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Stroke Outcome Related to Initial Volume
Status and Diuretic Use

Christopher J. Renner &) MD; Scott E. Kasner “/, MD, MSCE; Philip M. Bath “*/, DSc, FMedSci;
Mona N. Bahouth “&/, MD, PhD; on behalf of the VISTA Acute Steering Committee*

BACKGROUND: We hypothesized that stroke outcome is related to multiple baseline hydration-related factors including volume
contracted state (VCS) and diuretic use.

METHODS AND RESULTS: We analyzed a prospective cohort of subjects with ischemic stroke <24 hours of onset enrolled in acute
treatment trials within VISTA (Virtual International Stroke Trials Archive). A VCS was defined based on blood urea nitrogen-to-
creatinine ratio. The primary end point was modified Rankin Scale score at 90days. Primary analysis used generalized ordinal
logistic regression over the mRS range, adjusted for Totaled Health Risks in Vascular Events score, onset-to-enrollment time,
and thrombolytic use. Of 5971 eligible patients with stroke, 42% were taking diuretics at the time of hospitalization, and 44%
were in a VCS. Patients in a VCS were older, had more vascular risk factors, were more likely taking diuretics, and had more
severe strokes. Diuretic use was associated with both reduced chance of achieving a good functional outcome (odds ratio
[OR], 0.57 [95% CI, 0.52-0.63]) and increased mortality at 90days (OR, 2.30 [95% CI, 2.04-2.61]). VCS was associated with
greater mortality 90 days after stroke (OR, 1.53 [95% ClI, 1.33-1.76]). There was no evidence of effect modification among the
3 exposures of VCS, diuretic use, or hypokalemia in relation to outcome.

CONCLUSIONS: A VCS at the time of hospitalization was associated with more severe stroke and odds of death but not associ-
ated with worse functional outcome when accounting for relevant characteristics. Diuretic use and low serum potassium at
the time of stroke onset were associated with worse outcome and may be worthy of further investigation.
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pends upon the complex interactions among ce-

rebral and systemic hemodynamic parameters.
Previous studies have suggested that the use of diuret-
ics and other antihypertensive medications may reduce
the risk of, reduce the severity of, and improve the out-
come after stroke.'""® However, these medications have
the potential to increase the likelihood of dehydration, or
more accurately, a volume contracted state (VCS) at the
time of stroke, which may worsen functional outcome.* A
common side effect of these medications is also change
in electrolytes, most notably depletion of serum potas-
sium, which may also be associated with risk of stroke

The pathophysiology of acute ischemic stroke de-

and stroke-related death.>~" Whether diuretics, hydration
status, and potassium levels have an effect in the acute
setting has not been determined.

In the acute setting, patients with ischemic stroke
are commonly administered intravenous fluid under the
premise that dehydration can lead to reduced cerebral
perfusion and ultimately worse clinical outcome.*8°
The 2018 American Heart Association/American
Stroke Association guidelines for early management
of patients with acute ischemic stroke merely state
that, “Hypotension and hypovolemia should be cor-
rected to maintain systemic perfusion levels necessary
to support organ function....” with an admission that,
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CLINICAL PERSPECTIVE

What Is New?

e Hydration status at the time of stroke may im-
pact clinical outcome, and dehydration is as-
sociated with increased chance of death within
90days from stroke.

e Diuretic medications may contribute to a dehy-
drated state and reduce the odds of good func-
tional recovery in patients with acute stroke.

What Are the Clinical Implications?

e These data support additional exploration of the
benefits of hydration algorithms at the time of
hospitalization for acute stroke in case this is a
modifiable factor to improve recovery.

Nonstandard Abbreviations and Acronyms

ENOS Efficacy of Nitric Oxide

mRS modified Rankin Scale

THRIVE Totaled Health Risks in Vascular
Events

VCS volume contracted state

VISTA Virtual International Stroke Trials

Archive

“There are no data to guide volume and duration of
parenteral fluid delivery.”'® Although the class of rec-
ommendation for this guideline is 1 (strong), the evi-
dence for this merely comes from consensus of expert
opinion based on clinical experience. Surprisingly, data
on the hydration practices and efficacy of this prac-
tice are sparse.'"'? A few studies have recently begun
to look at the effect of a VCS in patients with acute
stroke on poststroke outcomes.®'® A single-center
study found that those in a VCS had worse clinical out-
come at 90days than those who were euvolemic.'® A
recent substudy of the ENOS (Efficacy of Nitric Oxide)
trial involving data from 310 participants found an un-
favorable shift in the modified Rankin Scale (mRS) and
increased death at day 90 in patients with increased
urea; however, other markers of dehydration did not
yield consistent findings."”

The VISTA (Virtual International Stroke Trials Archive)
is a combined resource that includes data contributed
by principal investigators of numerous international
acute stroke trials.”® It has been anonymized with the
goal of providing a large and centrally collated data set
for investigators wishing to perform exploratory anal-
yses. All included patients had baseline assessment
within 24 hours of stroke onset and confirmed stroke
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diagnosis using cerebral imaging. We used this cohort
to investigate the relationship between diuretic use, the
consequences of diuretic use at the time of stroke, in-
cluding hypokalemia and volume contraction, and as-
sociation with stroke outcome.

We aimed to investigate the potential consequences
of diuretic use and the associations among these fac-
tors with outcome after acute ischemic stroke in an
international multicenter database. We hypothesized
that patients on diuretics and in a VCS would have
worse functional outcomes at 90 days than those who
were euvolemic upon arrival to the hospital.

METHODS

Data for this study are hosted by the Virtual Trials
Archives (http://www.virtualtrialsarchives.org). Because
the data collected for this study contain human sub-
jects’ information, reasonable requests to access the
data set from qualified researchers trained in human
subject confidentiality protocols may be sent to vista.
coordinator@glasgow.ac.uk.

We conducted a cohort study of patients who were
prospectively enrolled in clinical trials within the VISTA.'®
Patients were included if they had an ischemic stroke
diagnosis within 24 hours of onset or time last known to
be normal. There was no limitation to National Institutes
of Health Stroke Scale (NIHSS) score for inclusion in
this archive. Patients were excluded if their stroke was
caused by a primary intracranial hemorrhage or if they
were undergoing dialysis before the stroke admission.
To be included in this analysis, subjects were addi-
tionally required to have the following data available:
mRS score at 90days, NIHSS score at baseline and
at 90days, time from stroke onset, whether or not they
received intravenous thrombolysis (tissue plasmino-
gen activator), baseline medications (eg, diuretics), and
medical history including hypertension, atrial fibrilla-
tion, and diabetes. In all of the VISTA trials included,
mRS score was expected to be measured in person
around 90days as one of the key outcomes. Because
the VISTA is a conglomerate of trials, each trial had its
own allowances for the time window around 90days,
the use of telephone MRS score for patients unable
to be evaluated in person, and information carried for-
ward from prior visits if needed.

A VCS was defined a priori as a blood urea nitrogen
(BUN)-to-creatinine ratio of >20 (urea:creatinine >100)
as has previously been defined, and is referred to here
as VCS-20."” We additionally conducted similar analysis
using a post hoc definition of BUN-to-creatinine ratio
>30 (urea:creatinine >150), referred to as VCS-30. All
baseline laboratory values were measured before ran-
domization in each of the individual trials, typically upon
arrival to the hospital at the time of stroke. Estimated
glomerular filtration rate was calculated based on age,


http://www.virtualtrialsarchives.org
mailto:vista.coordinator@glasgow.ac.uk
mailto:vista.coordinator@glasgow.ac.uk

Renner et al

sex, race, and initial serum creatinine, and then chronic
kidney disease stage was determined. All included pa-
tients were from sites with institutional review board
approval for study enrollment. Written informed con-
sent was not required for this retrospective study using
VISTA database which provided deidentified data from
multiple trials. All participants gave written informed
consent prior to participating in their specific trial.

Statistical Analysis

Baseline characteristics of subjects with and without
VCS were compared using the Student ¢ test for con-
tinuous variables, x? test for categorical variables, and
Wilcoxon rank sum test for ordinal variables. The pri-
mary end point was functional outcome at 90days, as
measured by the mRS. The mRS ranges from 0 (com-
pletely normal) to 5 (severely disabled and depend-
ent), and 6 is assigned if the patient died. Generalized
ordinal logistic regression was performed over the full
range of MRS scores, comparing these outcomes be-
tween patients with a VCS and euvolemic in univariate
analysis. For the multivariable analyses, we calculated
the Totaled Health Risks in Vascular Events (THRIVE)
score, which includes age, baseline NIHSS score, hy-
pertension, diabetes, and atrial fibrillation to minimize
the number of covariates used in the models.'® We pre-
specified adjustment for the THRIVE score, onset-to-
enrollment time, and intravenous tissue plasminogen
activator use. Stratified analyses and tests for interac-
tion were performed based on the use of diuretics be-
fore stroke and thrombolysis for the event. Secondary
analyses of the primary end point were a comparison
of the proportion of patients with a bad outcome, de-
fined as MRS >2 at 90days, with similar adjustments
and stratifications as above. We also assessed change
in the NIHSS score from baseline to day 90 and mor-
tality by day 90 as secondary end points. All analy-
ses were performed using Stata/SE 12.1 (StataCorp,
College Station, TX).

RESULTS

The VISTA database yielded 7444 patients who met
the eligibility criteria for this analysis, with 3051 out of
7444 (41%) of this subset prescribed diuretics at the
time of hospital presentation. Of this group, 5971 (80%)
had sufficient laboratory testing to measure a base-
line VCS. Forty-four percent (2626/5971) demonstrated
VCS-20. Patients in VCS-20 were older, more often
women, and had higher NIHSS scores (Table 1). They
were also more likely to have hypertension, diabetes,
atrial fibrillation, and congestive heart failure. THRIVE
score was higher in the VCS-20 group, indicating a
higher risk for worse outcome. Patients in the VCS-20
group were more likely to be taking diuretics. There
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was no difference in stroke onset-to-enrollment time
and use of intravenous thrombolysis between both
groups. Of the 6833 patients with available serum po-
tassium data, 624 (9.1%) had low serum potassium lev-
els («8.5mmol/L), whereas 344 (5.0%) had high serum
potassium (>5.0mmol/L). Using the VCS-30 definition
yielded similar outcomes (Table S1).

In the final cohort of patients with acute stroke,
3051 out of 5971 (51%) were prescribed diuretic medi-
cations. Diuretic use was associated with greater odds
of achieving a worse outcome after 90days following
stroke in both unadjusted and adjusted models (odds
ratio [OR], 1.31 [95% CI, 1.20-1.42]; P<0.001). There
were also significantly increased odds of death for
patients who were prescribed diuretics at the time of
stroke as compared with those who were not, even
after adjustment (adjusted OR, 1.64 [95% ClI, 1.44-
1.88]; P<0.001) (Table 2). The adverse relationship was
driven predominantly by the 2988 out of 3051 (98%)
patients prescribed non—potassium-sparing diuretics
at the time of hospitalization (Table 2). Change in the
NIHSS score from baseline to day 90 was not different
when comparing patients who were taking and those
who were not taking diuretic medications. Patients
prescribed diuretics were more likely to be in a VCS as
compared with those who were not (P<0.001). There
was no evidence of effect modification (statistical treat-
ment interaction) between VCS and diuretic use in ei-
ther VCS-20 or VCS-30 groups (P =0.997 and
Pteraction=0-536, respectively).

In this cohort, 2626 out of 5971 (44%) presented to
the hospital in a VCS as defined by (BUN/creatinine
ratio>20). VCS-20 also appeared to be associated
with an adverse shift in mRS scores, worse outcome,
and higher mortality compared with those without
VCS-20 in crude analyses (Table 3). After adjustment
for THRIVE scores, onset-to-treatment time, and the
use of thrombolysis, the effects on mRS scores were
no longer evident. Change in NIHSS from baseline
to day 90 was not different between groups when
comparing patients with and without VCS-20. VCS-
20 was associated with 1.18 adjusted odds of death
at 90days (adjusted OR, 1.01-1.31; P=0.032). There
was no evidence of effect modification on functional
outcome (MRS score) between VCS-20 and diuretic
USe (Pieraction=0-940). The distribution of predicted
90-day mRS scores after adjustment in relation to ini-
tial volume status is shown in Figure 1 (VCS-20) and
Figure 2 (VCS-30). In a sensitivity analysis, we adjusted
our model for the individual components of THRIVE
rather than the summary score, which yielded similar
results. Analyses using the post hoc VCS-30 definition
yielded similar magnitudes of the associations for the
mRS score, NIHSS score, and mortality, although the
latter was no longer significant (Table 3).In this group,
969 out of 5971 (16%) demonstrated an abnormality in

interaction
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Table 1. Baseline Characteristics of Patients Prescribed Diuretics and Characteristics of Those With VCS-20: VCS Defined
as Blood Urea Nitrogen/Creatinine Ratio >20

Diuretic, No diuretic, VCS, VCS-20, No VCS, VCS-

Variable n=3051 n=4393 P value n=2626 20, n=3345 P value
Age, y 72111 67+13 <0.001 72+11 67+13 <0.001
Sex, women 1525 (50%) 1874 (43%) <0.001 1499 (57%) 1220 (36%) <0.001
Race

Black 114 (4%) 91 (2%) <0.001* 34 (1%) 156 (5%) <0.001*

Asian 156 (5%) 306 (7%) 157 (6%) 285 (9%)

White 2478 (81%) 3218 (73%) 2296 (87%) 2730 (82%)

Other, or not specified 303 (10%) 778 (18%) 139 (5%) 174 (5%)
Continent and country

Europe/Australia/South 1763 (58%) 2804 (64%) 1638 (62%) 2212 (66%)

Africa/Israel

North America 1118 (37%) 1234 (38%) 810 (31%) 824 (25%)

South America 37 (1%) 64 (1%) 50 (2%) 46 (1%)

East Asia 128 (4%) 277 (6%) 128 (5%) 263 (8%)
Hypertension 2573 (84%) 2580 (59%) <0.001 1912 (73%) 2342 (70%) 0.018
Diabetes 850 (28%) 760 (17%) <0.001 640 (24%) 660 (20%) <0.001
Atrial fibrillation 1079 (35%) 825 (19%) <0.001 762 (29%) 742 (22%) <0.001
Heart failure 563 (19%) 114 (3%) <0.001 275 (10%) 230 (7%) <0.001
Previous myocardial 495 (16%) 421 (10%) <0.001 313 (12%) 416 (12%) 0.545
infarction
Previous stroke 555 (19%) 669 (16%) 0.002 480 (18%) 644 (19%) 0.337
Previous TIA 235 (8%) 326 (8%) 0.583 207 (8%) 287 (9%) 0.342
THRIVE score 4 (3-5) 3(2-4) <0.001 4 (3-5) 3(2-5) <0.001
Chronic kidney disease stage

0 502 (17%) 1195 (29%) <0.001 717 (27%) 719 (21%) 0.093

1 1318 (46%) 2117 (51%) 1234 (47%) 1696 (51%)

2 698 (24%) 628 (15%) 470 (18%) 660 (20%)

3 303 (11%) 165 (4%) 183 (7%) 219 (7%)

4 59 (2%) 27 (1%) 21 (1%) 47 (1%)

5 5 (0.2%) 1(0.02%) 1(0.04%) 4 (0.1%)
Diuretics

Potassium sparing only 63 (2%) 261 (10%) 259 (8%) 0.003

Non—-potassium sparing 2441 (80%) 1160 (44%) 1290 (39%) <0.001

only

Both 547 (18%) 229 (9%) 234 (7%) 0.013

Neither 1431 (564%) 2017 (60%) <0.001

Any diuretic 3051 (100%) 4393 (100%) 1192 (45%) 1315 (39%) <0.001
Baseline laboratory results

Blood urea nitrogen, 20+9 18+7 <0.001 23+8 15+6 <0.001

mg/dL

Creatinine, mg/dL 1.03+0.37 0.92+0.27 <0.001 0.91+0.27 1.01+£0.33 <0.001

Sodium, mmol/L 13914 140+£3 <0.001 140+4 140+4 0.785

Potassium, mmol/L 4.1+£0.5 4.1+£0.5 0.011 41+0.5 4.1+£0.5 0.024

Glucose, mg/dL 144+59 132+54 <0.001 142+58 133+52 <0.001

Hemoglobin, g/dL 13.56+1.9 13.8+1.7 <0.001 13.6+1.7 14.0+1.8 <0.001
Baseline blood pressure, mmHg

Systolic 154+25 15123 <0.001 162124 1563+24 0.436

Diastolic 82+14 81+16 0.014 80+15 83+15 <0.001

(Continued)
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Table 1. Continued

Onset to enroliment, h 4.4+2.5 4.8+2.8 <0.001 4.0+1.1 4.0+1.2 0.155
Baseline NIHSS score 14 (9-18) 12 (9-16) <0.001 13 (9-17) 12 (8-16) <0.001
IV thrombolysis, rtPA 1035 (34%) 1323 (30%) 0.001 990 (38%) 1205 (36%) 0.212
Calculated osmolality, 294 +8 293 +8 <0.001 296 +8 292 +8 <0.001
mmol/L

NIHSS indicates National Institutes of Health Stroke Scale; rtPA, tissue plasminogen activator; THRIVE, Totaled Health Risks in Vascular Events; TIA, transient
ischemic attack; and VCS, volume contracted state. *Race comparison groups are White vs non-White.

*Race comparison groups are White vs non-White.

serum potassium at the time of hospital presentation
for stroke. Low potassium at baseline was not asso-
ciated with change in NIHSS scores, a shift in mRS
scores, or mortality. Elevated potassium appeared to
be associated with an adverse shift in mRS scores and
higher mortality compared with euvolemia in crude
analyses but not after adjustment (Table 4). There was
no evidence of effect modification on functional out-
come (MRS score) between VCS-20 and low potas-
sium level (P =0.492).

interaction

DISCUSSION

We found that patients with a VCS had increased
adjusted odds of death after 90days as compared
with patients who did not have a VCS. Furthermore,
more patients who were prescribed diuretics were in a

VCS, and diuretic use appeared to be associated with
worse functional outcome and higher odds of death
after adjustment for age, stroke severity, and comorbid
conditions known to worsen stroke outcome. Taken
together, these findings suggest additional physiologi-
cally relevant and potentially modifiable variables to
predict and influence stroke outcome. There is a pau-
city of data about the relationship between a VCS and
stroke outcome, and this is the first attempt to analyze
the relationship to diuretic use and the relationship to
functional outcome in a large group of prospectively
recruited acute stroke patients with acute stroke from
a group of international stroke study sites.

These data are consistent with the frequency of a
VCS seen in single-site observational studies.*2%2" A
VCS is more common in older patients with more co-
morbidities and more severe strokes. After adjusting

Table 2. Comparison of Functional Outcomes and Mortality for Patients With and Without Diuretic Use Including Detail by
Class of Diuretic and Potassium-Sparing Versus Non-Potassium-Sparing Classes

Change in NIHSS score, 7 (6-10) 7 (6-10)

baseline-90 d

mRS >2, bad outcome 33.0% 46.4% 1.76 (1.60-1.94) 117 (1.05-1.31)
mRS score 4 (2-5) 3 (1-4) 1.93 (1.78-2.10) 1.31 (1.20-1.42)
Mortality 24.5% 12.2% 2.33 (2.06-2.64) 1.64 (1.44-1.88)

Change in NIHSS score, 7 (6-10) 7 (6-10)

baseline-90 d

mRS >2, bad outcome 41.1% 40.9% 0.99 (0.84-1.18) 0.79 (0.65-0.95)
mRS score 3 (1-5) 3 (1-4) 1.09 (0.94-1.27) 0.90 (0.77-1.05)
Mortality 21.4% 16.9% 1.34 (1.09-1.65) 117 (0.94-1.45)

Change in NIHSS score, 7 (5-10) 7 (5-10)

baseline-90 d

mRS >2, bad outcome 33.0% 46.3% 1.75 (1.569-1.93) 117 (1.05-1.31)
mRS score 4 (2-5) 3 (1-4) 1.92 (1.76-2.09) 1.30 (1.19-1.42)
Mortality 24.5% 12.4% 2.30 (2.04-2.61) 1.64 (1.43-1.87)

aOR adjusted for Totaled Health Risks in Vascular Events score, onset-to-treatment time, and thrombolytic use. Tests for interaction for dichotomous mRS
outcome: VCS-20*diuretic P=0.994, VCS-30*diuretic P=0.536; for mRS shift VCS-20 P=0.940, VCS-30*diuretic P=0.649. aOR indicates adjusted odds ratio;
mRS, modifed Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and OR, odds ratio.

J Am Heart Assoc. 2022;11:€026903. DOI: 10.1161/JAHA.122.026903
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Table 3. Comparison of 90-Day Functional Outcomes and Mortality for Patients With and Without VCS Using 2 Thresholds
of BUN/Cr Ratio (VCS-20 BUN/Cr Ratio >20) and (VCS-30 BUN/Cr Ratio>30)

Change in NIHSS score, 7 (5-10) 7 (5-10)

baseline-90 d

mRS >2, bad outcome 37.6% 46.6% 1.45 (1.30-1.61) 1.09 (0.97-1.23)
mRS score 3(1-5) 3 (1-4) 1.43 (1.30-1.57) 1.09 (1.00-1.20)
Mortality 19.8% 13.8% 1.53 (1.33-1.76) 118 (1.01-1.31)

Change in NIHSS score, 7 (6-11) 7 (6-10)

baseline-90 d

mRS >2, bad outcome 31.5% 43.5% 1.67 (1.36-2.06) 119 (0.95-1.50)
mRS score 4 (2-5) 3 (1-4) 1.64 (1.38-1.95) 1.17 (0.98-1.39)
Mortality 23.7% 15.8% 1.65 (1.31-2.07) 119 (0.93-1.52)

aOR adjusted for Totaled Health Risks in Vascular Events score, onset-to-treatment time, and thrombolytic use. aOR indicates adjusted odds ratio; BUN/Cr,
blood urea nitrogen/creatinine; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; OR, odds ratio; and VCS, volume contracted

state.

for these variables, we found that patients in a VCS
did not have worse outcomes at 90 days compared
with those who were euvolemic on arrival to the hos-
pital but appeared to have increased mortality. Prior
studies have reported that VCS negatively affects
outcome after acute ischemic stroke but may have
had limited power to account for confounding by
other clinical factors.'®'® Our study improves upon
the limitations of these studies by expanding the
sample size to include subjects from a large database
of stroke clinical trials with systematic assessments
of outcomes, enhancing the reliability and precision
of the results. Similarly, investigators from the ENOS
trial found no evidence of a consistent relationship
between markers of VCS and outcome. Together,
these results suggest that these biochemical indica-
tors of dehydration do not adequately reflect tissue

perfusion, or that any effect of volume status on per-
fusion is small compared with other factors such as
arterial recanalization.

We also observed a relationship between pre-
scribed diuretic use before stroke admission and
poor stroke outcome. This result seems to be mainly
driven by the majority subgroup of patients on non-
potassium-sparing diuretics. This effect was inde-
pendent from volume status. A prior report from a
single-center cohort suggested that diuretics, espe-
cially thiazide diuretics, may improve early outcome
after stroke.?? Our observation that diuretic use by it-
self is associated with worse outcome may be poten-
tially attributed to the underlying comorbid conditions
or provider concern that administration of intravenous
fluids could contribute to decompensated heart fail-
ure, resulting in a more prolonged VCS. We do not

Euvolemic

VCS (BUN/Cr ratio>20)

Percent of patients with mRS

Comparing 90-day functional outcome by modified Rankin Scale score for
patients with and without VCS-20

Figure 1. Comparison of 90-day functional outcome by mRS score for patients with and

without VCS-20.

BUN/Cr indicates blood urea nitrogen/creatinine; mRS, modified Rankin Scale; and VCS,

volume contracted state.
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Comparing 90-day functional outcome by modified Rankin Scale score for patients with
and without VCS-30

Euvolemic

VCS (BUN/Cr ratio>30)

Percent of patients with mRS

Figure 2. Comparison of 90-day functional outcome by mRS score for patients with and

without VCS-30.

BUN/Cr indicates blood urea nitrogen/creatinine; mRS, modified Rankin Scale; and VCS,

volume contracted state.

have data specific to the frequency or rate of treat-
ment of the VCS to validate this hypothesis, and this
could be an interesting focus of future study. Prior
studies have shown a strong association between di-
uretic use and dehydration in patients with stroke.®??
Moreover, given our finding that fewer good outcomes
resulted from low serum potassium, it is conceivable
that a potassium-lowering medication would nega-
tively affect outcome through this indirect route. In a
similar vein, potassium-sparing diuretics might indi-
rectly affect outcome by preserving serum potassium
levels.

Hypokalemia is another potentially modifiable pa-
rameter in patients presenting to the hospital with
acute stroke, with a previously proposed mecha-
nism involving adrenaline-induced hypokalemia.?*

Previous studies have suggested that hypokalemia
may lead to worse clinical outcome after stroke.?%2%
Our hypothesis that patients with acute ischemic
stroke with low serum potassium at presentation will
have worse clinical outcome at 90 days yielded mixed
results, with no shift across the mRS but fewer good
outcomes when dichotomized. This finding may be
spurious because of multiple testing but should be
evaluated in an independent data set. Although VCS,
diuretic use, and low potassium are likely to be over-
lapping conditions, there did not appear to be any
interactions among their relationships with clinical
outcomes.

These findings are clinically important, though there
were some notable limitations in our study. First, this
was a retrospective analysis of prospective cohorts;

Table 4. Comparison of 90-Day Outcomes for Patients Based on Serum Potassium Levels

Change in NIHSS score, 7 (6-10) 7 (6-10)

baseline-90 d

mRS >2, bad outcome 36.0% 42.0% 1.29 (1.08-1.53) 1.26 (1.04-1.53)
mRS score 3 (1-5) 3 (1-4) 113 (0.98-1.31) 1.06 (0.91-1.23)
Mortality 17.1% 16.9% 1.01 (0.81-1.27) 0.96 (0.76-1.22)

Change in NIHSS score, 7 (5-10) 7 (5-10)

baseline-90 d

mRS >2, bad outcome 36.4% M1.7% 1.25 (1.00-1.58) 1.03 (0.80-1.34)
mRS score 3 (2-5) 3 (1-4) 1.35 (1.11-1.64) 1.12 (0.92-1.36)
Mortality 22.7% 16.6% 1.48 (1.13-1.93) 1.24 (0.93-1.65)

aOR adjusted for Totaled Health Risks in Vascular Events score, onset-to-treatment time, and thrombolytic use. Tests for interaction for dichotomous mRS
outcome: VCS-20*low potassium P=0.492, VCS-30*low potassium P=0.327; for mRS shift VCS-20*low potassium P=0.413, VCS-30*low potassium P=0.297.
aOR indicates adjusted odds ratio; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; and OR, odds ratio.
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therefore, we were limited to the data available in the
VISTA database (ie, stroke trial data), each with specific
eligibility criteria. This introduces the possibility of se-
lection bias as a significant limitation. Notably, few pa-
tients likely received thrombectomy because it was not
the standard of care when these trials were completed.
Additionally, although patients were prescribed diuret-
ics, we do not have any information about adherence
with these medications. Next, the data for potentially
relevant variables, such as urine-specific gravity, urine
sodium, serum bicarbonate, measured osmolality, and
ejection fraction, are not routinely collected in stroke
trials and therefore were not included in the analysis.
Using a single measure at baseline likely does not fully
reflect the dynamic situation of a patient with acute
ischemic stroke. We additionally acknowledge that
this cohort enrolled patients with more severe stroke
and thus threatens the generalizability of these data
to those with mild stroke. There are likely numerous
unmeasured residual confounders, and both hypo-
kalemia and VCS-20 may simply reflect a marker of a
sicker cohort of patients with stroke.

To untangle these phenomena, we used this com-
monly collected biomarker. Given that most stroke trials
routinely collected BUN or urea and creatinine, we used
BUN/creatinine ratio as a proxy for volume status and
found that BUN/creatinine ratio >20, as has been used
previously, defines about half of the subjects as VCS.'”
This finding suggests that either VCS is extremely com-
mon, or the definition is too imprecise, likely including
other causes of elevated BUN/creatinine ratio such as
gastrointestinal bleeding or steroid use. This is a sig-
nificant limitation to interpreting these results and un-
derscores the issue with not having a gold standard,
objective definition for a VCS. Other studies have de-
fined aVCS as BUN/creatinine ratio >15, given that this
ratio is frequently thought to indicate azotemia and dehy-
dration.'4-16:2%.28 Had we used this definition in this study,
78% of subjects would have been defined as VCS. We
also evaluated a more stringent ratio of 30, present in
about 8% of patients, with largely similar results.

Despite these limitations, this is an important study
to assist in understanding the complex relationship
between hydration status and clinical outcome after
stroke. For the majority of patients with stroke, avoid-
ing metabolic complications in the early stroke period
is the primary approach to improving patient outcomes.
This cohort of patients takes an important next step in
exploring possible mechanisms and begins developing
clinical protocols to modify relevant variables. It is the
first analysis of a cohort of international patients with
prospective and hyperacute data. It is a large sample
size, with a standardized and monitored data collec-
tion methodology. Investigators were blinded to the hy-
pothesis of this study, and therefore hydration practices
were likely consistent with real-world practices, which

J Am Heart Assoc. 2022;11:€026903. DOI: 10.1161/JAHA.122.026903
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are useful to clinicians who are treating similar patients
around the world. Although these results cannot di-
rectly support a change in clinical practice related to
rehydration after stroke, it provides critical foundational
information to better understanding these associations.

CONCLUSIONS

A VCS is associated with increased odds of death
in this cohort of patients with acute ischemic stroke.
Patients with acute ischemic stroke taking diuretics
and possibly those with low serum potassium appear
to be associated with worse outcome. Future studies
should investigate practices for patients with stroke re-
lated to these clinically important variables.
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Table S1. Baseline Characteristics using VCS-30: volume contracted state defined as BUN/Creatinine ratio>30.

Variable Volume contracted state No VCS-30 p-value
(vCcs-30) (n=5509)
(n=462)

Age 74 +£11 69+12 <0.01
Sex, female 338 (73%) 2381 (43%) <0.01
Race/ethnicity*
- Black (3%) 4 (1%) 186 (3%) <0.01*
- Asian (6%) 22 (5%) 420 (8%)
- White (76%) 391 (85%) 4635 (84%)
- Other (15%) 45 (10%) 268 (5%)
Country
- Europe/Australia/
South Africa/Israel (62%) 285 (62%) 3565 (65%)
- North America (32%) 151 (33%) 1483 (27%)
- South America (1%) 9 (2%) 87 (2%)
- East Asia (5%) 17 (4%) 374 (7%)
Hypertension 337 (73%) 3917 (71%) 0.40
Diabetes mellitus 126 (27%) 1174 (21%) <0.01
Atrial fibrillation 149 (32%) 1355 (25%) <0.01
Heart failure 64 (14%) 441 (8%) <0.01
Previous myocardial infarction 52 (11%) 677 (12%) 0.52
Previous stroke 70 (15%) 1054 (19%) 0.04
Previous Transient Ischemic Attack 41 (9%) 453 (9%) 0.68
THRIVE score 4 (3-5) 3(2-5) <0.01
Chronic kidney disease Stage <0.01
-0 144 (31%) 1292 (23%)
-1 212 (46%) 2718 (49%)
-2 67 (15%) 1063 (19%)
-3 36 (8%) 366 (7%)
-4 3 (1%) 65 (1%)
-5 0 5 (0.09%)
Diuretics
- Potassium-sparing 41 (9%) 479 (9%) 0.91
- Non-Potassium-sparing 210 (45%) 2240 (41%) 0.05
- Both 36 (8%) 427 (8%) 0.98
- Neither 247 (53%) 3201 (58%) 0.05
- Any diuretic 215 (47%) 2292 (42%) 0.04
Baseline Labs
- Blood urea nitrogen (mg/dL) 30+11 18+7 <0.01
- Creatinine (mg/dL) 0.85+0.27 0.97 +0.31 <0.01
- Sodium (mmol/L) 139+4 140+ 4 0.21
- Potassium (mmol/L) 4.2+0.6 4.1+0.5 <0.012
- Glucose (mg/dL) 146 + 62 136+ 54 <0.01
- Hemoglobin (g/dL) 13.1+1.8 13.8+1.7 <0.01
Baseline Blood Pressure
- systolic 151 +23 152+ 24 0.40
- diastolic 79+ 15 82+ 15 <0.01
Stroke Onset-to-Enrollment (hours) 3.8+1.1 40+1.2 0.02
Baseline NIHSS score 14 (11-18) 12 (8-16) <0.01
Intravenous thrombolysis (rtPA) 181 (39%) 2014 (37%) 0.28
Calculated osmolality 298 +9 293 +8 <0.01

*Race comparison is white versus non-white
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