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ABSTRACT:
Background: 
Kidney disease is an independent risk factor in the development of cerebrovascular diseases and is associated with poor outcomes. 
Objective:
The study looked at various factors that can influence the outcomes of kidney disease patients who developed hemorrhagic stroke. MRS was used as the primary outcome. The NIHSS and ICH scores, and the initial hematoma volume were used as secondary outcomes. 
Methods:
This is a retrospective cohort study which included patients admitted from July 2022 to June 2023 at a tertiary hospital in the Philippines. Those who had hemorrhagic stroke upon admission and  an eGFR of <60mL/min were included. 161 patients were analyzed and grouped into two cohorts: discharged with MRS 0-2 or 3-5, and expired with MRS 6. Different factors were analyzed to check which has the greatest influence on mortality. 
Results:
The most significant predictor of mortality is the hematoma volume (p<0.001 MRS 0-2, p=0.016 MRS 3-5). In terms of disability, most significantly associated with worse functional outcomes are increasing age and low levels of hemoglobin. Those who were given medical decompression upon admission still have higher MRS scores upon discharge. Low EGFR values were found to be associated with higher ICH scores upon admission. 
Conclusion:
Most kidney disease patients who developed hemorrhagic stroke have poor outcomes with the hematoma volume as the strongest predictor of mortality. Even with the use of medical decompression, functional disability still remains high. Older patients, those with low hemoglobin and low eGFR are also associated with worse outcomes and higher ICH/NIHSS scores. Hypertensive patients will likely benefit from acute blood pressure lowering to increase chances of good outcomes. The study is recommended to be continued on a larger scale to ascertain the significance of other factors, such as dialysis initiation and timing.
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1. INTRODUCTION	
1Hemorrhagic stroke remains to be one of the leading causes of mortality and morbidity in the country. 2The most common cause is still chronic hypertension, but other established causes include cigarette smoking, alcohol intake, diabetes mellitus, atrial fibrillation, and hypercholesterolemia. 3Numerous studies have shown that kidney disease is also an independent risk factor for stroke in general. In fact, patients who are undergoing dialysis are estimated to have 5-30x increased risk for stroke. Most kidney disease patients also have multiple comorbidities such as diabetes mellitus and hypertension which significantly impact the development of cerebrovascular events. 
4The all-age mortality rate from chronic kidney disease (CKD) alone is already at 41.5% globally. The risk is even increased in patients with concomitant stroke. 5In patients with kidney disease, hemorrhagic stroke ranks high among the top causes of mortality. Compared to the general population where ischemic stroke is more common, hemorrhagic stroke is actually more prevalent in kidney disease patients, and is associated with increased morbidity and poorer functional outcomes. 
There are already existing studies exploring the relationship between kidney disease and hemorrhagic stroke, but to date, there is limited information as to the specific predictors of outcome among these patients. 6A study was done in the Philippines last 2023 which looked at the clinical profile and outcomes of patients who have chronic kidney disease and subsequently developed hemorrhagic stroke. Most were already CKD Stage 5 at the time of admission and had poor outcomes with Modified Rankin Scale (MRS) scores of 4-5 upon discharge. 

This study aims to determine the factors that can influence the functional outcomes of patients with kidney disease who developed hemorrhagic stroke
2. METHODOLOGY
2.1 Study Design
This is a retrospective cohort study looking at the medical records of stroke patients admitted from July 2022 to June 2023 at a tertiary hospital in the Philippines.

2.2 Participants
All patients diagnosed with hemorrhagic stroke upon admission, regardless of the etiology, were included in the study. Eligible patients include those with an estimated glomerular filtration rate (eGFR) of <60mL/minute upon admission. 7,8GFR was estimated using the 2021 CKD-EPI Creatinine equation. Excluded from the study were those whose eGFR was normal upon admission and those who initially had ischemic stroke but converted to hemorrhagic stroke later on.

2.3 Outcome Predictors
The study included the following factors as outcome predictors: (1) Age, (2) Gender, and (3) Comorbidities of the patient, (4) Initial NIHSS score, (5) ICH score, and (6) hematoma volume on initial Cranial CT scan, (7) whether the patient had prior use of anticoagulants or antiplatelets, (8) eGFR as computed using the 2021 CKD-EPI Creatinine equation, (9) hemoglobin level, (10) platelet count, and (11) bleeding parameters upon admission, (12) whether the patient underwent dialysis during the hospital day, what day post-ictus was the dialysis initiated and the interval between sessions, and whether the patient underwent (13) surgical or (14) medical decompression (mannitol, hypertonic saline, hypertonic lactate).

2.4 Outcome Measures
The primary outcome was the functional status or the degree of disability of the patient upon discharge. 9The Modified Rankin Scale (MRS) was used with the patients grouped according to their MRS score upon discharge. MRS 0 is no disability at all, MRS 1 is no significant disability, MRS 2 is slight disability, MRS 3 is moderate disability and able to walk without assistance, MRS 4 is moderately severe disability and unable to walk without assistance, MRS 5 is severe disability or those who are bedridden, and MRS 6 is for patients who expired. The secondary outcomes were the NIHSS, ICH, and hematoma volume upon admission. Hematoma volume was grouped into >30ml and <30ml. The NIHSS was divided in terms of severity (Mild 0-5, Moderate 6-21, Severe >22), and the ICH score from 0 to 6. ICH scoring is used to predict mortality using age, initial Glasgow Coma Scale score, hematoma volume, location of bleed, and presence of intraventricular hemorrhage as factors. 

2.5 Statistical Analysis
Descriptive and inferential statistics were used to analyze the data using SPSS version 27. Descriptive analyses included the frequencies and percentages for categorical variables such as the patients’ demographic profile. For continuous variables, mean and standard deviation with a parametric distribution was utilized, otherwise, a median (interquartile range/IQR) was used. Shapiro-Wik test was used to test the normality of the continuous variables. Univariate and multivariate logistic regression analysis were employed to establish association. The tests were performed using SPSS27 software at 5% level of significance.

2.6 Compliance with Ethical Guidelines
This study was conducted in accordance with the NEGRIHP 2022 (National Ethical Guidelines for Research Involving Human Participants), Data Privacy Act 2012 and other local regulations. This study was approved by the local Institutional Ethics Review Board. 

3. RESULTS
191 patients were assessed to be eligible but 30 of those were excluded due to the following reasons: incomplete data upon review (n=12), opted to be discharged before completion of treatment (n=7), missing charts (n=6), normal eGFR upon re-computation (n=3), initially had ischemic stroke with hemorrhagic conversion (n=2). Data from 161 patients were included in the analysis.

3.1 Primary Outcomes
The MRS score was used as the primary outcome in the study. MRS 0-2 connote none to slight disability, and MRS 3-5 signify moderate to severe disability. MRS 6 is assigned to patients who have expired. Table 1 shows the association between the different outcome predictors and the MRS scores. Comorbidities such as hypertension (p=0.010), previous diagnosis of chronic kidney disease (p=0.038), coronary artery disease (p=0.027), and acute coronary syndrome (p=0.012) are all significantly associated with higher MRS scores. Higher NIHSS (p<0.001) and ICH score (p<0.001), increased hematoma volumes (p<0.001), and low eGFR levels (p=0.005) also correlate with increasing disability upon discharge. 

Table 1: Clinical Outcomes Upon Discharge
	
	MRS
	P-VALUE

	
	6
	3-5
	0-2
	

	Age (mean, SD)
	55
	12.9
	54.2
	10
	57.5
	11.2
	0.125

	Gender (Female)
	18
	22.2 %
	8
	20.5 %
	13
	29.5 %
	0.627

	Gender (Male)
	63
	77.8 %
	28
	71.79 %
	31
	70.45 %
	

	Comorbidities
	
	
	
	
	
	
	

	Hypertension
	63
	77.8 %
	19
	52.78 %
	35
	79.55 %
	0.010

	Diabetes Mellitus
	12
	14.8 %
	6
	15.38 %
	8
	18.18 %
	0.883

	Chronic Kidney Disease
	10
	12.3 %
	2
	5.6 %
	0
	0.0 %
	0.038

	Coronary Artery Disease
	1
	1.2 %
	0
	0.0 %
	2
	4.5 %
	0.027

	Previous Stroke
	15
	18.5 %
	6
	16.7 %
	5
	11.4 %
	0.581

	Acute Coronary Syndrome
	16
	19.8 %
	16
	44.4 %
	9
	20.5 %
	0.012

	NIHSS upon Admission
	
	
	
	
	
	
	

	NIHSS- Severe
	55
	67.9 %
	5
	13.9 %
	1
	2.3 %
	<0.001

	NIHSS - Moderate
	25
	30.9 %
	29
	30.9 %
	17
	30.9 %
	

	NIHSS - Mild
	1
	1.2 %
	2
	5.6 %
	26
	59.1 %
	

	ICH upon Admission
	
	
	
	
	
	
	

	ICH - 0
	8
	9.9 %
	10
	27.8 %
	26
	59.1 %
	<0.001

	ICH - 1
	6
	7.4 %
	13
	36.1 %
	11
	25.0 %
	

	ICH - 2
	17
	21.0 %
	9
	25.0 %
	6
	13.6 %
	

	ICH - 3
	20
	24.7 %
	2
	5.6 %
	1
	2.3 %
	

	ICH - 4
	26
	32.1 %
	2
	5.6 %
	0
	0.0 %
	

	ICH - 5
	3
	3.7 %
	0
	0.0 %
	0
	0.0 %
	

	ICH - 6
	1
	3.7 %
	0
	0.0 %
	0
	0.0 %
	

	Volume of Hematoma 
	
	
	
	
	
	
	

	Volume - >30ml
	40
	49.4 %
	9
	25.0 %
	1
	2.3 %
	<0.001

	Volume - <30ml
	41
	50.6 %
	27
	75.0 %
	43
	97.7 %
	

	Use of antiplatelets/ Anticoagulants
	11
	13.6 %
	4
	11.1 %
	2
	4.5 %
	0.289

	EGFR upon Admission
	
	
	
	
	
	
	

	EGFR - Stage 3 (30-60mg/dL)
	44
	54.3 %
	25
	69.4 %
	37
	84.1 %
	0.005

	EGFR - Stage 4 (15-29mg/dL)
	17
	21.0 %
	8
	22.2 %
	5
	11.4 %
	

	EGFR - Stage 5 (<15mg/dL)
	20
	24.7 %
	3
	8.3 %
	2
	4.5 %
	

	Platelet - Normal
	75
	92.6 %
	35
	97.2 %
	43
	97.7 %
	0.545

	Platelet - Low
	3
	3.7 %
	1
	2.8 %
	0
	0.0 %
	

	Platelet - High
	3
	3.7 %
	0
	0.0 %
	1
	2.3 %
	

	Hemoglobin - Normal
	42
	51.9 %
	19
	52.8 %
	30
	68.2 %
	0.037

	Hemoglobin - Low
	29
	35.8 %
	15
	41.7 %
	6
	13.6 %
	

	Hemoglobin- High
	10
	12.3 %
	2
	5.6 %
	8
	18.2 %
	

	PT/PPT - Normal
	74
	91.4 %
	33
	91.7 %
	42
	95.5 %
	0.689

	PT/PPT - Deranged
	7
	8.6 %
	3
	8.3 %
	2
	4.5 %
	

	Dialysis Onset
	13
	16.0 %
	2
	5.6 %
	2
	4.5 %
	0.073



Next, using logistic regression, MRS 6 is then compared to both MRS 0-2 and MRS 3-5 separately (Tables 2 and 3). What is most significant is hematoma volume in the MRS 0-2 group (p=<0.001, OR 41.94) and in the MRS 3-5 group (p=0.016, OR 2.926). This suggests that patients with hematoma volume > 30mL are more likely to have MRS 6 (expired) upon discharge. It is the only factor that is consistent for both groups.
Dialysis initiation was also taken into consideration but it was not found to be statistically significant. In the current study population, only 17 patients underwent intermittent hemodialysis among those with low EGFR levels.

Table 2: Logistic Regression (MRS 6 versus MRS 0-2)
	MRS 0-2

	Predictor
	Odds ratio
	p

	AGE
	1.005 
	0.736 (0.9746-1.04)

	SEX (MALE)
	0.681
	0.367 (0.296-1.57)

	HYPERTENSION
	0.9
	0.819 (0,366-2.215)

	DM
	0.783
	0.624 (0.293-2.09)

	CKD
	3667.909
	0.736 (7.20E-18-1.87E+24)

	CAD
	0.262
	0.28 (0.0231-2.98)

	PREV STROKE
	1.773
	0.302 (0.598-5.5256)

	ACS
	1571
	0.891 (4.83E-43-5.11E+48)

	NIHSS MODERATE
	0.0259
	< .001 (0.00319-0.2106)

	NIHSS SEVERE
	6.88E-04
	< .001 (4.10E-05-0.0116)

	ICH - 0
	2.12E+06
	< .001 (953355-4.71e00+6)

	ICH - 1
	1.19E+06
	< .001 (474163-3.01e00+6)

	ICH - 2
	230047
	< .001 (95095-556514)

	ICH - 3
	32590
	< .001 (6339-167556)

	ICH - 4
	4.12E-09
	NaN

	ICH - 5
	1.83E-08
	NaN

	VOLUME >30mm
	41.9374
	< .001 (5.51007-319.187)

	USE OF ANTIPLATELETS/ANTICOAGS
	3.3
	0.132 (0.6973-15.615)

	EFGR STAGE 3
	8.407
	0.006 (1.8429-38.35)

	EFGR STAGE 4
	2.94
	0.23 (0.5046-17.135)

	PLT LOW
	6.37E-04
	0.853 (9.11E-38-4.45E+30)

	PLT NORMAL
	1.73
	0.64 (0.1739-17.22)

	HGB LOW
	0.259
	0.038 (0.0719-0.93)

	HGB NORMAL
	0.893
	0.831 (0.3152-2.529)

	PT/PTT
	1.986
	0.405 (0.3945-10)

	DIALYSIS
	4.015
	0.076 (0.8628-18.682)

	MEDICAL DECOMPRESSION
	5.973
	< .001 (2.647-13.478)



Table 3: Logistic Regression (MRS 6 versus MRS 3-5)
	MRS 3-5

	Predictor
	Odds ratio
	p

	AGE
	0.981
	0.27 (0.9483-1.01)

	SEX (MALE)
	1
	1 (0.389-2.57)

	HYPERTENSION
	3.132
	0.008 (1.354-7.241)

	DM
	0.87
	0.798 (0.298-2.53)

	CKD
	2.4
	0.275 (0.4976-11.578)

	CAD
	494.257
	0.852 (2.85E-26-8.56E+30)

	PREV STROKE
	1.136
	0.81 (0.401-3.217)

	ACS
	1934
	0.908 (2.873E-53-1.30E+59)

	NIHSS MODERATE
	0.5775
	0.662 (0.04915-6.7867)

	NIHSS SEVERE
	0.0452
	0.018 (0.00344-0.5924)

	ICH - 0
	69596
	0.962 (9.75E-197-4.97E+205)

	ICH - 1
	120633
	0.96 (1.69E-196-8.61E+205)

	ICH - 2
	29476
	0.965 (4.13E-197-2.10E+205)

	ICH - 3
	5568
	0.971 (7.79E-198-3.98E+204)

	ICH - 4
	4283
	0.972 (5.99E-198-3.06E+204)

	ICH - 5
	6.37E-10
	< .001 (6.37e0-10-6.37e0-10)

	VOLUME >30mm
	2.9266
	0.016 (1.22476-6.993)

	USE OF ANTIPLATELETS/ANTICOAGS
	1.257
	0.713 (0.3717-4.251)

	EFGR STAGE 3
	3.788
	0.046 (1.0231-14.025)

	EFGR STAGE 4
	3.137
	0.129 (0.717-13.727)

	PLT LOW
	637.639
	0.798 (1.91E-19-2.13E+24)

	PLT NORMAL
	894.268
	0.788 (2.81E-19-2.84E+24)

	HGB LOW
	2.586
	0.256 (0.5011-13.349)

	HGB NORMAL
	2.262
	0.321 (0.4512-11.339)

	PT/PTT
	1.041
	0.956 (0.2532-4.28)

	DIALYSIS
	3.25
	0.135 (0.6936-15.229)

	MEDICAL DECOMPRESSION
	1.266
	0.576 (0.553-2.896)



Now, among those patients who did not expire and were instead discharged (MRS 0-5), an analysis was also done to compare the different predictors of outcome (Table 4). First is age, the univariable analysis initially suggests no significant association with an OR of 1.034 (95% CI: 0.991-1.08, p=0.125), indicating an increase in the odds of minor MRS scores with each year of age but not reaching statistical significance. However, the multivariable analysis, after adjusting for other variables, reveals a significant association, with an OR of 0.874 (0.754 - 1.013, p=0.073). This indicates that for every additional year of age, the odds of having a lower MRS score decrease by a factor of 0.874.
Table 4: Comparing MRS 0-2 and 3-5
	
	OR (univariable)
	OR (multivariable)

	Age 
	1.034 (0.991 - 1.08, p=0.125)
	0.874 (0.754 - 1.013, p=0.073)

	Gender 
	0.766 (0.284 - 2.07, p=0.599)
	0.192(0.007-5.343, p=0.331)

	Hypertension
	0.303 (0.114-0.804, p=0.016)
	0.002 (2.65e-5 - 0.189, p=0.007)

	DM
	0.871 (0.272-2.78, p=0.816)
	4.823 (0.262 - 88.848 p=0.290)

	Stroke
	1.51 (0.421-5.41, p=0.527)
	9.937(0.306 - 322.606, p=0.196)

	Severity
	0.0436 (0.009 - 0.207, p<0.001)
	4.33e-4 (2.41e-6 - 0.078, p=0.003)

	
	0.0154 (0.001 - 0.2040, p=0.002)
	0.005(7.64e-6 - 2.973, p=0.103)

	ICH
	0.325 (0.110-0.963, p=0.043)
	0.036 (0.001 - 1.135 p=0.059)

	
	0.231 (0.066 - 0.803, p=0.021)
	6.82e0-4 (2.99e-6 - 0.156, p=0.009

	
	0.192 (0.016 - 2.363 , p=0.198)
	8.08e0+7 (0 -.inf, p=0.995

	
	2.46e-8(0.00-inf, p=0.992)
	1.01e0-7 (0 -.inf, p=0.998

	Antiplatelets
	2.545 (0.439-14.76, p=0.297)
	50.05 (0.229 - 10951.33, p=0.155)

	Medical Decompression
	4.381 (1.713-11.20, p=0.002)
	2.258 (0.091-55.881, p=0.619)

	Dialysis
	1.20 (0.161-8.96, p=0.859)
	0.019 (1.15e-4 - 3.060, p=0.126)

	Volume > 30mL
	13.821 (1.659 - 115.14, p=0.015)
	2.50e+8 (0.00 - inf, p=0.995)

	EGFR
	2.220 (0.346 - 14.26 p=0.401)
	1.205 (0.003 - 535.252, p=0.952)

	
	0.833 (0.102 - 6.78, p=0.865)
	0.13 (2.95e-4- 57.41, p=0.512)

	Platelet Level
	4.08e-15 (0.0 - inf, p=0.992)
	3.63e-19 (0.00 - inf, p=0.998)

	
	7.63e-8(0.0 - inf, p=0.995)
	1.24e-9 (0.00 - inf, p=0.998)

	Hemoglobin level
	4.211 (1.401 - 12.652, p=0.010)
	0.722 (0.0312 - 16.320, p=0.838)

	
	10.667 (1.743 - 65.271, p=0.010)
	7.409(0.009 - 6048.715, p=0.558)

	PT/PTT
	1.853 (0.293 - 11.73, p=0.319)
	14.056 (0.078 - 2542.700, p=0.319)



This table also shows that patients with hypertension have significantly lower odds of severe disability (MRS 3-5) compared to those without hypertension. In the univariable analysis, the OR is 0.30 (95% CI: 0.11-0.79, p=0.016), suggesting that hypertensive patients are 70% less likely to experience severe disability. The multivariable analysis shows an OR of 0.002 (2.65e-5 - 0.189, p=0.007), implying an extremely low likelihood of severe disability for hypertensive patients. 
The analysis also examined the relationship between disability and use of medical decompression upon admission. Patients are categorized based on the presence (YES) or absence (NO) of medical decompression. It reveals a significant association and increased odds of severe disability compared to mild disability (OR=4.381, p=0.002). This suggests that patients who were given medical decompression at the start are more likely to have higher MRS scores upon discharge, even with the decompression. 

In terms of other factors, patients with low hemoglobin demonstrated significantly higher odds of worse MRS scores (3-5) compared to those with normal or high hemoglobin, with an odds ratio (OR) of 10.667 and a statistically significant p=0.010. 

3.2 Secondary Outcomes
NIHSS
The secondary outcomes for this study include NIHSS, ICH, and hematoma volume upon admission. In the previous analysis, age is found to be a significant predictor of MRS, however, with the NIHSS as the outcome, the p-value=0.08 suggests no significant association between age and stroke severity. Age shows a weak trend towards influencing stroke severity. 

On the other hand, the use of medical decompression is found to be a significant predictor of NIHSS. The p-value<0.001 indicates a highly significant relationship, with patients undergoing decompression therapy being 12x more likely to experience a severe stroke compared to those who do not. The 95% CI (4.3755 to 37.839) supports this finding, indicating a substantial increase in the odds of severe stroke. This may mean that those who had higher baseline NIHSS were given medical decompression upon admission but they still developed worse outcomes compared to those who were not given. (See Appendix 1 and 2)

ICH
Next, using ICH score as the outcome, it was found that age and eGFR are the factors most significantly associated with worsening outcomes (p-value<0.001 for both). ICH score is an established predictor of mortality. Older age and lower eGFR (worsening kidney function) are both associated with higher ICH scores upon admission. (See Appendix 3)

Hematoma volume
Lastly, using the hematoma volume (<30ml or >30ml) as the outcome, several factors' odds ratios (OR) for stroke risk were used but found no significant associations. Prior use of anticoagulants (OR = 1.66, p = 0.334) and hemoglobin/platelet levels comparisons (Low vs. High: OR = 0.111, p = 0.178; Normal vs. High: OR = 0.783, p = 0.834) did not significantly correlate with hematoma volume upon admission. These findings suggest these factors may not independently predict initial intracranial hematoma volume. (See Appendix 4)

4. DISCUSSION
This study showed that the predictors most significantly correlated with the functional outcomes of a patient with kidney disease who developed hemorrhagic stroke are the presence of comorbidities (hypertension, chronic kidney disease, acute coronary syndrome, coronary artery disease), initial NIHSS and ICH scores upon admission, initial intracranial hematoma volume, and baseline eGFR. 
Comparing patients between MRS 0-5 and MRS 6, it was found that hematoma volume is the single greatest predictor of mortality in these patients. Further analysis of the patients with functional scores of MRS 0-5 also showed that older age and low hemoglobin levels upon admission are significantly associated with higher disability scores. 
Hypertension is the most common modifiable risk factor of hemorrhagic stroke, but it is not clearly established if it can affect the patient’s functional outcomes as well. 14A previous meta-analysis done last 2019 investigated the relationship of CKD and stroke risk while confounding the effect of blood pressure and it showed no significant association. Interestingly, this study revealed that having hypertension as a comorbidity actually decreases the odds of developing a more severe disability. 15It may be due to more aggressive blood pressure lowering in these patients who are known hypertensives, and this may have significantly affected outcomes. 
Patients with high NIHSS scores were usually given medical decompression upon admission. This study revealed that these patients, even with treatment, still have higher MRS scores (MRS 3-5) upon discharge. However, it is not significantly associated with mortality (MRS 6). It can be concluded that early medical decompression (in the form of mannitol or hypertonic saline) will not significantly improve the patients’ functional recovery, but it will not increase the risk of mortality as well.  
16Yalahom et al, (2019), explored the association of worsening GFRs and mortality in stroke patients. In this study’s analysis, the eGFR has been found to directly affect the ICH score upon admission. Lower eGFR is associated with higher ICH scores and indirectly signifies increased mortality. 
The study also aimed to look at the possible association between the timing of dialysis of kidney patients and their outcomes. 17Intermittent hemodialysis can affect intracranial pressure by increasing brain water content and inducing changes in osmolality. Giving anticoagulants during dialysis also worsens intracerebral hemorrhage and edema. Currently, there is no evidence yet as to what the optimal timing of dialysis is, and if there are other factors that affect outcomes.
In the current study population (N=17), intermittent hemodialysis was employed with a duration of 3-4 hours with an average daily interval. However, the sample size is too small to estimate if the dialysis initiation and interval have a significant association with functional outcomes. Also, most of the patients who underwent dialysis eventually expired after 1-2 dialysis sessions. The data gathered proved to be insignificant and limited. This may be attributable to multiple factors: the patients who underwent dialysis already have severe strokes from the start which ultimately determined their outcomes. Also, since the hospital resources are limited, some of these patients were not started on dialysis immediately which may have contributed to their demise. 
It is interesting to continue this study on a larger scale to ascertain whether dialysis timing and interval can really affect outcomes. 21It is already established that peak cerebral edema starts at day 3 until day 5. Is it then prudent to start dialysis before or after it happens?

5. CONCLUSION AND RECOMMENDATION
Patients with kidney disease who develop hemorrhagic stroke have worse functional outcomes (MRS 3-5) and the most significant predictor of mortality (MRS 6) is the hematoma volume. Patients with >30ml of intracranial hematoma volume tend to have an increased risk of mortality.

In terms of functional disability, those who are older and with lower hemoglobin levels are associated with worse outcomes. Patients with hypertension may benefit from aggressive management during the acute period (<24 hours upon admission) to increase chances of good outcomes. Intravenous anti-hypertensives to control the blood pressure may be started immediately. 

On the other hand, those with severe strokes at the onset who underwent medical decompression tend to have decreased mortality rates, but functional disability still remains high even after treatment. Lastly, lower eGFR levels are associated with higher ICH scores which means increased mortality rates as well.

Most of the patients who underwent dialysis have unfavorable outcomes, but the association cannot be established because of the study’s limited population. More studies are recommended with larger populations to further explore the relationship between dialysis onset, timing, and the functional outcomes of kidney disease patients with hemorrhagic stroke. 
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Supplementary Tables
Appendix 1: Secondary Outcome: NIHSS upon admission (comparing Mild and Severe)
	Model Coefficients - Severity of Stroke based on NIHSS 
	95% Confidence Interval

	Predictor
	    Mild
	Moderate
	Severe
	p
	Odds ratio
	Lower
	Upper

	AGE
	60.14 (11.39)
	55.51(10.07)
	55.39 (13.80)
	0.08
	1.0345
	0.99599
	1.074

	SEX (MALE)
	21 (72.41)
	21 (29.17)
	50 (81.97)
	0.302
	0.577
	0.203
	1.64

	HYPERTENSION
	23 (79.31)
	53 (73.61)
	42 (68.85)
	0.304
	0.577
	0.202
	1.647

	DM
	8 (27.59)
	11 (15.28)
	7 (11.48)
	0.062
	0.34
	0.11
	1.06

	CKD
	0 (0.00)
	5 (6.94)
	7 (11.48)
	0.806
	4382.524
	3.88E-26
	4.95E+32

	CAD
	2 (6.90)
	0 (0.00)
	1 (1.64)
	0.229
	0.22301
	0.0193
	2.58

	PREV STROKE
	2 (6.90)
	14 (19.44)
	10 (16.39)
	0.23
	2.647
	0.5408
	12.957

	ACS
	0 (0.00)
	0 (0.00)
	1 (1.64)
	0.871
	825
	5.36E-33
	1.27E+38

	VOLUME >30ml
	0 (0.00)
	17 (23.61)
	33 (54.10)
	0.684
	20339.068
	3.47E-17
	1.19E+25

	USE OF ANTIPLATELETS/ANTICOAGS
	2 (6.90)
	7 (9.72)
	8 (13.11)
	0.388
	2.038
	0.4044
	10.27

	EFGR STAGE 3
	26 (89.66)
	47 (65.28)
	33 (54.10)
	0.033
	5.515
	1.1495
	26.463

	EFGR STAGE 4
	1 (3.45)
	16 (22.22)
	14 (22.95)
	0.589
	0.5
	0.0405
	6.166

	PLT LOW
	0 (0.00)
	1 (1.39)
	3 (4.92)
	0.992
	0.0145
	0
	Inf

	PLT NORMAL
	29 (100.0)
	68 (94.44)
	57 (93.44)
	0.922
	3489.8879
	1.12E-67
	1.08E+74

	HGB LOW
	4 (13.79)
	25 (34.72)
	22 (36.07)
	0.064
	0.242
	0.054
	1.09

	HGB NORMAL
	19 (65.52)
	41 (56.94)
	31 (50.82)
	0.742
	0.817
	0.2455
	2.72

	PT/PTT
	2 (6.90)
	3 (4.17)
	7 (11.48)
	0.503
	1.75
	0.3401
	9

	DIALYSIS
	1 (3.45)
	9 (12.50)
	7 (11.48)
	0.239
	3.63
	0.4252
	30.99

	MEDICAL DECOMPRESSION
	6 (20.69)
	38 (52.78)
	47 (77.05)
	< .001
	12.867
	4.3755
	37.839



Appendix 2: Secondary Outcome: NIHSS upon admission (comparing Moderate and Severe)
	Predictor
	Mild
	Moderate
	Severe
	p
	Odds ratio
	Lower
	Upper

	AGE
	60.14 (11.39)
	55.51(10.07)
	55.39 (13.80)
	0.953
	1.0009
	0.97203
	1.031

	SEX (MALE)
	21 (72.41)
	21 (29.17)
	50 (81.97)
	0.126
	0.524
	0.229
	1.2

	HYPERTENSION
	23 (79.31)
	53 (73.61)
	42 (68.85)
	0.545
	0.792
	0.373
	1.684

	DM
	8 (27.59)
	11 (15.28)
	7 (11.48)
	0.524
	0.719
	0.26
	1.99

	CKD
	0 (0.00)
	5 (6.94)
	7 (11.48)
	0.366
	1.741
	0.523
	5.79

	CAD
	2 (6.90)
	0 (0.00)
	1 (1.64)
	0.8
	843.0786
	1.89E-20
	3.77E+25

	PREV STROKE
	2 (6.90)
	14 (19.44)
	10 (16.39)
	0.649
	0.812
	0.3321
	1.987

	ACS
	0 (0.00)
	0 (0.00)
	1 (1.64)
	0.861
	2373
	3.13E-35
	1.80E+41

	VOLUME >30ml
	0 (0.00)
	17 (23.61)
	33 (54.10)
	< .001
	3.813
	1.817
	8.002

	USE OF ANTIPLATELETS/ANTICOAGS
	2 (6.90)
	7 (9.72)
	8 (13.11)
	0.539
	1.402
	0.4773
	4.12

	EFGR STAGE 3
	26 (89.66)
	47 (65.28)
	33 (54.10)
	0.1
	2.215
	0.8582
	5.719

	EFGR STAGE 4
	1 (3.45)
	16 (22.22)
	14 (22.95)
	0.306
	1.778
	0.5902
	5.355

	PLT LOW
	0 (0.00)
	1 (1.39)
	3 (4.92)
	0.179
	0.1113
	0.00453
	2.73

	PLT NORMAL
	29 (100.0)
	68 (94.44)
	57 (93.44)
	0.43
	0.3979
	0.04029
	3.93

	HGB LOW
	4 (13.79)
	25 (34.72)
	22 (36.07)
	0.499
	1.515
	0.4547
	5.05

	HGB NORMAL
	19 (65.52)
	41 (56.94)
	31 (50.82)
	0.336
	1.763
	0.5546
	5.61

	PT/PTT
	2 (6.90)
	3 (4.17)
	7 (11.48)
	0.126
	2.981
	0.7362
	12.07

	DIALYSIS
	1 (3.45)
	9 (12.50)
	7 (11.48)
	0.856
	0.907
	0.3167
	2.6

	MEDICAL DECOMPRESSION
	6 (20.69)
	38 (52.78)
	47 (77.05)
	0.004
	3.004
	1.4119
	6.393



Appendix 3: Secondary Outcome: ICH upon admission 
	
	95% Confidence Interval

	ICH
	Predictor
	p
	Odds ratio
	Lower
	Upper

	0 - 6
	Age
	< .001
	0.825
	0.796
	0.855

	1 - 6
	Age
	< .001
	0.805
	0.773
	0.838

	2 - 6
	Age
	< .001
	0.802
	0.771
	0.834

	3 - 6
	Age
	< .001
	0.828
	0.794
	0.863

	4 - 6
	Age
	< .001
	0.811
	0.779
	0.845

	5 - 6
	Age
	< .001
	0.735
	0.665
	0.811

	0 - 6
	Gender:
	0.88
	0.00105
	2.42E-42
	4.56E+35

	1 - 6
	Gender:
	0.884
	0.00135
	3.10E-42
	5.85E+35

	2 - 6
	Gender:
	0.884
	0.00131
	3.01E-42
	5.67E+35

	3 - 6
	Gender:
	0.894
	0.00233
	5.34E-42
	1.01E+36

	4 - 6
	Gender:
	0.893
	0.00225
	5.18E-42
	9.81E+35

	5 - 6
	Gender:
	< .001
	73237.23803
	23538
	227870

	0 - 6
	Hypertension:
	7.84E-01
	1.09E+02
	3.00E-13
	3.94E+16

	1 - 6
	Hypertension:
	0.785
	105.52
	2.90E-13
	3.84E+16

	2 - 6
	Hypertension:
	0.784
	108.81
	3.00E-13
	3.95E+16

	3 - 6
	Hypertension:
	0.798
	80.59
	2.21E-13
	2.94E+16

	4 - 6
	Hypertension:
	0.781
	116.09
	3.19E-13
	4.22E+16

	5 - 6
	Hypertension:
	0.711
	579.5
	1.48E-12
	2.27E+17

	0 - 6
	DM:
	9.21E-01
	4.31E-04
	5.26E-71
	3.54E+63

	1 - 6
	DM:
	9.34E-01
	1.46E-03
	1.77E-70
	1.20E+64

	2 - 6
	DM:
	9.27E-01
	7.28E-04
	8.87E-71
	5.97E+63

	3 - 6
	DM:
	0.931
	0.00108
	1.31E-70
	8.87E+63

	4 - 6
	DM:
	0.937
	0.0021
	2.55E-70
	1.73E+64

	5 - 6
	DM:
	< .001
	1.23E+06
	398053
	3.83e0+6

	0 - 6
	CKD:
	9.44E-01
	3.06E-03
	7.32E-74
	1.28E+68

	1 - 6
	CKD:
	9.47E-01
	4.23E-03
	1.00E-73
	1.78E+68

	2 - 6
	CKD:
	9.48E-01
	4.68E-03
	1.11E-73
	1.97E+68

	3 - 6
	CKD:
	9.38E-01
	1.53E-03
	3.66E-74
	6.42E+67

	4 - 6
	CKD:
	9.28E-01
	5.35E-04
	1.28E-74
	2.23E+67

	5 - 6
	CKD:
	< .001
	2.28E+07
	7.35e0+6
	7.09e0+7

	0 - 6
	CAD:
	9.83E-01
	1.56E-03
	2.82E-257
	8.59E+250

	1 - 6
	CAD:
	9.44E-01
	1.97E+02
	1.14e0-62
	3.38e0+66

	2 - 6
	CAD:
	9.45E-01
	1.78E+02
	1.03e0-62
	3.07e0+66

	3 - 6
	CAD:
	9.84E-01
	3.57E-03
	1.88E-236
	6.76E+230

	4 - 6
	CAD:
	9.43E-01
	2.11E+02
	1.23e0-62
	3.64e0+66

	5 - 6
	CAD:
	0.988
	0.10391
	1.89E-133
	5.71E+130

	0 - 6
	Prev Stroke:
	8.96E-01
	1.99E-03
	7.27E-44
	5.44E+37

	1 - 6
	Prev Stroke:
	9.02E-01
	2.87E-03
	1.05E-43
	7.89E+37

	2 - 6
	Prev Stroke:
	9.04E-01
	3.20E-03
	1.17E-43
	8.79E+37

	3 - 6
	Prev Stroke:
	8.92E-01
	1.59E-03
	5.80E-44
	4.36E+37

	4 - 6
	Prev Stroke:
	8.96E-01
	2.03E-03
	7.42E-44
	5.57E+37

	5 - 6
	Prev Stroke:
	< .001
	270662.2503
	87398
	838214

	0 - 6
	ACS:
	8.75E-01
	9.66E+01
	2.23e0-23
	4.19e0+26

	1 - 6
	ACS:
	9.08E-01
	5.57E+01
	9.65e0-29
	3.22e0+31

	2 - 6
	ACS:
	9.04E-01
	6.25E+01
	4.92e0-28
	7.94e0+30

	3 - 6
	ACS:
	9.28E-01
	3.78E+01
	1.95e0-33
	7.34e0+35

	4 - 6
	ACS:
	9.70E-01
	9.28E-05
	1.79E-213
	4.80E+204

	5 - 6
	ACS:
	0.977
	4.107
	1.15e0-42
	1.47e0+43

	0 - 6
	Use of antiplatelets/ Anticoags:
	9.37E-01
	2.31E-03
	5.60E-69
	9.52E+62

	1 - 6
	Use of antiplatelets/ Anticoags:
	9.37E-01
	2.37E-03
	5.72E-69
	9.78E+62

	2 - 6
	Use of antiplatelets/ Anticoags:
	9.39E-01
	2.62E-03
	6.33E-69
	1.08E+63

	3 - 6
	Use of antiplatelets/ Anticoags:
	9.35E-01
	1.77E-03
	4.29E-69
	7.33E+62

	4 - 6
	Use of antiplatelets/ Anticoags:
	9.20E-01
	4.22E-04
	1.03E-69
	1.74E+62

	5 - 6
	Use of antiplatelets/ Anticoags:
	< .001
	4.20E+06
	1.35e0+6
	1.30e0+7

	0 - 6
	Stage 3 – Stage 5
	< .001
	8.19E+06
	3.16E+06
	2.13E+07

	EGFR Level (Stage 3-5):
	Stage 4 – Stage 5
	< .001
	1.26E+06
	4.49E+05
	3.55E+06

	1 - 6
	Stage 3 – Stage 5
	< .001
	7.27E+06
	2.58E+06
	2.05E+07

	
	Stage 4 – Stage 5
	< .001
	789529.94
	234679.08
	2.66E+06

	2 - 6
	Stage 3 – Stage 5
	< .001
	7.60E+06
	2.71E+06
	2.13E+07

	
	Stage 4 – Stage 5
	< .001
	1.18E+06
	3.82E+05
	3.67E+06

	3 - 6
	Stage 3 – Stage 5
	< .001
	7.05E+06
	2.23E+06
	2.23E+07

	
	Stage 4 – Stage 5
	< .001
	1.05E+06
	2.90E+05
	3.82E+06

	4 - 6
	Stage 3 – Stage 5
	< .001
	2.27E+06
	880506.8857
	5.83E+06

	
	Stage 4 – Stage 5
	< .001
	1.02E+06
	392093.9518
	2.63E+06

	5 - 6
	Stage 3 – Stage 5
	< .001
	2.64E+06
	344207.5701
	2.03E+07

	
	Stage 4 – Stage 5
	< .001
	1.07E-08
	1.07E-08
	1.07E-08

	0 - 6
	PT/PTT:
	9.15E-01
	5.97E-03
	1.17E-43
	3.05E+38

	1 - 6
	PT/PTT:
	9.15E-01
	6.11E-03
	1.19E-43
	3.13E+38

	2 - 6
	PT/PTT:
	9.29E-01
	1.39E-02
	2.69E-43
	7.21E+38

	3 - 6
	PT/PTT:
	9.23E-01
	9.60E-03
	1.85E-43
	4.97E+38

	4 - 6
	PT/PTT:
	9.01E-01
	2.62E-03
	5.14E-44
	1.34E+38

	5 - 6
	PT/PTT:
	8.83E-01
	8.76E-04
	1.68E-44
	4.58E+37

	0 - 6
	Dialysis:
	9.15E-01
	1.82E-03
	1.11E-53
	2.99E+47

	1 - 6
	Dialysis:
	9.20E-01
	2.59E-03
	1.57E-53
	4.26E+47

	2 - 6
	Dialysis:
	9.27E-01
	4.46E-03
	2.70E-53
	7.36E+47

	3 - 6
	Dialysis:
	9.16E-01
	1.92E-03
	1.16E-53
	3.16E+47

	4 - 6
	Dialysis:
	9.19E-01
	2.40E-03
	1.46E-53
	3.94E+47

	5 - 6
	Dialysis:
	< .001
	1.62E+06
	5.22E+05
	5.03e0+6

	0 - 6
	Medical Decompression:
	6.80E-01
	1.12E+03
	3.75E-12
	3.33E+17

	1 - 6
	Medical Decompression:
	7.57E-01
	1.92E+02
	6.43E-13
	5.70E+16

	2 - 6
	Medical Decompression:
	7.64E-01
	1.64E+02
	5.52E-13
	4.89E+16

	3 - 6
	Medical Decompression:
	7.97E-01
	7.98E+01
	2.66E-13
	2.39E+16

	4 - 6
	Medical Decompression:
	8.08E-01
	6.25E+01
	2.08E-13
	1.87E+16

	5 - 6
	Medical Decompression:
	7.09E-01
	5.74E+02
	1.78E-12
	1.85E+17



Appendix 4: Secondary Outcome (Hematoma volume upon admission)
	
	
	>30
	<30
	OR (univariable)

	Prior use of anticoagulants
	None
	43 (86.00)
	102 (91.07)
	1.66 (0.593 - 4.65, p=0.334)

	Levels of hemoglobin and platelet upon admission
	Low
	18 (36.00)
	33 (29.46)
	0.111 (0.00453 - 2.73, p=0.178)

	
	Normal 
	25 (50.00)
	66 (58.93)
	0.783 (0.07931 - 0.72, p=0.834)























