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Abstract

Low levels of serum albumin may increase the risk of infections and mortality in critically ill
patients. We tested the hypothesis that admission hypoalbuminemia predicted infectious
complications and poor outcome in subjects with acute intracerebral hemorrhage (ICH).

We analyzed a single center cohort of ICH patients collected between 1994 and 2015. Pneumonia,
urinary tract infection and sepsis were retrospectively identified, according to validated criteria.
Serum albumin was measured on admission and hypoalbuminemia was defined as total albumin <
3.5 g/dL. The association between albumin levels, infections and mortality at 90 days was tested
with multivariable logistic regression analyses.

A total of 2010 patients were included (median age 74 years, 54.5% males) of whom 444 (22.1%)
had hypoalbuminemia on admission and 763 (38%) died within 90 days. The frequency of
pneumonia, urinary tract infection and sepsis was 19.9%, 15.1% and 2.7% respectively.
Hypoalbuminemic patients had lower admission Glasgow coma scale, higher frequency of
intraventricular hemorrhage and were more likely to have a history of chronic kidney or liver
disease. After adjustment for potential confounders, hypoalbuminemia was an independent
predictor of pneumonia (odds ratio [OR] 1.76, 95% confidence interval [CI] 1.34-2.33, p <0.001)
and sepsis (OR 2.29, 95% CI 1.22-4.30, p=0.010). Low levels of albumin were also independently
associated with higher mortality at 90 days (OR 1.78, 95% CI 1.30-2.44, p<0.001).

In conclusion, early hypoalbuminemia is common and predicts poor outcome in ICH patients.
Increased susceptibility to pneumonia and sepsis may be the pathophysiological mechanism
underlying this association.
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Ethical standards

This study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Morotti et al.

Keywords

Page 2

Stroke; Intracerebral Hemorrhage; Albumin; Pneumonia; Sepsis; Outcome

INTRODUCTION

The presence of low levels of serum albumin on admission is a strong validated predictor of
poor outcome in critically ill patients [1, 2]. Early hypoalbuminemia is also associated with
poor outcome in ischemic stroke and subarachnoid hemorrhage [3-5] whereas the frequency
and clinical relevance of serum albumin levels in patients with acute intracerebral
hemorrhage (ICH) remains unknown. Furthermore, the biological mechanisms underlying
the association between circulating albumin and unfavorable outcome in stroke patients are
poorly characterized. Previous reports suggested an inverse relationship between serum
albumin and the risk of infections in hospitalized patients with ischemic stroke or other non-
neurological critical illnesses [6-9]. This may be because besides the well known functions
in fluid-electrolyte albumin may also play an immunomodulatory role [10, 11]. Circulating
albumin interacts with multiple inflammatory mediators, promotes neutrophils degranulation
and enhances phagocytosis [12, 13]. Thus, a suboptimal level of serum albumin could reduce
the efficiency of the immune system leading to higher propensity to develop infectious
complications. Infections are a frequent complication and a major cause of morbidity and
mortality in stroke patients and may therefore represent the pathophysiological mechanism
underlying the association between low serum albumin and poor outcome. However, there is
great heterogeneity in how clinicians diagnose infectious complications [14] and most of the
previously published studies on this topic are limited by the lack of standardized criteria for
their assessment.

In this study we aimed at investigating the frequency and clinical relevance of admission
hypoalbuminemia in patients admitted for ICH. In particular, we tested the hypothesis that
the presence of early hypoalbuminemia is independently associated with increased risk of
infectious complications and unfavorable outcome.

METHODS

Study Design and Patient Selection

The Institutional Review Board (IRB) approved all the aspects of the study. We obtained
informed written or verbal consent from patients or family members or the acquisition of
consent was waived by the IRB.

Patients with spontaneous ICH admitted at Massachusetts General Hospital from 1994 to
2015 were retrospectively analyzed [15]. For the present analysis we selected patients with:
1) diagnosis of acute non traumatic ICH on non-contrast CT scan 2) serum albumin
measurement obtained on admission. We excluded subjects with 1) traumatic intracranial
hemorrhage 2) brain lesions like intracranial tumor, aneurysm or other vascular
malformation presumed to be the cause of the bleeding 3) hemorrhagic transformation of
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acute ischemic stroke 4) missing data on infectious complications during hospitalization or
missing data on long-term outcome.

Image acquisition and analysis

The diagnosis of acute ICH was based on axial non-contrast CT images acquired with the
following protocol: 5 mm thickness slices, 120-140 kVp, 10-500 mA. Trained readers
reviewed all the scans for determination of ICH location (Lobar, deep and cerebellar) and
presence of intraventricular hemorrhage (IVH). Admission ICH volume was determined
with semi-automated computer assisted technique (Analyze Direct 11.0 software).
Intracerebral hemorrhage expansion was defined as ICH growth greater than 30% or 6 mL
from baseline ICH volume [15].

Clinical Variables

Demographic and clinical variables and information on past medical history were collected
through retrospective review of hospital charts. We assessed the presence of the following
conditions: history of hypertension, diabetes mellitus, hypercholesterolemia, chronic liver
disease, chronic kidney disease (defined as estimated glomerular filtration rate < 60 mL/min
per 1.73 m2) [16], antiplatelet therapy and oral anticoagulation as previously reported
[15].We also collected data on pre-stroke functional status and functional dependence was
defined as requiring assistance in at least one instrumental activity of daily living before the
index ICH [17]. Serum albumin was measured within 48 h from stroke onset and
hypoalbuminemia was defined as admission serum albumin < 3.5 g/dL [18, 19].

Given the great heterogeneity in the definition of low serum albumin [1, 2, 9], we repeated
all the analyses using two different cutoffs for the definition of hypoalbuminemia (3.4 g/dL
and 4.0 g/dL).

Infections and Mortality

The presence of infectious complications during the hospital stay was determined according
to validated criteria with retrospective review of hospital charts, laboratory and radiological
tests performed by two investigators (AM, SM). Both the investigators were blinded to
serum albumin levels and outcome. Pneumonia was diagnosed in case of typical symptoms
of lower respiratory tract infection with confirmatory chest x-ray changes [20]. The
diagnosis of urinary tract infection was based on the presence of positive urine culture
without evidence of contaminating bacteria [21]. The following criteria for sepsis were
adopted: presence of a documented source of infection associated with evidence of acute
organ dysfunction [22].

The case-fatality rate at 90 days was assessed through follow-up telephone calls and
querying of the Social Security Death Index (SSDI) national database as previously
described [23].
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Statistical Analysis

Categorical variables were expressed as count (%) and continuous variables as median
(interquartile range, IQR) and compared using the 2 test or Mann-Whitney U test
respectively.

We used a logistic regression analysis to investigate the association between serum albumin
and infectious complications, adjusting the model for known predictors of infections in
stroke patients [24, 25]. The influence of hypoalbuminemia on mortality was studied with
multivariable logistic regression as well, adjusting for previously reported independent
predictors of mortality in ICH [26]. All the multivariable regression models were repeated
including all the variables with p value < 0.1 in univariate analysis. The predicted probability
of developing pneumonia or sepsis was obtained combining individual level data with
estimates from the multivariable logistic regression model and analyzed as a continuous
variable ranging from O to 1.

The threshold for statistical significance was set at p values < 0.05 and the analyses were
performed using the statistical software SPSS v. 21, 2012 (www.spss.com).

RESULTS

A total of 2010 subjects met the inclusion criteria for the present analysis (median age 74
years, 54.5% males). Missing albumin led to the exclusion of 340 patients whereas 53
patients were excluded because of missing clinical or outcome data. Compared with patients
included in the analysis, excluded subjects were older, had higher admission GCS and were
less likely to have IVH, liver disease and medical history of diabetes mellitus. All the
remaining variables were similar between the two groups (all p >0.10).

Hypoalbuminemia was present in 444 (22.1%) subjects and a total of 400 (19.9%) and 54
(2.7%) patients developed pneumonia and sepsis respectively. The case fatality rate at 90
days was 38%.

Hypoalbuminemic patients had a lower GCS at presentation and a higher frequency of IVH.
In addition, they had a higher prevalence of chronic liver and renal disease and were more
frequently on antiplatelet treatment. The comparison between patients with and without
hypoalbuminemia is shown in table 1.

Infectious complications and 90-day mortality

Hypoalbuminemia was associated with higher prevalence of pneumonia and sepsis in
univariate analysis (table 1). After adjustment for multiple potential confounders, the
presence of hypoalbuminemia remained an independent predictor of pneumonia (odds ratio,
[OR] 1.76, p <0.001) and sepsis (OR 2.29, p = 0.010) as summarized in table 2. This
association remained significant when serum albumin was analyzed as a continuous variable
(table 2). Each 1 g/dL increase in the concentration of serum albumin was indeed associated
with a 43% and 53% reduction in the risk of pneumonia and sepsis respectively.
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The unadjusted case-fatality rate at 90 days was significantly higher in patients with low
albumin levels (47.1% vs 35.4%, p <0.001). Early hypoalbuminemia remained associated
with increased risk of 90-day mortality (OR 1.95, p < 0.001) after accounting for known
predictors of outcome in ICH and other confounders (table 3). The strength of the
relationship between hypoalbuminemia and mortality was reduced by the inclusion of sepsis
and pneumonia in the multivariable regression model (OR 1.43, p = 0.023).

We repeated all the analyses after exclusion of patients with a medical history of chronic
liver or renal disease. In this population, hypoalbuminemia remained associated with
increased susceptibility to pneumonia (OR 1.72, p = 0.005) and sepsis (OR 2.67, p = 0.031)
and predicted unfavorable outcome as well (OR for 90-day mortality 1.99, p = 0.012). All
these associations remained significant also when liver disease was analyzed as a categorical
variable with the additional unavailable category.

Hypoalbuminemia was an independent predictor of pneumonia (OR 1.74, p = 0.001), sepsis
(OR 2.57, p = 0.011) and three-months mortality (OR 1.79, p = 0.002) also after exclusion
of patients on anticoagulant treatment.

We confirmed all the results using two different definitions of hypoalbuminemia as well
(serum albumin < 3.4 g/dL and serum albumin < 4.0 g/dL).

Finally, increasing serum albumin was associated with lower risk of pneumonia and sepsis in
a linear, dose-response relationship (p for trend < 0.001) as represented in figure 1.

DISCUSSION

In this single-center cohort of ICH patients we found that low levels of serum albumin on
admission independently predict unfavorable outcome. We also provide novel data regarding
the pathophysiological mechanism underlying this relationship. Early hypoalbuminemia was
an independent predictor of pneumonia and sepsis and infectious complications may
therefore be the biological mechanism by which hypoalbuminemia is associated with
increased mortality.

In our cohort, hypoalbuminemic patients were more likely to have intraventricular extension
of the bleeding and lower admission GCS. Circulating albumin is a negative acute phase
reactant [5, 18] and hypoalbuminemia could therefore be a surrogate marker of ICH severity.
However the association between albumin and 90-day mortality remained significant after
adjustment for different measures of ICH severity and known predictors of outcome [26].
Hypoalbuminemia may also arise from metabolic stress response and poor nutritional
support [27, 28]. Circulating albumin has a half life ranging from 18 to 20 days and serum
albumin was measured in the hyperacute phase in our study [18]. Thus it appears unlikely
that hypoalbuminemia simply reflects an acute drop in serum albumin that is proportional to
ICH severity. Chronic liver disease or kidney disease may also be relevant confounders [29,
30]. Again, however, our findings remained significant after accounting for these
comorbidities in multivariable analysis. Finally, hypoalbuminemia remained an independent
predictor of infections and mortality in a sensitivity analysis excluding patients with hepatic
or renal dysfunction.
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Another possibility is that hypoalbuminemic patients are more sensitive to vitamin k
antagonists because of reduced protein binding or impaired synthesis of coagulation factors
secondary to chronic liver disease [31, 32]. However early hypoalbuminemia was not
associated with larger ICH volume or higher frequency of ICH expansion, suggesting that
the relationship between low albumin and unfavorable outcome is not explained by
increased extent of bleeding. Furthermore, low albumin on admission predicted pneumonia,
sepsis and 90-day mortality also after exclusion of subjects on anticoagulant therapy.

Our findings corroborate a previously reported association between hypoalbuminemia and
increased mortality in a small cohort of ICH patients [33]. We also report novel data
showing an association between low serum albumin and increased risk of pulmonary
infections and sepsis whereas there was no association with urinary tract infections. The
pathophysiology of inflammation and immunodepression after stroke is complex [34] and
the exact mechanism of any association between albumin and infections is not yet clear.

Accumulating evidence suggested an immunomodulatory role of circulating albumin [10,
35, 36]. Albumin is indeed the main transporter of several inflammatory mediators, binds
bacterial lipopolysaccharide and promotes phagocytosis [12, 13, 37] . Low levels of serum
albumin may therefore increase the susceptibility to infectious complications. Albumin
could also be a marker of poor nutritional status and hypoalbuminemia might be a simple
marker of malnutrition which in turn is a major cause of impaired immune response and a
strong predictor of nosocomial infections [38, 39].

In line with this, admission hypoalbuminemia was linked to the risk of stroke-associated
pneumonia in a large cohort of ischemic stroke patients [7]. Infections are common in ICH
patients and independently associated with poor outcome [24]. Thus, an increased
propensity to develop pneumonia and sepsis may explain the association between
hypoalbuminemia and poor outcome in ICH patients.

From a clinical and therapeutic point of view, there is no current evidence to support
albumin administration in patients with cerebrovascular diseases. Despite the association
between hypoalbuminemia and poor outcome, a recently completed randomized trial showed
no benefit of albumin infusion in patients with acute ischemic stroke [40]. However, our
findings might still have relevant therapeutic implications. Unlike ischemic stroke, ICH still
lacks an acute phase treatment proven to provide benefit [41]. Infections are a common
complication of the subacute phase of the disease and represent an appealing therapeutic
target [42, 43]. Albumin is a commonly available biomarker that may improve the prediction
of infectious complications, leading to preventive strategies in ICH patients. Finally,
accurate prediction of prognosis is a key aspect of ICH care [44] and the presence of
admission hypoalbuminemia may help clinicians in identifying those patients at high risk of
unfavorable outcome.

Some limitations should be acknowledged when interpreting our study. First, our results
derive from a single-center retrospective analysis, with ICH patients collected over a long
time course, during which multiple changes in ICH management occurred. Second, given
the hospital based setting of our analysis pre-stroke albumin levels were not available.
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Therefore we were not able to investigate the possibility of an acute drop in serum albumin
concentration as a consequence of acute intracranial bleeding. Third, serum albumin may
also impact ICH outcome through other biological mechanisms like increased
perihematomal edema, heart failure or other cardio-pulmonary and renal complications [45,
46] .

CONCLUSION

Admission hypoalbuminemia is common in ICH and identifies patients at high risk of
infectious complications and poor outcome. Prospective studies are needed in order to
confirm our findings and provide further insights into the biological mechanisms underlying
these associations.
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Figure 1.

Association between admission albumin level and risk of pneumonia and sepsis.
Predicted probability of pneumonia (A) and sepsis (B) stratified by albumin quartiles.
P value for trend was calculated with the Jonckheere-Terpstra test.
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Comparison between patients with and without admission hypoalbuminemia (n = 2010 )

Table 1.

Hypoalbuminemia

NO (n=1566) | YES(n=444) p

Age, median (IQR), y 74 (64 - 82) 75 (66 -82) 0.175
Sex, male, n (%) 852 (54.4) 243 (54.7) 0.904
History of hypertension, n (%) 1230 (78.5) 350 (78.8) 0.897
History of diabetes, n (%) 332 (21.2) 113 (25.5) 0.057
History of hypercholesterolemia, n (%) 593 (37.9) 115 (25.9) <0.001
History of chronic liver disease, n (%) 35/1340 (2.6) 27/299 (9.0) <0.001
History of chronic kidney disease, n (%) 493 (31.5) 183 (41.2) <0.001
Prior dependence, n (%) * 192/1211 (15.9) | 55/313 (17.6) 0.462
Antiplatelet treatment, n (%) 767 (49.0) 245 (55.2) 0.021
Warfarin treatment, n (%) 326 (20.8) 107 (24.1) 0.138
Baseline ICH volume, median (IQR), mL | 18 (6 - 47) 21(6-53) 0.174
ICH expansion, n (%) ** 175/1027 (17.0) | 36/210 (17.1) 0.971
Admission GCS, median (IQR) 14 (7 - 15) 11 (6 - 15) <0.001
ICH location 0.334

Lobar, n (%) 656 (41.9) 173 (39.0)

Deep, n (%) 728 (46.5) 224 (50.5)

Infratentorial, n (%) 182 (11.6) 47 (10.6)
IVH presence, n (%) 771 (49.2) 244 (55.0) <0.001
Intubation, n (%) 525/1547 (33.9) | 137/432 (31.7) | 0.386
Surgery, n (%) 94/1560 (6.0) 34(7.7) 0.194
Pneumonia, n (%) 282 (18.0) 118 (26.6) <0.001
Urinary tract infection, n (%) 238 (15.2) 66 (14.9) 0.863
Sepsis, n (%) 36 (2.3) 18 (4.1) 0.043
90-day mortality, n (%) 554 (35.4) 209 (47.1) <0.001

IQR indicates inter-quartile range; ICH, intracerebral hemorrhage; GCS, Glasgow Coma Scale; IVH, intraventricular hemorrhage.

*
Pre-stroke dependence was defined as requiring assistance in at least one instrumental activity of daily living.

Aok

ICH expansion was defined as growth >30% or > 6 mL from baseline volume.

J Neurol. Author manuscript; available in PMC 2020 August 19.

Page 11



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Morotti et al.

Table 2.
Multivariable analysis of infectious complications
MODEL 1
Pneumonia UTI Sepsis
OR (95% ClI) p OR (95% ClI) p OR (95% ClI) p
Hypoalbuminemia | 1.76 (1.34-2.33) | <0.001 | 1.05(0.75-1.47) | 0.772 | 2.29 (1.22-4.30) | 0.010
Total albumin 0.67 (0.53-0.83) | <0.001 | 0.84 (0.64-1.10) | 0.213 | 0.57(0.35-0.95) | 0.032
MODEL 2
Pneumonia UTI Sepsis
OR (95% Cl) p OR (95% Cl) p OR (95% Cl) p
Hypoalbuminemia | 1.67 (1.21-2.30) | 0.002 | 1.06 (0.72-1.56) | 0.786 | 3.63 (1.76-7.48) | <0.001
Total albumin 0.73(0.57-0.95) | 0.018 | 0.82(0.61-1.11) [ 0.200 | 0.39 (0.22-0.67) | 0.001

Model 1 was adjusted for age, admission GCS, baseline ICH volume, IVH, ICH location, intubation and surgery.

Page 12

Model 2 was adjusted for age, admission GCS, baseline ICH volume, IVH, ICH location, intubation, surgery, history of hypercholesterolemia,
history of diabetes mellitus, antiplatelet treatment, chronic liver disease and chronic kidney disease.

GCS indicates Glasgow Coma Scale; ICH, intraverebral hemorrhage; IVH intraventricular hemorrhage; OR, odds ratio; CI, confidence interval.
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Table 3.
Multivariable analysis of 90-day mortality
MODEL 1 MODEL 2
OR (95% Cl) p OR (95% Cl) p
Hypoalbuminemia | 1.78 (1.30-2.44) | <0.001 | 1.95(1.35-2.82) | <0.001
Total albumin 0.67 (0.52-0.87) | 0.002 | 0.69(0.52-0.92) | 0.012

Model 1 was adjusted for age, admission GCS, baseline ICH volume, IVVH and ICH location.
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Model 2 was adjusted for age, admission GCS, baseline ICH volume, IVH, ICH location, history of hypercholesterolemia, history of diabetes
mellitus, antiplatelet treatment, chronic liver disease and chronic kidney disease.

GCS indicates Glasgow Coma Scale; ICH, intraverebral hemorrhage; IVH intraventricular hemorrhage; OR, odds ratio; CI, confidence interval.
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