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A B S T R A C T

Objective: Describe the incidence of contrast-induced acute renal injury (CI-AKI) and the changes in hemato-
crit in a cohort of patients undergoing elective cerebral digital subtraction angiography (DSA).
Methods: In this prospective study, patients undergoing cerebral DSA were assessed for hematocrit level and
CI-AKI risk factors before the procedure and for developing CI-AKI 72 h after exposure to the contrast media.
Results: Among 215 patients (109 men, mean age 36.6 years). The most frequently found CI-AKI risk factor
was hypertension. There were no cases of permanent renal impairment after 14 days. Significant changes
were observed in hematocrit (45.7 § 4.9, vs. 44.5 § 4.6, p = 0.001), estimated creatinine clearance
(129.7 § 48.3, vs. 123.1 § 40.5, p = 0.002), and serum creatinine (0.72 § 0.19, vs 0.74 § 0.18, p = 0.031). The
mean change in serum creatinine 72 h after contrast administration was +0.27 § 0.10 mg/dL (p < 0.05).
Conclusions: The incidence of CI-AKI after elective cerebral DSA was 1.4%. A significant decrease in hematocrit
was observed up to 72 h after the procedure.
© 2023 The Authors. Published by Elsevier Masson SAS on behalf of Société française de radiologie. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Cerebrovascular disease is increasingly managed with endo-
vascular techniques, and the growing number of patients has
highlighted the importance of previously neglected situations [1].
One such issue is the need to perform cerebral digital subtraction
angiography (cerebral DSA) as a follow-up study. Although the
incidence of complications in patients undergoing elective cere-
bral DSA is very low, risks such as cerebral thromboembolism,
Contrast-induced acute kidney injury (CI-AKI), allergic reactions,
and scarring of the groin occur in about 0.34−1.3% of the patients,
and, the risk accumulates with repeating studies [2]. In addition
to cerebral DSA, other imaging modalities may share some of the
risks mentioned above, especially the risk for CI-AKI. Depending
on the series consulted, the definition used, and the population
studied, the reported incidence of CI-AKI ranges from 2% in acute
stroke patients [3] to 22.8% in neurosurgical patients [4]. In addi-
tion to the risk of CI-AKI, contrast administration has been related
to both hemodynamic and rheological effects [5], such as osmotic
shrinkage of red blood cells leading to an osmolality-dependent
decrease in hematocrit both in normal and sickle cell blood
donors [6]. Data from animal models shows that exposure to
hyperosmotic contrast medium induces in addition to cell shrink-
age, a decrease in the water permeability of the cellular plasma
membranes, thus compromising the ability to regulate cellular
volume ultimately resulting in hemolysis [7]. In human blood
cells, added to cell shrinking, cellular swelling is also present.
Still, the high osmolality of contrast media does not explain the
degree of shrinkage and subsequent swelling. It has been theo-
rized that physicochemical properties of the contrast media must
be involved [8].

Hitherto, low hematocrit has been recognized as a risk factor for
the development of CI-AKI, but the incidence of low hematocrit after
contrast administration has not been reported previously [9].

Thus, this prospective study aimed to describe the incidence of
CI-AKI and the changes observed in the hematocrit of a cohort of
patients undergoing elective cerebral DSA.
2. Materials and methods

2.1. Ethics statement

The institutional review board of the Instituto Nacional de
Neurología y Neurocirugía “MVS,” Mexico City, Mexico, approved the
protocol and informed consent form. All patients provided signed
informed consent before participating.
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Table 1
Basal characteristics and indications for cerebral angiography in 215
patients undergoing cerebral digital substraction angiography.

Female, n (%) 106 (49.3)

Age (years) 36.61 § 15.4
Diabetes mellitus, n (%) 6 (2.8)
Hypertension, n (%) 27 (12.6)
Cardiac failure, n (%) 0 (0)
Medication use, n (%)
Antihypertensives
Telmisartan
Captopril
Amlodipine
Metoprolol
Hydralazine
Antidiabetics
Glibenclamide
Antiepileptics
Phenytoin

32 (15.0)
27 (12.6)
6 (2.8)
2 (1.0)
1 (0.5)
1 (0.5)
1 (0.5)

6 (2.8)

4 (1.9)
Weight (kg) 68.3 § 14.9
Height (cm) 161.9 § 10.7
BMI (kg/m2) 25.9 § 4.4
Mehran Score
Mild, n (%)
- 1 point
- 2 points
- 3 points
- 4 points
- 5 points
Medium, n (%)
- 7 points
- 8 points

1.6 § 1

128 (59.4)
72 (33.9)
0 (0)
9 (4.1)
3 (1.3)

0 (0)
3 (1.3)

Contrast medium volume (cm3) 132.3 § 49.1
Indication for angiography, n (%)
Arteriovenous malformation 123 (57.2)
Follow-up of treated aneurysm 56 (26.0)
Follow-up of carotid stenting 6 (2.8)
Follow-up of dural arteriovenous fistula embolization 9 (4.2)
Other 22 (10)

Unless otherwise specified, the data are reported as the mean § standard
deviation.
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2.2. Participants

This is a cohort study of all consecutive patients scheduled for
cerebral DSA. To be included in this report, the patients had to be
older than 18 (with no upper age limit) and have a complete blood
count and serum creatinine concentration measured within seven
days before the procedure.

Criteria for exclusion were pregnancy, lactation, intravascular
administration of an iodinated contrast medium within the previous
seven days, treatment with metformin or NSAIDs within the last
48 h, intake of nephrotoxic drugs within the previous seven days, his-
tory of allergic reactions to iodinated contrast media, newly discov-
ered unstable diabetes, renal transplantation, or end-stage renal
disease necessitating dialysis.

2.3. Data collection

The data registered included age, sex, coagulation parameters,
number and type of concomitant medications, specifically antihyper-
tensive, antiepileptics, and antiplatelet agents, indication for cerebral
DSA, the volume of iodinated contrast media used, serum creatinine
concentration, and hematocrit level. Renal function was classified
according to the stages set by the National Kidney Foundation, with
creatinine clearances ≥ 90 mL/min considered normal, 60 to 89 mL/
min considered mildly impaired, 30 to 59 mL/min considered moder-
ately impaired, and ≤ 30 mL/min considered severely impaired [10].
The CI-AKI risk score was calculated as specified by Mehran et al.
[11].

Briefly, the score rates the presence of risk factors for CI-AKI
(Congestive heart failure, Hypotension, use of intraaortic balloon
pump, age > 75 years, anemia, diabetes mellitus, administered con-
trast volume and either estimated glomerular filtration rate (mL/min
1.73 m2) or serum creatinine > 1.5 mg/dL) in a scale from one to 25
points. Risk categories for the development of CI-AKI include low (≤
5 points), moderate (6−10 points), high (11−15 points), and very
high (≥ 16 points).

2.4. Procedures

All patients received standard intravenous hydration with iso-
tonic saline (0.9% sodium chloride, 1 mL/kg/hour for 4 h before and
8 h after the procedure). Following angiography, the patients were
monitored for 8 h in a recovery room and then discharged. After
release from the hospital, a subsequent serum creatinine and hemat-
ocrit measurement was scheduled 72 h after cerebral DSA to maxi-
mize the detection of patients following the proposed epidemiology
of CI-AKI [12]. All measurements were performed in the same labora-
tory. CI-AKI was defined following the Kidney Disease Global Out-
comes (KDIGO) guidelines as an increase in serum creatinine of
0.3 mg/dL or greater within 48 h of contrast use or a 50% or greater
increase from baseline serum creatinine within seven days [13].

2.5. Statistical analysis

The data are presented in frequency tables. The Kolmogorov-
Smirnov test was used to verify the normality of the data distribution.
According to the observed distribution, numerical variables are
described with either a mean (SD) or a median (range). Categorical
variables are expressed as percentages. A paired-sample t-test was
used to compare changes in continuous variables pre- and postcere-
bral DSA. incidence was calculated from contingency tables and the
95% confidence interval was calculated with Poisson regression
model. The alpha level was set at 0.05. All the analyses were calcu-
lated using the Statistical Package for the Social Sciences TM version
17.0 for Windows TM.
2

3. Results

3.1. Demographic data

During the recruitment period, 297 patients underwent elective
cerebral DSA and were thus eligible for participation in this study.
Among them, 12 patients (4.0%) met the exclusion criteria (nine
patients underwent CTA (3.0%), two were pediatric patients (0.7%),
and one patient (0.3%) reported a previous non-DSA-related severe
allergic reaction to iodinated contrast media). Precerebral DSA data
was recollected from 280 patients (94.3%). However, 40 patients
(13.5%) were excluded from the analysis due to a lack of follow-up
laboratory test results. Therefore, data from 215 patients were ana-
lyzed in this report.

The mean age of the patients was 36.61 § 15.4 years, 109 male
(50.7%). Indications for cerebral DSA included diagnostic evaluation
of arteriovenous malformations (AVM), 57%, follow-up of treated
intracranial aneurysm (26%), dural arteriovenous fistula (4%), and
carotid atherosclerosis (3%). Other disorders accounted for the
remaining 10% and included: follow-up of cervical artery dissection
and diagnostic evaluation of cerebral venous thrombosis or intracra-
nial tumors.
3.2. Risk factors for CI-AKI

Basal population characteristics are outlined in Table 1. All
patients had normal renal function. The most frequently encountered
comorbidity was high blood pressure, which was present in 27
patients (12.6%), followed by diabetes in six patients (2.8%), and there



Table 2
Comparison of pre and post angiography laboratory results for the 215 patients
included in the analysis.

Pre angiography Post angiography p

Hematocrit 45.7 § 4.9 44.5 § 4.6 0.001
Serum creatinine concentration

(mg/dL)
0.72 § 0.19 0.74 § 0.18 0.031

Glomerular filtration rate (ml/
min)

129.7 § 48.3 123.1 § 40.5 0.002
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were no previous renal or cardiac failure cases. All patients with high
blood pressure were receiving medication, four patients (1.9%) were
taking antiepileptics, and one patient (0.5%) was taking both medica-
tion groups. No patient received antiplatelets. Therefore 32 patients
(15.0%) were taking at least one medication. According to the Mehran
risk score, all but three patients were categorized as low risk. The
three patients in the moderate risk group were given a score of 8, and
two of them developed CI-AKI. The mean volume of contrast admin-
istered was 132.3 § 49.1 cm3. In all cases, ioversol was used
(OptirayTM 320). We detected modifications in laboratory parameters
in the patients after contrast administration (Table 2). Significant
changes were observed in hematocrit, estimated glomerular filtration
rate, and serum creatinine. The mean change in serum creatinine 72 h
after contrast administration was +0.27§ 0.10 mg/dL (p < 0.05). Fig. 1
depicts the relation between the change in serum creatinine pre and
post-cerebral DSA and the amount of contrast injected.
3.3. Incidence of CI-AKI and follow-up

Three patients developed CI-AKI; thus, this study’s incidence was
1.4% (95% CI 0.2 − 3.0). All the patients had an elevation of creatinine
above 0.3 mg/dL 72 h after the procedure (0.39, 0.57, and 0.98 mg/
dL). The two patients with elevations higher than 0.5 mg/dL were
referred to a nephrology department and monitored as outpatients.
The patient with 0.39 mg/dL of creatinine elevation was observed as
Fig. 1. Scatter plot of change in serum creatinine and volu
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an outpatient in the Neuroendovascular clinic. The serum creatinine
levels of these patients returned to normal within two weeks (8, 9,
and 14 days after contrast administration). The calculated creatinine
clearance was never below 60 mL/min in either patient, reflecting a
mildly decreased glomerular filtration ratio according to the stages
set by the National Kidney Foundation.
4. Discussion

CI-AKI is the manifestation of damage to the kidney induced by a
contrast medium injection. The delayed onset time of this disorder
precludes its detection in outpatients, which are usually rapidly dis-
charged after the procedure. Thus, the problem can go unnoticed by
the patient and the physician. CI-AKI has been widely studied in car-
diological patients undergoing coronary angiography, where the
prevalence of risk factors for CI-AKI is high, but information for neu-
rological patients is scarce (Table 3). In a non-emergency setting, CI-
AKI incidence in patients undergoing coronary angiography is
6.1�8.5% [14]; however, to our knowledge, the incidence of patients
undergoing elective cerebral DSA has never been described.

CI-AKI is the third cause of acute kidney impairment in hospital-
ized patients undergoing coronary angiography. It may be present in
1−6% of unselected subjects and 40�50% of high-risk populations
[15]. CI-AKI incidence also depends on the definition used and ranges
from 10 to 38% depending on the extent of increase in serum creati-
nine levels required to fulfill the definition [16].

Regarding risk factors, cardiological patients, the widespread use
of potentially nephrotoxic medications adds to the risk conferred by
their high incidence of diabetes, non-controlled high blood pressure,
and cardiac failure [17]. In the present study, the prevalence of risk
factors for CI-AKI was low (12.6% of high blood pressure and 2.8% of
diabetes), with only 1.3% of the patients (n = 3) being rated in the
moderate risk category of the Mehran scale. Age is another risk factor,
and coronary patients are generally older than 60 years. The mean
age of our population was 36.6, which is more than two decades
me of administered contrast in the sample (n = 215).



Table 3
Previously published studies addressing contrast-induced nephropathy in cerebrovascular disease patients.

Study Population, setting Number
of patients

Contrast route of
administration

Imaging modality CI-AKI incidence Prospective CI-AKI risk factors
studied

Josephson et al., 2005 [23] Stroke patients, (ED) 1075 Intravenous CTA, CT perfusion 4.8% No No
Krol et al., 2007 [27] Stroke patients, (ED) 224 Intravenous CTA 3.0% No No
Dittrich et al., 2007 [3] Stroke patients, (ED) 162 Intravenous CTA, CT perfusion 2.0% No Yes
Hopyan et al., 2008 [18] Stroke patients, (ED) 198 Intravenous CTA, CT perfusion 2.9% No No
Oleinik et al., 2009 [20] Stroke patients, (Inpatients) 348 Intravenous CTA 6.0% No Yes
Lima et al., 2010 [19] Stroke patients, (inpatients) 575 Intravenous CTA, CT perfusion,

cerebral DSA
5.0% No Yes

Serafin et al., 2011 [4] Neurosurgical patients,
(inpatients)

92 Intra-arterial cerebral DSA 22.8% Yes Yes

Present series, 2012 Cerebrovascular disease
(outpatients)

215 Intra-arterial cerebral DSA 1.4% Yes Yes

CI-AKI: contrast-induced nephropathy, ED: emergency department, DSA: digital subtraction angiography, CT: computed tomography, CTA: computed tomography
angiography.
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younger. The low prevalence of these risk factors explains the low
incidence and good outcome of CI-AKI in the present study.

An additional consideration is that this report includes data from
outpatients. Therefore, they differ from patients whose indication for
cerebral DSA is acute cerebrovascular disorders. A study on neurosur-
gical patients to whom intra-arterial contrast was administered
showed a CI-AKI prevalence of 22.8% [4], much higher than our find-
ings. The apparent differences in the prevalence of CI-AKI risk factors
among acute neurosurgical and elective patients explain this differ-
ence. Despite a slightly higher mean age of patients (49.6 § 12.6 vs.
36.6 § 15.4 years), the volume of contrast medium (151.2 § 52.1 cm3

vs. 132.3 § 49.1 cm3) and the estimated glomerular filtration rate
(97.8 § 26.3 mL/min/1.73 m2 vs. 143.1 § 51.1 mL/min/1.73 m2) were
similar in both populations. However, the prevalence of high blood
pressure in acute patients differed by twofold (33.7% vs. 12.6%). Fur-
ther, 38% of the acute patients were taking NSAIDs, 18% were using
ACE inhibitors, and 3.3% had cardiac failure. These data suggest that
the prevalence of CI-AKI risk factors is higher in acute neurosurgical
patients.

Another comparable population was assessed by Hopyan et al.
[18]. This study consisted of 198 patients admitted for acute stroke
that underwent imaging with CT angiography and perfusion CT,
yielding a 2.9% prevalence of CI-AKI. A total of 11% of these patients
with CI-AKI were diabetic. This population did not undergo cerebral
catheterization, but they are patients with an acute neurological dis-
order receiving contrast imaging. In a study by Lima et al. [19], 38 out
of 575 patients received cerebral DSA and CTA. Here, the authors
report a lower incidence of CI-AKI in contrast-exposed patients than
those of a non-exposed group (5% vs. 10%); however, the proportion
of patients with diabetes and congestive heart failure was signifi-
cantly higher in the non-contrast group. Patients in the control group
were also older and had higher baseline creatinine levels. The finding
of a lower incidence of CI-AKI in contrast-exposed patients was also
described by Oleinik et al. [20] in patients with intracerebral hemor-
rhage. Again, CI-AKI risk factors were higher in the non-exposed
group.

The prevalence of CI-AKI in acute stroke patients is nearly three
times higher than in our population, and the prevalence of risk fac-
tors is also higher. A thorough analysis of the acute stroke population
may find subtle differences because patients with an atherosclerotic
stroke might be more susceptible to CI-AKI than those with cardiac
embolic stroke or other non-atherosclerotic pathologies; this is
because an increased renal resistive index is associated with the
severity of systemic atherosclerosis [21], and a high renal resistive
index is a risk factor for CI-AKI [22]. In our study, patients with ath-
erosclerosis are underrepresented, as AVM was the main indication
for cerebral DSA.
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In a retrospective study of 1075 patients receiving stroke protocol
CT scans that included the IV administration of 150 cm3 of contrast
agent, 52 patients (4.8%) experienced increases in the serum creati-
nine level of ≥0.5 mg/dl, but the medical team considered contrast
nephropathy as the etiology of this increase in creatinine in only four
of the 1075 patients (0.37%) [23]. In two other studies with similar
methodology, the incidence of CI-AKI was 2 and 3% [3,23]; however,
the risk factors were not adequately described, and only patients
who received a stroke protocol CT were studied.

In addition to CI-AKI, we found statistically significant changes
from baseline to 72 h creatinine, creatinine clearance, and hematocrit.
Although insufficient to fulfill the definition of CI-AKI, the changes in
serum markers of kidney function demonstrate a deleterious effect on
kidney function with contrast administration. Furthermore, the
decrease in hematocrit can modify the flow and coagulation proper-
ties of the patient’s blood. Such changes have been reported immedi-
ately after diagnostic cardiac catheterization [24]. The results of the
present study show that these changes persist up to 72 h after the
procedure. The clinical significance of the data above is relevant when
aggravating risk factors are present or if there is a need for repeating
studies. Other higher-risk populations include patients with chronic
anemia (especially sickle cell disease) [6] and patients scheduled for
major surgery and high bleed-risk procedures [25].

We acknowledge that several caveats can be ascribed from the
findings of our study. First, the prevalence of CI-AKI is low due to
recruitment bias because our population consists only of outpatients,
and hospitalized patients with more serious neurological conditions
were not evaluated. Second, 13.5% of eligible patients had to be
excluded from the analysis due to a lack of follow-up laboratory
results. The completion of these tests is difficult in our population
because most patients are reluctant to incur additional financial
charges after the procedure; many of them come from rural areas
outside Mexico City, making it very difficult for them to return to the
hospital unless there is an urgent need to do so (i.e., discomfort,
pain). Finally, our hospital constitutes a national reference center for
AVM treatment, which explains why this was the most frequent indi-
cation for cerebral DSA. The characteristics of patients with AVM
closely resemble those of the patients in this study (i.e., young age,
very low prevalence of chronic diseases) [26]. Additionally, our center
is a teaching hospital, and most of the cerebral DSA were performed
by operators under training which led to an increased number of
injections thus augmenting the amount of contrast media adminis-
tered. These characteristics of our institution explain the volume of
patients scheduled for follow-up cerebral DSA, usually performed
between one and three months after the therapeutic procedure
(embolization of aneurysm or dural arteriovenous fistula and carotid
stenting). Still, for AVM, the patients can undergo multiple
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procedures, for example, diagnostic cerebral DSA, angiography-based
stereotactic radiosurgery, adjuvant embolization follow-up, postsur-
gical cerebral DSA, etc. The high number of AVM-related indications
for cerebral DSA undoubtedly skewed the sample in this study.

5. Conclusion

In conclusion, CI-AKI incidence in cerebrovascular disease patients
undergoing elective cerebral DSA is very low. The low prevalence of
CI-AKI risk factors and the younger age of the patients explains the
low incidence. cerebral DSA is a safe and well-tolerated procedure
from the renal point of view. In addition, contrast media administra-
tion leads in vivo to a significant decrease in hematocrit, which is still
present 72 h after administration. The clinical significance of this
change is uncertain. However, it may be relevant in anemic patients
or those undergoing surgery.
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