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Abstract

Background and Purpose The use of iodinated contrast-

enhanced imaging studies is increasing in acute cerebro-

vascular diseases, especially in subarachnoid hemorrhage

(SAH). In SAH, such studies are essential for both diagnosis

and treatment of the cause and sequela of hemorrhage. These

patients are often subjected to multiple contrast studies such

as computed tomographic angiography, computed tomo-

graphic perfusion, and cerebral angiography. They are also

predisposed to intravascular volume depletion as a part of the

disease process from cerebral salt wasting (CSW) and as a

result of multiple contrast exposure can develop contrast-

induced nephropathy (CIN). Data regarding CIN in this

population are scarce. We aimed to examine the incidence of

CIN in SAH and identify potential associative risk factors.

Methods We analyzed data from a prospectively col-

lected patient database of patients with SAH admitted to

the neurocritical intensive care unit in a single center over a

period of 1 year. CIN was defined as an increase in serum

creatinine by >1.5 times or >0.3 mg/dl greater than the

admission value, or urine output <0.5 ml/kg/h during one

6-h block.

Results In this cohort of 75 patients with SAH who had

undergone at least one contrast study, the mean age was

57.3 ± 15.6 years and 70.7 % were women. Four percent

developed CIN which resolved within 72 h and none

required renal replacement therapy or dialysis. Patients

older than 75 years (20 %, p < 0.05), those with border-

line renal function (14.3 %, p = 0.26), diabetics (11.1 %,

p = 0.32), and those with lower recommended ‘‘maximum

contrast dose’’ volume (33.3 %, p = 0.12) had a trend

toward development of CIN, although most were not sta-

tistically significant. Twenty-seven patients (36 %) were

on 3 % hypertonic saline (HTS) for CSW during the con-

trasted study but none developed CIN.

Conclusions The incidence of CIN in SAH patients is

comparable to previously published reports on non-neuro-

logical cohorts. No definite association was noted with any

predisposing factors postulated to be responsible for CIN,

except for advanced age. Concurrent use of 3 % HTS was

not associated with CIN in this population.

Keywords Contrast-induced nephropathy �
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Introduction

Spontaneous subarachnoid hemorrhage (SAH) is a cata-

strophic cerebrovascular disease that affects between 6 and

8 per 100,000 persons per year in most Western popula-

tions [1, 2]. An estimated 16,000–30,000 new cases of

aneurysmal SAH are reported in the United States annually

[3, 4]. Computed tomographic angiography (CTA) of the
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head and/or cerebral angiography (CA) are often used to

diagnose and plan definitive treatment of the causative

lesion. During the subsequent 2–3 weeks after the ictus, the

patients are at risk of developing cerebral vasospasm

leading to clinical worsening. Imaging modalities like

CTA/CT perfusion (CTP) and CA are used in the diagnosis

and CA may also be used during coil embolization or

cerebral vasospasm treatment. These imaging studies

require intravenous or intra-arterial iodinated contrast

media (CM) that can increase the risk of contrast-induced

nephropathy (CIN) in this patient population.

CIN is one of the most common causes of hospital-

acquired acute kidney injury (AKI) and can lead to

increased morbidity and mortality if renal replacement

therapy or hemodialysis is required [5, 6]. Predisposing

factors that have been linked with CIN include advanced

age, pre-existing renal impairment, diabetes mellitus (DM),

concurrent use of other nephrotoxic drugs, dehydration,

and high volume/high osmolality CM [7, 8]. The incidence

of CIN varies from 3.3 to 14.5 % [9, 10]. This wide vari-

ation has been attributed partly to different definitions of

CIN used in different studies. This fact has been validated

in a prospective cohort of patients undergoing percutane-

ous coronary angiography, PCA [11]. Other factors that

might also contribute to this variation are the lack of

standardized timing of serum creatinine (SCr) measure-

ments and differences in patient populations, clinical

scenarios, procedures performed, and type of CM used

[11]. Recently, experts in the field of AKI issued practice

guidelines [12] on CIN including its definition which have

also been endorsed by the European Renal Best Practice

position statement [7].

Most of the CIN studies are on patients with cardio-

vascular disease undergoing PCA. There are very few

studies on neurological patients. The studies that do exist

are mostly in acute ischemic stroke where CTA and CTP

are used to identify large vessel obstruction and assess

salvageable brain tissue [13–16]. Patients with SAH are

similarly exposed to the risk of CIN. Acute brain injury

causes changes in renal hemodynamics and function due to

catecholamine surges and other neurohormonal changes

[17]. In addition, treatment to maintain homeostasis in

SAH, such as use of hypertonic saline (HTS) for cerebral

salt wasting (CSW) or for management of cerebral edema

can also potentially precipitate AKI due to increased

osmolar load on the kidneys. There are conflicting data on

the use of HTS in critically ill patients on renal function

[18–21]. The objective of the present study is to establish

the incidence of CIN in SAH using the recently standard-

ized definition, identify any predisposing factors that place

this patient population at a higher risk of CIN, and to

evaluate whether HTS is safe to use while using concurrent

CM.

Materials and Methods

The local institutional review board approved the study. A

list of all patients who were admitted between July 1, 2010

and June 30, 2011, to the neurocritical intensive care unit

(NICU) at Zale-Lipshy University Hospital, Dallas with

SAH was obtained from a prospectively collected database.

Patients who had at least one contrast-enhanced radiological

study (CTA, CTA/CTP, and CA) were then identified. The

volume and type of contrast agent received was noted. As

per our NICU protocol, before securing ruptured aneurysms

with coil embolization or clipping, systolic blood pressure

(SBP) is kept below 130 mmHg with nicardipine infusion or

intermittent doses of labetalol. All patients are managed in

the NICU with intravenous crystalloid (0.9 % normal saline

with or without 20 meq of potassium chloride in a liter

volume) administration to maintain euvolemia. In addition

to maintenance of intravenous fluids, boluses of crystalloid

are administered every 2–4 h to keep patients euvolemic.

This treatment is continued in all patients during the vaso-

spasm period until daily transcranial Doppler velocities of

the intracranial vessels shows progressive decreasing val-

ues. All patients admitted to the NICU with SAH have a

comprehensive metabolic panel on admission and a basic

metabolic panel every day. CT head on admission is graded

using the modified Fisher scale [22]. Hunt and Hess (H&H)

grade at presentation and modified Rankin scale (mRS) at

6 months are obtained from the database.

Electronic medical records were retrospectively

reviewed to gather data on age, sex, any conditions that

have been linked with CIN (volume of contrast adminis-

tered, history of DM, renal disease, Metformin use at the

time of admission, use of ACE-inhibitors, or angiotensin

receptor blockers), vascular risk factors (hypertension,

smoking, hyperlipidemia, excluding DM), admission SBP

with use of parenteral antihypertensive (nicardipine infu-

sion or intermittent labetalol 10 mg every hour as needed

to keep SBP <130 mmHg), and any evidence of cardiac

abnormality during hospitalization (Table 1). The term

cardiac abnormality is defined as any elevation in cardiac

biomarkers [Troponin I (Tpn I) > 0.1 ng/ml] or an echo-

cardiogram showing any regional motion abnormality or

new structural abnormality that may or may not be causing

hemodynamic compromise. Maximum contrast dose

(MCD) allowable was calculated for each patient using

ideal body weight (IBW) and admission SCr value by the

formula [5 9 IBW7SCr] as described in the literature [23,

24]. The use of hyperosmolar therapy with HTS (com-

monly 3 % in our practice) was also noted. The SCr

obtained at admission or on the morning of the contrast

study was considered the baseline for the index contrast

study. The local laboratory range for SCr is 0.6–1.2 mg/dl

for men and 0.5–0.95 mg/dl for women. Hence, admission
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SCr of >1.2 mg/dl for men and >0.95 mg/dl for women

was considered to be marker for compromised renal func-

tion. We defined CIN as per kidney disease: improving

global outcomes (KDIGO) clinical practice guidelines pub-

lished recently [12]. These include—SCr increased >1.5

times baseline or SCr increase >0.3 mg/dl or urine

output <0.5 ml/kg/h during one 6-h block.

Results are expressed as mean ± SD, median (with

interquartile range, IQR), and percentages of the popula-

tion wherever applicable. We used the Fisher exact

probability test to determine the relationship between CIN

and risk factors previously described in the literature

including DM, pre-imaging deranged renal function (as

defined above), other vascular risk factors, calculated

MCD, administered contrast dose, and the use of nephro-

toxic drugs and HTS. Probability values of less than 0.05

were considered to be significant.

Results

Between July 1, 2010 and June 30, 2011, a total of 76

patients were admitted to the NICU with diagnosis of SAH.

One patient, whose family decided on comfort care, was

excluded since no contrast study was performed. The

demographic data and clinical characteristics of the

remaining 75 patients are enumerated in Table 1. Forty-

eight had a CTP at presentation and during the vasospasm

period. Patients (n = 25) who had clinical and radiological

evidence of cerebral vasospasm underwent CA and angi-

oplasty or intra-arterial nicardipine treatment. CM used

was either Iopimadol 300 (616 msosm/kg) for CTA and

CA or Iopimadol 370 (796 mosm/kg) for CTP. The volume

used was 50 ml for CTA or CTP and variable for CA. The

number of contrast administered studies performed in this

cohort was 1–7 per patient with median of 4 (IQR 2–5). All

patients received intravenous hydration with normal saline

at a rate of 1–1.5 ml/kg peri-procedure. None of the

patients received prophylactic N-acetylcysteine before the

contrast study. Baseline SCr at admission or on the

morning of the procedure was available for all patients with

follow-up SCr results up to 72 h after the procedure. Forty-

nine patients during this 72-h follow-up period had addi-

tional contrast-enhanced studies (range 1–3 per patient).

This cohort was predominantly women (70.7 %) with a

mean age of the population 57.3 ± 15.6 years (youngest—

17 years; oldest—94 years). Sixty-three (84 %) had H&H

grades I–III while 12 (16 %) had a poor grade (grade IV).

At presentation, 17 patients (22.7 %) were mechanically

ventilated. One patient was on a non-invasive mode for

chronic respiratory distress while the others were on

invasive mechanical ventilator for decreased level of

arousal and inability to maintain airway. Admission SBP

Table 1 Baseline demographic characteristics of the patient

population

Characteristic n (% or IQR))

No. of women 63 (70.7)

Age (mean ± SD) 57.3 ± 15.6

Median age (IQR) 58 (46–65)

Patient’s age C75 years 10 (13.3)

Mechanical ventilation at admission 17 (22.7)

Requiring continuous antihypertensive at

presentation

31 (41.3)

SBP at presentation [median (IQR)] 134.5

(119–157.5)

IBW [median (IQR)] 56.9 (52–64.5)

Elevated cardiac biomarkers at admission or during

hospital stay (n = 45)

12 (26.7)

Cardiac abnormality on echocardiogram (n = 32) 5 (15.6)

CT Head characteristics (modified Fisher scale)

1 10 (13.3)

2 5 (6.7)

3 26 (34.7)

4 34 (45.3)

Clinical presentation (Hunt and Hess grade)

I 16 (21.3)

II 25 (33.3)

III 22 (29.3)

IV 12 (16.0)

V 0

Clinical outcome at 6 months (modified Rankin

score) (n = 64)

0 16 (25.0)

1 12 (18.8)

2 7 (10.9)

3 7 (10.9)

4 11 (17.2)

5 1 (1.6)

6 6 (9.3)

Angiogram negative subarachnoid hemorrhage 9 (12.0)

DM 9 (12.0)

Renal function at admission

Impaired [SCr > 0.95 (F) or 1.2 (M)] 7 (9.3)

SCr (in mg/dl) [median (IQR)] 0.8 (0.6–0.9)

MCD (in ml) [median (IQR)] 377 (330–455)

Vascular risk factors 62 (82.7)

Hypertension and/or hyperlipidemia 46 (61.3)

Present smoker 28 (37.3)

On CIN predisposing medicines (n = 73) 19 (26.0)

ACE-i/ARB 13 (17.8)

Metformin 5 (6.8)

ACE-i angiotensin converting enzyme inhibitor, ARB angiotensin

receptor blocker, CIN contrast-induced nephropathy, DM diabetes

mellitus, IBW ideal body weight, IQR interquartile range, MCD

maximum contrast dose, SCr serum creatinine, M male, F female
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ranged from 99 to 202 mmHg. Thirty-one patients

(41.3 %) needed continuous infusion of nicardipine and

seven patients (9.3 %) required intermittent labetalol doses

to maintain the goal SBP before the aneurysm was secured.

Sixteen patients (21.3 %) had a SBP >160 mmHg, one

of whom developed CIN. Only two patients had a

SBP >180 mmHg but neither of them developed CIN

when the SBP was lowered to target levels. Thirty-seven

(82.2 %) of the 45 patients who had Tpn I measured at

admission had negative cardiac biomarkers at presentation.

Eight patients (10.7 %) had elevated Tpn I at admission

(range 0.18–3.85). Of these 8 patients, one had basoseptal

structural abnormality on echocardiogram, three had nor-

mal study, and 4 patients had no echocardiogram. Four

additional patients in our cohort had abnormal echocar-

diogram findings, who had normal Tpn I at admission but

elevated biomarkers at a later time during hospitalization.

In this group, two had diastolic dysfunction, one had mitral

regurgitation, and one had normal echocardiogram. Two

additional patients had septoapical hypokinesis and one

had mitral regurgitation but none of them had elevation in

Tpn I and these were considered to be from prior myo-

cardial injuries. Twelve percent of the study population had

DM. Three male patients (13.6 %) had SCr >1.2 mg/dl

and 4 female patients (7.5 %) had SCr >0.95 mg/dl at

presentation. Admission SCr of the cohort ranged from 0.5

to 1.9 mg/dl (median 0.8 mg/dl; IQR 0.6–0.9 mg/dl), with

4 patients having a SCr C1.5 mg/dl of which one devel-

oped CIN. Thirteen patients were on ACE-inhibitors or

ARBs at admission but none developed CIN. There were

two patients with SCr of 1.1 and 1.9 mg/dl at admission

who had normalization of their renal function with dis-

continuation of these medicines. Only four patients were on

Metformin for DM at presentation and none developed CIN

with contrast administration. Nine patients (12 %) had

angiogram negative SAH. Six month follow-up data were

available on 64 patients. Forty-two patients (65.6 %) had a

mRS of 0–3 while 22 patients (34.4 %) had mRS 4–6.

The type of contrast studies performed on this group of

patients is enumerated in Table 2. There were a total of 268

contrast studies in 75 patients. Of these, 36 studies were

performed at outside facilities and the volume and type of

contrast medium administered was not available. The time

when the studies were performed is grouped into post-bleed

day (PBD) 0–3, 4–14, and >14 to categorized in relation

to presentation and vasospasm period (Table 2). Volume of

contrast received varied from 30 to 400 ml depending on

the type of procedure. Forty-nine patients (65.3 %) had an

additional contrast study within 72 h of the index study

(range 1–3 studies/patient depending on the indication and

initial modality of imaging). None of these patients

developed CIN. Only two patients received a contrast

volume in excess to the calculated MCD (as estimated by

admission IBW and SCr). Neither of them developed CIN.

MCD calculated for the cohort varied from 127 to 679 ml.

Median MCD for the cohort was 377 ml with an IQR of

330–455 ml. One out of three patients (33.3 %) with a

calculated MCD of <200 ml developed CIN which was

not statistically significant as compared to the patients with

higher calculated MCD values (Table 3). IBW of these

patients was 48.7–57.2 kg and admission SCr ranged from

1.5 to 1.9 mg/dl. Neither of these patients were >75 years.

The incidence of CIN in the study population was 4 %

as per KDIGO definition. Table 3 analyzes the various CIN

risk factors in this patient population. All three patients

who developed CIN with the contrast study performed at

presentation had SCr values that returned back to the

admission baseline in 72 h with hydration only. None of

them required renal replacement therapy. Two of the three

patients developed another episode of AKI later during the

hospital course. One had deranged renal function in PBD

7–12 while the other had it during PBD 13–15. One of

these patients had a renal ultrasound that showed

Table 2 Contrast medium administration data

Study n

Type of study (n = 268)

CTA/CTP 164

Cerebral angiography 100

CTA–chest 2

Inferior vena cava filter placement 1

Uterine artery embolization 1

Timing of study (n = 264)

CTA/CTP

PBD 0–3 91

PBD 4–14 69

PBD > 14 4

Cerebral angiography

PBD 0–3 42

PBD 4–14 54

PBD > 14 4

MCD at admission (n = 75)

<200 ml 3

200–400 ml 40

>400 ml 32

No. of patients receiving amount of contrast per study (n = 232)

>400 ml 1

200–400 ml 51

<200 ml 180

MCD maximum contrast dose, CTA computed tomographic angiog-

raphy, CTP computed tomographic perfusion, PBD post-bleed day

n = 232 since contrast amount not available on 36 studies performed

at outside facilities before admission to the hospital
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multicystic enlarged kidneys that was suggestive of poly-

cystic kidney disease. Patients older than 75 years were

found to develop CIN more often compared to the rest of

the population (66.7 vs. 11.1 %, p < 0.05). There was a

trend of CIN to be more common in patients with mild

baseline renal impairment (33.3 vs. 8.3 %, p = 0.26),

MCD < 200 ml (33.3 vs. 2.9 %, p = 0.12), and DM (33.3

vs. 11.1 %, p = 0.32) but the data did not achieve statis-

tical significance. All other presumed risk factors, like

vascular risk factors (100 vs. 81.9 %, p = 0.56) and con-

current use of CIN predisposing medicines were

statistically non-significant.

Twenty-seven patients (36 %) were on 3 % HTS for

hyponatremia during the contrasted imaging study

(Table 4). None of these patients developed CIN. The

patient characteristics are segregated in Table 4. Of note

there were four patients in the entire cohort whose age

range was 46–65 years (2 men and 2 women) who had

improvement in their SCr despite high levels

[SCr > 0.95 mg/dl (F) or >1.2 mg/dl (M)] at presenta-

tion. All were smokers, 3 were hypertensive, and one had

DM. Admission SCr ranged from 1.1 to 1.7 mg/dl. On an

average each got 3 CTA/CTP and 1 CA. All patient’s SCr

dropped to 50 % of the admission baseline within 48 h and

never developed CIN with subsequent imaging studies.

Discussion

To the best of our knowledge this is the first study to report

the incidence of CIN, investigate the safety of concurrent

HTS therapy, and analyze the effect of contrast doses on

renal function in patients with SAH. Our data support

previously made observations that intravenous fluid

hydration prevents CIN and that the elderly patients with

pre-existing renal disease and DM are more prone to CIN.

The present cohort is comparable to that reported in the

literature on SAH. The average age was 57.3 ± 15.6 years

as compared to a large epidemiological study performed

worldwide that reported 49 ± 10 years [25]. In that study,

patients’ ages ranged between 25 and 64 years. Our study

included a wider age range (17–94 years), which is closer

to a US study that compared CT head related grading scales

in 271 patients whose average age was 53 years [26]. The

incidence of angiogram negative SAH was 12 % in our

cohort which is similar to 15–20 % in patients with non-

traumatic SAH as reported in the literature [27]. The pro-

portion of patients with a good clinical grade at

presentation (as determined by H&H grade I–III) was

(84 %) in our series as compared to previous reports

of *87 % [27, 28]. Sixty-five percent of patients in our

study had a favorable outcome at 6 months which is also

similar to a study by Natarajan et al. [29] that reported

favorable outcomes at 3 months to be 69 %. Patients may

continue to improve with time and it is likely that some

patients with poorer outcomes at 6 months may have

favorable outcome at 1 year or after [30].

Incidence and Risk Factors of CIN in SAH Patients

The incidence of CIN reported in the literature varies

markedly depending on the definition of CIN used. This has

Table 4 Characteristic of patients on 3 % hypertonic saline while

receiving contrast media (n = 27)

Characteristic Value

No. of women 17 (63.0 %)

Age (mean ± SD) 53.5 ± 14

PBD when CTA, CTA/CTP, or CA

was performed

1–7 days 10 (37.0 %)

8–14 days 15 (65.6 %)

>14 days 2 (7.4 %)

No. of patients with DM 4 (14.8 %)

No. of patients with SCr >1.2 mg/dl (M)

or >0.95 mg/dl (F) at admission

2 (7.4 %)

No. of patients with vascular risk factors 22 (81.5 %)

No. of patients on CIN predisposing medicines 5 (20.0 %)*

CA cerebral angiography, CIN contrast-induced nephropathy, CTA

computed tomographic angiography, CTP computed tomographic

perfusion, PBD post-bleed day, SCr serum creatinine, M male, F

female, DM diabetes mellitus

* n = 25 in this category since there was no list of home medicines

in two patients

Table 3 Comparison of various patient characteristics between

patients with or without contrast-induced nephropathy

Characteristic CIN

(n = 3)

No CIN

(n = 72)

p value

Patient’s age C75 years 2 (66.7 %) 8 (11.1 %) 0.05

DM 1 (33.3 %) 8 (11.1 %) 0.32

SCr > 1.2 mg/dl

(M) or > 0.95

mg/dl (F)

1 (33.3 %) 6 (8.3 %) 0.26

Vascular risk factors 3 (100 %) 59 (81.9 %) 0.56

Patients with calculated

MCD <200 ml

1 (33.3 %) 2 (2.9 %) 0.12

Use of CIN predisposing

drugs

0 19 (27.1 %)* 0.40

Use of HTS during

contrast study

0 27 (37.5 %) 0.30

Bold value indicates statistically significant

CIN contrast-induced nephropathy, DM diabetes mellitus, HTS

hypertonic saline, MCD maximum contrast dose, SCr serum creati-

nine, M male, F female

* n = 70 in this category since there was no list of home medicines
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been validated in a prospective study by Jabara et al. [11],

demonstrating different results using same cohort of 200

patients undergoing PCA. We addressed this issue by diag-

nosing patients with CIN who met the criteria and definition

recently adopted by KIDGO. Hence, the incidence reported

in our series may not be comparable to studies that used

different definitions. In patients without any risk factors the

incidence is reported as *2 % [31]. McCullough [10] in

their study reported an overall incidence of 14.5 % in

patients undergoing coronary interventions and an incidence

of 3–5 % in patients undergoing emergency CTA/CTP for

acute ischemic [13–16]. In patients with mild-to-moderate

renal impairment and diabetes, the incidence of CIN is

reported to be in the range of 9 to >50 % [31, 32] and in

patients with chronic diabetic azotemic nephropathy, CIN

can occur in 50–90 % of the patients [33, 34]. Our series

reports a lower incidence than other studies which can be

partly explained by a fewer number of diabetics (12 % of the

cohort) as compared to 24.8 % diabetic patients in McCul-

lough’s series [10] and 38 % were diabetic among patients

undergoing CTA for ischemic stroke [14]. Moreover, most of

the patients studied for CIN previously were those under-

going PCA and had cardiovascular risk factors like

decreased left ventricular ejection fraction, history of acute

myocardial infarction, use of intra-aortic balloon pump, etc.

all of which are independently identified risk factors for CIN

[8]. The incidence of CIN in relation to MCD has been

evaluated in patients undergoing PCA [24]. In this study,

23 % of the patients received a contrast volume more than

the MCD and 26–34 % of them developed CIN (depending

on the definition used, i.e., rise in SCr >25 % or increase in

SCr >0.5 mg/dl). In comparison, only 2.67 % of our SAH

cohort received a contrast volume in excess to the calculated

MCD but none developed CIN. This can be attributed to

patient population with more severe comorbities (shock,

acute myocardial infarction, pre-existing vasculopathy, and

deranged renal function from hypoperfusion) in the PCA

population as compared to our younger SAH population with

fewer cardiovascular comorbities. Moreover, protocol at our

institution mandates maintenance of euvolemia during

vasospasm period that can contribute to optimizing renal

perfusion and lead to a lower incidence of CIN.

Hypertonic Saline Therapy as Risk Factor in SAH

Patients

Treatment with HTS is commonly used in the NICU not

only for management of elevated ICP and cerebral edema

but also to maintain normo-natremia after SAH which is

commonly due to CSW. Use of HTS in the past has been

identified as a risk factor for development of AKI [18, 19].

On the contrary, recent studies from neurocritical care units

around the US suggest use of HTS to be safe in neuro-

logically ill patients [20, 21]. CSW is a volume contracted

state after SAH which theoretically increases the possibil-

ity of AKI. Administration of CM can cause nephrotoxicity

through a complex mechanism but the most accepted the-

ories are renal medullary hypoxia and direct tubular

epithelial cell toxicity [8]. Though HTS was used concur-

rently with CM none developed CIN despite the fact that

14.8 and 7.4 % of this cohort had DM and baseline renal

insufficiency, respectively. The absence of CIN or AKI in

SAH patients while on HTS therapy can be explained by

improved hemodynamics and renal blood flow as has been

previously reported in patients with hemorrhagic and septic

shock [35, 36]. In our series, there were patients who had

borderline renal insufficiency at presentation whose SCr

improved with hydration only. Renal hemodynamic chan-

ges after SAH can lead to improved renal perfusion due to

hyperadrenergic state, hyperreninemic hypoaldosteronism,

and other neurohumoral effects (e.g., release of natriuretic

peptides and endothelins) that increases renal blood flow

and appears to have renal protective phenomena [37, 38].

There are some limitations in our study. It is a retrospective

case series with some missing data because baseline char-

acteristics were not pre-defined before the data collection and

not powered to make statistical conclusions. Different

attending physicians had different preferences and practices

in management of hyponatremia associated with SAH and the

use of HTS. Our results may not be generalizable to all

patients with SAH since there is a wide variance in practice

parameters for patients with SAH at different institutions.

Different centers may use different tests to diagnose and treat

vasospasm. Several centers do not use CTA and CTP in this

patient population and the frequency of cerebral angiograms

may be significantly higher or lower in other centers and our

results may not be extrapolated to such centers.

Conclusion

Our study demonstrates that the incidence of CIN in

patients with SAH is quite low. It also identifies potential

risk factors like advanced age, baseline renal insufficiency,

and DM that clinicians need to be vigilant about while

performing multiple contrast administered imaging studies

in this patient population. If someone is noted to have CIN

with such fluid therapy, they should be worked up for

structural renal diseases since these conditions may go un-

noticed. Concurrent use of HTS while performing con-

trasted study appears to be safe but would need larger

randomized study specifically investigating this issue.
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