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Abstract
Background High-sensitivity C-reactive protein (hs-CRP) is a well-recognized biomarker of neurologic complications and
clinical outcome of stroke patients. However, whether hs-CRP can predict the occurrence of acute kidney injury (AKI) in
aneurysmal subarachnoid hemorrhage (aSAH) patients is still unclear. The objective of this study was to assess the feasibility
of using serum hs-CRP level to predict the occurrence of AKI in aSAH patients.
Methods One hundred sixty-four aSAH patients were enrolled into a prospective observational study. AKI was diagnosed using
the modified Kidney Disease Improving Global Outcomes (KDIGO) standard. The relationship between serum hs-CRP level at
admission and occurrence of AKI was analyzed.
Results AKI occurred in 17 patients (10.4%) in this cohort. Patients with AKI had significantly higher hs-CRP levels than those
without. The mortality of the AKI group tends to be higher than that of the non-AKI group, but the difference was not statistically
significant (4/17 (23.5%) vs. 13/147 (8.8%), P = 0.081). After adjusting for possible confounding factors including World
Federation of Neurosurgical Societies grade, diabetes, and serum creatinine, multivariate analysis revealed that serum hs-CRP
level and antibiotic therapy were both significant factors independently associated with AKI following aSAH (serum hs-CRP:
OR = 1.2, 95% confidence interval (CI) = 1.1–1.3, P = 0.003; antibiotic therapy: OR = 5.8, 95%CI = 1.6–20.7, P = 0.007).
Receiver operating characteristic curve analysis showed that hs-CRP had a sensitivity of 76.5% and a specificity of 64.6% for
predicting the development of AKI on the basis of the best thresholds. The post hoc log-rank test revealed that patients having
serum hs-CRP level > 6.6 mg/L had a significantly higher AKI rate than patients having serum hs-CRP level ≤ 6.6 mg/L (P =
0.001).
Conclusions Serum hs-CRP level might be helpful as a predictor for the development of AKI in aSAH patients. Delayed cerebral
ischemia occurrence rate and mortality of patients with AKI tend to be higher than those of patients without in this cohort;
however, they were not significantly different.
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Abbreviation
hs-CRP High-sensitivity C-reactive protein
AKI Acute kidney injury
aSAH Aneurysmal subarachnoid hemorrhage
CTA Computed tomography angiography
DSA Digital subtraction angiography
WFNS World Federation of Neurosurgical Societies
MRA Magnetic resonance angiography
CSF Cerebrospinal fluid
KDIGO Kidney Disease Improving Global Outcomes
ROC Receiver operating characteristic
AUC Area under the curve

Introduction

Aneurysmal subarachnoid hemorrhage (aSAH) is one of the
acute and critical neurosurgical conditions. In recent years,
with advanced neurovascular imaging, development and pop-
ularization of endovascular coiling, and significantly in-
creased availability of neurologic intensive care unit over
time, prognosis of aSAH has significantly improved com-
pared with that of 20 years ago. However, the death rate still
remains high at ~ 30%within 3 months of aSAH onset [25]. In
addition to neurologic complications, care of these patients is
frequently associated with non-neurologic complications in-
cluding the acute kidney injury (AKI), which occurs in 4–25%
of patients after SAH [5, 21, 23, 33, 42]. AKI is detrimental to
aSAH patients, resulting in increased healthcare costs and
increased risk of poor neurological outcome [33]. However,
the underlying mechanism for worse outcomes in AKI pa-
tients is not fully understood. Early prognosis of the risk of
AKI may allow improved long-term outcome by changing
perioperative management and disease prevention methods.

In this study, we hypothesized that the C-reactive protein
(CRP) level might be helpful in predicting the occurrence of
extracerebral organ dysfunction, including AKI, for aSAH
patients. It has been reported that within the first 3 days of
aSAH, most of patients could develop systemic inflammatory
response, which has been correlated with the development and
progression of extracerebral organ dysfunction [3, 12, 16, 41,
42]. CRP, as an acute-phase protein, could reflect the degree of
inflammatory response, thus predicting the occurrence of sev-
eral neurologic and cardiorespiratory complications and the
clinical outcome of aSAH patients [4, 11, 20, 32, 40].
However, whether CRP level can predict the development of
AKI following bleeding in aSAH patient is still unclear due to
the lack of relevant research. Furthermore, because high-
sensitivity CRP (hs-CRP) can represent CRP even at low con-
centrations, the aim of this study was to investigate the feasi-
bility of using hs-CRP level to predict the occurrence of AKI
following aSAH.

Materials and methods

Patients

The aSAH patients admitted to the Department of
Neurosurgery of the First Affiliated Hospital of Fujian
Medical University between June 2017 and May 2018 were
prospectively enrolled in this study, and of these aSAH pa-
tients, 164 patients who met the inclusion and did not meet
any exclusion criteria were included in our analysis.

The inclusion criteria were as follows: (1) the patient was
admitted to the hospital within 24 h of SAH onset, (2) serum
hs-CRP level at admission was obtained, (3) SAH was caused
by intracranial aneurysm and was confirmed via computed
tomography angiography (CTA) or digital subtraction angiog-
raphy (DSA), and (4) clipping or interventional treatment of
aneurysm was performed within 48 h of aSAH onset.
Exclusion criteria were as follows: (1) patients who did not
survive the first 24 h after admission; (2) patient who was
discharged within 14 days and was not able to re-visit the
hospital for the completion of follow-up serum creatinine ex-
amination; (3) patient who had surgery or severe infection
within the past month before aSAH; (4) prior onset of SAH
or other neurological diseases such as ischemic stroke, hem-
orrhagic stroke, or severe head trauma; (5) previous use of
antiplatelet and anticoagulant drugs or immunosuppressants;
and (6) other systemic diseases, such as autoimmune disease,
uremia, cirrhosis, cancer, chronic heart diseases, and chronic
lung diseases.

The study protocol was designed in accordance with guide-
lines outlined in the Declaration of Helsinki and approved by
the Ethics Committee of the First Affiliated Hospital of Fujian
Medical University (Fujian, China). Informed consent form
was obtained from the patients or their authorized legal repre-
sentative (if the patient did not have the ability to sign the
form) in accordance with the Chinese law.

Patient management

Clinical management followed the guidelines of the American
Heart Association and American Stroke Association [10].
Critical care management followed the guideline of the
Neurocritical Care Society [13]. Nimodipine was applied to
all patients, either orally (6 × 60 mg/day) or intravenously
(2 mg/h) since the day of admission. Generally, the treatment
of AKI is based on optimizing the fluid administrations, anti-
biotics with least nephrotoxic potential, and adequate nutri-
tional support [38].

Clinical variable collection

Clinical information was collected for each patient. The loca-
tion and size of the aneurysm was determined via CTA or
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DSA. A modified Fisher grade was used to evaluate the
amount of subarachnoid blood presented on the admission
CT image. Severity of aSAH was assessed using the admis-
sion World Federation of Neurosurgical Societies (WFNS)
grade. Each patient was graded by two doctors and the aver-
age score was taken. If a large deviation was seen, the final
score would be given by a third doctor.

The hs-CRP level at admission was obtained, using
particle-enhanced immunonephelometry with the Nephstar
protein analysis system (Goldsite Inc., Shenzhen, China).
The hs-CRP testing assay has a detection limit of 0.15 mg/L
and has the intra-assay coefficient of variation (COV) and
inter-assay COV for concentrations of less than 0.35 and
0.5 mg/L, respectively.

Cerebral vasospasm and delayed cerebral ischemia were
examined using CTA (Aquilion ONE, Toshiba Medical
Systems, Nasu, Japan) or 3.0-T 3-dimensional time-of-flight
magnetic resonance angiography (MRA) (MAGNETOM
Verio Tim, Siemens, Erlangen, Germany, or another system:
Skyra, Siemens, Erlangen, Germany) for all subjects. When
vascular narrowing, with or without neurological symptoms,
was observed on the images, it was defined as angiographic
vasospasm. Delayed cerebral ischemia was diagnosed based
on the following criteria [17]: “(1) clinical deterioration (i.e., a
new focal deficit, decrease in level of consciousness, or both)
and/or (2) a new infarct on the CT image that was not visible
on the admission or immediate post-operative scan and cannot
be attributed to other causes by means of clinical assessment,
imaging of the brain, or appropriate laboratory studies.”

Pneumonia was defined as a new infiltrate observed on
chest X-ray and/or computed tomography images, with puru-
lent sputum and/or positive microbiological cultures [14].
Intracranial infection was defined as when two or more of
the following changes were observed: (1) temperature higher
than 38 °C or lower than 36 °C, positive signs of meningeal
irritation (nuchal rigidity, Brudzinski sign, and Kernig sign),
vomiting, and headache; (2) positive changes in cerebrospinal
fluid (CSF) specimens: white blood cell count > 1000 × 106

cells/L, glucose < 2.2 mmol/L, or < 40% of serum glucose;
and (3) positive CSF cultures [9].

Outcome assessment

The primary outcome was the development of AKI within the
14-day period post-aSAH. AKI was diagnosed using the mod-
ified Kidney Disease Improving Global Outcomes (KDIGO)
standard [27]: 48-h absolute serum creatinine elevated for ≥
26.5 μmol/L or serum creatinine elevated for ≥ 50%.
Laboratory values assessed included daily serum creatinine
level of each patient in the first 14 days post-aSAH. This time
frame was used because it is considered the most risky period
for clinically significant vasospasm and subsequent exposure
to multiple interventions. The secondary outcomes were 28-

day mortality and medical complications including angio-
graphic vasospasm, delayed cerebral ischemia, pneumonia,
intracranial infection, and sepsis.

Statistical analysis

Statistical analysis was performed with SPSS 17.0 (SPSS Inc.,
Chicago, Illinois). Continuous variables were expressed as
mean ± standard deviation and analyzed by the 2-sample t
test. Categorical variables were expressed as counts
(percentage) and analyzed by either the Pearson χ2 test or
Fisher exact test. Predictors of AKI were assessed using uni-
variate logistic regression analysis for narrowing down the
potential factors and then multivariate logistic regression
model analysis. Candidate predictor variables for univariate
logistic regression analysis included all available demo-
graphics and baseline variables that had univariate associa-
tions (P < 0.15) with the occurrence of AKI. All variables
having P < 0.05 from univariate logistic regression analyses
were included in multivariate analysis, in which the backward
stepwise multivariate regression was performed to create the
final model whereby the least non-significant variables were
removed from the model one by one, until all remaining var-
iables had P < 0.05. The corresponding sensitivities and spec-
ificities of these variables were also calculated, using the best
thresholds forWFNS grades, serum creatinine level on admis-
sion, and serum hs-CRP level on admission, which were de-
rived from the receiver operating characteristic (ROC) curve
analyses. Area under the curve (AUC) model performance
was tested using the Z test. The percentage of patients surviv-
ing AKI for 14 days was calculated using Kaplan–Meier
method, and the survival curves were drawn, which were
compared using the log-rank test. P ≤ 0.05 was considered
significant.

Results

Patient characteristics

One hundred sixty-four patients were included in this study
and categor ized into AKI and non-AKI groups .
Demographics and baseline characteristics were compared be-
tween the two groups and results are shown in Table 1.
Patients with AKI had significantly higher average hs-CRP
level than those without (Table 1). The angiographic vaso-
spasm and pneumonia occurrence rates of patients with AKI
were significantly higher than those of patients without AKI
(P = 0.030 and 0.044), respectively. Delayed cerebral ische-
mia occurrence rate and mortality of patients with AKI tend to
be higher than those of patients without, although they were
not significantly different.
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Table 1 Comparison of
demographics and baseline
characteristics in patients
according to the occurrence of
AKI

Characteristics Total
(n = 164)

AKI group
(n = 17)

Non-AKI group
(n = 147)

P
value

Demographics

Age (year) 53.3 ± 10.5 55.9 ± 11.8 53.0 ± 10.4 0.290

Sex, female 90 (54.9%) 9 (52.9%) 81 (55.1%) 0.865

Admission clinical grade

WFNS grade 2.5 (1–4) 2 (1–4) 4 (1–5) 0.106

Grade I 73 (44.5%) 5 (29.4%) 68 (46.3%)

Grade II 9 (5.5%) 1 (5.9%) 8 (5.4%)

Grade III 21 (12.8%) 2 (11.8%) 19 (12.9%)

Grade IV 34 (20.7%) 4 (23.5%) 30 (20.4%)

Grade V 27 (16.5%) 5 (29.4%) 22 (15.0%)

Modifed Fisher grade 2 (2–3) 2 (2–3) 3 (2–4) 0.562

Medical history

Hypertension 73 (44.5%) 10 (58.8%) 63 (42.9%) 0.210

Diabetes 15 (9.1%) 4 (23.5%) 11 (7.5%) 0.053

Hyperlipemia 23 (14.0%) 2 (11.8%) 21 (14.3%) 0.777

Heart disease 20 (12.2%) 3 (17.6%) 17 (11.6%) 0.440

Aneurysm characteristics

Aneurysm size (mm) 7.1 ± 3.5 7.5 ± 4.2 7.0 ± 3.5 0.610

Multiple aneurysms 42 (25.6%) 3 (17.6%) 39 (26.5%) 0.564

Ruptured aneurysm on the anterior
circulation

130 (79.3%) 15 (88.2%) 115 (78.2%) 0.529

Laboratory

Serum hs-CRP (mg/L) 6.5 ± 5.5 9.7 ± 5.2 6.2 ± 5.5 0.001

Serum hemoglobin (g/L) 132.3 ± 16.3 135.4 ± 14.1 131.9 ± 16.5 0.407

Serum creatinine (μmoI/L) 64.6 ± 15.6 71.7 ± 13.7 63.8 ± 15.6 0.046

Serum albumin (g/L) 40 ± 3.4 39.1 ± 4.4 40.2 ± 3.3 0.230

Urinary protein was positive 49 (29.9%) 8 (47.1%) 41 (27.9%) 0.102

Treatment

Mannitol 159 (97.0%) 16 (94.1%) 143 (97.3%) 0.426

Hypertonic saline 3 (1.8%) 0 (0.0%) 3 (2.0%)

ACEIs/ARBs 16 (9.8%) 2 (11.8%) 14 (9.5%) 0.774

NSAIDs 60 (36.6%) 7 (41.2%) 53 (36.1%) 0.678

Hydragogue 66 (40.2%) 6 (35.3%) 38 (25.9%) 0.398

RBC transfusion 3 (1.8%) 1 (5.9%) 2 (1.4%) 0.281

CTA/MRA 160 (97.6%) 17 (100%) 143 (97.3%) 1.000

DSA 38 (23.2%) 5 (29.4%) 33 (22.4%) 0.547

Interventional treatment 20 (12.2%) 3 (17.6%) 17 (11.6%) 0.440

Antibiotic therapy 74 (45.1%) 12 (70.6%) 62 (42.2%) 0.026

Third-generation cephalosporins 31 (18.9%) 5 (29.4%) 26 (17.7%) 0.322

Sulbactam sodium-cefoperazone
sodium

24 (14.6%) 3 (17.6%) 21 (14.3%) 0.718

Vancomycin 14 (8.5%) 5 (29.4%) 9 (6.1%) 0.007

Meropenem 7 (4.3%) 1 (5.9%) 6 (4.1%) 0.542

Piperacillin sodium-tazobactam
sodium

6 (3.7%) 1 (5.9%) 5 (3.4%) 0.487

Antibiotic combination 16 (9.8%) 3 (17.6%) 13 (8.8%) 0.220

Values are n (%), mean ± SD, and median (25–75%)
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AKI and hs-CRP level at admission

There were 17 patients (10.4%) who experienced AKI
within 2 weeks of aSAH onset. Five variables, including
the WFNS grade, diabetes, serum hs-CRP level, serum
creatinine level, and antibiotic therapy, had univariate as-
sociations (P < 0.15) with the development of AKI
(Table 1) and were put into univariate and multivariate
model analyses (Tables 2 and 3).

After adjusting for possible confounding factors includ-
ing the WFNS grade, diabetes, and serum creatinine level,
the multivariate analysis showed that serum hs-CRP level
and antibiotic therapy were both predictive factors (serum
hs-CRP level: OR = 1.2 (1.1–1.3), P = 0.003; antibiotic
therapy: 5.8 (1.6–20.7), P = 0.007) of AKI following
aSAH (Table 3).

The sensitivity, specificity, and Youden index of serum hs-
CRP level in predicting the development of AKI were derived
by ROC curve analysis, and they were calculated to be 76.5%
(13/17), 64.6% (95/147), and 0.411, respectively, based on the
best threshold of 6.6 mg/L (Fig. 1). The AUC of serum hs-
CRP level, WFNS grade, serum creatinine at admission, and
antibiotic therapy was 0.72 (95%CI = 0.61–0.81), 0.61
(95%CI = 0.47–0.76), 0.65 (95%CI = 0.52–0.78), and 0.64
(95%CI = 0.51–0.78), respectively. Z tests revealed that there
was no significant difference between the AUC of these pa-
rameters (serum hs-CRP level vs. WFNS grade: Z = 1.128,
P = 0.259; serum hs-CRP level vs. serum creatinine: Z =
0.809, P = 0.418; serum hs-CRP level vs. antibiotic therapy:
Z = 0.845, P = 0.398).

Although Z tests revealed that the AUCs of serum hs-CRP
level,WFNS grade, serum creatinine level, and antibiotic ther-
apy were still not significantly different (serum hs-CRP level
vs. WFNS grade: Z = 1.128, P = 0.259; serum hs-CRP level
vs. serum creatinine level: Z = 0.809, P = 0.418; serum hs-
CRP level vs. antibiotic therapy: Z = 0.845, P = 0.398), it
seemed that serum hs-CRP level had better performance in
predicting the AKI following aSAH than all other three pre-
dictors with a higher AUC (Fig. 1).

AKI-free survival of patients with and without higher
hs-CRP level

Among these patients in this cohort (n = 164), there were 65
patients (39.6%) who had serum hs-CRP level > 6.6 mg/L.
Post hoc log-rank testing revealed that patients having serum
hs-CRP > 6.6 mg/L had a significantly higher rate of AKI than
those having hs-CRP ≤ 6.6 mg/L (20% (13/65) vs. 4.0%
(4/99), P = 0.001) (Fig. 2).

Discussion

AKI is a severe non-neurologic complication of aSAH and
usually occurs within 14 days of aSAH [21, 42]. The incidence
of AKI in aSAH patients has increased in the past decade;
furthermore, it is detrimental to patient outcomes and increases
healthcare costs [33]. Therefore, identification of an easily mea-
surable biomarker for predicting AKI might be helpful for risk
mitigation. Our study found that the serum hs-CRP level at
admission was significantly associated with AKI, and the most
suitable threshold was 6.6 mg/L. Serum hs-CRP level had a

Table 2 Comparison of medical
complications in patients
according to the occurrence of
AKI

Medical complications Total
(n = 164)

AKI group
(n = 17)

Non-AKI group
(n = 147)

P
value

Angiographic vasospasm 75 (45.7%) 12 (70.6%) 63 (42.9%) 0.030

Delayed cerebral ischemia 57 (34.8%) 9 (52.9%) 48 (32.7%) 0.096

Sepsis 8 (4.9%) 2 (11.8%) 6 (4.1%) 0.195

Mortality 17 (10.4%) 4 (23.5%) 13 (8.8%) 0.081

Intracranial infection 13 (7.9%) 3 (17.6%) 10 (6.8%) 0.137

Pneumonia 60 (36.6%) 10 (58.8%) 50 (34.0%) 0.044

Pneumonia treated with
vancomycin

9 (15.0%) 4 (40.0%) 5 (10.0%) 0.034

Values are n (%), mean ± SD, and median (25–75%)

Table 3 Multivariate model analysis of AKI with predictive factors

Factors Univariate analysis* Multivariate analysis#

OR (95%CI) P value OR (95%CI) P value

WFNS grade 1.3 (0.9–1.8) 0.116 – –

Diabetes 3.8 (1.1–13.7) 0.040 – –

Urinary protein 2.3 (0.8–6.4) 0.109 – –

Serum hs-CRP 1.1 (1.0–1.2) 0.015 1.2 (1.1–1.3) 0.003

Serum creatinine 1.0 (1.0–1.1) 0.050 – –

Antibiotic therapy 3.3 (1.1–9.8) 0.033 5.8 (1.6–20.7) 0.007

*Univariate analysis: all factors in Table 1 that have P < 0.15 were in-
cluded in univariate analysis. #Multivariate analysis: all variables having
P < 0.05 from univariate analyses were included in multivariate analysis.
Backward stepwise regression methods were used to produce the final
model
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sensitivity of 76.5% and a specificity of 64.6% for predicting
the development of AKI on the basis of the best thresholds. The
serum level of hs-CRP, an easily measurable biomarker, could
reflect the degree of inflammatory response and predict neuro-
logic and non-neurologic complications of aSAH, which might
be able to indicate the risk of AKI occurrence and might be
helpful in optimizing medical care.

In our analysis, the overall incidence of AKI was 10.4%.
After adjusting for possible confounding factors including
WFNS grade, diabetes, and serum creatinine level, the

multivariate analysis revealed that serum hs-CRP and antibi-
otic therapy were the most significant factors associated with
AKI following aSAH. Serum hs-CRP level might be a helpful
predictive factor of AKI following aSAH, but considering its
sensitivity of 76.5% and specificity of 64.6%, it might not be
enough to use just serum hs-CRP for predicting AKI.
Nevertheless, serum hs-CRP is still an important parameter
to evaluate the occurrence of AKI, especially in several critical
conditions where clinicians have to perform liberal glucose
management, use corticosteroids, and use nephrotoxic antibi-
otics or dehydrants that could lead to kidney dysfunctions of
patients. For those aSAH patients having serum hs-CRP >
6.6mg/L, special attention should be paid during the treatment
to prevent the occurrence of AKI. For example, liberal glucose
management (> 220 mg/dL) is associated with increased risk
of infection, which may lead to renal injury or use of antibi-
otics. A target glucose range of 80–140 mg/dL is recommend-
ed [13], but administration of high-dose corticosteroid is not
recommended in acute SAH patients, as it may induce an
electrolyte disorder and aggravate renal function [13].

Several research studies reported that abuse of nephrotoxic
antibiotics or dehydrants could lead to kidney dysfunctions of
patients in critical condition [24, 31]. Our results revealed that
with all the antibiotics used for this cohort, vancomycin might
result in a significant impact on AKI occurrence (P = 0.007,
between the AKI group and non-AKI group). Treatment with
vancomycin has been reported to induce acute interstitial ne-
phritis and/or acute tubular necrosis [36]. The mechanism of
serum hs-CRP level to predict the occurrence of AKI might be
the following. (1) According to literature, systemic inflamma-
tory response syndrome would occur in 29–87% aSAH pa-
tients, which has been correlated with the development and
progression of extracerebral organ dysfunction [8], and the
risk of the development of extracerebral organ dysfunction
could be reflected by CRP as it indicates the degree of inflam-
matory response. (2) The CRP level at an early stage of aSAH
can predict many kinds of neurologic and cardiorespiratory
complications, such as cerebral vasospasm [20, 32], which is
in a certain degree related to AKI. In this cohort, the occur-
rence rate of angiographic vasospasm of patients with AKI
was significantly higher than that of patients without AKI
(P = 0.030). For patients with cerebral angiospasm, there is a
need for a more aggressive cerebrospinal fluid management to
increase cerebral blood flow, osmotic agents are used to treat
elevated intracranial pressure, and contrast media is used to
confirm diagnosis, all of which could increase the burden of
the kidney, thus explaining the association of cerebral
angiospasm with AKI [2, 22]. Furthermore, patients who de-
velop cerebral vasospasm may have altered endothelial func-
tions, including the release of vasoregulatory mediators such
as nitric oxide and endothelin, which may lead to changed
regional perfusion regulation and potentially increase the risk
of renal vasoconstriction [1, 6, 28, 34].

Fig. 1 ROC curve analysis comparing the serum hs-CRP, WFNS grade,
serum creatinine at admission, and antibiotic therapy for identifying AKI
following aSAH

Fig. 2 The Kaplan–Meier curve of the 14-day non-AKI rate of patients
with different hs-CRP levels at admission
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In this aSAH cohort, having diabetes, aging, and serum
creatinine level at admission, which are often considered risk
factors for the development of AKI, were not significantly
associated with AKI following aSAH. Serum creatinine is
the most frequently used parameter in the diagnosis of AKI.
However, since it lags behind in the decline and recovery in
glomerular filtration rate by days, serum creatinine is insensi-
tive and considered an unreliable biomarker during short-term
changes in kidney function. Moreover, serum creatinine is
affected by multiple factors, including the age, race, muscle
weight, volume of distribution, medications, and protein in-
take of the patient. Therefore, there is a need for more sensi-
tive and specific biomarkers for earlier AKI diagnosis and
rapid measurement of response to the therapy. Neutrophil
gelatinase-associated lipocalin and kidney injury molecule-1
are considered novel biomarkers for AKI. They may play a
role in the future to help identify patients at risk or allow early
detection of AKI, thus providing a window of opportunity for
early therapeutic interventions [15, 26, 30]. However, due to
insufficient clinical evidence, as well as lack of standard clin-
ical testing methods, in the near future, actual application of
these two factors will not be realized in a clinical setting [29].
On the other hand, serum hs-CRP level is a routine parameter
measured in a clinical setting, widely available in hospitals of
all tiers, has a standard clinical measurement protocol, and has
become a regular admission test item for several diseases,
which might be more clinically relevant. Compared with
“standard sensitivity” CRP, the detection range of hs-CRP is
0.1–10 mg/L. CRP is limited in its sensitivity when the value
is lower than 5 mg/L. According to the results, the best thresh-
old is 6.6 mg/L for hs-CRP in predicting the development of
AKI. The level of 6.6 mg/L is high enough for “standard
sensitivity” CRP to be used. Thus, the detection of CRP can
also be suitable for assessing AKI following SAH, because
measurement of CRP is cheaper and more acceptable to be-
come a routine item clinically compared with that of hs-CRP.

Significant improvements have been made in the neu-
rologic management of aSAH in the past decade. Although
the prognosis of aSAH has been significantly improved
compared with what was 20 years ago, its 3-month death
rate could still be as high as 30% [25]. To further improve
the treatment results of aSAH patients, minimizing the
non-neurologic complications associated with the high
morbidity and mortality has become the focus of research
[18, 37]. Our data showed that although not statistically
significant, the 28-day mortality rate of patients with AKI
tends to be higher than that of patients without AKI.
Zacharia et al [43] reported that aSAH patients with renal
failure had a 2-fold higher risk of 3-month poor outcome
and significant increased risk of death. Therefore, if early
prognosis of the risk of AKI could be achieved, optimized
care and improved allocation of healthcare resources
might be facilitated.

In the management of intracranial hypertension,
hyperosmolar therapy with mannitol and hypertonic saline
has been the cornerstone [19]. Research has shown that
hyperosmolar therapy is a dangerous trigger of AKI [35],
but in this study, mannitol had been used for almost all
patients. Although it has been reported that contrast-
induced nephropathy could be found in 3–8% of aSAH
patients [5, 7, 39], the rate of exposure to intravenous con-
trast agents (CTA, MRA, and DSA) was also not different
between the AKI and non-AKI groups in our patient pop-
ulation. Almost all patients had CTA, MRA, or DSA ex-
amination on the day of admission for diagnosis of the
aneurysm and a comprehensive pre-surgery assessment.
Moreover, the overall increased awareness of the risks of
contrast exposures may be a contributing factor for clinical
management.

There were still a number of limitations of this study.
First, as a single-center observational study, the inherent
limitations of analyzing it apply here. Future studies are
expected to shed more light on the potential biomarker
AKI. Second, the number of consecutive patients with
SAH included in this study was not large enough, which
makes statistical comparison difficult. Thus, data collected
and results summarized should be analyzed carefully.
Additional studies are needed to investigate the pathophys-
iologic processes and interventions to prevent the develop-
ment of AKI following SAH. We anticipate future studies
about this important non-neurologic complication follow-
ing SAH.

Conclusions

The incidence rate of AKI was nearly 10% in aSAH pa-
tients included in this study. Delayed cerebral ischemia
occurrence rate and mortality of patients with AKI tend
to be higher than those of patients without in this cohort;
however, they were not significantly different. Both elevat-
ed baseline serum hs-CRP level and antibiotic therapy used
were significant factors independently associated with AKI
following aSAH. Serum hs-CRP level at admission might
be helpful as a predictor for the development of AKI.
Further research is needed to determine whether changes
in serum hs-CRP levels over time are related to the onset of
AKI.
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Comments

This paper reports an association between admission plasma levels of
high-sensitivity C-reactive protein and development within 14 days of
acute kidney injury in patients with aneurysmal subarachnoid haemor-
rhage. This is an interesting observation, which warrants consideration
regarding the mechanism of association. However, as a clinician I prob-
ably would not add this relatively expensive test tomy prognostic toolbox
at this time.
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