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Abstract: The negative prognostic value of an increased serum urea-to-albumin ratio on intra-
hospital mortality is frequently investigated in general critically ill patients and patients with septic
shock, although not in neurosurgical patients with spontaneous intracerebral hemorrhages (ICH).
The current study was conducted to investigate the impact of the serum urea-to-albumin ratio
upon hospital admission on intra-hospital mortality in ICU-admitted neurosurgical patients with
spontaneous ICH. Methods: This retrospective study analyzed 354 ICH patients, who were treated
from 10/2008 to 12/2017 at our intensive care units (ICU). Blood samples were taken upon admission,
and the patients’ demographic, medical, and radiological data were analyzed. A binary logistic
regression analysis was performed for the identification of independent prognostic parameters for
intra-hospital mortality. Results: Overall, the intra-hospital mortality rate was 31.4% (n = 111). In the
binary logistic analysis, a higher serum urea-to-albumin ratio (OR = 1.9, CI = 1.23–3.04, p = 0.005)
upon admission was identified as an independent predictor of intra-hospital mortality. Furthermore,
a serum urea-to-albumin ratio cut-off level of >0.01 was associated with raised intra-hospital mortality
(Youden’s index = 0.32, sensitivity = 0.57, specificity = 0.25). Conclusion: A serum urea-to-albumin
ratio greater than 1.1 seems to be a prognostic marker to predict intra-hospital mortality in patients
with ICH.

Keywords: serum urea-to-albumin ratio; intracerebral hemorrhage; intra-hospital mortality; intensive
care unit treatment; critical care; inflammation

1. Introduction

Despite continuous advancements in intensive care units (ICU) and surgical treatment,
spontaneous intracerebral hemorrhages (ICH) are still related to a mortality rate of up to
52% [1–7]. On account of this, the prognostication of intra-hospital mortality is an important
part of daily business for ICU healthcare professionals. Currently, a larger volume and
expansion of ICH, lower level of consciousness, lower Glasgow Coma Scale (GCS) score,
advanced age, larger peri-hemorrhagic edema, and the presence of an intraventricular
hemorrhage (IVH) and hydrocephalus are the most frequently used early predictors for
mortality and poor outcome in ICH patients [8–13]. In addition to these well-known pre-
dictors, several studies have demonstrated the benefit of serum biomarkers, e.g., elevated
levels of C-reactive protein (CRP), troponin I, cortisol, blood glucose, serum lactate, and
white blood cell count, as well as CRP-to-albumin and fibrinogen-to-albumin ratios, to
predict poor outcome and increased mortality in ICH patients [6,14–20].

Several studies indicated the positive association of a raised serum urea-to-albumin
ratio with increased mortality in critically ill patients without chronic kidney diseases,
septic shock or community-acquired pneumonia [21–23]. The serum urea level is affected
by several different parameters, e.g., volume status, catabolism of endogenous proteins,
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liver function, trauma, nutritional status and/or glomerular filtration, and expresses the
balance between production, metabolism and elimination [21,24,25]. Therefore, serum urea
is not just a marker for single-organ dysfunction but a parameter for the severity of the
underlying diseases and comorbidities. Furthermore, albumin is a relevant clinical parame-
ter for the present nutritional status and liver synthesis function of the patient [11,14,26].
In addition, various studies have indicated that a lower albumin level is related to in-
creased intra-hospital mortality after sepsis, septic shock, ICH and community-acquired
bloodstream infections [11,26]. However, the impact of the serum urea-to-albumin ratio
on predicting intra-hospital mortality in neurosurgical ICU-admitted patients with ICH
is still unknown. The serum urea-to-albumin ratio could be a useful serum biomarker for
the early identification of patients with an increased risk of intra-hospital mortality, and
could therefore be helpful to improve further decisions on ICU treatment. Therefore, the
current study was conducted to assess the impact of the serum urea-to-albumin ratio on
intra-hospital mortality in neurosurgical ICU patients with spontaneous ICH.

2. Materials and Methods
2.1. Study Design and Population

The present study analyzed all patients with spontaneous ICH who were treated at
the neurosurgical ICU of the Neurosurgical Department of the University Hospital Giessen
between October 2008 and December 2017 for at least 24 h (n = 750). The study protocol
was approved by the Ethics Committee of Justus Liebig University, Giessen, Germany
(No. 95/17). A computed tomography scan was performed on admission to confirm the
diagnosis of ICH, and the serum urea level, as well as the albumin level, were determined
from an initial blood sample taken from all patients. Exclusion criteria were defined as
(1) the presence of chronic and/or acute renal failure (n = 44) and/or the evidence of
chronic and/or acute liver failure (n = 23) due to direct damage or by secondary damage,
e.g., cardiopulmonary decompensation or sepsis; (2) and age of <18 years; and (3) ICH due
to neoplasia (n = 86), vascular malformation (n = 126) or trauma (n = 117), as presented in
Figure 1 [27].
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Figure 1. Flow chart for inclusion and exclusion criteria. ICH: intracerebral hemorrhage; ICU:
intensive care unit treatment.

2.2. Data Collection

The baseline data, including sex, body mass index, age, and GCS, and duration of
hospital stay, as well as serum biomarkers, comorbidities, premedication, radiological data
upon admission and intra-hospital outcome, and mortality at discharge, were extracted
from the patients’ electronic medical records and evaluated [28]. Comorbidities comprised
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the presence of cancer without cerebral manifestation, cardiac arrhythmia, diabetes mellitus,
chronic arterial hypertension, coronary artery diseases, history of ischemic stroke or ICH,
chronic obstructive pulmonary diseases, heart failure, and history of cardiac/cardiosurgical
intervention. In addition, the long-term intake of antidiabetic, antiobstructive, antihyperten-
sive, and antiplatelet agents as well as vitamin K antagonists and new oral anticoagulants
were assessed as premedication.

2.3. Treatment Regime and Intensive Care Unit Treatment

After confirmation of the ICH diagnosis by a computed tomography scan, all patients
were treated either immediately or after emergency surgery at the neurosurgical ICU for
at least 24 h. The indication for medical or additional surgical treatment was made by
a neurosurgery consultant in accordance with the clinical and radiological conditions of
the ICH patients. The medical treatments comprised all modalities of conservative ICU
treatments. Surgical treatments included the evacuation of ICH, insertion of an external
ventricular drain (EVD), decompressive craniectomy or decompressive craniectomy with
the evacuation of ICH. After admission to the ICU, all patients were monitored with a
3-lead electrocardiogram (B. Braun, Melsungen, Germany), an invasive blood pressure
measurement catheter (Combitrans Monitoring Set arterial; B. Braun, Melsungen, Germany)
and a pulse oximeter (Nellcor adult SpO2 sensor; Covidien LLC, Mansfield, MA, USA). A
systolic blood pressure of 120 to 140 mmHg and an arterial oxygen partial pressure above
100 mmHg during the first 14 days were defined as cardiopulmonary targets. In addition,
endotracheal intubation and mechanical ventilation were carried out in cases of respiratory
insufficiency or a GCS score < 9 (Servo-I; Maquet, Rastatt, Germany). Therefore, propofol
(200–500 mg/h) or midazolam (5–40 mg/h), in combination with sufentanil (35–100 µg/h),
was used for continuous analgosedation.

2.4. Serum Biomarkers

Immediately after admission to the neurosurgical ICU, blood samples were routinely
drawn in all patients. In general, blood glucose levels in mg/dL (ADVIA Chemistry XPT®,
Siemens, Munich, Germany), the white blood cell count in giga/L (XE 5000 Hematology
Analyzer, Sysmex, Norderstedt, Germany), serum lactate level in mmol/L (ADVIA Chem-
istry XPT®, Siemens, Germany), partial thromboplastin time in sec (Atellica® COAG 360
System, Siemens, Germany), hemoglobin level in g/dL (XE 5000 Hematology Analyzer,
Sysmex, Germany), hematocrit level in % (XE 5000 Hematology Analyzer, Sysmex, Ger-
many), creatinine in mg/dL (ADVIA Chemistry XPT®, Siemens, Germany), prothrombin
time in % (Atellica® COAG 360 System, Siemens, Germany), cholinesterase in U/L (ADVIA
Chemistry XPT®, Siemens, Germany), cortisol level in µg/dL (ADVIA Centaur XPT®,
Siemens, Germany), C-reactive protein (CRP) in mg/L (ADVIA Chemistry XPT®, Siemens,
Germany), serum urea in g/L (ADVIA Chemistry XPT®, Siemens, Germany), albumin level
in g/L (ADVIA Chemistry XPT®, Siemens, Germany), and antithrombin III in %/NORM
(Atellica® COAG 360 System, Siemens, Germany) were assessed as serum biomarkers in
all patients. In addition, the serum urea-to-albumin ratio, as a mass concentration ratio,
was calculated by the division of the initial serum urea level and the albumin level.

2.5. Radiological Data

The CT scan upon admission was assessed with regard to the localization of the ICH
(infratentorial vs. supratentorial -lobar and deep-) and the volume of ICH, which was
calculated by the formula A × B × C/2. Furthermore, the presence of hydrocephalus and
IVH was confirmed by a Evans’ Index > 0.3 or Graeb score > 1 [29,30].

2.6. Intra-Hospital Mortality

The Modified Rankin Scale (mRS) at discharge was used for the analysis of the intra-
hospital mortality and outcome [31].
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2.7. Statistical Analysis

The total study population was stratified into non-survivors and survivors with
respect to the intra-hospital outcome. Parameters with normal distributions are expressed
as the mean ± standard deviation and the median and interquartile range (IQR) was
used for non-normal distributed parameters. The univariate analysis was performed
using the Student’s t test or Mann–Whitney U-Test and the Chi-square test to identify
differences in binary variables between non-survivors and survivors. A p-value of <0.05
was defined as the level of significance. Furthermore, all parameters that reached the level
of significance in the univariate analyses were further investigated in a binary logistic
analysis with a forward stepwise method. A forward elimination method was performed
for the selection of our variables. Therefore, the Statistical Package for the Social Sciences
(SPSS) version 15.0 for Windows (Version 15.0; SPSS Inc., Chicago, IL, USA) was utilized
for data analysis. Additionally, a cut-off level for the serum urea-to-albumin ratio level
was calculated to predict increased intra-hospital mortality. The area under the curve and
Youden’s index were calculated in a receiver operating curve analysis using R statistical
software (Version 3.4.1, RCore Team 2017, Dormagen, Germany).

3. Results
3.1. Main Characteristics

The entire study population included 354 patients with a mean age of 68.6 ± 13.1 years
(range: 18–93 years), out of whom 161 (45.5%) patients were women. The median GCS score
upon admission was 8 (IQR: 3–12). A total of 211 (59.6%) patients required intubation and
mechanical ventilation within the first 24 h. The most common comorbidities were arterial
hypertension (58.8%) and cardiac arrhythmia (19.8%). Additionally, antihypertensive
drugs (46.3%) and vitamin K antagonists (20.6%) were the most observed medications.
Upon admission, the mean initial serum urea and albumin levels were 0.41 ± 0.22 g/L and
38.2 ± 5.4 g/L, respectively, resulting in a mean serum urea-to-albumin ratio of 0.01 ± 0.007.
A total of 151 (42.7%) patients were treated conservatively, whereas 203 patients needed
surgical treatment, of which the insertion of an external ventricular drain (34.4%) was
the most frequently performed procedure. Mean ICH volume by computed tomography
scan was 52.3 ± 42.2 cm3 (range: 1.0–219.6 cm3), and deep supratentorial (50.8%) was
the most common ICH localization. Additionally, IVH was found in 248 (70.1%) patients,
and 158 (44.6%) suffered from hydrocephalus. The main characteristics of all patients are
summarized in Table 1.

Table 1. Main characteristics of the study population (n = 354).

Parameter Overall
(n = 354)

Survivor
(n = 243)

Non-Survivor
(n = 111) p-Value

Baseline data
Age, years, mean (±SD) * 68.6 (13.1) 66.8 (13.3) 72.8 (11.8) <0.0001
Women, n (%) * 161 (45.5) 119 (49) 42 (37.8)

0.05Men, n (%) * 193 (54.5) 124 (51) 69 (62.2)
Body-Mass-Index, kg/m2, median (IQR) * 26.1 (24.2–29.3) 26.6 (24.2–29.4) 25.7 (23.7–27.8) 0.16
Glasgow Coma Scale score, median (IQR) * 8 (3–12) 10 (6–13) 4 (3–7) <0.0001
Intubated patients, n (%) ** 211 (59.6) 129 (53.1) 82 (73.9) 0.0002
Body temperature, centigrade, median (IQR) * 36.3 (35.5–36.9) 36.4 (35.8–37) 35.9 (35.1–36.6) <0.0001
Hospital stay, median (IQR) **** 16.5 (4.8–27) 22 (13–33) 3 (1–8) 0.03

Comorbidities
Chronic arterial hypertension, n (%) * 208 (58.8) 153 (63) 55 (49.5) 0.02
Chronic obstructive pulmonary diseases, n (%) * 15 (4.2) 10 (4.1) 5 (4.5) 0.87
Cardiac arrhythmia, n (%) * 70 (19.8) 45 (18.5) 25 (22.5) 0.38
Coronary artery disease, n (%) * 44 (12.4) 26 (10.7) 18 (16.2) 0.14
Heart failure, n (%) * 20 (5.6) 9 (3.7) 11 (9.9) 0.02
Diabetes mellitus, n (%) * 56 (15.8) 40 (16.5) 16 (14.4) 0.62
History of ischemic stroke, n (%) * 50 (14.1) 38 (15.6) 12 (10.8) 0.23
History of ICH, n (%) * 17 (4.8) 9 (3.7) 8 (7.2) 0.15
History of cancer without cerebral manifestation, n (%) * 29 (8.2) 18 (7.4) 11 (9.9) 0.43
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Table 1. Cont.

Parameter Overall
(n = 354)

Survivor
(n = 243)

Non-Survivor
(n = 111) p-Value

Premedication
Antihypertensive drugs, n (%) * 164 (46.3) 127 (52.3) 37 (33.3) 0.0009
Antiobstructive drugs, n (%) * 5 (1.4) 2 (0.8) 3 (2.7) 0.16
Antidiabetic drugs, n (%) * 36 (10.2) 23 (9.5) 13 (11.7) 0.52
Antiplatelet agents, n (%) * 50 (14.1) 34 (14) 16 (14.4) 0.92
New oral anticoagulants, n (%) * 13 (3.7) 6 (2.5) 7 (6.3) 0.08
Vitamin K antagonist, n (%) * 73 (20.6) 50 (20.6) 23 (20.7) 0.98

Biomarkers
White blood cells, giga/L, mean (± SD) * 10.9 (4.4) 10.6 (4) 11.7 (5.3) 0.03
Hemoglobin, g/dL, mean (±SD) * 13.1 (2) 13.2 (1.9) 12.9 (2.1) 0.33
Hematocrit, %, mean (±SD) * 38.5 (5.5) 38.6 (5.2) 38.2 (5.9) 0.5
Cholinesterase, U/L, mean (±SD) * 7809.4 (2282.3) 8115.9 (2226.2) 7138.5 (2269.5) <0.0001
Blood glucose, mg/dL, mean (±SD) * 163.8 (59.3) 158.1 (55.6) 176.2 (65.2) 0.007
Serum lactate, mmol/L, mean (±SD) * 1.7 (1.5) 1.6 (1.3) 2 (1.7) 0.01
Cortisol, µg/dL, mean (±SD) * 27.7 (19.4) 27.2 (19.4) 29.2 (19.3) 0.42
C-reactive protein, mg/L, mean (±SD) * 22 (39.3) 30.6 (46.2) 37.1 (17.3) 0.005
Creatinine, mg/dL, mean (±SD) * 0.9 (0.6) 0.9 (0.5) 1 (0.8) 0.61
Serum urea, g/L, mean (±SD) * 0.41 (0.22) 0.37 (0.17) 0.50 (0.27) <0.0001
Albumin, g/L, mean (±SD) * 38.2 (5.4) 39 (4.8) 36.5 (6.3) <0.0001
Serum urea-to-albumin ratio, mean (±SD) * 0.01 (0.007) 0.01 (0.005) 0.014 (0.009) <0.0001
Prothrombin time, %, mean (±SD) * 83.7 (26.2) 86.1 (25) 78.4 (28.3) 0.01
Partial thromboplastin time, seconds, mean (±SD) * 32.5 (11.4) 31.3 (8.3) 35.3 (16.1) 0.002
Antithrombin III, %/NORM, mean (±SD) * 88.7 (16) 89.9 (14.4) 86.6 (18.3) 0.16

Treatment
Medical treatment, n (%) *** 151 (42.7) 98 (40.3) 53 (47.7)

0.19Surgical Treatment, n (%) *** 203 (57.3) 145 (59.7) 58 (52.3)
Insertion EVD, n (%) *** 77 (37.9) 53 (36.6) 24 (41.4) 0.52
Evacuation ICH, n (%) *** 62 (30.5) 46 (31.7) 16 (27.6) 0.56
Decompressive
craniectomy, n (%) *** 18 (8.9) 12 (8.3) 6 (10.3) 0.64

Decompressive
craniectomy and
Evacuation ICH, n (%) ***

46 (22.7) 34 (23.4) 12 (20.7) 0.67

Radiological data
Localization
Supratentorial, lobar, n (%) * 122 (34.5) 78 (32.1) 44 (39.6) 0.17
Supratentorial, deep, n (%) * 180 (50.8) 122 (50.2) 58 (52.3) 0.72
Infratentorial, n (%) * 52 (14.7) 43 (17.7) 9 (8.1) 0.02
ICH volume, cm3, mean (±SD) * 52.3 (42.2) 42.9 (34.9) 72.8 (49.1) <0.0001
IVH, n (%) * 248 (70.1) 156 (64.2) 92 (82.9) <0.0001
Hydrocephalus, n (%) * 158 (44.6) 94 (38.7) 64 (57.7) 0.003
mRS score, median (IQR) **** 5 (4–6) 4 (4–5) -

SD: standard deviation, IQR: interquartile range, ICH: intracerebral hemorrhage, EVD: external ventricular
drain, IVH: intraventricular hemorrhage, mRS: modified Rankin Scale. The p-values refer to the comparison
of the survivor with non-survivor groups. The univariate analysis was performed using Student’s t test or
Mann–Whitney U-Test and the Chi-square test to identify differences in binary variables between survivors and
non-survivors. * upon admission, ** within the first 24 h, *** during inpatient treatment, **** at discharge.

3.2. Intra-Hospital Mortality

The median mRS at discharge of the entire study population was 5 (IQR:4–6) and
111 patients (31.4%) had died. In the univariate analysis, intra-hospital mortality was
significantly associated with advanced age (p < 0.0001), lower initial GCS score (p < 0.0001),
higher necessity of intubation within the first 24 h (p = 0.0002), lower body temperature
upon admission (p < 0.0001), shorter length of hospital stay (p = 0.03), and heart failure
(p = 0.02), as well as a lower rate of consumption of antihypertensive medication (p = 0.0009)
and lower rate of pre-existing chronic arterial hypertension (p = 0.02). In addition, signifi-
cantly lower levels of cholinesterase (p < 0.0001), prothrombin time (p = 0.01) and albumin
(p < 0.0001) as well as higher levels of blood glucose (p = 0.007), partial thromboplastin
time (p = 0.002), lactate (p = 0.01), C-reactive protein (p = 0.005), serum urea (p < 0.0001)
and serum urea-to-albumin ratio (p < 0.0001) upon admission were found in the group of
non-survivors. Moreover, infratentorial localization of ICH (p = 0.02), larger ICH volume
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(p < 0.0001) and higher evidence of IVH (p < 0.0001) and hydrocephalus (p = 0.003) were
associated with intra-hospital mortality, as presented in Table 1.

The binary logistic analysis identified lower GCS (odds ratio [OR] = 0.76, 95% con-
fidence interval [CI] = 0.68–0.84, p < 0.0001), advanced age (OR = 1.07, CI:1.03–1.09,
p < 0.0001), larger volume of intracerebral hematoma (OR = 1.02, CI = 1.01–1.02, p < 0.0001)
and a higher serum urea-to-albumin ratio (OR = 1.9, CI = 1.23–3.04, p = 0.005) on admis-
sion as independent predictors of intra-hospital mortality in ICU-admitted neurosurgical
patients with ICH (Figure 2).
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urea-to-albumin ratio cut-off level of >0.01 and increased intra-hospital mortality (Youden’s
index = 0.32, sensitivity = 0.57, specificity = 0.25).

4. Discussion
4.1. Summary of Findings

The current study investigated for the first time the impact of the serum urea-to-
albumin ratio on intra-hospital mortality in neurosurgical patients with ICH treated
on the ICU. In accordance with previous studies, lower GCS score, advanced age, and
larger volume of ICH upon admission are independent predictors of intra-hospital
mortality [2–5,7–11,15,18,19]. Additionally, the current study identified a raised serum
urea-to-albumin ratio as a new independent predictor of intra-hospital mortality in this kind
of patient. The impact of serum urea-to-albumin ratio has been investigated in critically ill
patients with non-chronic kidney diseases, septic shock and community-acquired pneumo-
nia [21–23]. This report shows, to the best of our knowledge for the first time, a significant
relationship between intra-hospital mortality and a serum urea-to-albumin ratio > 0.01
upon admission in neurosurgical patients with ICH. This finding could be helpful to assist
early decision making with respect to initiating or declining further ICU treatment.

4.2. Intra-Hospital Mortality

The intra-hospital mortality rate in the current study was 31.4%, which is consis-
tent with those of previous studies [2–5,7,11]. In accordance with several earlier studies,
lower initial GCS score, higher necessity of intubation within the first 24 h, advanced
age, lower body temperature upon admission, a lower rate of consumption of antihy-
pertensive medication and lower rate of pre-existing chronic arterial hypertension, heart
failure, shorter length of hospital stay, infratentorial localization of ICH, larger volume of
ICH volume, and a higher evidence of IVH and hydrocephalus, as well as lower levels
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of cholinesterase, albumin, prothrombin time and albumin, and higher levels of blood
glucose, partial thromboplastin time, lactate, and C-reactive protein upon admission, were
associated with intra-hospital mortality [1–3,6–15,18,19,32,33].

4.3. Serum Urea-to-Albumin Ratio

The serum urea-to-albumin ratio is an easy- and cheap-to-determine serum biomarker.
The serum urea level is an elementary parameter of human metabolism, which is affected
by a heterogenous number of parameters (e.g., volume status, catabolism of proteins,
trauma, and nutritional status as well as liver function and/or glomerular filtration). In
general, the total serum urea level is an expression of current metabolic status with respect
to production, metabolism and elimination of serum urea in several organ systems, e.g., the
liver, kidney, and gastrointestinal tract [21,24,25]. Therefore, serum urea could be applied
as a surrogate parameter for the severity of the underlying diseases and comorbidities
and not only as a parameter for a single-organ dysfunction. On this account, several
studies reported the association of elevated serum urea levels and increased mortality in
patients with hip fractures, small lung cell cancer, acute strokes, and patients with ischemic
strokes which were treated with intravenous tissue plasminogen activators [34–37]. In
contrast, negative acute-phase protein albumin is an important clinical indicator of current
nutrition status and liver synthesis function of patients, and an appropriate biomarker for
the prediction of inflammatory diseases and mortality after septic shock and ICH as well as
community-acquired bloodstream infections [11,14,26]. However, the total level of both
biomarkers, serum urea and albumin, is affected by various factors, e.g., hypovolemia,
trauma, malnutrition, cancer, and catabolism as well as hepatic or renal insufficiency.
Therefore, the serum urea-to-albumin ratio was implemented to determine the severity
of the underlying diseases including trauma, cancer, malnutrition, hypovolemia, and
systemic inflammation, as well as hepatic and/or renal insufficiency [21–23]. Several
studies reported the positive association of an elevated serum urea-to-albumin ratio with
increased mortality in critically ill patients with non-chronic kidney diseases, septic shock
and community-acquired pneumonia; however, heterogenous cut-off levels have been
described [21–23]. Pereira et al. identified a cut-off level of 47.25 for increased mortality
in patients with septic shock [21]. In contrast, Gundpatil et al. found that a cut-off level
of 23.44 predicts increased mortality in ICU-admitted patients with non-chronic kidney
disease, while in the present study a serum urea-to-albumin ratio cut-off level of >0.01 was
related to an increased intra-hospital mortality in ICU-admitted neurosurgical patients with
ICH [22]. This heterogeneity may be explained by the differences in the study population
and the underlying disease. Patients admitted to a medical or general surgical ICU due
to infection (e.g., pneumonia or sepsis) or after surgery (e.g., oncological surgery) are
more likely suffering from greater systemic inflammation expressed in a higher serum
urea, and lower albumin, level and hence, a higher serum urea-to-albumin ratio than ICU-
admitted neurosurgical ICH patients, in which loss of consciousness is the main indication
for admission.

The present study suggests that the serum urea-to-albumin ratio could be a useful
serum biomarker to predict intra-hospital mortality in neurosurgical ICU patients with
ICH. Therefore, the serum urea-to-albumin ratio may be helpful in the early identification
of patients with ICH and an increased risk of intra-hospital mortality as well as an addi-
tional parameter concerning decision making with respect to initiating or declining further
ICU treatment.

4.4. Limitations and Strengths of the Study

The present study has several limitations, so the findings should be interpreted with
caution. Firstly, it is a retrospective study, with its well-known problems. Furthermore,
no repeated measurement of serum urea and albumin, and thus repeated serum urea-to-
albumin ratio, was available. The logistic model was built using an unbalanced dataset
where one characteristic (survivors) was more than twice as large as the other characteristic
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(non-survivors). This attribute can affect the predictive ability of our model, which was
actually reflected in the low sensitivity and specificity values. Despite this limitation, the
findings of the present study are interesting, especially considering that this is the first
report about the predictive value of the serum urea-to-albumin ratio concerning intra-
hospital mortality in neurosurgical ICH patients. Nevertheless, a prospective study with a
larger study population should be carried out to confirm the results of the current study.
After validation of the results of the current study, the serum urea-to-albumin ratio could
be implemented in daily business to improve prognostication of intra-hospital mortality
in neurosurgical ICU patients with ICH. Another interesting aspect, which should be
investigated in further prospective studies, is to develop a model which includes several
serum biomarkers, e.g., troponin I, procalcitonin, c-reactive protein to albumin ratio, cortisol,
etc. as well as scores, e.g., the ICH-score or GCS or NIHSS score, to predict intra-hospital
mortality in these patients. Finally, the results cannot be used for other types of ICH, as
patients with malignancy, vascular malformations, or trauma were excluded.

Unlike the limitations, the strength of the current study comprises the large study
population with demographic, clinical, radiological, and laboratory chemistry data. Addi-
tionally, this is the first study to investigate the impact of the serum urea-to-albumin ratios
on intra-hospital mortality among neurosurgical ICU-admitted patients with ICH.

5. Conclusions

The serum urea-to-albumin ratio seems to be a new independent predictor of intra-
hospital mortality in neurosurgical ICH patients. A serum urea-to-albumin ratio > 0.01
upon admission was significantly related to an increased intra-hospital mortality. This
finding could be a helpful additional parameter for the decision to withdraw or initiate
further ICU treatment in ICU-admitted neurosurgical patients with ICH.
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