
Indian Journal of Forensic Medicine & Toxicology, April-June 2020, Vol. 14, No. 2      2283

Hydration Status and Degree of Clinical Severity Patients with 
Thrombotic Infarction Stroke

Agung Nugroho1, Hendro Susilo1

1Department of Neurology, Faculty of Medicine, Dr. Soetomo Teaching Hospital, Universitas Airlangga,  
Surabaya 60285, Indonesia

Abstract
Background: Dehydration is common in acute ischemic stroke patients and associated with a poor increase 
in clinical outcomes. It is caused of the increase of hematocrit related to the infarct volume which is wider to 
the cerebra infarct patients. It is also related to the repeatedly emboli stroke and thromboembolic vena after 
the occurrence of the acute stroke.

Objectives: To analyze the correlation between hydration status and clinical severity in patients with acute 
thrombotic stroke.

Methods: This study was conducted by using control design consecutive admission sampling technique. 
Serum BUN and creatinine measurements were performed when patients were administered to the hospital. 
Dehydration was defined if the ratio of BUN/serum creatinine was >15. Patients were divided into dehydration 
and non-dehydrated groups. The degree of clinical severity was measured by using the National Institute 
of Health Stroke Scale (NIHSS) at 7 days of onset of stroke. Data were analyzed using chi square, fisher, t 
dependent test, and mann whitney (p <0.05).

Result: There were 19.23% stroke patients with dehydration were in the case group and the control group 
were 9.62%. There was no significant correlation between hydration status and clinical severity in acute 
thrombotic stroke patients (p = 0.126; OR = 2.625).

Conclusion: There was no correlation between hydration status and clinical severity in acute thrombotic 
stroke.
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Introduction
Stroke is the first leading cause of disability 

worldwide, the second most common cause of dementia, 
and the third leading cause of death. Stroke resulted in 
major clinical, social, and economic impacts with a total 
death rate of 6.2 million (±11% of the total). Around 
9 million people suffered a stroke in 2008, 30 million 
people have had previous strokes and still alive. Stroke 
is the main cause of disability and this recent decline has 
fallen from the third leading cause of death to the fourth 
place in the United States 1. The incidence of stroke has 

increased exponentially over the last 30 years and its 
causes vary by age. Ninety-five percent of strokes occur 
in people over the age of 45 and two-thirds of strokes 
occur in people over age 65. The risk of death in a peron 
with stroke also increases with age. Stroke can occur at 
any age including the age of the children 2.

Stroke is also a major cause of disability. It is 
approximately 55% of patients who survive up to 3 
years will experience a decrease in quality of life. There 
is only 20% of patients with stroke can return to work 
as before 3,4. The association between renal function 
and stroke has been determined by a study assessing 
the association between hypertension and mortality 
with black patients suffering from acute stroke as the 
determinants. Stroke survivors have lower levels of 
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urea than those who died. Friedman’s findings of stroke 
survivors in New Zealand mentioned that serum cretinin 
concentrations independently as predictors of mortality 
even after adjustment for confounding variables 5.

Euvolemia is important for adequate blood flow and 
maximizing oxygen intake into optimal tissue and organ 
function. Research showed blood flow to organs such 
as muscles and kidneys decreases significantly during 
dehydration. Cardiac output also decreases during 
dehydration 6. The brain has the ability to control blood 
flow through autoregulation that regulated constant 
cerebral perfusion pressure even when blood pressure 
changes. Dehydration has been shown to decrease the 
autoregulation response to orthostatic position changes, 
but in general does not decrease cerebral perfusion 7.

The role of dehydration in cerebral infarcts is 
thought to be multifactorial. Dehydration increases 
the viscosity of blood by decreasing blood flow to the 
brain through the decrease of intravascular volume. The 
increase hematocrit has been shown to be associated by 
a larger volume of infarction in patients with cerebral 
infarction 8. Dehydration has also been shown to be 
associated by recurrent embolic strokes and thrombotic 
events including venous thromboembolism following 
the onset of acute stroke. Dehydration can disrupt the 
distribution of oxygen to the brain, increase the risk of 
venous thromboembolism, and be associated with poor 
outcome in stroke 9. Dehydration can be detected by 
biomarkers of reduced fluid in the blood. Biomarkers 
that are often used to assess the presence of dehydration 
are the ratio of BUN/creatinine and plasma osmolality 
5,10.

There is no hydration marker has been considered 
a golden standard, especially for mild dehydration. A 
total of 102 elderly patients were admitted to one of the 
educational hospitals who were diagnosed dehydrated. 
After a serum analysis, there is only 17% had an increase 
in serum osmolarity, 11% had elevated serum sodium, 
and 68% had an increase in blood urea nitrogen (BUN)/
serum creatinine (SCr) 11. BUN and SC are valuable 
laboratory parameters for evaluating renal function. The 
ratio of BUN to serum creatinine (BUN/SCr) is one of 
the useful laboratory indicators to determine the decrease 
in hydration status 12. Based on the description above, 
it is necessary to conduct an analysis of dehydration 
status and degree of clinical severity in patients with  
trombolytic infarction. This study aimed to analyse 
hydration status of clinical severity and degree of clinical 

severity in patients with trombolytic infarction.

Methods
The participants in this study were all acute 

thrombotic stroke patients who met the inclusion and 
exclusion criteria. The inclusion criteria included 
patients diagnosed clinical acute thrombotic stroke and 
uncompromised CT scan, first stroke occuring within 24 
hours, and having National Institute of Health Stroke 
Scale (NIHSS) score score of <4. NIHSS is a tool used 
to assess stroke damage with score range of 0 to 42 13. 
Exclusion criteria include patients having chronic renal 
failure, congestive heart failure, hemorrhagic stroke, 
embolism stroke, systemic inflammatory response 
syndrome pons syndrome 14, and use diuretic drugs. 
Participants who were willing to be involved in this 
study were required to fill the informed consent form in 
advance. 

The participants were selected by identifying the 
number of patients with acute thrombolytic stroke in 
the previous year at Dr. Soetomo Teaching Hospital 
Surabaya, Indonesia. Afterwards, we found 101 
participants with acute thrombolytic stroke who met the 
inclusion and exclusion criteria. During the course of 
the study, some patients with acute thrombolytic stroke 
were excluded from the study because the participant 
went home forcibly or died in ≤24 hours before blood 
sampling was taken for BUN and SCr examination. 
After those processes, we found 52 participants that 
were able to be enrolled in this study. 

The procedure of this study involved patients 
diagnosed with acute thrombolytic stroke 15. Patients 
were examined by NIHSS on the seventh day 11. 
Participants were identified and divided into 2 groups, 
i.e. case group (moderate NIHSS with score 4-15) and 
control group (NIHSS with score <4). We conducted 
blood presure measurement for the participants. Blood 
sample of 3 ml was stored in EDTA vials and identified 
for the BUN, SCr, Hb, Albumin, Potassium, Sodium, 
and Glucose. Assessment of dehydration status (BUN/
SCr) was based on two studies 6,16. The criteria of 
hypertension refers to Joint National Committee 8 (JNC-
8) 19. 

The measurement data were analyzed according to 
the type of measurement results data using SPSS 22.0 
(SPSS, Inc., Chicago, IL). Analysis on the participants’ 
gender data and blood pressure were conducted using 
chi square test (A p value of <0.05 was considered as 
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statistically significant). Analysis on age, albumin, 
sodium, potassium, hemoglobin, and glucose data of the 
participants were conducted using t-dependent test (A p 
value of <0.05 was considered as statistically significant) 
with Kolmogorov Smirnov beforehand. The correlation 
between dehydration status and degree of clinical 
severity in stroke infarction patients was analyzed using 
chi square test (A p value of <0.05 was considered as 
statistically significant). 

Result
Sample Characteristic

The demographic data in this study consisted of two 
types of data, i.e. gender and age. In case group, most 
participants were female (32.69%), while in control group 
most participants were male (32.69%). The comparison 
of age between the two groups showed p = 0.027 (Table 
2). In case group, the mean of the participants’ age 
was 55.43±9.05 years old, while in control group was 
53.12±11.96 years old. The comparison of age between 
the two groups showed p = 0.233 (Table 1).

The Albumin, Glucose, Potassium and Sodium 
Level

The clinical data of albumin examination showed 
the value 4.00±0.36 mg/dl in case group and 4.18±0.42 
mg/dl in control group. The comparison between the 
two groups showed p = 0.276. The sodium level was 
134.12±3.38 mg/dL in case group and 135.12±2.52 mg/
dL in control group. The comparison of sodium level 
between the two groups showed p = 0.653. The potassium 
level in case group was 3.76±0.53 mg/dL, while in 
control group was 4.05±0.46 mg/dL. The comparison 
of potassium level between the two groups showed p = 
0.479. The level of hemoglobin was 14.00±2.81 mg/dL 
in case group and 14.10±4.95 mg/dL in control group. 
The comparison of hemoglobin level between the two 
groups showed p = 0.905. The glucose level in this 
study was 137.43±40.51 mg/dl in case group whereas in 
control group was 123.58±20.31 mg/dl. The comparison 
of blood glucose between the groups showed p = 0.694 
(Table 1). Most participants had hypertension with 
82.69%. The comparison of hypertension in the two 
groups showed p = 0.233.

Table 1. Mean of clinical data

Variable
National Institute of Health Stroke Scale

p
Case (n = 26) Control (n = 26)

Age 55.43±9.05 53.12±11.96 0.233

Albumin 4.00±0.36 4.18±0.42 0.276

Sodium 134.12±3.38 135.12±2.52 0.653

Potassium 3.76±0.53 4.05±0.46 0.479

Hemoglobin 14.00±2.81 14.10±4.95 0.905

Blood glucose level 137.43±40.51 123.58±20.31 0.694

Hydration Status and the Stroke Severity

According to all participants in this study, 19.23% 
in case group experienced dehydration. However, 
control group was 9.62%. We did not find any significant 
difference, both statistically and clinically, between 

clinical severity degree of acute thrombotic stroke 
patients and dehydration condition and those with no 
dehydration. The p value was 0.126 and the odd ratio 
value was 2.625 (IK 95%; 0,748 – 9, 210; Table 2).
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Table 2. Frequency of clinical data

Variable Category
National Institute of Health Stroke Scale

P
Case (n = 26) Control (n = 26)

Gender
Male 17.31 32.69 0.027

Female 32.69 17.31

Blood pressure
Hypertension 44.23 38.46 0.233

Normal 5.77 11.54

Dehydration
Dehydration 19.23 9.62 0.126

Normal 30.77 40.38

Discussion
The results which do not correspond with the 

proposed research hypothesis might be due to several 
things. First, the study did not include subjects suffering 
from ischemic stroke due to thrombotic in large vessels 
and therefore we did not get sufficient number of 
subjects into moderate to severe NIHSS groups with 
dehydration as well. In the studies conducted by Lin 
et al. and Schrock et al., the inclusion criteria included 
ischemic stroke patients due to large vessel disease 6,16. 
Second, this study did not limit the age of the subjects, 
causing that the proportion of subjects in the dehydrated 
group and the severity of clinical/NIHSS were not 
as expected. It is known that the elderly subjects are 
susceptible to dehydration which is a major cause of 
fluid and electrolyte disturbances 12. Third, this study did 
not consider other factors that might determine stroke 
prognisis, such as the location and width of the infarct. 
Stroke prognosis is affected by various factors including 
age, stroke severity degree, stroke mechanism, infact 
location, comorbidity conditions, clinical finding, and 
related complications 20. 

Cerebrovascular disease is one of the causes 
of morbidity, disability, and mortality worldwide. 
Generally the different genders are associated with 
stroke events. The relationship between age and stroke 
is more influential to men except at an advanced age. 
Increased age affects the morbidity of stroke, mortality, 
and the old outcome in both minor and major stroke. 
The age of over 65 years has a higher mortality risk in 2 
months after stroke 21. 

Hypoalbuminemia is a poor predictor of prognosis 
in patients with ischemic stroke, but the mechanism is 
still unknown. The currently known mechanism is not 
only limited to energy depletion, but also related to the 
damage of one’s immune and hormonal responses, as 
well as extracellular fluid expansion. In another study, 
the effect of infusion of albumin on ischemic brain of 
experimental animals was suggested. This is presumably 
because albumin has a neuroprotective effect mediated 
by various actions including antioxidative ability, 
affecting endothelial function, and venular perfusion 22.

Hyponatremia is a risk factor for stroke and 
cardiovascular disease. Mild hyponatremia is associated 
with increased mortality within 30 days of myocardial 
infarction and post-stroke mortality in 3 years. 
Hyponatremia is associated with acute mortality and 
worse outcome trends resulting in higher mortality 
within 12 months after stroke 23. The mechanisms of 
potassium effect on stroke are still unclear. Patients 
with lower potassium serum levels during stroke and 
after dismissed from hospital have a poor prognosis, 
especially in elderly patients 24. 

Hypertension is a major risk factor for stroke. The 
increase of systemic blood pressure associated with the 
increased intra-cranial pressure (ICP), mainly due to 
suppression of the brain stem. It is strongly associated 
with intracerebral and subarachnoid hemorrhage, but 
this increase in blood pressure does not appear to be 
associated with cerebral ischemia 25. 

The dehydration condition characterized by an 
increase in BUN/SCr ratio is a factor that can be used 
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to estimate poor outcomes in patients with chronic heart 
failure 26. The increased of BUN/SCr ratio is also reported 
to be associated with a neurological deterioration in 
ischemic stroke patients 16. A dehydration condition 
that increases the BUN/SCr ratio by more than 15 is at 
2.2 times risk of clinical impairment in 30 days of post-
onset of ischemic stroke 6. Infarction stroke patients 
with elevated BUN/SCr ratio had a higher prevalence 
for cardiembolic stroke compared to those without 
increased BUN/SCr ratio 15.

Conclusion
There was no correlation between hydration status 

assessed using BUN/Serum Creatinin rasio and the 
clinical severity degree assessed using NIHSS in acute 
thrombotic stroke. However, a further confirmation is 
still required.

Ethical Clearance: The study protocol was 
approved by the Ethical Commission to conduct basic 
science/clinical research in Dr. Soetomo General 
Hospital Surabaya, Indonesia. The present study was 
carried out in accordance with the research principles. 
This study implemented the basic principle ethics of 
respect, beneficence, non-maleficence, and justice.

Conflict of Interest: The author reports no conflict 
of interest of this work.

Source of Funding: This study is done with 
individual funding.

References
1. 	 Deb P, Sharma S, Hassan KM. Pathophysiologic 

mechanisms of acute ischemic stroke: An overview 
with emphasis on therapeutic significance beyond 
thrombolysis. Pathophysiology. 2010;17(3):197–
218. 

2. 	 Menken M, Munsat TL, Toole JF. The global 
burden of disease study: implications for neurology. 
Arch Neurol. 2000;57(3):418–20. 

3. 	 Bruno A, Liebeskind D, Hao Q, Raychev R, 
Investigators US. Diabetes mellitus, acute 
hyperglycemia, and ischemic stroke. Curr Treat 
Options Neurol. 2010;12(6):492–503. 

4. 	 Chen R, Ovbiagele B, Feng W. Diabetes and stroke: 
epidemiology, pathophysiology, pharmaceuticals 
and outcomes. Am J Med Sci. 2016;351(4):380–6. 

5. 	 MacWalter RS, Wong SYS, Wong KYK, Stewart 
G, Fraser CG, Fraser HW, et al. Does renal 

dysfunction predict mortality after acute stroke? A 
7-year follow-up study. Stroke. 2002;33(6):1630–
5. 

6. 	 Schrock JW, Glasenapp M, Drogell K. Elevated 
blood urea nitrogen/creatinine ratio is associated 
with poor outcome in patients with ischemic stroke. 
Clin Neurol Neurosurg. 2012;114(7):881–4. 

7. 	 Carter III R, Cheuvront SN, Vernieuw CR, Sawka 
MN. Hypohydration and prior heat stress exacerbates 
decreases in cerebral blood flow velocity during 
standing. J Appl Physiol. 2006;101(6):1744–50. 

8. 	 Chang TS, Jensen MB. Haemodilution for acute 
ischaemic stroke. Cochrane Database Syst Rev. 
2014;(8). 

9. 	 Rowat A, Graham C, Dennis M. Dehydration 
in hospital-admitted stroke patients: detection, 
frequency, and association. Stroke. 2012;43(3):857–
9. 

10. 	 Chwojnicki K, Krol E, Wierucki Ł, Kozera 
G, Sobolewski P, Nyka WM, et al. Renal 
dysfunction in post-stroke patients. PLoS One. 
2016;11(8):e0159775. 

11. 	 Manz F, Wentz A. The importance of good 
hydration for the prevention of chronic diseases. 
Nutr Rev. 2005;63(suppl_1):S2–5. 

12. 	 Akimoto T, Ito C, Kato M, Ogura M, Muto S, 
Kusano E. Reduced hydration status characterized 
by disproportionate elevation of blood urea nitrogen 
to serum creatinine among the patients with cerebral 
infarction. Med Hypotheses. 2011;77(4):601–4. 

13. 	 Adams HP, Davis PH, Leira EC, Chang K-C, 
Bendixen BH, Clarke WR, et al. Baseline NIH 
Stroke Scale score strongly predicts outcome 
after stroke: a report of the Trial of Org 10172 in 
Acute Stroke Treatment (TOAST). Neurology. 
1999;53(1):126. 

14. 	 Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein 
AM, Knaus WA, et al. Definitions for sepsis and 
organ failure and guidelines for the use of innovative 
therapies in sepsis. Chest. 1992;101(6):1644–55. 

15. 	 Yew KS, Cheng E. Acute stroke diagnosis. Am 
Fam Physician. 2009;80(1):33. 

16. 	 Lin LC, Yang JT, Weng HH, Hsiao CT, Lai SL, 
Fann WC. Predictors of early clinical deterioration 
after acute ischemic stroke. Am J Emerg Med. 
2011;29(6):577–81. 

17. 	 Farrokhi F, Smiley D, Umpierrez GE. Glycemic 



2288      Indian Journal of Forensic Medicine & Toxicology, April-June 2020, Vol. 14, No. 2

control in non-diabetic critically ill patients. Best 
Pract Res Clin Endocrinol Metab. 2011;25(5):813–
24. 

18. 	 Hill MD, Martin RH, Palesch YY, Moy CS, Tamariz 
D, Ryckborst KJ, et al. Albumin administration 
in acute ischemic stroke: safety analysis of the 
ALIAS Part 2 Multicenter Trial. PLoS One. 
2015;10(9):e0131390. 

19. 	 Armstrong C. JNC8 guidelines for the management 
of hypertension in adults. Am Fam Physician. 
2014;90(7):503–4. 

20. 	 Brenner DA, Zweifler RM, Gomez CR, Kissela 
BM, Levine D, Howard G, et al. Awareness, 
treatment, and control of vascular risk factors 
among stroke survivors. J stroke Cerebrovasc Dis. 
2010;19(4):311–20. 

21. 	 Katsiki N, Ntaios G, Vemmos K. Stroke, obesity 
and gender: a review of the literature. Maturitas. 
2011;69(3):239–43. 

22. 	 Seet RCS, Lim ECH, Chan BPL, Ong BKC, Dziedzic 
T. Serum albumin level as a predictor of ischemic 
stroke outcome. Stroke. 2004;35(11):2435–6. 

23. 	 Rodrigues B, Staff I, Fortunato G, McCullough LD. 
Hyponatremia in the prognosis of acute ischemic 
stroke. J stroke Cerebrovasc Dis. 2014;23(5):850–
4. 

24. 	 Moussavi M, Nizam A, Sodhi R, Alario J, 
Dababneh H, Panezai S, et al. Abstract TP285: 
Serum Potassium Levels Influence Ischemic Stroke 
Outcome. Am Heart Assoc; 2013. 

25. 	 Qureshi AI, Ezzeddine MA, Nasar A, Suri MFK, 
Kirmani JF, Hussein HM, et al. Prevalence of 
elevated blood pressure in 563 704 adult patients 
with stroke presenting to the ED in the United 
States. Am J Emerg Med. 2007;25(1):32–8. 

26. 	 Yancy CW, Lopatin M, Stevenson LW, De 
Marco T, Fonarow GC, Investigators ASAC 
and. Clinical presentation, management, and in-
hospital outcomes of patients admitted with acute 
decompensated heart failure with preserved systolic 
function: a report from the Acute Decompensated 
Heart Failure National Registry (ADHERE) 
Database. J Am Coll Cardiol. 2006;47(1):76–84. 


