLE1) which 

is comparable with study done by Dakreet et al. [6]In 

our study, number of female patientswere more than 

males, with 54.4% females and 45.6% males 

(TABLE2). In study by Shahzad et al,[7] male were 

more than females.In our study, 32 (25.6%) cases of 

ACOM aneurysm were diagnosed out of which 13.6% 

were females and 12% males. 17 (13.6 %) cases of 

PCOM aneurysm with 7.2% females and 6.4% males. 

17 (13.6%) cases of MCA aneurysms with 8% 

females and 5.6% males. 7 (5.6%) cases of ICA 

bifurcation aneurysm with 3.2% females and 2.4% 

males. DACA aneurysm, 3 cases (2.4%); P2 segment 

of PCA aneurysm, 2 cases (1.6%); PICA aneurysm, 1 

case (0.8%), Moya-Moya disease, 3 cases (2.4%); 
Intracranial AVM 13 (10.4%) cases with 2.4% female 

and 8% male, carotico-cavernous fistula 1 case 

(0.8%). 29 cases (23.2%) cases where no abnormality 

was detected after DSA. In our study,aneurysms are 

more common in anterior circulation than posterior 

circulation. This is comparable with studydone by 

Prestigiacomo.[8] In our study, ACOM aneurysms 

were more common than PCOM aneurysms which is 

consistent with the study done by Shahzadet al[7]. In 

our study,intracranial aneurysm was found to be 

commoner in females than males. Similar results were 

obtained in study by Yuankuletet al. [9]The prevalence 

TIME 

TAKEN 

(MINUTE) 

NUMBE

R OF 

CASES 

COMPLICATIONS 

LOCAL SYSTEMIC NEUROLOGICAL 

NO. % NO % NO   
TOTAL 

(%) 

<30 40 5 4% 3 2.4% 2   1.6% 

30-60 71 14 11.2% 11 8.8% 10  8 % 

>60 14 3 2.4% 8 6.4% 7  5.6% 
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of aneurysm becomeshigher in female as their age 

increases. The increase in female prevalence of 

cerebral aneurysms and SAH peaks between 50 and 

59 years of age, in correlation with the fall in estrogen 

levels.[10]In our study,AVM’s are more common in 
males and in younger age group. This is comparable 

with study of P. Oroszet al. [11]and Stapf C et al. [4]In 

our study, Subarachnoid haemorrhage is the most 

common clinical presentation of non-hypertensive 

vascular lesions. Prevalence of male is 45% and 

female is 55%. The most common age group is 41-60 

years of age. This is consistent with the study done by 

Lee HS et al. [12]On the basis of pre-DSA GCS, 

patients were divided into two groups, first those 

having GCS between 15-13 (group1) and others 

having GCS between 12-7(group2). In group 1, 

(TABLE 5), 13 patients had fall in GCS after 
procedure at zero hour.  4 patients regained their 

initial GCS at 1 hour and 7 patients regained their 

initial GCS at 6 hours. Overall, 2 patients did not 

regain their initial GCS. These 2 patients were of 

subarachnoid haemorrhage, 1 patient hadrebleeding 

and 1 had seizure.In group 2 (TABLE 6), out of 59 

patients, 21 had fall in GCS at zero hour. Out of which 

14 patients regained their initial GCS and 7 patients 

could not regain their GCS even at 6 hours. Out of 7 

patients, 5 were of subarachnoid haemorrhage and 1 

lobar bleed and 1 intraventricular haemorrhage. 2 
patients had global infarct, 1 had rebleeding, 2 had 

seizure and in 2 patients, no cause could be identified. 

Fall in GCS at zero hours may be attributed to 

oversedation which subsequently improved on post-

procedural care. The 2 patients who had global infarct 

may be due to thrombus emboli and in these 

patients,the duration of procedure was more than 60 

mins. Rebleeding has been observed to occur after 6 

hours of DSA, so it may not be DSA induced.In our 

study (TABLE 8), average time taken for DSA was 

less than 30 minutes for 40 patients, 30 to 60 minutes 

for 71 patients and more than 60 minutes for 14 
patients. It has been observed thatthe percentage of 

complications were more in patients with longer 

duration of DSA procedures. It is as comparable to 

study by Ho Hyun Nam et al. [11]Complications 

afterDSAwere categorized as local, systemic and 

neurological. Non neurological complication is 

defined as any complication occurring either locally at 

the puncture site or systemically. A neurologic 

complication is defined as any new neurological sign 

or symptom or worsening of a pre-existing 

neurological deficit. Local complications were noted 
in 14 patients and this is irrespective of time taken for 

the procedures whereas systemic complications were 

seen in 17 cases and neurological complications were 

noted in 19 cases.The count of neurological 

complications is more as some patients had more than 

one neurological complication (TABLE7). Most of the 

complications were reversible yet some irreversible 

complications were also noted.2 patientshad fall in 

GCS in group 1 (patient having pre-DSA GCS of 15-

13) and 7 patients hadfall in GCS in group 2 (patient 

having pre-DSA GCS of 12-7). Overall, 9 out of 125 

patients has fall in pre-DSA GCS and deterioration of 

previous neurological status. 2 cases had global 

infarct, among them one had generalized tonic-clonic 
seizure and another one developed post procedure 

hemiparesis and aphasia. The systemic and 

neurological complications are correlating with the 

time taken for the procedure. i.e., more time taken for 

the procedure, more systemic and neurological 

complications were observed. 

 

CONCLUSION 

Females suffered more from vascular lesions than 

male in our study. AVM’saremore common in young 

males. 

Subarachnoid hemorrhage is the most common 
presentation of vascular lesions. Aneurysm was more 

common in anterior circulation of which ACOM 

aneurysm is the most common, followed by PCOM 

aneurysm.Fall in GCS after the procedures were 

mostly encountered in those patients in whom the 

procedures took more time. Also,the local, systemic 

and neurological complications were more common in 

procedures taking longer durations. So, it can be 

concluded that DSA is a safe procedure in expert 

hands, however few complications may still be 

encountered. Thus, DSA is still a gold standard 
procedure for detection of intracranial vascular lesions 

with minimal complications,although it is an invasive 

procedure. 

 

LIST OF ABBREVIATIONS 

1. AVM – Arteriovenous malformations 

2. CT- Computed tomography 

3. DSA – Digital subtraction angiography 

4. CTA – Computed Tomography Angiography 

5. MRA – Magnetic resonance angiography 

6. GCS – The Glasgow Coma Scale 

7. SAH – Subarachnoid hemorrhage 
8. ACOM – Anterior communicating artery 

aneurysm 

9. DACA – Distal anterior cerebral artery 

10. PCOM – Poterior communicating artery 

11. MCA – Middle cerebral artery 

12. ICA – Internal carotid artery 

13. PCA – Posterior cerebral artery 

14. PICA – Posterior inferior cerebellar artery 
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