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Abstract: The impact of dehydration at admission of patients with spontaneous intracerebral hemor-
rhage (ICH) on short-term mortality remains ambiguous due to scarce data. All of the consecutive
patients with spontaneous ICH, who were referred to our neurovascular center in 2018/19, were
assessed for hydration status on admission. Dehydration was defined by a blood urea-to-creatinine
ratio > 80. In a cohort of 249 patients, 76 patients (31%) were dehydrated at the time of admission. The
following factors were significantly and independently associated with increased 30-day mortality
in multivariate analysis: “signs of cerebral herniation” (p = 0.008), “initial midline shift > 5 mm”
(p < 0.001), “ICH score > 3” (p = 0.007), and “admission dehydration status” (p = 0.007). The results
of the present study suggest that an admission dehydration status might constitute a significant and
independent predictor of short-term mortality in patients with spontaneous ICH.

Keywords: spontaneous intracerebral hemorrhage; dehydration; mortality; fluid balance

1. Introduction

An intracerebral hemorrhage (ICH) is one of the most fatal forms of stroke. Depending
on the localization (deep-seated versus lobar), different causes (e.g., hypertension, arte-
riovenous malformations, aneurysms, tumors) may account for such hemorrhage [1,2].
Despite a variety of potential therapeutic approaches (e.g., blood pressure control, aspi-
ration, decompressive craniectomy), the outcome (in this case, 30-day mortality) of ICH
is often considered poor [3–7]. In addition to the consequences of the hemorrhage on the
outcome/mortality of patients with ICH, intensive care therapy addresses additional risk
factors/comorbidities unrelated to the hemorrhage [8]. These may include prolonged me-
chanical ventilation and the need for renal replacement therapy, among other complications
of intensive care [9–11].

Dehydration at the time of admission is often an important factor affecting expected
short-term mortality in the assessment of other acute illnesses [12–16]. Thus, dehydration
status can act as an imminent risk, particularly in elderly, secluded patients with an unclear
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duration of recumbency and/or eventual lengthy diagnostic procedures [17–19]. To date,
there have been only sporadic reports on the influence of admission dehydration status on
short-term mortality in patients with ICH [20].

We aimed to assess the potential influence of admission dehydration status on short-
term mortality in patients with spontaneous, non-traumatic ICH.

2. Materials and Methods

From 2018 to 2019, all consecutive patients with spontaneous, non-traumatic ICH
who were referred to our neurovascular center were recorded in a computerized database.
Patients with ICH resulting from a potential underlying source of hemorrhage (e.g., ar-
teriovenous malformation, aneurysm, tumor) were excluded from further analysis using
a consistent diagnostic algorithm as previously reported [2]. After the identification of
eligible patients, information was retrospectively obtained for each patient, comprising
patient characteristics, pre-existing conditions, presence of anticoagulant/antiplatelet med-
ication prior to ictus, localization and volume of ICH, neurological status on admission in
terms of initial Glasgow Coma Scale (GCS), ICH score [3], as well as laboratory parameters
at the time of admission. The ICH volume was determined using the abc/2 method of
initial imaging [21]. Surgical treatment of patients studied consisted of cerebrospinal fluid
diversion, ICH aspiration/evacuation, and/or decompressive craniectomy. The primary
endpoint used was short-term mortality in terms of 30-day mortality.

Since no distinct definition of the dehydration status has been established, we adopted
a definition including laboratory parameters and determined the dehydration status by
the ratio of blood urea and creatinine [13–15,22]. In the present study, dehydration was
defined as the prevalence of a urea-to-creatinine (U/Cr) ratio of >80 in the admission
laboratory results.

3. Statistics

The computer software package SPSS (version 25, IBM Corp., Armonk, NY, USA)
was used for data analysis. To compare continuous variables, the Mann–Whitney U test
was selected when data were not normally distributed. An unpaired, two-sided t-test was
used for parametric statistics after testing for normal distribution. Categorical variables
were analyzed in contingency tables using Fisher’s exact test. Results with p < 0.05 were
considered statistically significant.

To determine the independent predictors that might predict short-term mortality
after experienced ICH and would be available at the time of admission, an additional
multivariate analysis was performed using a binary logistic regression. A backward
stepwise method was used to construct a multivariate logistic regression model with short-
term mortality as the dependent variable, with an inclusion criterion for variables with
presumed/proven clinical relevance.

4. Results
4.1. Patient Characteristics

A total of 249 patients with spontaneous ICH were identified using the above-mentioned
inclusion criteria. The median age of all patients was 76 years (IQR 65–82 years), with
128 patients (51%) being female. Regarding the localization of ICH, supratentorial ICH
appeared in 212 patients (85%) while infratentorial ICH was present in 37 patients (15%).
At the time of admission, 127 patients (51%) exhibited a GCS ≤ 12, with 114 patients (46%)
presenting with an intraventricular hemorrhage (IVH) component. With the combination
of age and ICH volume, 201 patients (81%) demonstrated an ICH score ≤ 3 and 48 patients
(19%) indicated an ICH score > 3. Furthermore, 41 patients (17%) presented with signs of
cerebral herniation in terms of one or bilateral mydriasis as early as at the time of admission
to our neurovascular center. A total of 62 patients with ICH (25%) displayed a midline
shift of >5 mm during baseline radiological imaging. Overall, 92% of the chronologically
trackable patients (156/169) received in-hospital imaging within the first h (≤1 h) following
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admission. In total, 32% of patients (n = 80) were referred from external hospitals with
existing imaging and were therefore not included in the time data acquisition. A significant
correlation between time from admission to first imaging and 30 days mortality was not
detected (p = 0.2). As a result of spontaneous ICH, 65 patients (26%) underwent surgical
intervention during the course of treatment (Table 1). However, surgical treatment was not
associated with short-term mortality in patients with spontaneous ICH (39% of patients
without surgical treatment versus 43% of patients with surgical treatment; p = 0.7). The
median hospital length of stay was 8 days (IQR 4–18 days). Short-term mortality (30 days)
was 41% (101 patients) in the overall patient cohort. Further details are provided in Table 1.

Table 1. Overall patient characteristics. ICH, intracerebral hemorrhage; IQR, interquartile range;
GCS, Glasgow Coma Scale; IVH, intraventricular hemorrhage; MLS, midline shift.

Patients with Spontaneous ICH,
n = 249

Median age (years, IQR) 76 (65–82)
Female sex 128 (51%)

Anticoagulation/antiplatelet medication prior ictus 125 (50%)
Pre-existing hypertension 204 (82%)

Pre-existing diuretic treatment 77 (31%)
Initial ICH score > 3 48 (19%)

GCS ≥ 13 122 (49%)
patient age ≥ 80 years 83 (33%)
infratentorial location 37 (15%)
ICH volume ≥ 30 mL 105 (42%)

presence of IVH 114 (46%)
Presence of clinical signs of herniation at admission 41 (17%)

MLS > 5 mm 62 (25%)
Surgical treatment 65 (26%)

Short-term mortality 101 (41%)

4.2. Admission Dehydration Status

Overall, 173 (69%) patients were assigned to the non-dehydrated subgroup and 76
(31%) to the dehydrated subgroup at the time of admission (Table 2). Diuretic drug
treatment before ictus had no significant influence on the dehydration status of a patient
with ICH (Tables 1 and 2). The patients with ICH, who suffered from dehydration at the
time of admission were significantly older compared with non-dehydrated patients with
spontaneous ICH. Furthermore, patients with ICH and a dehydrated admission status
were in a significantly deteriorated clinical condition (level of ICH score, presence of signs
of decerebration, extent/volume of hemorrhage) compared to non-dehydrated patients
with ICH (details are provided in Table 2, see also Figure 1).

Table 2. Patient characteristics in non-dehydrated and dehydrated group with ICH.

Non-Dehydration U/Cr ≤ 80,
n = 173

Dehydration U/Cr > 80,
n = 76

Median age (years, IQR) 75 (63–82) 76 (70–82) p < 0.001
Female sex 77 (45%) 51 (67%) p = 0.001, OR

Anticoagulation/antiplatelet
medication prior ictus 86 (50%) 39 (51%) p = 0.9

Pre-existing hypertension 140 (81%) 64 (84%) p = 0.6
Pre-existing diuretic treatment 56 (32%) 21 (28%) p = 0.6

Supratentorial ICH location 151 (87%) 61 (80%) p = 0.2

ICH volume ≥ 30 mL 59 (34%) 46 (61%) p < 0.001, OR 3.0, 95% CI
1.7–5.2

Presence of IVH 66 (38%) 48 (63%) p < 0.001, OR 2.8, 95% CI
1.6–4.9
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Table 2. Cont.

Non-Dehydration U/Cr ≤ 80,
n = 173

Dehydration U/Cr > 80,
n = 76

Initial ICH score > 3 21 (12%) 27 (36%) p < 0.001, OR 3.9, 95% CI
2.1–7.7

Presence of clinical signs of
herniation at admission 21 (12%) 20 (26%) p = 0.009, OR 2.6, 95% CI

1.3–5.1

MLS > 5 mm 32 (18%) 30 (39%) p = 0.001, OR 2.9, 95% CI
1.6–5.2

Short-term mortality 53 (31%) 48 (63%) p < 0.001, OR 3.9, 95% CI
2.2–6.8
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Figure 1. Graphical illustration of selected clinical and radiological conditions in dehydration/non-
dehydration group and corresponding impact on mortality after 30 days. ICH, intracerebral hemor-
rhage; IVH, intraventricular hemorrhage.

4.3. Multivariate Analysis

An additional multivariate analysis identified “signs of cerebral herniation” (p = 0.008,
OR 6.6, 95% CI 1.6–26.9), “initial midline shift > 5 mm” (p < 0.001, OR 8.2, 95% CI 3.4–19.6),
“ICH score > 3” (p = 0.007, OR 3.9, 95% CI 1.4–10.5), and “admission dehydration status”
(p = 0.007, OR 2.6, 95% CI 1.3–5.3) as independent predictors of short-term mortality in
patients with spontaneous ICH (Nagelkerke’s R2 = 0.48).

5. Discussion

Dehydration represents an important component in the prevention of complica-
tions/mortality in a wide variety of diseases [15,23–26]. Dehydration, alongside fever,
aspiration, and infection, is a potentially preventable complication of the course of sev-
eral diseases and frequent in elderly patients [27,28]. Furthermore, initial dehydration
at the time of admission seems to be a potential surrogate parameter for the severity in
acute disorders and the subsequent clinical course. Especially in acute neurological dis-
orders, which may be associated with reduced vigilance and thus reduced fluid intake,
dehydration may have a negative influence on the further clinical course [29]. In this
regard, an increased likelihood of thrombotic complications as well as the need for renal
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replacement therapy have been described repeatedly in patients suffering from ischemic
stroke [25,30]. In patients with spontaneous ICH, the influence of dehydration status at the
time of admission on the further clinical treatment course/outcome of the disease has not
been identified conclusively.

The present study identified dehydration at the time of admission in 31% of patients
admitted with spontaneous ICH to the authors’ neurovascular center. In this regard, the
findings of the present study demonstrated that patients with admission dehydration status
were of older age and presented with poorer neurological status. In addition, admission
dehydration status was more frequently noted to occur in female patients with ICH than
in male patients. As previously reported, this observation might arguably be explained
by the lower muscle mass in women, which might lead to lower creatinine, but not urea,
levels, thus negating the definition of dehydration utilized herein [31].

Factors associated with greater hematoma volume, such as a higher ICH score, signs
of cerebral herniation, as well as increased MLS, were associated with an admission de-
hydration status in patients with ICH. While the underlying mechanism has not been
clearly elucidated, Qureshi et al. suggested reduced cerebral perfusion due to hypovolemia
in dehydrated patients with ICH as a reasonable explanation accounting for increasing
perihematomal ischemia [32]. Contradictory theories advocate that hypovolemia-induced
reduced blood pressure inhibits hematoma growth and dehydration-related hypernatremia
increases intravascular osmolality causing a reduction in perihematomal edema and in-
tracranial pressure [33–36]. Nevertheless, admission dehydration and poor outcome might
be a simplified consequence of the fact that patients with lower GCS, greater ICH volume
and therefore higher ICH score at admission might also be more neurologically impaired.
However, neurologically impaired patients might be unable to adequately hydrate through
the acute phase of deterioration, and in the case of increased age, occasionally suffer from
an inadequate baseline hydration status already. In addition to dehydration, age might
also act as a contributing factor to short-term mortality in patients with ICH, as elderly
patients usually exhibit decreased renal function and are frailer compared to younger
patients [37,38].

The assessment of a suspected dehydrated patient status using the laboratory values
presented here is fast and performed with ease. However, a critique of such a definition,
which relies solely on laboratory parameters, is that many additional aspects (especially in
older, more frail patients) remain neglected. For example, other clinical parameters, urine
analyses, or even ultrasound-based fluid volume analyses might provide a much more ac-
curate impression of potential dehydration [39–41]. However, despite their accuracy, these
methods might not be routinely applicable in the regular emergency patient. Nonetheless,
the results of the current study might serve as a reason not only to define dehydration as
such more precisely, but also to be able to better investigate suspected dehydration with
established, more accurate methods after initial detection.

As mentioned previously, data regarding the association of admission dehydration
status and short-term mortality in patients with spontaneous ICH remain scarce. To date,
only one registry analysis has suggested an association between both parameters [20].
Gao et al. found that dehydration reduces in-hospital mortality in patients with ICH,
indicating an inverse effect of admission dehydration status compared with the present
cohort analysis [20]. However, as it was a registry analysis, details of ICH (e.g., location,
cause, volume) were not accessible in the previous study [20]. Thus, other causes of
ICH such as aneurysms, arteriovenous malformations, trauma, and tumors were not
excluded, and the generalizability of the results of this previously published work remained
limited. In addition, Gao et al. stated, in their limitation section, that neither imaging data
nor information on the severity of ICH on admission was available during the registry
analysis [20]. Through a meticulous consideration of patients, the results of the present
study suggest that admission dehydration status in patients with spontaneous ICH may
have a direct or indirect effect on the clinical course and short-term mortality, similarly
to other diseases. In line with this reasoning, the multivariate regression analysis of the
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present study identified admission dehydration status in patients with spontaneous ICH
as an independent predictor of short-term mortality.

6. Conclusions

The results of the present study suggest that admission dehydration status might
serve as a significant and independent predictor of short-term mortality in patients of
spontaneous, non-traumatic ICH.

7. Limitations

Interpretation of the results of the present study must be made in consideration of
several shortcomings. In addition to the retrospective data collection method, the present
study solely considers clinical factors that were known at admission for an interpretation of
results. This may result in the neglection of potential outcome determinants in the further
course of treatment (e.g., postoperative and/or intensive care complications). However,
the retrospective aspect of the present study also restricts the informative value of the
data on admission parameters. For instance, missing information in medical records limits
the validity of data for the exact time course of further diagnostic measures/treatment
(e.g., time from admission/ictus to first imaging). Furthermore, the inconsistent definition
of dehydration throughout the literature is a significant limitation. The present study used
the widely accepted U/Cr-ratio, but this may vary in patients with other medical conditions
that were not further assessed in the present study. Nevertheless, this detailed exploration
of a selected, but nonetheless consecutive, patient population demonstrates, for the first
time, the potentially negative impact of dehydration at admission on outcome in patients
with ICH. For a broader interpretation and possible clinical implications, additional studies
are needed to supplement this study and improve the dataset in this context.
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