Appendix Table 2. AKI and RRT rates and associated outcomes in neurocritically ill patients
	Study
	Design
	Population
	Exclusion criteria
	AKI definition
	AKI rate
	RRT rate
	Outcomes

	Traumatic brain injury

	Li et al. (2011) [1]
	Retrospective single-center (n = 136)
	Age ≥16 years with severe TBI (GCS ≤ 8) admitted to neurosurgical ICU
	Pre-existing kidney disease (not defined); ICU stay <48 h
	SCr and UOP (AKIN)
	Overall, 23% (stage 1: 15.7%; stage 2: 5.1%; stage 3: 2.3%)
	–
	94% developed AKI within a week after TBI; mortality rate in AKI higher than in non-AKI (17% vs. 11%; P<0.001)

	Maguigan et al. (2017) [2]
	Retrospective single-center (n = 162)
	Adults with severe TBI (GCS <9) with ≥2 doses of hypertonic sodium solution admitted to trauma unit
	Craniotomy due to elevated ICP
	SCr (RIFLE)
	10.5%
	–
	AKI more common in continuous than bolus infusion group (12.9% vs. 0%; P=0.025)

	Luu et al. (2021) [3]
	U.S. registry study using the National Trauma Data Bank (n = 37,851)
	Adults with severe TBI (GCS ≤8)
	CKD (not defined); ICU stay <48 h
	SCr (AKIN)
	2.1% (stage 3)
	–
	Severe AKI associated with in-hospital mortality (OR, 2.03; 95% CI, 1.64–2.52), need for tracheostomy (OR, 2.10; 95% CI, 1.52–2.89), and PEG tube placement (OR, 1.88; 95% CI, 1.45–2.45)

	Robba et al. (2021) [4]
	Prospective multicenter (n = 1,262)
	Adults with TBI
	Presented >24 h of injury; ICU stay ≤72 h; <2 SCr values during first 7 days of ICU stay
	SCr (KDIGO)
	Overall, 11.9% (stage 1: 7.8%; stage 2: 1.1%; stage 3: 2.9%)
	Overall, 1.8%
	AKI occurrence within a median of 2 (IQR, 1–4) days; patients with AKI monitored with ICP more frequently than no-AKI (71.9% vs. 61.1%, P=0.019), and associated with higher max. Na value (151±9 vs. 147±6 mmol/L) and respiratory failure rate (42.7% vs. 31.0%; P=0.006); CKD, diabetes, osmotic therapy, and Na values ≥150 mmol/L in first 3 days post-admission associated with AKI  

	Skrifvars et al. (2021) [5]
	Prospective multicenter (n = 568)
	Age ≥15 years with moderate-to-severe TBI (GCS ≤12)
	Multiple in the context of a randomized trial; a.o. GCS = 3 and fixed pupils; CKD G5D
	SCr (KDIGO)
	14.0%, using admission SCr as baseline
	–
	AKI occurrence within a median of 6 (IQR, 3–8) days; mannitol on day 1 or 2, but not hypertonic sodium solution, associated with increased risk of AKI (OR, 2.9; 95% CI, 1.3–6.7)

	Wang et al. (2021) [6]
	Retrospective single-center (n = 419)
	Patients with severe TBI (GCS ≤9) admitted to neurosurgery
	CKD (not defined); admission ≥6 h after injury
	SCr (KDIGO)
	Overall, 19.8% (stage 1: 9.7%; stage 2: 3.4%; stage 3: 6.7%)
	–
	AKI occurrence within a median of 1 (IQR, 1–2) days; AKI occurrence (OR, 3.79; P=0.004) and highest AKI stage (OR, 3.12; P<0.01) associated with mortality

	Huang et al. (2022) [7]
	Retrospective single-center (n = 1,648)
	Patients with severe TBI (GCS ≤9) admitted to NICU
	CKD G5D; ICU stay ≤24 h
	SCr and UOP (RIFLE, AKIN, KDIGO)
	KDIGO: 17.7%; AKIN: 17.1%; RIFLE: 12.7%
	–
	KDIGO criteria detect highest proportion of AKI patients

	Liu et al. (2023) [8]
	Retrospective single-center (n = 2,470)
	Adults with TBI admitted to ICU (mild: 48.5%, moderate: 13.7%, severe: 37.9%)
	AKI within 24 h of admission
	SCr (KDIGO)
	Overall, 21.0% (stage 1: 16.7%; stage 2; 3.2%; stage 3: 1.2%)
	–
	Serum magnesium level <1.5 mg/dL independently associated with AKI 

	Huet et al. (2023) [9]
	Prospective, multicenter, randomized trial (post-hoc analysis of the COBI trial; n = 322)
	Adults with moderate-to-severe TBI (GCS ≤12) randomized to continuous hypertonic sodium solution for at least 48 h (goal sodium level 150–155 mmol/L)
	Time from symptoms to ICU randomization >24 h; GCS = 3; fluid retention
	SCr (KDIGO)
	26.7%
	Overall, 1.9%
	Similar AKI rates in the intervention and control group (24.5% vs. 28.9%; P=0.45)

	Aneurysmal and non-aneurysmal subarachnoid hemorrhage

	Zacharia et al. (2009) [10]
	Prospective single-center (n = 787)
	Adults with aneurysmal SAH admitted to NICU
	–
	SCr (RIFLE)
	23.1% (Risk stage)
	–
	AKI associated with poor 3-months survival and functional outcome (OR, 2.01; P<0.021)

	Kumar et al. (2014) [11]
	Retrospective single-center (n = 736)
	Adults with aneurysmal and non-aneurysmal SAH admitted to NICU
	CKD G5D; ICU stay <24 h
	SCr (AKIN) over 14 days
	9.0%
	Overall, 0.3%
	AKI associated with increased mortality (OR, 2.33; 95% CI, 1.27–4.30); hypertonic solution strongest risk factor for AKI; for each 1 mmol/L increase in serum Na, AKI hazard increases by 5.4% (95% CI, 1.4–9.7)

	Sadan et al. (2017) [12]
	Retrospective single-center (n = 1,267)
	Adults with aneurysmal SAH admitted to NICU
	ICU stay <6 h; readmission
	SCr (KDIGO)
	16.7%
	–
	Mortality rate higher in AKI than non-AKI group (28.3% vs. 6.1%; P<0.001); renal recovery (discharge minus admission SCr ≤0.3 mg/dL) in 78.8% of AKI cases; mortality in recovered lower than in non-recovered (18.6% vs. 64.4%; P<0.001)

	Tujjar et al. (2017) [13]
	Retrospective single-center (n = 647)
	Adults with aneurysmal SAH admitted to general ICU
	Time from symptoms to ICU admission >96 h; ICU stay <48 h; CKD G5D
	SCr and UOP (AKIN)
	12.4%
	Overall, 0.5%
	Median time to AKI: 8 (IQR, 4–10) days; AKI associated with more severe neurological impairment and more aggressive ICU therapy; multivariable regression analysis found no association between AKI and ICU mortality

	Sadan et al. (2020) [14]
	Prospective, single-center, randomized pilot trial (n = 59)
	Adults with aneurysmal SAH admitted to NICU
	CKD G5D
	SCr (KDIGO)
	23.7%
	–
	Median time to AKI: 3 (IQR, 2–7) days; AKI higher in NaCl than NaCl/Na-acetate group (53.3% vs. 11.8%; P=0.01); no difference in novel AKI biomarkers

	Intracerebral hemorrhage

	Riha et al. (2017) [15]
	Retrospective multicenter (n = 243; unmatched cohort, n = 243; propensity-matched cohort: n = 100)
	Aged >17 years with ICH receiving continuous IV 3% hypertonic sodium solution admitted to NICU
	CKD G5 and G5D
	SCr (AKIN)
	26.0% in the unmatched cohort, 20.0% in the propensity-matched cohort
	–
	AKI more common in hyperchloremic than non-hyperchloremic patients (unmatched cohort 35.0% vs. 9.2%; propensity-matched cohort: 30.0% vs. 10.0%)

	Burgess et al. (2018) [16]
	Prospective single-center (n = 448)
	Adults with spontaneous ICH admitted to ICU
	CKD G5D
	SCr (AKIN)
	Overall, 29.9% (stage 1: 25.4%; stage 2: 2.9%; stage 3: 1.6%)
	–
	In first 12 h, SBP reduction >90 mm Hg increases risk of AKI in patients with normal renal function (OR, 2.1; 95% CI, 1.19–3.62) and CKD (OR, 3.91; 95% CI, 1.26–12.15)

	Acute stroke

	Lin et al. (2015) [17]
	Retrospective single-center (n = 432)
	Aged >20 years with acute stroke and mannitol infusion admitted to NICU (62.3% with ischemic stroke)
	AKI prior to mannitol therapy; CKD G5D
	SCr (AKIN)
	6.5%
	–
	Diabetes, lower baseline eGFR, higher initial NIHSS score, and diuretic use associated with AKI 

	Wang et al. (2018) [18]
	Retrospective single-center (n = 647)
	Adults with stroke admitted to NICU (ischemic stroke: 28.1%, hemorrhagic stroke: 71.9%)
	CKD G5 and G5D
	SCr (KDIGO)
	Overall, 20.9% (stage 1: 13.0%; stage 2: 4.0%; stage 3: 3.9%)
	–
	Independent risk factors for AKI: higher NIHSS score (OR, 1.03; 95% CI, 1.00–1.05), hypertension (OR, 1.59; 95% CI, 1.00–2.53), and infectious complications (OR, 3.39; 95% CI, 2.00–5.80); AKI severity associated with increased hospital mortality

	Gwak et al. (2021) [19]
	Retrospective single-center (n = 90)
	Adults with large hemispheric infarction (NIHSS score ≥13) admitted to NICU
	CKD G5; ICU stay ≤72 h
	SCr (KDIGO)
	Overall, 43.3% (stage 1: 15.6%; stage 2; 12.2%; stage 3: 15.6%)
	Overall, 5.6%
	Maximum serum chloride level associated with AKI occurrence (adjusted OR, 1.57; 95% CI, 1.18–2.08)

	Mixed ICU cohort

	Hoste et al. (2015) [20]
	Prospective multicenter [n = 1,802; neurologic: n = 466 (25.9%) / neurosurgery: n = 83 (4.6%)]
	Adults admitted to ICUs (no report on neurologic conditions)
	CKD G5D; kidney transplant recipients; anticipated alive ICU discharge within 24 h
	SCr and UOP (KDIGO)
	Overall, 57.3% (stage 1: 18.4%; stage 2: 8.9%; stage 3: 30.0%)
	Overall, 13.5%
	AKI severity associated with increased hospital mortality in the overall cohort (no report on neurologic cohort; stage 1: OR, 2.19; 95 % CI, 1.44–3.35; stage 2: OR, 3.88; 95% CI, 2.42–6.21; stage 3: OR, 7.19; 95% CI, 5.13–10.04; mortality similar across continents and regions

	Erdman et al. (2017) [21] 
	Retrospective multicenter (n = 329)
	Adults with hypertonic sodium solution admitted to NICU (ischemic stroke: 34.4%, ICH: 35.3%, TBI: 11.3%)
	CKD G5D
	SCr (AKIN)
	Overall, 16.4% (stage 1: 8.3%; stage 2: 4.0%; stage 3: 4.0%)
	Overall, 0.9%
	AKI had longer ICU stay than no AKI (14.8 vs. 11.5 days; P=0.006) and higher mortality (48.1% vs. 21.9%, P<0.001); serum sodium >155 mmol/L (OR, 4.1; 95% CI, 2.1–8.0) associated with AKI

	Büttner et al. (2020) [22]
	Retrospective single-center (n = 681)
	Adults admitted to mixed neurosurgical/
neurological ICU (intracranial hemorrhage: 48.5%; CNS neoplasms: 14.5%; ischemic stroke: 14.2%; CNS infection: 11.0%)
	ICU stay <48 h
	SCr (AKIN)
	11.6% (stage ≥2)
	Overall, 5.3%
	Sepsis considered as main cause of AKI in 53.2% of AKI patients; AKI had higher hospital mortality than no AKI (38.0% vs. 13.0%; P<0.01); AKI (HR, 3.70; 95% CI, 1.87–7.35) and need for RRT (HR, 2.85; 95% CI, 1.30–6.33) independent risk factors for death

	Sigmon et al. (2020) [23]
	Retrospective single-center (n = 142)
	Adults receiving continuous IV hypertonic sodium solution admitted to NICU (ICH: 28.2%, aneurysmal hemorrhage: 26.1%, ischemic stroke: 26.1%, brain lesion/tumor: 12.7%, others: 6.3%) 
	CKD G5D
	SCr (AKIN)
	12.7%
	–
	Hyperchloremia rate in AKI higher than in no-AKI (67% vs. 34%; P<0.01); patients with >2,055 mmol chloride over 7 days more likely to develop AKI (AUC = 0.70; sensitivity 72%, specificity 70%)  

	Hamilton et al. (2021) [24]
	Retrospective single-center (n = 133)
	Adults admitted to NICU (ischemic stroke: 38.4%, ICH: 33.8%, SAH: 12.0%; TBI: 0.8%; others: 15.0%)
	CKD G5 and G5D
	SCr and UOP (KDIGO)
	29.3%
	–
	Serum chloride >113.5 mmol/L associated with AKI occurrence (OR, 3.14; 95% CI, 1.10–9.04)

	Ramirez-Guerrero et al. (2023) [25]
	Retrospective single-center (n = 231)
	Adults admitted to ICU (SAH: 40.4%; TBI: 38.9%, ICH: 11.7%, stroke: 7.5%; others: 1.4%)
	AKI at admission; CKD (eGFR <60 mL/min/1.73 m2); CKD G5D; ICU stay ≤48 h
	SCr and UOP (KDIGO) over 14 days after admission
	Overall, 23.5% (stage 1: 13.6%; stage 2; 6.1%; stage 3: 3.8%)
	Overall, 2.0%
	Mortality rate in AKI higher than in non-AKI (40.0% vs. 14.5%; P<0.001); change in serum chloride >4 mmol/L in 48 h of admission (OR, 2.41; 95% CI, 1.10–5.37) and cerebral edema (OR, 4.40; 95% CI, 1.98–9.75) associated with AKI occurrence


AKI, acute kidney injury; AKIN, Acute Kidney Injury Network; CKD, chronic kidney disease; CKD G5D; chronic kidney disease stage 5 treated with maintenance dialysis; CNS, central nervous system; eGFR, estimated glomerular filtration rate; ICH, intracerebral hemorrhage; ICU, intensive care unit; IV, intravenous; KDIGO, Kidney Disease: Improving Global Outcomes; NICU, neurological intensive care unit; NIHSS, National Institutes of Health Stroke Scale; PEG, percutaneous endoscopic gastrostomy; RIFLE, Risk, Injury, Failure, Loss, End-stage renal disease; RRT, renal replacement therapy; SAH, subarachnoid hemorrhage; SCr, serum creatinine; TBI, traumatic brain injury; GCS, Glasgow Coma Scale; UOP, urine output.
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