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Abstract
Purpose: Acute kidney injury (AKI) is a severe complication in medical and surgical intensive care units accounting for a high
morbidity and mortality. Incidence, risk factors, and prognostic impact of this deleterious condition are well established in this
setting. Data concerning the neurocritically ill patients is scarce. Therefore, aim of this study was to determine the incidence of
AKI and elucidate risk factors in this special population. Methods: Patients admitted to a specialized neurocritical care unit
between 2005 and 2011 with a length of stay above 48 hours were analyzed retrospectively for incidence, cause, and outcome of
AKI (AKI Network-stage �2). Results: The study population comprised 681 neurocritically ill patients from a mixed neuro-
surgical and neurological intensive care unit. The prevalence of chronic kidney disease (CKD) was 8.4% (57/681). Overall inci-
dence of AKI was 11.6% with 36 (45.6%) patients developing dialysis-requiring AKI. Sepsis was the main cause of AKI in nearly 50%
of patients. Acute kidney injury and renal replacement therapy are independent predictors of worse outcome (hazard ratio [HR]:
3.704; 95% confidence interval [CI]: 1.867-7.350; P < .001; and HR: 2.848; CI: 1.301-6.325; P ¼ .009). Chronic kidney disease was
the strongest independent risk factor (odds ratio: 12.473; CI: 5.944-26.172; P < .001), whereas surgical intervention or contrast
agents were not associated with AKI. Conclusions: Acute kidney injury in neurocritical care has a high incidence and is a crucial
risk factor for mortality independently of the underlying neurocritical condition. Sepsis is the main cause of AKI in this setting.
Therefore, careful prevention of infectious complications and considering CKD in treatment decisions may lower the incidence of
AKI and hereby improve outcome in neurocritical care.
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Introduction

Non-neurologic complications in neurocritical care are

increasingly recognized as independent predictors of poor

outcome in this subset of critically ill patients.1 Acute kidney

injury (AKI) is a common and severe complication in medical

and surgical intensive care units (ICUs) accounting for high

morbidity and mortality in these patients.2 Large studies have

shown an incidence of 20% to 67% depending on the defini-

tion of AKI and the underlying cause of admission to the ICU

with the lowest incidence in elective surgical patients and the

highest incidence in patients with sepsis.2-6 Consequently,

AKI requiring renal replacement therapy (RRT) is an impor-

tant risk factor for mortality, with reported mortality rates up

to 50% to 70% in these patients.5,7,8

Furthermore, AKI is associated with increasing costs,9 pro-

longed ICU and hospital stay,10 and an elevated risk of chronic

kidney disease (CKD) including end-stage renal disease.8,11,12

Incidence, risk factors, and prognostic impact of this deleter-

ious condition are well established in the setting of medical

and surgical ICU. However, to date, only few data about the

incidence and impact of AKI in the neurocritically ill patient

are published, mostly concerning individual populations like

patients after stroke,13-15 traumatic brain injury,16,17 and intra-

cerebral18 or subarachnoid hemorrhage.19 Nevertheless, those
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patients are often of younger age and show different spectra

of underlying disease as well as reduced numbers of comor-

bidities than their counterparts in medical or surgical ICU.

Diagnostic and therapeutic procedures in neurocritical care

may exhibit a different risk profile regarding the develop-

ment of AKI.

The aim of this study was to evaluate incidence and outcome

of AKI in a large and unselected cohort of neurocritically ill

patients in a specialized neurocritical care unit (NCCU). In

addition, we sought to elucidate risk factors for the develop-

ment of AKI and describe the impact of AKI on survival in this

special subpopulation of critically ill patients.

Materials and Methods

Selection of Patients

All patients admitted to the NCCU of the University Hospital

Frankfurt, a tertiary care clinic in a large metropolitan area,

between January 2005 and December 2011, were included in this

retrospective cohort study. The NCCU is a specialized ward with

16 intensive care beds shared for neurological and neurosurgical

patients. The team consists of neurosurgeons, neurologists,

anesthetists, and a specialized intensive care nursing staff. A con-

sultative support is organized in cooperation with the other clinics

of the hospital to address non-neurological problems (eg, the

nephrologist on call in case of AKI). The study was performed

in accordance with the 1975 Declaration of Helsinki, and the

study was approved by the institutional review board of the Uni-

versity Hospital Frankfurt (Geschäfts-Nr. 59/12). Patients admit-

ted for less than 48 hours and patients who were diagnosed brain

dead or had “allow natural death” orders at the time of admission

were excluded. Also excluded were patients with withdrawal of

care (advance health-care directive or at request by the family)

before or at the onset of AKI and individuals undergoing chronic

RRT (either hemodialysis or peritoneal dialysis) prior to admis-

sion. Demographic, clinical, laboratory, and treatment parameters

were retrieved from the electronic medical case files for every

patient. To assess severity of critical illness, the Simplified Acute

Physiology Score (SAPS II) was used.20

Definition of AKI

Baseline kidney function was estimated at admission based on

the first serum creatinine value and the corresponding esti-

mated glomerular filtration rate (eGFR) using the 4-variable

modification of diet in renal disease formula or, if available,

from previous hospital stays (at least 3 months prior to admis-

sion). Chronic kidney disease was defined if eGFR was below

90 mL/min/1.73 m2 or if a history of CKD was known. Acute

kidney injury was defined according to the Acute Kidney

Injury Network (AKIN) staging system.21 For the purpose of

this study, patients were classified as having AKI if reached

AKIN-stage 2 (serum creatinine increase >2- to 3-fold increase

from baseline) or 3 (serum creatinine increase above 3-fold or

serum creatinine > 4mg/dL with an acute increase�0.5 mg/dL).

Diagnosis and cause of AKI was confirmed in every single case

by retrospective analysis of the medical case files by 2 different

nephrologists independently. Causes were attributed to sepsis,

nephrotoxic, pre- or postrenal, postsurgery, or others/unknown.

To assess and elucidate risk factors for AKI, the cohort of patients

was divided in 2 groups, patients without AKI as a control group

and patients with AKIN of 2 or higher. In a second analysis, only

the identified patients with AKI were divided in 2 groups. The

first group comprised patients in which kidney function could be

stabilized with conventional treatment alone. The second group

includes patients with AKI requiring RRT. Patients were fol-

lowed up to death or up to 90 days post-ICU admission.

Definitions

Admission diagnoses were categorized as neurologic autoim-

mune disease, intracranial hemorrhage (including intracereb-

ral, extracerebral, and subarachnoid hemorrhages), infection of

the central nervous system, ischemic stroke, tumor disease, and

others. Classified comorbidities were arterial hypertension,

diabetes, coronary artery disease (CAD), peripheral arterial

disease (PAD), any known cerebrovascular disease (CVD), and

CKD. The use of contrast agent (computed tomography or

angiography) during the course of treatment, antimicrobial

therapy (excluding specific nephrotoxic medications as given

below), and the rate of confirmed infections for every single

patient was recorded. Diagnosis of sepsis was based on the

sepsis definition of the American College of Chest Physi-

cians/Society of Critical Care Medicine Consensus Conference

Committee.22 Diagnosis of ventilator-associated pneumonia

was based on the guidelines of the American Thoracic Society.23

The variable nephrotoxic agents included vancomycin, non-ster-

oidal anti-inflammatory drugs, ganciclovir, acyclovir, tobramy-

cin, streptomycin, gentamycin, amikacin, cyclosporine, and

amphotericin in any single or combined use.

Statistical Analysis

Continuous variables are shown as median and interquartile

range (IQR), and categorical variables are reported as frequen-

cies and percentages. Differences between patient cohorts were

determined using the Fishers exact test or Fisher-Freeman-

Halton exact test for categorical variables; for quantitative vari-

ables, we used the Mann-Whitney U test or Kruskal-Wallis test.

Risk factors for AKI were determined using a uni- and multi-

variate logistic regression model. For assessment of survival

factors, we used a uni- and multivariate Cox-regression model.

All P values reported are 2-sided. Statistical significance was

assumed when the P value was <.05. Statistical analyses were

performed using SPSS 22 (IBM, Armonk, New York) and

Prism 5 (GraphPad Software Inc, San Diego, California).

Results

Patient Characteristics

The study population comprised 681 patients with a median

age of 62.5 (IQR, 49-73) years with 377 (55.4%) males (for
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detailed data see Table 1). Median ICU stay was 10 (4.5-16)

days, with a median duration of mechanical ventilation of 122

(5-330.5) hours and a median SAPS II score of 29 (22-37) at

the time point of admission. Reasons for admittance were

mainly due to intracranial hemorrhage (48.5%), followed by

intracerebral neoplasms (14.5%), ischemic stroke (14.2%),

and infections of the central nervous system (11%). Following

hypertension (58.7%), CVD (47.7%) was the second most

common comorbidity. Diabetes mellitus (18.5%) and CAD

(18.6%) were equally frequent and 57 patients (8.4%) had

preexisting CKD. In all, 458 (67.3%) patients underwent sur-

gery right before or during ICU stay, 473 (69.5%) received

contrast agents, and 508 patients were diagnosed with an

infection (74.6%).

Patients With AKI

Throughout the study period, 79 patients developed AKI

(AKIN-stage �2), accounting for an incidence of 11.6%. As

depicted in Table 1, this group included 51 (64.6%) males and

28 (35.4%) females with a median age of 69 (58-76) years,

which was significantly older than the control group (P <

.001). Of total, 27 (34.2%) patients were classified as AKIN-

stage 2 and 52 (65.8%) patients as AKIN-stage 3. Admission

diagnoses did only differ significantly in patients with ischemic

stroke with 27.8% (n ¼ 22) in the AKI group and 12.5% (n ¼
75) in the control group (P < .01). Patients in the AKI group

significantly more often had comorbidities like hypertension

(73.3% vs 56.8%; P < .01), diabetes (36.7% vs 16.3%; P < .01),

Table 1. Demographic Data and Clinical Characteristics of the Control Cohort and AKI Patients.a

Parameter All Patients Control Group AKI P Value

Epidemiology
Patients, n (%) 681 (100) 602 (88.4) 79 (11.6)
Gender, M/F (%) 377 (55.4)/304 (44.6) 326 (54.2)/276 (45.8) 51 (64.6)/28 (35.4) .092
Age, median (IQR) 62.5 (49-73) 61.5 (48-73) 69.0 (58-76) <.01
SAPS II score at admission 29 (22-37) 29 (21-36) 34 (28.8-42) <.01

Diagnosis at admission
Neurologic autoimmune disorder, n (%) 15 (2.2) 13 (2.2) 2 (2.5) .6894
Intracranial hemorrhage, n (%) 330 (48.5) 299 (49.7) 31 (39.2) .0937
Infection of the CNS, n (%) 75 (11) 68 (11.3) 7 (8.9) .701
Ischemic stroke, n (%) 97 (14.2) 75 (12.5) 22 (27.8) <.01
Tumor, n (%) 99 (14.5) 89 (14.8) 10 (12.7) .735
Others, n (%) 65 (9.5) 58 (9.6) 7 (8.9) 1.0

Comorbidities
Hypertension, n (%) 400 (58.7) 342 (56.8) 58 (73.4) <.01
Diabetes mellitus, n (%) 127 (18.5) 98 (16.3) 29 (36.7) <.01
Coronary artery disease, n (%) 127 (18.6) 105 (17.4) 22 (27.8) <.05
Peripheral artery disease, n (%) 25 (3.7) 17 (2.8) 8 (10.1) <.01
Cerebrovascular disease, n (%) 325 (47.7) 271 (45) 54 (68.4) <.01
Chronic kidney disease, n (%) 57 (8.4) 25 (4.2) 32 (40.5) <.01

Risk profile
Surgery, n (%) 458 (67.3) 412 (68.4) 46 (58.2) .0749
Contrast agents, n (%) 473 (69.5) 424 (70.4) 49 (60.8) .1524
Antibiotic therapy, n (%) 539 (79.1) 464 (76.9) 75 (94.9) <.01
Infection, n (%) 508 (74.6) 437 (72.6) 71 (89.9) <.01

Nephrotoxic agents
Anti-infectives, n (%) 182 (26.7) 143 (23.8) 39 (49.4) <.01
Contrast dye, n (%) 473 (69.5) 424 (70.4) 49 (62.0) .152
Nephrotoxic medication, n (%) 206 (30.2) 166 (27.6) 40 (50.6) <.01
Contrast dye þ nephrotoxic medication 148 (21.7) 122 (20.3) 26 (32.9) .7735
Others, n (%) 32 (4.7) 29 (4.8) 3 (3.8) 1.0

Intensive care
Length of ICU stay, days, median (IQR) 10 (4.5-16) 9 (4-16) 11 (5-21) <.05
Length of hospital stay, days, median (IQR) 16 (10-25) 16 (10-24) 20 (10-33) .058
Duration of mechanical ventilation, hours, median (IQR) 122 (5-330.5) 111 (2-309.3) 240 (98-525) <.01
SAPS II score maximum, median (IQR) 35 (28-45) 34 (26-43) 48.5 (38.8-59) <.01
SAPS II score cumulative, median (IQR) 271 (119-482) 241 (112-452) 468.5 (270-876) <.01
Mortality, n (%) 110 (16.2%) 80 (13.3) 30 (38.0) <.01

Abbreviations: AKI, acute kidney injury; CNS, central nervous system; F, female; ICU, intensive care unit; IQR, interquartile range; M, male; SAPS, Simplified Acute
Physiology Score.
aVariables are expressed as median and IQR or as numbers and proportions, as appropriate. All P values reported are 2-sided. Statistical significance was defined as
P � .05.
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CAD (27.8% vs 17.4%; P < .05), PAD (10.1% vs 2.8%;

P < .01), CVD (68.4% vs 45%; P< .01), and CKD (40.5%
vs 4.2%; P < .01). Regarding possible risk factors, signif-

icantly more patients in the AKI group were diagnosed

with infection (89.9%, n ¼ 71; P < .01), underwent anti-

biotic therapy (94.9%, n ¼ 75; P < .01), and received

nephrotoxic agents (mainly anti-infectives; 50.6%,

n ¼ 40; P < .01).

Table 2. Demographic Data and Clinical Characteristics of Patients With AKI and Renal Replacement Therapy.a

Parameter AKI-Conservative Treated AKI-Renal Replacement Therapy P Value

Demographics
Patients, n (%) 43 (54.4) 36 (45.6)
Gender, M/F, n (%) 29 (67.4)/14 (32.6) 22 (61.1)/14 (38.9) .639
Age, median (IQR) 70 (59-78) 66 (57.3-72.8) .266
SAPS II score at admission, median (IQR) 33 (30-41.5) 35 (22-42.5) .408
serum creatinine at admission, mg/dL, median (IQR) 1.42 (0.92-2.2) 1.39 (1.0-2.23) .992
eGFR at admission, mL/min, median (IQR) 47 (29-74) 51 (23.6-71) .906

Diagnosis at admission
Neurologic autoimmune disorder, n (%) 0 (0.0) 2 (5.6) .204
Intracranial hemorrhage, n (%) 16 (37.2) 15 (41.7) .818
Infection of the CNS, n (%) 6 (14.0) 1 (2.8) .119
Ischemic stroke, n (%) 13 (30.2) 9 (25.0) .626
Tumor, n (%) 5 (11.6) 5 (13.9) 1.0
Others, n (%) 3 (7.0) 4 (11.1) .696

Comorbidities
Hypertension, n (%) 34 (79.1) 24 (66.7) .307
Diabetes mellitus, n (%) 18 (41.9) 11 (30.6) .353
Coronary artery disease, n (%) 15 (34.9) 7 (19.4) .141
Peripheral artery disease, n (%) 5 (11.6) 3 (8.3) .721
Cerebrovascular disease, n (%) 26 (60.5) 28 (77.8) .145
Chronic kidney disease, n (%) 21 (48.8) 11 (30.6) .113

Possible risk factors
Surgery, n (%) 23 (53.5) 23 (63.9) .371
Contrast agents, n (%) 25 (58.1) 24 (66.7) .491
Antibiotic therapy, n (%) 41 (95.3) 34 (94.4) 1.0
Infection, n (%) 38 (88.4) 33 (91.7) .721

Nephrotoxic agents 18 (41.9) 22 (61.1) .115
Anti-infectives, n (%) 17 (39.5) 22 (61.1) .072
Contrast agents þ nephrotoxic medication, n (%) 10 (23.3) 16 (44.4) .057
Others, n (%) 3 (7.0) 0 (0.0) .246

Type of kidney injury
Sepsis, n (%) 20 (46.5) 22 (61.1) .259
Nephrotoxic, n (%) 4 (9.3) 3 (8.3) 1.0
Prerenal, n (%) 8 (18.6) 3 (8.3) .214
Postrenal, n (%) 1 (2.3) 0 (0.0) 1.0
Postsurgery, n (%) 4 (9.3) 3 (8.3) 1.0
Others or unknown, n (%) 6 (14.0) 5 (13.9) 1.0

Intensive care
Length of ICU stay, days, median (IQR) 10 (5-16) 15.5 (5.3-28.5) .058
Length of hospital stay, days, median (IQR) 17 (10-31) 24.5 (10.5-40.5) .099
Duration of mechanical ventilation, hours, median (IQR) 201 (49-314) 445.5 (117-651.8) .003
SAPS II score maximum, median (IQR) 42 (36.5-51) 54 (47.5-64.5) <.001
SAPS II score cumulative, median (IQR) 398 (225.5-611.5) 773 (313-1424) <.001
AKIN stage 2, n (%) 27 (62.8) NA NA
AKIN stage 3, n (%) 16 (37.2) 36 (100) <.001
serum creatinine at discharge, mg/dL, median (IQR) 1.32 (0.67-2.18) 2.1 (1.27-4.28) .011
eGFR at discharge, mL/min, median (IQR) 50 (29-96) 24.5 (14.25-58.25) .006
RRT at discharge, n (%) NA 16 (44.4) NA
Mortality, n (%) 12 (27.9) 18 (50.0) .063

Abbreviations: AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; CNS, central nervous system; eGFR, estimated glomerular filtration rate; F, female;
ICU, intensive care unit; IQR, interquartile range; M, male; NA, not applicable; RRT, renal replacement therapy; SAPS, Simplified Acute Physiology Score.
aVariables are expressed as median and IQR or as numbers and proportions, as appropriate. All P values reported are 2-sided. Statistical significance was defined as
P � .05.
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Sepsis was the main cause of AKI in 42 patients (53.2%),

with 69% of these cases due to pneumonia. The second most

cause was prerenal AKI in 11 (13.6%) patients, followed by

postoperative AKI in 7 (8.9%) patients, nephrotoxic in 7 (8.9%)

patients, and postrenal AKI in 1 (1.3%) patient. Other causes

were rhabdomyolysis (n¼ 1), hepatorenal syndrome (n¼ 1), or

undefined causes in 11 patients (13.9%).

Patients with AKI had a significant longer median ICU stay

with 11 (5-21) days versus 9 (4-16) days in the control group

(P < .05), a longer duration of mechanical ventilation with 240

(98-525) hours versus 111 (2-309.3) hours (P < .01). The SAPS

II score was higher at admission with 34 (28.8-42) versus 29

(21-36; P < .001) and showed an increased maximum during

stay with 48.5 (38.8-59) versus 34 (26-43; P < .01). However,

length of hospital stay differed not significantly between

the groups with 20 (10-33) days in the AKIN group versus

16 (2-125) days in the control group (P ¼ .058).

Patients With the Need for RRT

Conservative treatment was sufficient in 43 (54.4%) of all

patients with AKI. Thirty-six (45.6%) patients developed

dialysis-dependent AKI, accounting for an overall incidence

of dialysis-depending AKI of 5.3%. Comparing both groups

(for detailed data see Table 2), there was no difference regard-

ing admission diagnosis, comorbidities, or possible risk factors

(surgery, contrast agent, antibiotic therapy, and infection).

However, the number of patients treated with nephrotoxic

anti-infectives or the combination with contrast agents was

slightly higher in the RRT group without reaching significance.

Patients with the need for RRT had a longer stay on ICU and

had a significantly longer duration of mechanical ventilation.

Neither the SAPS II score nor kidney function did differ sig-

nificantly at admission. After discharge from ICU, 16 (44.4%)

of 36 patients were still on RRT; however 90 days after ICU

admission, only 2 (5.6%) patients remained on RRT.

Risk Factors for AKI

For the identification of risk factors associated with the devel-

opment of AKI, we conducted a binary logistic regression (for

detailed data see Table 3). In a univariate analysis, we found an

age above 65 years, several comorbidities, namely hyperten-

sion, diabetes mellitus, CAD, PAD, CVD, and CKD as signif-

icant risk factors. Except for ischemic stroke, no underlying

disease was significantly associated with AKI. Regarding the

risk profile antibiotic therapy, nephrotoxic medication and

infection were associated with the development AKI. In multi-

variate analysis, independent risk factors for AKI were CKD

(odds ratio [OR]: 12.472; 95% confidence interval [CI]: 5.944-

26.172; P < .0001), the use of antibiotics (OR: 5.902; 95% CI:

1.214-28.706, P ¼ .028), and the use of nephrotoxic medica-

tion (OR: 2.161; 95% CI: 1.206-3.871; P ¼ .01). Surgical

intervention or the administration of contrast agents was not

associated with AKI. Interestingly, CVD was an independent

risk factor for the development of AKI (OR: 2.427; 95% CI:

1.238-4.757; P ¼ .01).

Outcome and Survival Analysis

Overall mortality was 16.2% (n ¼ 110) during the 90-day

follow-up (94 [13.8%] patients died within 28 days after admis-

sion), with death occurring after a median of 9.5 (full range:

2-90) days. Compared to patients without AKI, those with any

Table 3. Univariate and Multivariate Analyses of Risk Factor Significantly Associated With AKI.a

Parameter

Univariate Analysis Multivariate Analysis

OR 95% CI P Value OR 95% CI P Value

Male gender 1.542 0.947-2.512 .082
Age > 65 2.068 1.283-3.334 .003
Autoimmune disorder 1.177 0.261-5.314 .832
Intracranial hemorrhage 1.528 0.946-2.467 .083
Infection of the CNS 1.310 0.579-2.962 .517
Ischemic stroke 2.712 1.568-4.962 <.001
Tumor 0.835 0.415-1.683 .615
Surgery 1.556 0.964-2512 .071
Contrast agents 1.458 0.896-2.373 .129
Antibiotics 5.577 2.004-15.520 .001 5.902 1.214-28.706 .028
Nephrotoxic medications 2.694 1.674-4.336 <.001 2.161 1.206-3.871 .01
Infection during ICU stay 3.351 1.579-7.112 .002
Hypertension 2.100 1.243-3.548 .006
Diabetes mellitus 2.983 1.798-4.948 <.001
Coronary heart disease 1.827 1.070-3.120 .027
Peripheral artery disease 3.877 1.615-9.308 .002
Chronic kidney disease 15.714 8.609-28.683 <.001 12.472 5.944-26.172 <.001
Cerebrovascular disease 2.638 1.599-4.352 <.001 2.427 1.238-4.757 .010

Abbreviations: AKI, Acute Kidney Injury; CI, confidence interval; CNS, central nervous system; ICU, intensive care unit; OR, odds ratio.
aAll P values reported are 2-sided, and all confidence intervals are 95% intervals. Statistical-significance was defined as P �.05.
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stage of AKI were significantly more likely to die (38% vs

13.3%; P < .01; Figure 1A). With increasing severity of AKI,

mortality increased dramatically (no AKIN: 13.3%; AKIN 2:

25.9%; AKIN 3 no RRT: 31.3%, AKIN 3 with RRT: 50%;

Figure 1B). Survivors were significantly younger, had signifi-

cantly lower rates of CAD or PAD and had a shorter time on

mechanical ventilation and a lower SAPS II score at admission.

Furthermore, the rate of patients with AKI in the nonsurvivor

group was higher (27.3% vs 8.6%; P < .01). Interestingly the

number of patients with diagnosed infection or the use of anti-

biotics was significantly higher in the survivor group (for

detailed information see Table 4).

As shown in Table 5, univariate analysis revealed several

factors significantly associated with mortality, whereas in

multivariate analysis, CKD (2.290; 95% CI: 1.097-4.781;

P ¼ .027), AKI (3.704; 95% CI: 1.867-7.350; P < .001), the

need for RRT (2.848; 95% CI: 1.301-6.325; P ¼ .009), and the

use of antibiotics (8.117; 95% CI: 2.090-31.523; P ¼ .002)

were independent risk factors for death.

Discussion

Neurocritical illness is often associated with a poor prognosis.

Specialized neurocritical care is one of the newer disciplines of

intensive care medicine and evolved from neurosurgical post-

operative monitoring and treatment. The advent of neurocriti-

cal care led to a dramatic decrease in mortality and improved

prognosis of the neurocritically ill patient.24,25 Thus, prognosis

of this patient group is increasingly determined by non-

neurological complications,1,26 rather than the underlying neu-

rologic or neurosurgical diseases. Among these non-neurologic

complications, AKI is an independent risk factor for mortality

after traumatic brain damage,17 ischemic stroke,13 and subar-

achnoid hemorrhage.19 Nevertheless, this is the first study

examining an unselected, general population of neurocritical

ill patients.

In this retrospective single-center analysis of 681 unselected

neurocritically ill patients, cumulative incidence of AKI was

11.6%. This goes in line with studies reporting an incidence of

AKI after stroke of 14.5%13 or 9.2% after traumatic brain

injury.27 However, depending on the study population and the

definition of AKI, incidence of AKI in critical care reaches up

to 70%.2,8,11,28-30 Concerning the incidence of dialysis depen-

dent AKI, we found an incidence of 5.3%, which met the

reported 3% to 12%.

The cause of AKI in medical or surgical critically ill patients

is often multifactorial, with sepsis being one of the leading

causes in almost 50% of cases.31 Studies showed that about

60% of patients with sepsis develop AKI and that AKI

adversely affect clinical outcome with increasing AKI sever-

ity.4,31,32 Interestingly, in our cohort, sepsis was the main cause

of AKI too. Sepsis promoted AKI in more than half of the cases

and the focus was mainly pneumonia, often ventilator-

associated pneumonia. The incidence of AKI during an episode

of ventilator-associated pneumonia (VAP) is high (up to 38%)

with multidrug resistant pathogens, sepsis, and disease severity

at admission being independent risk factors.33 Otherwise, AKI

is an acute systemic disease with serious distant organ effects

inter alia leading to pulmonary sequelae (eg pulmonary

edema), which is associated with a significant higher rate of

mechanical ventilation.7,26 In our cohort, AKI is associated

with a significant longer need of mechanical ventilation, and

the use of nephrotoxic medication and antibiotics increased the

Figure 1. Overall survival according to AKI and different stages of
AKIN. Overall survival of patients with and without acute kidney
injury (A) as well as survival of patients with AKIN stages 2, 3, or 3
with renal replacement therapy (B) assessed by a univariate Cox
regression models. AKIN indicates Acute Kidney Injury Network.
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risk for AKI. Strategies to prevent infectious complications like

VAP in neurocritically ill patients with prolonged time of

mechanical ventilation and early detection of patients at risk

are pivotal and may reduce the risk of AKI and related distant

organ damage.

In the aforementioned study by Covic et al, independent

predictors of AKI were age, GFR, ischemic heart disease,

chronic heart failure, and type of stroke.13 Patients developing

AKI after traumatic brain injury were older,27 had lower Glas-

gow coma scale scores,16,27 higher severity of illness scores,27

and higher serum creatinine and blood urea nitrogen.16,17,27 In

our univariate analysis, we could show that classical risk fac-

tors like hypertension, diabetes, and CKD are associated with

AKI. However, after multivariate analysis, CKD was the stron-

gest independent risk factor for AKI underscoring the need for

close monitoring of patients with impaired renal function.

Especially dosage adjustments of potential nephrotoxic medi-

cations play a critical role in the care of patients with known

CKD. Additionally, as shown in multivariate analysis, CVD

was an independent risk factor for AKI in our study. Traditional

risk factors for cardiovascular and, in particular, CVD, such as

advanced age, arterial hypertension, and diabetes mellitus, are

also strongly associated with CKD. Patients with CVD, includ-

ing stroke, therefore represent a vulnerable population with

high risk of CKD prone to acute deterioration of kidney func-

tion. The fact that we found that no association of AKI with

other underlying diseases in our cohort underscores the impor-

tance and correlation of CVD with CKD.

Acute kidney injury is an independent risk factor for an

unfavorable outcome in patients after ischemic stroke,13-36 sub-

arachnoid hemorrhage,19 and traumatic brain injury.16,27.

Moreover, with increasing severity of AKI, mortality increased

dramatically in our population, with the highest mortality in

patients with need for RRT.

Interestingly, we could not show any association of contrast

agents and AKI in our cohort. However, this goes in line with

several studies showing a very low incidence of contrast-

induced AKI (CI-AKI), showing an incidence of CI-AKI in

Table 4. Demographic Data and Clinical Characteristics of Survivors and Nonsurvivors.a

Parameter Survivor Nonsurvivor P Value

Epidemiology
Patients 571 110
Gender, M/F 322 (56.4)/249 (43.6) 55 (50)/55 (50) .249
Age 61 (48-73) 68 (54.8-76) .002
Acute kidney injury 49 (8.6) 30 (27.3) <.001
Renal replacement therapy 18 (3.2) 18 (16.4) <.001
Median survival 90 9.6 <.001

Diagnosis at admission
Autoimmune disorder 14 (2.5) 1 (0.9) .486
Intracerebral hemorrhage 269 (47.1) 61 (55.5) .119
Infection of the CNS 64 (11.2) 11 (10.0) .868
Ischemic stroke 79 (13.8) 18 (16.4) .460
Tumor 86 (15.1) 13 (11.8) .460
Others 59 (10.3) 6 (5.5) .155

Comorbidities
Hypertension 334 (58.5) 66 (60) .833
Diabetes mellitus 100 (17.5) 27 (24.5) .108
Coronary artery disease 97 (17) 30 (27.3) .016
Peripheral artery disease 16 (2.8) 9 (8.2) .011
Cerebrovascular disease 267 (46.8) 58 (52.7) .254
Chronic kidney disease 46 (8.1) 11 (10) .458

Risk profile
Surgery 391 (68.5) 67 (60.9) .122
Contrast agents 395 (69.2) 78 (70.9) .821
Antibiotic therapy 469 (82.1) 70 (63.6) <.001
Infection 439 (76.9) 69 (62.7) .002

Intensive care
Length of ICU stay, days 10 (5-17) 7.5 (4-15.3) .15
Length of hospital stay, days 17 (12-25) 11 (5-21.3) <.001
Duration mechanical ventilation, hours 117 (0-329) 139.5 (73.5-333) .007
SAPS II score at admission 29 (21-36) 34 (27-43) <.001
SAPS II score maximum 34 (26-43) 44 (36-50) <.001
SAPS II score cumulative 270 (109.3-428) 285 (155-507) .046

Abbreviations: CNS, central nervous system; F, female; ICU, intensive care unit; M, male; SAPS, Simplified Acute Physiology Score; SD, standard deviation.
aVariables are expressed as median and range, mean (SD) or as proportions as appropriate. All P values reported are 2-sided. Statistical significance was defined as
P � .05.
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patients with subarachnoid hemorrhage undergoing at least 1

contrast study of 4%.34 In patients with acute stroke undergoing

emergency computed tomography angiography, incidence of

CI-AKI was 3%, though the authors concluded that contrast

agents could be used even in the absence of a creatinine result

to minimize treatment delays.35

We are aware of the limitations of our study. First, the retro-

spective character and collection of data only in a single center

may limit the transferability of our results to other settings.

Furthermore, as we looked at a general population drawing con-

clusions for individual cohorts can be difficult. Nonetheless, we

provide broad epidemiologic data on AKI in neurocritical care.

Second, the use of a single serum creatinine value prior to admis-

sion or the estimation of kidney function on basis of a serum

creatinine value at admission may have led to underestimation

of preexisting CKD. On the other hand, kidney function might

have been acutely reduced at the time of admission leading to an

underestimation of the true incidence of AKI in our population.

Additionally, the exclusion of patients with “allow natural

death” or withdrawal of care orders leads to the exclusion of

patients who may have had AKI. Moreover, patients where dia-

lysis was indicated but declined by family or the patient himself

were not specifically analyzed. Third, only patients with severe

AKI (AKIN-stage �2) were analyzed. Slight changes in serum

creatinine, which are associated with unfavorable outcome,

were not rated in this study. However, we could clearly show

that impact of AKI increases with progression through AKIN

stages with the greatest impact on survival if dialysis is needed.

In conclusion, AKI is common and is associated with a

prolonged ICU stay, a longer duration of mechanical

ventilation, and an increased mortality among neurocritically

ill patients. In our cohort of neurocritically ill patients, main

cause for AKI was sepsis. Therefore, further investigations are

warranted to proof if careful prevention and treatment of infec-

tious complications lower the incidence of AKI and hereby

improve outcome in neurocritical care.
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