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The impact of admission hyperglycemia or hypoalbuminemia on
need ventilator, time ventilated, mortality, and morbidity in
critically ill trauma patients

Kritik hastalarda, bagvurudaki hiperglisemi veya hipoalbiimineminin vantilator
gereksinimi, vantilasyon siiresi, mortalite ve morbidite lizerine etkileri

Mohammadreza SAFAVI, Azim HONARMAND

BACKGROUND

The aim of this study was to evaluate the value of hypoalbu-
minemia or hyperglycemia as predictors for need ventilator
and for weaning success in critically ill trauma patients.

METHODS

A single center, retrospective trial was done on 600 trauma
patients =16 years old admitted for three or more days to the
intensive care unit. Patients were classified into five different
groups according to the reason for respiratory failure. The
subsequent parameters were noted: serum albumin and glu-
cose concentration, Acute Physiology and Chronic Health
Evaluation III score, need ventilator, ventilator days, and fluid
balance.

RESULTS

The initial mean serum glucose concentration was 9.3 (167.4)
+ 0.2 (3.6 mg/dl) mmol/L and the initial mean serum albumin
concentration was 30.2 (3.02) + 0.02 (0.2 g/dl) g/L. Even
though the circulating albumin concentration was consider-
ably lower and serum glucose concentration was significantly
higher in ICU nonsurvivors than in ICU survivors, neither
albumin (r=-0.031, p=0.23) nor blood glucose concentration
(r=0.050, p=0.11) on ICU admission was a predictor of the
duration of mechanical ventilation. The profile of albumin and
glucose concentration changes was dissimilar between
weaned and mechanical ventilation-dependent patients. An
increase of 5 g/L (0.5 g/dl) in serum albumin concentration
multiplied the relative success probability by 1.10. Patients
with serum albumin concentration less than 30.3 (3.03 g/dl)
g/L were 1.2 times more likely to need ventilator than normo-
albuminemic patients (relative risk 1.2, 95% confidence inter-
val 1.06-1.31). The risk of need mechanical ventilation did not
increase with blood glucose concentration more than 11
mmol/L (200 mg/dl).

CONCLUSION

These results suggest that albumin and blood glucose are pos-
sible indexes of the metabolic status of the trauma patient,
which could be essential in deciding the need ventilator and
weanable status of the patients who are mechanically ventilat-
ed for extended periods of time.

Key Words: Blood glucose; critical care; mechanical ventilation;
mortality; serum albumin; ventilator weaning.

AMAC
Bu caligmanin amaci, hipoalbiiminemi veya hipergliseminin,
vantilator gereksinimi ve vantilatdrden ayirma igleminin baga-
risinin gostergeleri olarak degerini saptamaktir.

GEREC VE YONTEM

Yogun bakim iinitesine ii¢ giin veya daha uzun siireyle yatirilan
216 yasindaki travmali 600 hastada tek merkezli ve retrospek-
tif bir caligma yiiriitiildii. Hastalar, solunum yetersizligi nede-
nine gore olusturulan bes ayr1 grupta sinifland1. Daha sonra su
parametreler kaydedild i: Serum albiimin ve glukoz konsantras-
yonu, Akut Fizyoloji ve Kronik Saglik Degerlendirmesi III
skoru, vantilator gereksinimi, vantilator giinii ve s1vi dengesi.

BULGULAR

Baglangictaki ortalama serum glukoz konsantrasyonu 9,3
(167,4) £ 0,2 (3,6 mg/dL) mmol/l ve serum albiimin konsan-
trasyonu 30,2 (3,02) £ 0,02 (0,2 g/dL) g/L oldu. Yogun bakim
tinitesinde (YBU) sag kalanlara gore hayatim kaybedenlerde,
dolagimdaki serum albiimin konsantrasyonu kayda deger olcii-
de diisiik ve serum glukoz konsantrasyonu anlamli sekilde yiik-
sek olmasma kargin, YBU’ye yatirilma sirasindaki albiimin
konsantrasyonu (r=-0,031, p=0,23) ile kan glukoz konsantras-
yonu (r=0,050, p=0,11) mekanik vantilasyon siiresine iliskin bi-
rer gosterge olmadi. Albiimin ve glukoz degisiklikleri, mekanik
vantilasyondan ayrilan ve mekanik vantilasyona bagimli olan
hastalar arasinda farklilik gosterdi. Serum albiimin konsantras-
yonunda gerceklesen 5 g/L (0,5 g/dL) seviyesinde bir artis, go-
rece basar1 olasiligint 1,10 oraninda artirds; 30,3 (3,03 g/dL)
g/L seviyesinden daha diisiik serum albiimin konsantrasyonuna
sahip olan hastalarin normoalbiiminemik hastalara gore vanti-
latore gereksinim duyma olasiliklari, 1,2 kez daha fazla oldu
(goreceli risk 1,2, % 95 giiven aralig1 1,06 ile 1,31). Mekanik
vantilasyon gereksinimi riski, 11 mmol/l (200 mg/dL) seviye-
sinden daha yiiksek kan glukoz konsantrasyonu ile artmadi.

SONUC

Bu sonuglar, albiimin veya kan glukozunun, muhtemelen, trav-
ma hastasinin metabolik durumuna iligkin ve ayni zamanda
uzayan zaman periyodu boyunca mekanik olarak vantilasyon
uygulanan hastalarin vantilator gereksinimine veya ayrilabilirli
gine karar vermede temel bir gosterge olacagim gostermektedir.
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Impact of hyperglycemia or hypoalbuminemia on ventilator day

In critically ill trauma patients experiencing acute
respiratory failure, weaning from ventilatory support
is a key survival feature in the intensive care unit
(ICU).™ In spite of the widespread studies in the
arena of weaning, clinicians even now are challenged
with the problem of the timing for initiating the prac-
tice of weaning.” Measurements imitating lung
mechanics (e.g., tidal volume, lung and chest wall
compliance), the power of respiratory muscles (e.g.,
peak inspiratory pressure), and gas-exchanging abili-
ty (e.g., PaCO,) have been suggested to predict the
accomplishment of withdrawing mechanical ventila-
tion (MV).” Nonetheless, many physiological, respi-
ratory, and mechanical factors also have an effect on
weaning, although they are frequently ignored.*”
Body protein and fat stores were obviously exhaust-
ed in approximately half of the patients with respira-
tory failure. This information suggests that protein-
calorie malnutrition possibly exists in patients with
acute respiratory failure.”” A ventilator-dependent
patient who is malnourished can build up infections,
pulmonary edema, hypophosphatemia, reduced ven-
tilatory drive, respiratory weakness, and atelectasis
(as a result of lesser surfactant production), which
enhance the duration of MV.”" Albumin is a plentiful
plasma protein with multiple physiologic functions,
and low serum albumin levels have been correlated
with increased mortality and poor clinical outcomes
in hospitalized patients.” Preoperative albumin asso-
ciated conversely with complications, duration of
hospital stay, postoperative stay, ICU stay, mortality,
and recommencement of oral intake.” Menzies and
colleagues"” demonstrated that in chronic obstructive
pulmonary disease patients with acute respiratory
failure who required MV, the premorbid serum albu-
min concentration was related with survival and
weaning success. They"” trusted that this relationship
between the albumin concentration and outcome
draws attention to the nutritional factors in these
patients. Hyperglycemia is frequent in critically ill
trauma patients, yet in those with no diabetes melli-
tus." Hyperglycemia was established to be an inde-
pendent predictor of mortality and of hospital and
ICU duration of stay. Infectious complications,
including pneumonia, urinary tract infections, wound
infections, and bacteremia, were appreciably
increased in patients with raised glucose concentra-
tions."” Owing to complications of hyperglycemia,
we assumed that hyperglycemic trauma patients are
more likely to need ventilatory support and have
more ventilator days. There is a scarcity of data
appraising serum albumin or blood glucose on
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admission as a predictor of need ventilator or delayed
weaning in trauma patients. To test our assumption,
we proposed this study to evaluate the usefulness of
hypoalbuminemia or hyperglycemia as predictors for
need MV and for weaning success in critically ill
trauma patients.

MATERIALS AND METHODS

A single center, retrospective trial was performed
on 600 trauma patients =16 years old admitted for
three or more days to the adult trauma ICU at a uni-
versity hospital and investigated admission total
blood protein, albumin, glucose, PaO,, hematocrit,
the PaO,/FiO, ratio, a diversity of lab tests interrelat-
ed with glucose and albumin, need ventilator, dura-
tion of MV, hospital/ICU lengths of stay, and univer-
sal patient demographics. This study was approved
by the University and Hospital Ethics Committees.
Patient charts were explored to permit classification
into groups, conditional on the impulsive factors
most important to respiratory failure. The classifica-
tion used was analogous to that used by Gillespie et
al." in a study on the clinical outcome in respirato-
ry failure. The patients were allocated to one of five
groups, derived from the clinical circumstance
accountable for the respiratory failure.

Group A: Uncomplicated lung injury

These patients imparted by means of lung injury
respiratory failure related with intubation and MV,
recent bilateral pulmonary infiltrates on chest
roentgenograms, and hypoxemia necessitating an
FiO, of more than equivalent 0.5, together with pos-
itive end-expiratory pressure,”” which did not cause
difficulties during the clinical course of the disease.

Group B: Lung injury complicated by

multiple system failure

In this group of patients with lung injury, there
was no less than one other system (sepsis, renal, car-
diovascular, gastrointestinal, or hematologic)
involved. The preponderance of patients in this
group encompassed respiratory failure complicated
by sepsis or acute renal failure. The description of
system failure used was analogous to that used by
Gillespie et al."” Sepsis was recognized if a mini-
mum of three of the subsequent criteria were pres-
ent: a) temperature > 39°C; b) white blood cell count
of >12,000 cells/mm?; ¢) positive blood culture or
positive culture from an assumed resource; or d) car-
diovascular sign of sepsis (decreased systemic vas-
cular resistance and increased cardiac output). Acute
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renal failure was characterized as an acute increase
in serum creatinine concentration to a concentration
of more than 3 mg/dl (more than 265.2 micro mol/L)
in patients with formerly normal renal function.

Further organ dysfunctions were identified as: a)
cardiovascular complications incorporating myocar-
dial infarction with hemodynamic instability or con-
gestive heart failure, arrhythmia producing dimin-
ished cardiac output, and cardiogenic shock; b) gas-
trointestinal complications comprising hemorrhage
necessitating blood substitute, acute puncture or
ischemia, prolonged pancreatitis correlated with no
less than a twofold increase in serum amylase con-
centration, liver dysfunction related with an acute
twofold or further increase in serum aspartate
aminotransferase, alkaline phosphatase concentra-
tion, or occurrence of jaundice; c) hematologic com-
plications manifesting as clinically significant bleed-
ing in connection with disseminated intravascular
coagulation. The diagnosis of disseminated intravas-
cular coagulation was founded on prolonged pro-
thrombin time or partial thromboplastin time, throm-
bocytopenia, and increased fibrin split products or
decreased fibrinogen concentration.

Group C: Previous lung disease

These patients exhibited preexisting lung disease,
as recorded in patient history or observed on physi-
cal examination. The greater part of these patients
encompassed preexisting chronic obstructive pul-
monary disease.

Group D: Head injury or neurologic event

The etiologic factors that necessitated MV in this
group were: severe closed-head injury, seizures,
hypoxic encephalopathy, paraplegia, and quadriple-
gia.

Group E: Other medical causes

These patients had need of MV as a consequence
of cardiovascular (e.g., thythm disturbance), gas-
trointestinal (e.g., hemorrhage, bowel ischemia),
pulmonary (e.g., pneumonia), trauma (e.g., multiple
fractures of the face), or added reasons (e.g., drug
overdose) with no proof of lung injury.

In all categories, only the patients with related
disorders associated with the trauma (arrhythmias
due to cardiac trauma, seizure due to head injury,
etc) were included in the study.

Acute Physiology and Chronic Health Evaluation
(APACHE) III (24 h after admission to our respirato-
ry ICU), the cause of respiratory failure, and trigger
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disease were documented. Those with diabetes melli-
tus, hypoglycemia, hypokalemia, hypophosphatemia,
hypomagnesemia, chest pain or suspected myocar-
dial infarction, coronary bypass surgery, burn injury,
addiction and age younger than 16 years old were
excluded from data collection. Patients were regard-
ed as hyperglycemic with an admission glucose con-
centration > 11 mmol/L (>200 mg/dl) and hypoalbu-
minemic with an admission albumin concentration
<30.3 g/L (<3.3 g/dl) on hospital days 1 or 2.
Duration of ventilation was identified as the number
of days with MV and no effort was made to split into
hours. The practice of weaning from MV began when
a patient’s condition demonstrated obvious improve-
ment or there was a resolution of the primary cause
of respiratory failure. To begin the weaning proce-
dure, the subsequent criteria had to be met: sponta-
neous respiration rate (f) <35/min, spontaneous respi-
ratory volume (Vt) >5 ml/kg body weight, maximum
spontaneous inspiratory effort (Pi max ) >25 cm H,0,
heart rate <140/min, body temperature <38.5°C,
hemoglobin >100 g/L, partial arterial oxygen pres-
sure (PaO,) >60 mm Hg, breathing a fraction of
inspired oxygen (FiO,) <0.4 with a positive end expi-
ratory pressure (PEEP) <5 cm H,0, no need of
vasoactive or inotropic support, PaO,/FiO, ratio
>200, and f/Vt ratio <100. The process of weaning
began by 5 minutes of spontaneous breathing through
a T-tube circuit, with the FiO, set at the level
employed throughout MV. During the two-hour (2-h)
trial, the patient had to meet the following objective
criteria: spontaneous respiratory frequency <35/min,
arterial blood oxygen saturation (Sa0O,) >90% at FiO,
<0.4, heart rate <140/min or >20% change from the
baseline, systolic blood pressure <200 mm Hg or not
<80 mm Hg, PaO, >60 mm Hg, pH <7.30, and stable
clinical condition. The patients who fulfilled these
criteria at the end of the 2-h trial were extubated. The
weaning procedure was deemed successful if reintu-
bation was not necessary within 48 h of extubation. If
any signs of poor procedure tolerance were detected
during the 2-h trial, the patient was switched back to
assist/control ventilation mode and judged as a
patient with difficult initial weaning. In such patients,
the same procedure of weaning was repeated after 24
h, or when the patient’s clinical condition allowed it.
The patients with weaning difficulties through a 2-h
spontaneous breathing trial were followed until ICU
discharge or death.

Fluid balance (also called water balance) was
defined as the discrepancy between the amount of
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Impact of hyperglycemia or hypoalbuminemia on ventilator day

Table 1. Patient characteristics (mean + SEM)

Patient group

A B C D E All Patients
Number 40 59%* 21% 127%* 353* 600
Age (yr) 36.4£2.5 34.3£2.5 53.8£3.9* 39.1£1.8 43.0£1.2 41.8+0.9
Gender (M/F) 24/16 35/24 13/8 73/54 202/51 344/256
APACHE III score 28.7£1.8 47.7£2.4%  47.6%2.0* 33.2£2.0 42.71.1* 40.3£0.9
Albumin (g/L) 30.3£0.1 30.3+0.1 30.1+0.1 30.320.1 30.1£0.04 30.2£0.02
BS (mmol/L) 8.18%0.5 9.6%0.5 10.9%1.1 8.80+0.3 9.410.2 9.3+0.2
Need ventilator (%) 70 79.7 85.7 63 74.5 72.7
MYV dependency (days) 4.84£0.8 7.240.1 6.9+1.2 6.710.9 5.840.4 6.1+0.3
ICU stay (days) 8.9t1.2 9.1£1.0 9.1£1.1 10.6+0.9 9.3+0.4 9.610.4
Hospital stay (days) 15.6+1.7 15.8+1.7 15.9+£2.3 16.4+1.2 17.3+0.6 16.910.5
ICU mortality rate (%) 10 (n=4) 39 (n=23) 524 (n=11) 22 (n=28) 40.2 (n=142) 34.7 (n=208)

A: Patients with lung injury; B: Patients with lung injury with multiple system failure; C: Patients with lung disease; D: Patients with neurologic disease;
E: Medical patients; APACHE III: Acute Physiology and Chronic Health Evaluation III; BS: Blood sugar (mmol/L); MV: Mechanical ventilation; ICU: Intensive
care unit. *Patient category A, patients with lung injury, is used as reference; p <0.05. To convert albumin from g/L to g/dl, divide the value by 10.

water taken into the body and the amount expelled or
lost. The effects of hyperglycemia, hypoalbumine-
mia, and fluid balance on need ventilator and venti-
lator days were studied.

Data were analyzed using the statistical program
SPSS for Windows, Release 11.5. Parametric data
consisting of patient demographics of age and
weight were analyzed using Student’s t test or chi-
square test for contingency tables as correct.
Differences within groups were subjected to the
Wilcoxon signed rank test. Chi-square and Fisher’s
exact tests were used for categorical variables.
Multiple logistic regression analysis was performed
to establish the independent risk factors for MV
dependency during the ICU stay. Relative risk is
given with the 95% confidence interval (CI).
Pearson’s correlation coefficient and linear regres-
sion were used to assess the association concerning
ventilator dependency and other variables. A p value
of <0.05 was considered statistically significant.

RESULTS

Of a total of 1450 trauma patients, 600 consecu-
tive subjects fulfilled the inclusion criteria. Their
characteristics are summarized in Table 1. For the

In general, ICU mortality rate was 34.7%. Mortality
rates differed within the five different patient groups.
ICU mortality rate varied from 10% (Group A
patients) to 52.4% (Group C patients). Even though
the circulating albumin concentration was signifi-
cantly lower and serum glucose concentration and
APACHE III score significantly higher in ICU non-
survivors than in ICU survivors (Table 2), albumin
and blood glucose concentration on ICU admission
were not predictors of the duration of MV (Table 3).
Moreover, neither patient age, APACHE III score or
fluid balance on the first ICU day was related to the
duration of MV (Table 3). Length of MV was not
correlated with group allocations (Table 4). Not only
was the initial albumin concentration different
between patients with and without ventilatory sup-
port, but the profile of their albumin concentration
was different while in the ICU (Fig. 1). Though there
was an initial decrease in albumin concentration in

Table 2. Comparison of initial clinical variables between
intensive care unit (ICU) survivors and nonsur-
vivors (mean +SEM)

Alive at ICU discharge

whole sample, the mean ICU stay was 9.6 + 0.4 Yes No P
days, whereas the length of MV dependency was 6.1  APACHEIII 32.13£0.84  55.83%1.43  0.000
+ 0.3 days. The initial mean serum glucose concen-  Albumin (g/L) 30.30+£0.04  20.98+0.05  0.000
tration was 9.3 (167.4) £ 0.2 (3.6 mg/dl) mmol/Land ~ Blood glucose (mmol/L) = 8702 102£0.31 ~0.000
the initial mean serum albumin concentration was Fluid balance (ml) 1546.63£63.02 1680.8+44.70 0.081
Age (yr) 49.00£10.35  47.69+1.67 0.926

30.2 (3.2) £ 0.02 (0.2 g/dl) g/L, while the APACHE
III score on the first day of ICU stay was 40.3 £ 0.9.
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“Two-tailed unpaired t-test.
To convert albumin from g/L to g/dl, divide the value by 10.
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Table 3. Correlation of initial clinical variables with mechanical ventilation (MV) dependency, intensive care unit (ICU)

stay, and hospital stay

MYV Dependency ICU Stay Hospital Stay

Lower Upper Lower Upper Lower Upper

r 95% CI  95% CI r 95% CI  95% CI r 95% CI ~ 95% CI

APACHE III 0.089 0.013 0.081 -0.39 -0.32 0.52 -0.139*%*  -0.100 0.017
Albumin (g/L) -0.031 -0.836 0.928 -0.012 -1.22 0.84 -0.02 -2.37 0.482
BS (mmol/L) 0.050 -0.006 0.012 -0.015 -0.011 0.010 0.007 -0.005 0.024
FB (ml) 0.052 0.000 0.002 0.146%* 0.001 0.003 0.259%* 0.003 0.006
Age (yr) -0.023 -0.005 0.002 0.018 -0.34 0.038 0.008 -0.043 0.056

1: Correlation coefficient; CI: Confidence interval; APACHE III: Acute Physiology and Chronic Health Evaluation III; BS: Blood sugar; FB: Fluid balance.
To convert albumin from g/L to g/dl, divide the value by 10. ** Correlation is significant at the 0.01 level (2-tailed).

both groups in the first few ICU days, a continuous
decrease was noted in the patients on MV (Figs. 1,
2). This difference in the profile of serum albumin
concentration was also detected in patients being
weaned from MV (Fig. 2). When patients were suc-
cessfully weaned, their median albumin concentra-
tion was higher than in those patients who continued
to be supported on MV (Fig. 2). Is this predicting
effect of albumin explained by the fact that its con-
centration may imitate the severity of illness or fluid
balance? We employed a survival prototype to estab-
lish whether the predicting effect of albumin concen-
tration continued when we evaluated a patient’s
weanability, by means of a value that would imitate
the severity of illness (APACHE III), a value that
would replicate the fluid balance and blood sugar of
the patient, and the etiology of respiratory failure.
The clinical measurements were held by 1 day to
investigate whether success in weaning a patient

Table 4. Multiple regression analysis with mechanical
ventilation dependency as outcome (meantSEM)

Variable Mechanical dependency value
Patient Category
B 0.229+0.389
C 0.167+0.364
D 0.503+0.647
E -0.194+0.238
APACHE III 0.037+0.007*
Score
Albumin (g/L) -0.202+0.145
BS (mmol/L) 0.001+0.002
Age (yr) -0.005%0.005

B: Patients with lung injury with multiple system failure; C: Patients with
lung disease; D: Patients with neurologic disease; E: Medical patients;
APACHE III: Acute Physiology and Chronic Health Evaluation III; BS:
Blood sugar.*Patient category A, patients with lung injury, is used as refer-
ence; p<0.05. To convert albumin from g/L to g/dl, divide the value by 10.
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Fig. 1. Box plot of serum albumin concentration in intensive
care unit (ICU) patients with and without ventilatory support
during the first two days of ICU stay (albumin 1) , days of
beginning ventilatory support (albumin 2) and the days of
being weaned from mechanical ventilation (albumin 3). Serum
albumin concentration in ICU patients with ventilator support
was lower during the days of ICU stay, whereas it was relative-
ly higher in patients without ventilator support.
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Fig. 2. Serum albumin concentration profiles of patients dur-
ing mechanical ventilation (MV) (albumin 1) and on the day
they were successfully weaned from MV (albumin 3). In
patients supported by MV, median serum albumin is represent-
ed by the solid line. In successfully weaned patients, serum
albumin concentration on that day is represented by the dashed
line. On the day when patients were successfully weaned from
the ventilator, the median albumin concentration was higher
than in those patients who continued to be supported by MV.
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Impact of hyperglycemia or hypoalbuminemia on ventilator day

Table 5. Fitted model for weaning success

Variable Changes in Relative success Lower Upper
variable of weaning 95% CI 95% CI
Patients category*
B 1 3.50 3.15 6.45
C 1 5.43 4.40 9.32
D 1 5.40 5.02 8.41
E 1 5.20 5.05 6.49
Albumin (g/L) 5 0.81 0.76 0.90
Blood sugar (mmol/IL) 5 7.25 6.18 11.66
APACHE III 5 3.90 1.34 6.20
Fluid balance (ml) 500 3.30 2.52 6.88

CI: Confidence interval; B: Patients with lung injury with multiple system failure; C: Patients with lung disease;
D: Patients with neurologic disease; E: Medical patients; APACHE III: Acute Physiology and Chronic Health
Evaluation III; a: Patient category A, patients with lung injury, is used as reference; p<0.05. To convert albumin

from g/L to g/dl, divide the value by 10.

from MV could be predicted from the preceding-day
values. The best, most appropriate and economical
prototype encompassed APACHE III score, serum
albumin concentration, fluid balance, and patient
category. These variables (APACHE III, albumin
concentration, fluid balance, and patient category)
were equally significant at p <.0001 (Table 5), and
each of these individual parameters had a significant
effect on the predictability of weaning. When
patients were successfully weaned, their mean serum
glucose concentration was lower than in those

400
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T -x/x/‘\gr\\/ia .4 u‘u |1

100 # _"':;l"

Serum Glucose Concentration (mg/dL)

Blood sugar 1

Ventilator day Blood sugar 2

0
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Fig. 3. Serum glucose concentration profiles of patients during
mechanical ventilation (MV) (blood sugar 1) and on the day
they were successfully weaned from MV (blood sugar 3). In
patients supported by MV, mean serum glucose is represented
by the solid line. In successfully weaned patients, serum glu-
cose concentration on that day is represented by the dashed
line. On the day when patients were successfully weaned from
the ventilator, the mean glucose concentration was lower than
in those patients who continued to be supported by MV.
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patients who continued to be supported by MV (Fig.
3). On day 1, of the 600 patients admitted to the ICU,
436 (72.7%) received MV and comprised the study
group for determining consequent duration of venti-
lation. Of the day 1 ventilated patients, 192 (31%)
experienced ventilation for 7 or more days. Overall

Table 6. Characteristics of patients ventilated on first ICU
day and those not ventilated on first ICU day

N Ventilated Not ventilated
(n=436)' (n=164)
Age (yr) 42.7 (1.05)* 39.3 (1.50)
APACHE III 43.9 (1.02)* 31.0 (1.43)
Albumin (g/L) 30.1 (0.06)* 30.3 (0.06)
Blood sugar (mmol/L) 9.49 (4.85) **  8.67 (4.85)
Mean ICU LOS, d 11.4 (0.45)* 5.1(0.31)
Mean Hospital LOS, d 18.8 (0.62)* 12.1 (0.62)
Death rate in ICU, % 44 (0.02)* 9 (0.02)

LOS: Length of stay; 'Standard errors of means in parentheses.
*All variables significant at p=0.0001 level; ** All variables significant at
p=0.01 level.

Table 7. Duration of mechanical ventilation based on
initial variable

Variable Duration of mechanical
ventilation (day)*
Albumin (g/L)
<30.3 6.3 (0.37)
>30.3 5.7 (0.53)
Blood sugar (mmol/L)
<11 6.1 (0.37)
> 11 6.1 (0.54)
BS <11 + Albumin >30.3 5.7 (0.63)
BS >11 + Albumin <30.3 6.1 (0.63)

BS: Blood sugar; *No variables significant at p<0.05.
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Table 8. Application of the model for weaning success

Patient B Patient C
Relative Success Relative Success
Value of Weaning Value of Weaning

Patient category B 1 C 1.07
Albumin (g/L) 25 1 30 4.60
Blood glucose (mmol/L) 8.25 1 100 5.80
APACHE III Score 20 1 25 0.79
Fluid balance (ml) 1000 1 1500 0.04
Cumulative relative success of weaning 1 0.90

C: Patients with lung disease; APACHE III: Acute Physiology and Chronic Health Evaluation III. Patient category B, patients with
lung disease with multiple system failure, is used as reference. To convert albumin from g/L to g/dl, divide the value by 10.

hospital mortality for 436 patients ventilated on day
1 was 44.5% and increased to 48% for patients ven-
tilated on day 2 and to 86% for patients ventilated 7
days or longer. Table 6 summarizes the most signifi-
cant differences between ventilated and nonventilat-
ed patients admitted to the ICU. Generally, ventilat-
ed patients were somewhat older and had lower ini-
tial serum albumin concentration and higher initial
blood glucose concentration, higher APACHE III
scores, longer ICU and hospital stays, and higher
ICU mortality. Table 7 summarizes duration of MV
in hypoalbuminemic (albumin <30.3 g/L, <3.03
g/dl) and/or hyperglycemic (blood glucose >11
mmol/L, >200 mg/dl) patients admitted to the ICU.
On the whole, ventilator days were a little longer in
hypoalbuminemic or hyperglycemic patients.
Receiver operating characteristic (ROC) analysis for
admission blood glucose and albumin concentration
was done. By comparison of the areas under the
ROC curve (AUC), blood glucose (AUC=0.562;
standard error, 0.026; 95% CI, 0.51-0.61) was found
to have the closer correlation to the need ventilator
and had significantly higher (p=0.019) discriminato-
ry power than albumin (AUC=0.418; standard error,
0.027; 95% CI, 0.36-0.47). Patients in Group C, as
compared with patients in Group B, increased their
relative chances of weaning by a factor of 1.07
(Table 8). An increase of 5 in the APACHE III score
decreased the relative probability of weaning by a
factor of 0.79. An increase of 5 g/L (0.5 g/dl) in
serum albumin concentration increased the relative
probability by a factor of 4.60. A decrease of 2.75
mmol/L (50 mg/dl) in serum glucose concentration
increased the relative probability by a factor of 5.80.
Lastly, an increase in fluid balance of 500 ml
decreased the relative probability of weaning by
0.04. The model employed entails that these factors
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can be merged multiplicatively in order that they
modify the relative probability of weaning by 0.90
(1.07 x 4.60 x 5.80 x 0.79 x 0.04).

DISCUSSION

The purpose of this study was to determine if the
serum albumin or blood glucose concentration could
be a predictor of need ventilator or weaning success
in critically ill trauma patients. We revealed that the
serum albumin or blood glucose concentration on
the day of ICU admission did not predict the dura-
tion of MV. Conversely, the serum albumin or blood
glucose profile for the period of MV was a determi-
nant of weaning success. This effect of albumin or
blood glucose was unrelated to the severity of illness
(APACHE III), fluid balance, or the cause of respira-
tory failure.

Even though others have revealed that albumin is
a good predictor of the weaning"* or survival™ of
ICU patients, our study is distinctive in that we were
able to reveal that its predictive role is not necessar-
ily as reliant for its individual value as it is for the
profile of its changes in concentration. Even if the
circulating albumin concentration was significantly
lower and serum glucose concentration was signifi-
cantly higher in ICU nonsurvivors than in ICU sur-
vivors, there was no correlation between initial albu-
min or blood glucose concentration and the length of
MV.

Using a survival prototype, we were capable of
showing that an increase of 5 g/L (0.5 g/dl) in serum
albumin concentration increased the relative success
possibility by 1.10 (Table 5). Decrease of 5 mmol/L
(90 mg/dl) in blood glucose concentration increased
the success likelihood by 0.25 (Table 5). As a result,
the probability of successfully weaning a patient the
next day was 10% higher compared with the proba-
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bility in an individual whose albumin concentration
was unchanging. Each 5.5 mmol/L (100 mg/dl) of
blood glucose quantified on admission was correlat-
ed with an increase in the time ventilated in the ICU
of 0.3 days.

Based on the preliminary measure, a decrease in
serum albumin concentration of 5 g/L (0.5 g/dl)
throughout the first 48 hours in the ICU extended the
duration of MV a minimum of one hour. The possi-
bility of need ventilator increased with hypoalbu-
minemia. Patients with serum albumin concentration
<30.3 g/L. (3.03 g/dl) were 1.2 times more likely to
need ventilator than normoalbuminemic patients
(relative risk 1.2, 95% CI 1.06-1.31).

The possibility of need ventilator did not increase
with blood glucose concentration more than 11
mmol/L (200 mg/dl). To ascertain if the alteration in
albumin or blood glucose concentration could mere-
ly imitate adjustments in fluid balance or the severi-
ty of illness, we considered the APACHE III score,
fluid balance, and the cause of respiratory failure as
likely predictors of weaning success. The findings
indicated that these three factors did have predictive
significance. Each factor, nevertheless, had an exclu-
sive effect on the prototype.

The reality that the cause of respiratory failure,
APACHE 1II score, and fluid balance are essential
predictors of weaning success is not wholly unex-
pected because they are well-known important prog-
nostic factors for patients with respiratory fail-
ure. 1516

Why would albumin be a good predictor of wean-
ing success? Metabolic and nutritional status has
been revealed to impact weaning potential.”
Albumin has been used by many investigators as an
indicator of the nutritional and metabolic status of
patients."*" Murray and colleagues,"* investigating
111 ICU patients, established that serum albumin,
determined on the third day of ICU stay, was associ-
ated with the number of ICU days and hospital days.
It is, however, the best frequently applied measure-
ment of nutritional status.""

In recent times, albumin was additionally used as
an indicator of nutritional status in a large multicen-
ter investigation"” assessing the possibility of death
in hemodialysis patients. Low albumin concentra-
tions in patients might be a result of their nutritional
status, hepatocellular dysfunction or stressful stimuli
such as sepsis or surgery. In acute disease, injury,
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surgery, or sepsis, the metabolic reaction modifies to
create great amounts of acute phase proteins."*

Since albumin is not an acute-phase protein, its
synthesis possibly will reduce."” This reaction is
believed to be mediated by the release of cytokines
such as tumor necrosis factors and interleukin-1.""*"
The reduced synthesis of albumin is most likely cor-
related to a decrease in the amount of cells that syn-
thesize it.”"

The mechanism of reduced albumin synthesis in
these acute conditions is probably enhanced vascular
permeability, which would encourage a larger shift
of albumin from the vascular to the interstitial
space.!"”** Ultimately, in protracted stress, albumin
deprivation could be partly accountable for its
reduced concentration. This course of action is like-
ly because in protracted stress, albumin may possi-
bly add to the amino acid pool."**! Albumin, conse-
quently, may be an excellent predictor of weaning
since it is a trustworthy marker of the physiologic
reaction to stress.

The failure to raise the serum albumin concentra-
tion most likely indicates that the acute inflammatory
reaction is not sufficiently managed, making need ven-
tilator and weaning more complicated. Our findings
are comparable to the initial descriptions”**” proposing
that an increase in albumin concentration has a predic-
tive role in weaning ventilated patients. Scheinhorn”**
proposed that an increase of 2 g/L (0.2 g/dl) in albu-
min raises weaning success by a factor of 5.

Our findings additionally showed that by main-
taining patients’ blood glucose levels in normal
range, ICU mortality and need ventilator could be
considerably diminished. Duration of MV was less
in patients with normal blood glucose. The risk of
need ventilator increased with hypoalbuminemia but
not with blood glucose concentration more than 11
mmol/L (200 mg/dl).

By comparison of the AUC, blood glucose was
found to possess the closer association to need ven-
tilator and had significantly higher discriminatory
power than albumin. Furthermore, the ROC curve
analysis demonstrated that the blood glucose level of
4.57 mmol/L (83 mg/dl) had higher sensitivity
(87%) and specificity (53%) to distinguish five ven-
tilator days. In other words, in patients in whom the
initial mean blood glucose levels were greater than
4.57 mmol/L (83 mg/dl), the possibility of more than
five days ventilatory support was higher than in the
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group of patients in whom blood glucose control was
maintained <4.57 mmol/L (83 mg/dl).

Why would blood glucose be a good predictor of
need ventilator or weaning success? Van den Berghe
et al.” described that tight control of blood sugar
decreased mortality. Moreover, the patients treated
with the intensive insulin regimen had fewer
episodes of sepsis, shorter length of stay in the ICU,
less need for prolonged MV and renal replacement
therapy, and a lower incidence of polyneuropathy, a
frequent complication in ICU patients.”"

Belgian investigators prospectively studied 1,548
mechanically ventilated adults admitted to the ICU
over a one-year period.” They found that by main-
taining patients’ blood glucose levels in the normal
range (4.4- 6.05 mmol/L, 80 to 110 mg/dl) with
intensive insulin treatment, morbidity and mortality
could be considerably decreased.” Intensive treat-
ment reduced in-hospital mortality by 34%, and it
lowered the frequency of bloodstream infections,
critical-illness polyneuropathy, and acute renal fail-
ure by 46%, 44%, and 41%, respectively. Intensive
insulin treatment also significantly decreased the
need for prolonged antibiotic therapy, the amount of
red-cell transfusions administered, and the duration
of MV and ICU care.”

In conclusion, the findings presented in this arti-
cle showed that the initial serum albumin or blood
glucose concentration does not predict weaning suc-
cess in critically ill trauma patients. Conversely, pro-
file of serum albumin or blood glucose concentra-
tions evaluated on the ICU days of admission is
essential in determining the relative chance of being
successfully weaned from the ventilator. In light of
the above results, we recommend that the weaning
index should comprise not only factors that verify
the mechanical and gas exchange status of the lung
but also those that indicate the metabolic state of the
patient. Serum albumin or blood glucose could be
one of these factors.
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