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Abstract Background: Although albumin is the marker of nutrition status but the albumin level usually low on acute
illness and its level on outcome is controversy. The objective of this study was to determine the effect of serum
albumin which on morbidity and mortality in hospitalized surgical patients admitted to general surgical intensive care
unit (SICU).

Method: We performed an ambispective cohort study between 2011-2013. All patients who admitted to SICU
were enrolled to this observation. The albumin level, severity of disease, type of surgery and demographic data were
collected on the SICU admission. The outcomes included the length of mechanical ventilator day, hospital and SICU
stay, lung complication, septicemia, urine infection, acute kidney injury, surgical site infection, new-onset upper
gastrointestinal hemorrhage, delirium, seizure, myocardial infarction and mortality were recorded at patient
discharge. We categorized the patient into two group based on admission albumin level as normal group (= 3.5 g/
dL) and hypoalbuminemia group (< 3.5 g/dL)

Results: A total of 893 patients were enrolled and analyzed in this study. Of these, the normal and
hypoalbuminemia group were 106 (11.9%) and 787 (88.1%) respectively. After adjusted the adverse outcomes by
multivariable analysis, the hypoalbuminemia group had significant higher risk of infective complication [Odds ratio
(95% confidence interval): 2.68 (1.35 - 5.30); p = 0.005] especially on pulmonary infection [2.08 (1.01 - 4.27); p =
0.046], acute kidney injury [4.06 (1.44 - 11.47), p = 0.008], and mortality [5.92 (2.12 - 16.54); p = 0.001]

Conclusion: The incidence of hypoalbuminemia is common in SICU. The hypoalbuminemia patients increase

risk of infective complication especially pulmonary infection, acute kidney injury, and mortality.
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INTRODUCTION

The serum albumin is the majority of protein in
human plasma and it is produced by liver. Serum
albumin play an importantrole on physiologic function
including regulating blood volume via maintaining
the oncotic pressure (colloid osmotic pressure) of the
blood compartment, acid base buffering as well as free
radical scavenger. In addition, it also has the low water
solubility molecules carrying property, such as lipid
soluble hormones, bile salts, unconjugated bilirubin,
free fatty acids, trace elements (e.g. calcium, iron),
and many type of drugs. They also control acid-base
balance and having the action like antioxidant'?.
Although the morbidityand mortality in intensive care
patient could be predicted by severity scoring system
such as APACHE II score, SAPS score, and SOFA score.
The albumin were no accounting for the variable on
these scoring system®. These might be arisen from the
controversial data. Rady et al reported that the
preoperative hypoalbuminemia can predict outcome
of cardiovascular patient. Although the incidence of
hypoalbuminemiawasabout<50%, the cardiac patient
undergoing cardiovascular surgery had higher
likelihood of postoperative infections, prolong
mechanical ventilator day and death®. However, Law
et al reported the opposite direction of results. They
found that the causes of death did not associated with
serum albumin level®. This evidence was confirmed by
the results of Behrouz et al which studying on the
subarachnoid hemorrhage patients. The study showed
that hypoalbuminemia was also not the predictive
factor for hospital mortality® . The controversial of this
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predictive factor, therefore, the objective of this study
was to determine the effects of hypoalbuminemia on
admission on adverse outcomes which occurred in
general surgical intensive care unit (SICU).

MATERIALS AND METHODS

We performed an ambispective cohort study,
between 2011and 2013. All patientswho were admitted
to general SICU of Maharaj Nakorn Chiang Mai
Hospital, Faculty of Medicine, Chiang Mai University
on these periods were included. We excluded the
patientswho no document of admission albumin level,
short stay in SICU, moribund patient, and the patient
who could not be collected the final outcomes from
the study (Figure 1). At admission date, we recorded
the baseline of patient characters including albumin
level, age, gender, diseases and types of surgery, and
severity score using acute physiologic and chronic
health evaluation IT (APACHE II score). During SICU
admission, we collected the adverse outcomesinfective
complications, acute kidney injury, surgical site
infection, upper gastrointestinal hemorrhage, new-
onset seizure, delirium, myocardial infarction, and
mortality. We also recorded the length of mechanical
ventilator usage, SICU and hospital length of stay. The
Ethic Committee of Faculty of Medicine, Chiang Mai
University was approved thisstudy (Research ID: 1186/
Study code SUR-12-1186-EX).

We categorized the admission albumin into 2
group based on the previous study by Rady et al*, the
normal group was defined as admission albumin more

Total admitted patients
N=2578

Y

Exclusion N=1685

- No albumin level at admission

- Short stay in ICU

- Moribund patients

- Cannot to be followed the outcomes

Total enrolled patients
N=893

v

v
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[ Normal (= 3.5 g/dL) } [Hypoa]buminemia (<35 g/dL)J
N=787

Figure 1 Study flow
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than or equal 3.5 g/dl and albumin level less than 3.5
g/dl was defined as hypoalbuminemia group. All the
analytic data were analyzed by STATA® version 12.0
software. The continuous variables were reported as
mean and standard deviation (SD) or median and
interquartile range (IQR) depended on their
distribution. The categorical data were reported as
number of occurrence and percentage. The difference
between groups was analyzed by Chi-square, Mann-
Whitney U test and student t test which depended on
the type of data. The final adjusted predictive models
were analyzed with multivariable regression analysis.
The adjusted variables were selected on the difference
of baseline characters and reported as coefficient or
odds ratio (OR) with 95 percent confidence interval
(95%CI) depended on the type of dependence
variables. The p value less than 0.05 was statistically
significant.

REsuLTs

During 36 months between 2011 and 2013, a total
admitted patients were 2578. We excluded a total
number of 1685 patients due to no admission albumin
report, short stay in SICU, moribund patients, and
cannot to be followed the final results. The total of 893
patientswere enrolled and analyzed. The normal value

of albumin was found in 106 (11.9%) patients. The
hypoalbuminemia at admission in SICU was 787
(88.1%) patients. (Figure 1)

Regarding the demographic data (Table 1),
female was the predominant gender on both group
and no significant difference. The median age (IQR)
of hypoalbuminemia was 62 (52 - 75) years and no
difference with normal group. Although there was no
statistical significant difference between groups in
term of type of disease and type of surgery. The
hypoalbuminemia group had a higher proportion in
liver diseases when they were compared with normal
group [hypoalbuminemia (22.2%) vs.normal (9.4%) .
In contrast, the hypoalbuminemia group had lower
proportion in vascular diseases [hypoalbuminemia
(17.6%) vs.normal (27.4%) |. Interestingly, the severity
score measured by APACHE II score had a significant
higher score in hypoalbuminemia [median/IQR:
hypoalbuminemia (10/ 7-15) vs. normal (13/9-18);
$<0.01]. Therefore, the type of diseases and APACHE
II score were the two adjusted variables which were
integrated in the multiple regression model.

AsTable 2, the univariable analysis demonstrated
that hypoalbuminemia had significant longer
mechanical ventilator day (p = 0.014), hospital length
of stay (p = 0.006),and SICU length of stay (p = 0.040).
In addition, hypoalbuminemia increased the

Table 1 Baseline patient characters

Normal* Hypoalbuminemia**
Patient characters P-value
n=106 n=787

Gender (Male: Female) 39:67 288:499 0.968
Age [Median (IQR)] 61.5 (46-72) 62 (52-75) 0.110
Type of disease 0.053

Gastro-intestinal 36 (33.96) 243 (30.96)

Hepato-biliary-pancreas 10 (9.43) 174 (22.17)

Vascular 29 (27.36) 138 (17.58)

Trauma 6 (5.66) 35 (4.46)

Thoracic (non cardiac) 15 (14.15) 110 (14.01)

Skin and soft tissue 3(2.83) 23(2.93)

Urological 7 (6.60) 53 (6.75)

Head-neck-breast 0 (0.00) 9(1.15)
Type of surgery 0.219

Curative surgery 87 (82.08) 584 (74.49)

Palliative surgery 6 (5.66) 54 (6.89)

Without surgical procedure 13 (12.26) 146 (18.62)
APACHE Il score [Median (IQR)] 10 (7-15) 13 (9-18) <0.001

Note: *Normal is admission albumin > 3.5 g/dL; **Hypoalbuminemia is admission < 3.5 g/dL
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proportion of pulmonary infection (p=0.005) and
any infection (p< 0.001). They also increased risk of
acute kidney injury (p < 0.001), myocardial infarction
(p = 0.048) and mortality (p < 0.001)

Regarding the adjusted value by type of diseases
and severity score (APACHE II score) using multi-
variable analysis model (Table 3), we found that there
was statistical significant increase risk of following
outcomes including infective complication [OR
(95%CI):2.68 (1.35-5.30); p= 0.05] especially on the
pulmonary infective complication [2.08 (1.01 - 4.27);
p=0.046], acute kidney injury [4.06 (1.44 - 11.47);
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#p=0.008],and mortality [5.92 (2.12-16.54); p = 0.01].
Although the myocardial infarction had significant
difference in univariable analysis but we could not
analyze on multivariable analysis because there was no
occurrence of event in the normal group (Table 2).
There was statistical significant difference both of
SICU and hospital length of stay between groups in
univariable analysis model, but only hospital length of
stay had a tendency risk of longer occupation rate in
hypoalbuminemia patient in multivariable analysis
(p=10.088) (Table 3).

Table 2 Adverse outcomes

Normal Hypoalbuminemia
Adverse events P-value
n=106 n=787

Mechanical ventilator day [Median (IQR)] 0.5(0-3) 1(0-4) 0.014
Hospital length of stay [Median (IQR)] 14(9-20) 17(10-28) 0.006
SICU length of stay [Median (IQR)] 3(2-6) 4(3-7) 0.040
Infective complications (%)

Pulmonary infection 9(8.49) 156(19.82) 0.005

Blood stream 3(2.83) 56(7.12) 0.095

Urinary 5(4.72) 62(7.88) 0.246

Any infection(s) 10(9.43) 207(26.30) <0.001
Acute kidney injury (%) 4(3.77) 152(19.31) <0.001
Surgical site infection (%) 3(2.83) 34(4.32) 0.470
Myocardial infarction (%) 0(0.00) 28(3.56) 0.048
Upper gastrointestinal hemorrhage (%) 0(0.00) 21(2.67) 0.089
New-onset stroke (%) 0(0.00) 2(0.25) 0.603
New onset seizure (%) 1(0.95) 11(1.40) 0.710
Delirium (%) 4(3.77) 65(8.26) 0.104
Mortality (%) 4(3.77) 189(24.02) <0.001
Note: *Normal is admission albumin > 3.5 g/dL; **Hypoalbuminemia is admission < 3.5 g/dL

Table 3 Multivariable analysis of adverse outcomes

Adverse events Value Effect size (95% CI)* P-value
Mechanical ventilator day Coefficient 0.001 (-0.0006 to 0.0027) 0.223
Hospital length of stay Coefficient 0.001 (-0.0001 to 0.0019) 0.088
ICU length of stay Coefficient 0.001 (-0.0007 to 0.0027) 0.246
Infective complications

Pulmonary infection Odds ratio 2.08 (1.01 - 4.27) 0.046

Blood stream Odds ratio 1.88 (0.57 - 6.22) 0.300

Urinary Odds ratio 1.35(0.52 - 3.50) 0.532

Any infection (s) Odds ratio 2.68 (1.35 - 5.30) 0.005
Acute kidney injury Odds ratio 4.06 (1.44 - 11.47) 0.008
Mortality Odds ratio 5.92 (2.12 - 16.54) 0.001

Abbreviation: 95%CIl, 95% confidence interval

* The effect size was adjusted by type of diseases and severity score (APACHE 1)
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DiscussioN

The albuminisacomplexlarge protein in human
body with molecular weigh between 65 and 70 kilo
Dalton”. Itis synthesized by liver around 9- 14 g/day in
adult and the halflife is 18 - 21 days on normal
situation®. Currently, circulation albumin has many
physiologic function in both healthy and illness
including binding and transport of drugs and
substances, maintenance of colloid osmotic pressure,
freeradical scavenger, plateletand thrombotic activity,
and vascular permeability effects™. However, the
acute critically ill patient has the potential risk of low
serum albumin level by many mechanisms such as
resuscitative dilution, interstitial leakage, increase of
degradation, and decrease of production®. Although
a total 65 percent of admitted patients were excluded,
the enrolled patient had incidence of hypoal-
buminemia as high as 88.1 percent in our study.

Many of previous study showed that hypoal-
buminemia increased risk of complications*!’. In one
meta-analysis, the decreasing serum albumin
concentration level on each 1 g/dl significant raised
the odds of mortality by 137 percent and morbidity by
89 percent.!? Our results of study were confirmed of
these results that the hypoalbuminemia both of
mortality, infective complications, and acute kidney
injury. However, the previous results of preoperative
hypoalbuminemia increased the likelihood of
postoperative prolonged mechanical ventilation,* as
well as in a meta-analysis of cohort and controlled
study demonstrated that each 1 g/dl of decreasing of
albumin level increase of ICU and hospital stay by 28
and 71 percent respectively'’, but our results showed
nosignificanteffects on these outcomesin multivariable
analysis.

The cut off points for defining hypoalbuminemia
are difference in range between 3.0 and 3.6 g/d1*!*!!,
The complication is decreased during the albumin
level exceeds 3 g/dl in a meta-analysis.!? In our study,
we select the categorized level at 3.5 g/dl. This level
based on the previous report by Rady et al which
followed cardiovascular surgical patients. The
preoperative albumin levelless than 3.5 g/dlincreased
risk of post-operative organ dysfunction, gastroin-
testinal hemorrhage, nosocomial infections, length of
mechanical day, hospital stay, and ICU stay*. In
addition, the recent report in elderly trauma patients
by Garwe et al, they defined the hypoalbuminemia by

emergency department albumin level less than 3.6 g/
dl. At this level, the hypoalbuminemia was associated
with a 2-fold increase in the risk of 30 day overall
hospital complication.!! Although we categorized the
level of hypoalbuminemia higher than the general
definition that determine as serum albumin
concentration = 3.0 g/dl, but the results of cutoff level
in our study showed the unfavorable outcomes both
mortality and some morbidity in SICU.

The strength of this study was the large cohort
SICU patients that showed the high risk of adverse
outcomes in patients who were hypoalbuminemia at
admission. However, there were some inevitable
limitation in this study. First, the excluded patients
were high accountfor 65 percent of admission patient.
However, most of these patients had the extreme
prognosis (extreme risk or very low risk of mortality)
which might not get the benefit of SICU care and
deviate the results. Second, we did not collect the
albumin containing fluid treatment during SICU
admission in this study. The previous randomized
control trial comparison of albumin and saline for
resuscitation in ICU (SAFE study) showed no difference
of mortality between groups except there were might
be benefit in subgroup patient who diagnosed of
sepsis'®. Regarding the hypoalbuminemia in sepsis
patients, the ALBIOS study protocol replaced the
albumin to severe sepsis and septic shock patient until
the concentration more than 3.5 g/dl. Even though
the primary outcome of 90 days mortality was not
different, but the albumin group had significant of
higher mean arterial pressure and lower net fluid
balance'®. The fluid accumulation is one of the
predictor of adverse outcomes in ICU. The previous
study of fluid accumulation in general SICU
demonstrated that threshold of fluid accumulation
more than 5 percent of admitted body weight had
greater risk of adverse outcome'*. Of these evidences,
the less of fluid accumulation might result in less ICU
complications. Although there were many limitations
of this cohort, the results of study implied that the
hypoalbuminemia patientsshould be closelymonitored
and caution. The hypoalbuminemiamightbe aseverity
marker that led to the surgeon more early some
intervention such as nutrition therapy as well as to
choose the appropriate fluid therapy to the criticallyill
surgical patient.
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CONCLUSION
The incidence of hypoalbuminemia is common
in SICU. The hypoalbuminemia patients increase risk
of infective complication especially pulmonary
infection, acute kidney injury, and mortality.
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