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Hypoalbuminemia in critically sick children

Lokesh K. Tiwari'?, Sunit Singhi', M. Jayashree’', Arun K. Baranwal'2, Arun Bansal'

Abstract

Context: There is a paucity of data evaluating serum albumin levels and outcome of
critically ill-children admitted to intensive care unit (ICU). Aims: The aim was to study
frequency of hypoalbuminemia and examine association between hypoalbuminemia
and outcome in critically ill-children. Settings and Design: Retrospective review
of medical records of 435 patients admitted to 12 bedded pediatric ICU (PICU).
Materials and Methods: Patients with hypoalbuminemia on admission or any time
during PICU stay were compared with normoalbuminemic patients for demographic
and clinical profile. Effect of albumin infusion was also examined. Odds ratio and 95%
confidence interval were calculated using SPSS 16. Results: Hypoalbuminemia was
present on admission in 21% (92 of 435) patients that increased to 34% at the end of
I** week and to 37% (164 of 435) during rest of the stay in PICU. Hypoalbuminemic
patients had higher Pediatric Risk of Mortality scores (12.9 vs. 7.5, P < 0.001) and
prolonged PICU stay (13.8 vs. 6.7 days, P < 0.001); higher likelihood of respiratory failure
requiring mechanical ventilaton (84.8% vs. 28.8%, P < 0.001), prolonged ventilatory
support, progression to multiorgan dysfunction syndrome (87.8% vs. 16.2%) and risk of
mortality (25.6% vs. 17.7%). Though, the survivors among recipients of albumin infusion
had significantly higher increase in serum albumin level (0.76 g/dL, standard deviation [SD]
0.54) compared with nonsurvivors (0.46 g/dL, SD 0.44; P = 0.016), albumin infusion did
not reduce the risk of mortality. Conclusions: Hypoalbuminemia is a significant indicator
of mortality and morbidity in critically sick children. More studies are needed to define
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role of albumin infusion in treatment of such patients.
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Introduction

Albumin is a highly water soluble protein, one-third
of which is distributed in the intravascular space and
two-third in the extravascular space. It constitutes up to
two-third of total plasma protein, contributing about 80%
of the plasma colloid osmotic pressure and is responsible
for the transport and binding of many molecules."
Hypoalbuminemia is a frequent and early biochemical
derangement in critically ill-patients.””! The etiology of
hypoalbuminemia is complex. In general, it is ascribed to
diminished synthesis in malnutrition, malabsorption and
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hepatic dysfunction or increased losses in nephropathy
or protein-losing enteropathy. Inflammatory disorders
can accelerate the catabolism of albumin, while
simultaneously decreasing its production. Diversion
of synthetic capacity to other proteins (acute-phase
reactants) is another likely cause of hypoalbuminemia in
critically ill-patients.>* During critical illness, capillary
permeability increases dramatically and alters albumin
exchange between intravascular and extravascular
compartments.”! Hypoalbuminemia in this setting in
adult patients is a marker of disease severity and has
been associated with prolonged ventilatory dependence
and length of intensive care stay.l! It is also an
independent predictor of mortality and it is associated
with poor outcome in critically ill-adults.>”*! There is
a paucity of data evaluating serum albumin levels and
outcome of critically ill-children admitted to intensive
care unit (ICU).*! The objective of this study was to
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evaluate frequency of hypoalbuminemia in critically sick
children admitted to pediatric ICU (PICU) and examine
association between hypoalbuminemia and the outcome
of illness.

Materials and Methods

Patient inclusion

We performed retrospective review of medical
records of data of all patients admitted to our 12 bed
PICU at tertiary care teaching hospital in India between
1 January 2008 and 31% December 2008. All patients
admitted to PICU were potential subjects. The need for
approval from the Institute’s Ethics Review Committee
was waived for this retrospective analysis. It is the unit’s
policy to perform comprehensive metabolic profile
including serum albumin level of all admitted patients
at the time of admission and twice weekly thereafter.
Hypoalbuminemia was defined as an albumin level of
less than 2.5 g/dL at any time during PICU stay. Serum
albumin level done within first 48 h of admission was
considered as admission albumin level. Albumin infusion
in sick children in the dose of 2 g/ kg was common practice
when the study was performed however cost constrains
precluded this practice and few patients were not able to
receive sufficient amount of human serum albumin.

Exclusion criteria

Patients who were expected to have a low albumin level
in their usual state of health were excluded. Therefore
children with known immune deficiency, malabsorption
syndrome, celiac disease, protein loosing enteropathy,
nephrotic syndrome, and chronic liver disease were
excluded from the study.

Data retrieved from case records included
demographic profile (age, sex, and weight); disease
severity (Pediatric Risk of Mortality [PRISM] score);
primary system involvement (neurologic, respiratory,
cardiac, hematologic and generalized sepsis without

specific organ system involvement); albumin level and
hypoalbuminemia at admission and thereafter; length
of PICU stay; length of ventilatory support; occurrence
of multiorgan dysfunction syndrome (MODS);
number of organ failures and final outcome (death
or survival). MODS was defined as “the presence
of altered organ functions in an acutely ill-patient
such that homeostasis cannot be maintained without
intervention”."!

Data analysis

For parametric data comparisons were done using
Pearson Chi-square test and Fisher’s exact test. For
nonparametric data, Mann-Whitney U-test was
performed. Odds ratio (OR) and 95% confidence
interval (CI) were estimated using SPSS for Windows,
Version 16.0. Chicago, SPSS Inc.

Results

The medical records of 435 patients were reviewed
after excluding data of four patients with nephrotic
syndrome. Hypoalbuminemia was present on admission
in 21% (92 of 435) patients, which increased to
34% (151 of 435) patients at the end of 1% week and to
37% (164 of 435) during rest of the stay in PICU. Mean
albumin level of studied population was 2.61 g/dL
(standard deviation [SD] 0.67); 2.00 g/dL (SD 0.33) in
hypoalbuminemic group, while 3.1 g/dL (SD 0.45) in
normoalbuminemia group (P <0.001). Mean age, weight
and sex ratio in both groups was matched, but entire
population had male predominance (male:female ratio
2.44:1) [Table 1]. In hypoalbuminemic group average
weight was 13.9 kg (87% of expected for age 3.9 years),
while in normoalbuminemic group average weight was
13.6 kg (82% of expected for age 4.1 years). Both the groups
were statistically matched. Of 435 patients, 162 (37%) had
malnutrition (weight below 80% of expected for their
age) with similar distribution in hypoalbuminemic and
normoalbuminemic groups [Table 1].

Table I: Baseline characteristics and diagnosis of patients with respect to albumin levels

Hypoalbuminemic (n=164) Normoalbuminemic (n=271) OR 95% CI P value
Serum albumin (g/dL)* 2.00 (0.33), 1-2.4 3.10 (0.45), 2.5-4.8 <0.001*
Age in years* 3.9 (3.6),0.5-12 4.1 (3.7),0.5-12 0.46”
Weight in kg* 13.9(9.9), 2-82 13.6 (8.5), 2-35 0.8
Sex ratio (male: female) 2.3:1 2.5:1 0.68'
Malnutrition** 52(32) 110 (40) 0.67 0.45-1 0.06
Primary system involvement
Respiratory 46 (28) 81 (29) 091 0.59-1.4 0.687
CNS 55(33.5) 65 (24.4) 1.59 1.03-2.4 0.03f
Cardiac 14 (8.5) 28 (10.3) 0.81 0.41-1.6 0.53f
Hematologic 7 (4.3) Il 4.1) 1.05 0.4-2.7 0.9
Sepsis without focus 45 (27.4) 68 (25.1) 1.12 0.72-1.75 0.587

*Values given as mean (SD) range, other values are given as number (%). **Number of patients with weight <80% of expected for age. P value calculated using "Pearson
Chi-squire test or “Mann-Whitney test. OR: Odds ratio; Cl: Confidence interval; CNS: Central nervous system; SD: Standard deviation
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The diagnostic categories of the patients are given
in Table 1. The odds of presence of central nervous
system (CNS) infection (OR 1.59, 95% CI 1.03-2.4;
P = 0.03) was higher in hypoalbuminemia group. The
differences between the groups with respect to other
diagnoses were not significant.

Hypoalbuminemic patients had higher PRISM
scores (12.9 vs. 7.5, P < 0.001) and prolonged PICU
stay; higher likelihood of respiratory failure requiring
mechanical ventilator (84.8% vs. 28.8%, OR 13.7,95% CI
8.3-22.6, P < 0.001), prolonged ventilatory support and
progression to MODS (87.8% vs. 16.2%, OR 37.1, 95%
CI 21-65, P < 0.001). The hypoalbuminemia group had
a higher mean number of organ failures compared with
those in the normal albumin level group (2.955SD 1.3 vs.
0.27 SD 0.69; P < 0.001) and risk of mortality (25.6% vs.
17.7%, OR 1.59, 95% CI 1-2.55, P = 0.05) [Table 2].

Similar comparisons were done between patients
with hypoalbuminemia on admission and those with
normal albumin level. Patients with hypoalbuminemia
on admission had higher PRISM scores (13.4 vs.
8.4, P < 0.001), prolonged PICU stay, higher odds of
assisted respiratory support in the form of mechanical
ventilation (80.4 vs. 41.7%, OR 5.75, 95% CI 3.3-10,
P <0.001) and progression to MODS (82.6 vs. 32.7%, OR
9.8, 95% CI 5-17.5, P < 0.001). Although mortality rate
was higher in hypoalbuminemia group (23.9 vs. 19.8%),
but it was statistically not significant.

Patients who received albumin infusion had more
severe diseases (mean PRISM 15; SD 7.0 vs. 12.1; SD 9.6,
P =0.03) and prolonged hospital stay (16.6 days; SD

12.4 vs. 11.5 days; SD 14, P = 0.02). Albumin infusion
corrected hypoalbuminemia in 54 of 72 (75%) patients
while fresh frozen plasma did so in 7 of 20 (35%) patients.
There was no difference in outcome between albumin
recipients and others (OR 0.8, 95% CI 0.39-1.6, P = 0.06)
however, average increase in serum albumin level was
significantly lower in patients who died in comparison
to those who survived (0.46 g/dL;SD 0.44 vs. 0.76 g/dL;
SD 0.54; P = 0.01) [Figure 1].

Discussion

We found hypoalbuminemia in about one-third of
patients, which is consistent with data of Horowitz
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Figure I: Outcome of patients with respect to average rise in serum
albumin level after albumin infusion and baseline albumin level. Solid circle
(e) indicates death, triangle (A indicates survivors, solid line (-) shows mean
increase in serum albumin level among survivors and dotted line (---) among
patients who died

Table 2: Outcome of patients with respect to presence of hypoalbuminemia

Hypoalbuminemia-any time during PICU stay

Total (n=435) Hypoalbuminemic (n=164) Normoalbuminemic (n=271) OR 95% ClI P value
PRISM score* 12.9 (8.9) 7.6 (8.2) <0.001~
Length of PICU stay in days* 13.8 (13.6) 6.7 (9.6) <0.001*
Number mechanically ventilated (%) 139 (84.8) 78 (28.8) 13.7 8.3-22 <0.0017
Length of ventilation in days* 10.62 (13.2) 2.82(7.9) <0.001*
Number with MODS (%) 144 (87.8) 44 (16.2) 37.1 21-65 <0.0017
Mean number of organ failure* 2.95(1.3) 0.27 (0.69) <0.001*
Number died (%) 42 (25.6) 48 (17.7) 1.59 1-2.5 0.05°
Hypoalbuminemia-at admission
Total (n=435) Hypoalbuminemic (n=92) Normoalbuminemic (n=343)
Age in years* 4.42 (3.9) 3.93(3.6) 0.2~
Sex ratio (male: female) 2.53:1 2.46:1 0.9
PRISM score* 13.4(9.9) 8.4 (8.2) <0.001~
Length of PICU stay in days* 10.5 (9.3) 9.1 (12.3) 0.001~
Number mechanically ventilated (%) 74 (80.4) 143 (41.7) 5.75 3.3-10 <0.001"
Length of ventilation in days* 7.6 (8.8) 5.27 (11.3) <0.001*
Number with MODS (%) 76 (82.6) 112 (32.7) 9.8 5-17.5 <0.0017
Number died (%) 22 (23.9) 68 (19.8) 1.27 0.7-2.1 0.39°

*Values given as mean (SD). P value calculated using 'Pearson Chi-squire testor and *Mann-Whitney test. OR: Odds ratio; Cl: Confidence interval; SD: Standard deviation;
PICU: Pediatric intensive care unit; PRISM: Pediatric risk of mortality; MODS: Multiorgan dysfunction syndrome
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and Tai.¥! Mean serum albumin in our study
population (2.61 g/dL, SD 0.67) is lower than similar
pediatric studies.*'% The cause could be high incidence of
malnutrition in our population; 37% of children included
in the study had weight below 80% of expected for their
age. However, the occurrence of hypoalbuminemia in
our patients may not be related to nutritional status, as
the distribution of children with malnutrition (derived
as weight for age < 80% of expected) was similar in two
groups. Probably, the stress of critical illness and sepsis
were the reasons for hypoalbuminemia. In critically ill
and with severe sepsis the metabolic reaction modifies
to create great amounts of acute phase proteins. Since
albumin is not an acute phase protein, diversion of
synthetic capacity to other proteins is likely to reduce
albumin synthesis.®'>"*l Other probable reason suggested
in causation of hypoalbuminemia in such patients is
enhanced vascular permeability, which would encourage
a larger shift of albumin from the vascular to the
interstitial space.?# Half-life of albumin being about
2 weeks, delayed presentation could be contributory
to high PRISM score and low serum albumin in
hypoalbuminemia group though we do not have reliable
information on duration of illness prior to hospitalization
in this retrospective data collection. Male predominance
in admissions to pediatric emergency in poisoning and
accident cases is well reported in India and has varying
underlying reasons.™ Male predominance in children
admitted to PICU probably has similar reasons.

Murray et al. established that serum albumin level was
associated with longer ICU and hospital stay in sick
patients.l'! Furthermore in the adult trauma population,
patients with a lower serum albumin level (<2.6 g/dL)
were found to have significantly longer ICU and
hospital lengths of stay, prolonged ventilatory support
and greater mortality when matched for age and injury
severity.” In our study, hypoalbuminemic patients had
prolonged PICU stay, high incidence of respiratory
failure requiring mechanical ventilator, prolonged
ventilatory support, and higher mean number of
organ failure. These results are largely consistent
with findings by Horowitz and Tai®* and Durward
et al.l% The study by Durward et al. measuring anion
gap in hypoalbuminemic children, however, did not
find hypoalbuminemia as an independent predictor
of mortality; mean albumin levels were similar
between survivors and nonsurvivors.'”’ However,
other investigators found that, in medical and surgical
patients, serum albumin level had low sensitivity and
specificity for predicting hospital mortality.'”! Distinct
from the previous studies we also found higher odds
of CNS involvement and progression to MODS in

hypoalbuminemic group. Though we could not find
direct reports relating hypoalbuminemia to CNS
infections, low serum albumin is well reported marker
of poor prognosis in ischemic stroke, subarachnoid
hemorrhage and traumatic brain injury.'®"! It exerts
neuroprotective effect in CNS insults by different
mechanisms like improving cerebral perfusion through
oncotic effect, binding and inactivation of toxic
products, maintenance of microvascular permeability to
proteins and scavenging of free radicals and prevention
of lipid peroxidation.m” In hypoalbuminemia group,
deficient neuroprotection could be indirectly related
to higher odds of CNS involvement.

Whatever the cause of low albumin levels, the
decreased plasma colloid osmotic pressure is likely
to compromise the intravascular volume, placing the
child at risk for inadequate blood flow to vital organs.
This is especially true of capillary leak, in which the
albumin escapes to the interstitial space, pulling fluid
along. Albumin infusion should therefore, improve
the outcome of hypoalbuminemia patients. The use of
albumin infusion as a treatment for hypoalbuminemia
however, remains a subject of ongoing debate and
several evidenced-based reviews.’® In SAFE study,
use of albumin replacement as a volume expander
for the critically ill-adults with hypotension did not
result in decreased mortality or morbidity.®! In our
study, the results were similar. Probable reason for
absence of significant difference in outcome of albumin
recipient and nonrecipients seems to be higher disease
severity and prolonged length of hospital stay in
the former group. However, average rise in serum
albumin level was significantly lower in nonsurvivors
compared with survivors after albumin infusion. It is
possible that nonsurvivors did not receive the adequate
amount of albumin infusion. There is no much data
in pediatric population, however a randomized,
controlled, pilot study in adults concludes that albumin
administration improves organ function in critically ill
hypoalbuminemia patients." Our study suffers the
limitations of retrospective analysis. Further prospective
randomized trials with targeted rise in serum albumin
level might be helpful in resolving the issue.

In summary, we found that hypoalbuminemia is
common in patients admitted to our PICU. It was a
significant indicator of mortality and morbidity, which
is agreement of limited published data in adults and
children. Replacement of albumin is very likely to
improve serum albumin level, but may not reduce the
risk of mortality.
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