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Abstract

Background: The aim of the study was to retrospectively
investigate whether parameters of routine point-of-care
testing (POCT) predict hospital mortality in critically ill
surgical patients on admission to the intensive care unit
(Icu).

Methods: Arterial blood analyses of 1551 patients on
admission to the adult surgical ICU of the Technical Uni-
versity Munich were reviewed. POCT was performed on
a blood gas analyser. The association between acid-base
status and mortality was evaluated. Metabolic acidosis was
defined by base excess (BE) <—2 mmol/L and, wherever
applicable, subdivided into lactic acidosis by lactate >50%
of BE, anion gap (AG)-acidosis by AG >16 mmol/L,
hyperchloraemic acidosis by chloride >115 mmol/L. Meta-
bolic alkalosis was defined by BE >3 mmol/L. Logistic
regression analysis identified variables independently
associated with mortality.

Results: Overall mortality was 8.8%. Mortality was
greater in male patients (p=0.012). Mean age was greater
in non-survivors (p<0.0005). Nine hundred and eighty-six
patients showed no metabolic acid-base disorder (mortal-
ity 7.3%), thereof 26 patients with pCO, >55 mm Hg (mor-
tality 23.1%). Three hundred and seventy-seven patients
presented with acidosis (mortality 11.4%), thereof 163
patients with lactic acidosis (mortality 19%). Mortality
for alkalosis (174 patients) was 12.1%. Mean blood glucose
level for non-survivors was higher compared to survivors
(p<0.0005). Logistic regression analysis identified lactate,
glucose, age, male gender as independent predictors of
mortality.

Conclusions: Lactate and glucose on ICU admission inde-
pendently predict mortality. BE and AG failed as prognos-
tic markers. Lactic acidosis showed a high mortality rate
implying that lactate levels should be obtained on ICU
admission. Prevalence of hyperchloraemic acidosis was
low. Metabolic alkalosis was associated with an increased
mortality. Further studies on this disturbance and its
attendant high mortality are warranted.
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Introduction

The identification of critically ill patients at risk of
further deterioration is of particular importance on
admittance to an intensive care unit (ICU), a postop-
erative care unit or an emergency department. The
benefit of biochemical markers of the metabolic status
to identify these patients has long been addressed [1-5].
Numerous studies examined acid-base disturbances in
critically ill patients, however, the discussion whether
base excess (BE) is a prognostic indicator remains con-
troversial [1-4, 6]. Studies focusing on differing aetiolo-
gies of acidosis found an association of elevated lactate
levels on ICU admission and increased mortalities in
patients with suspected lactic acidosis, in patients
after vascular injury but also in mixed ICU populations
[1, 3, 4, 6-8]. Physicochemical approaches quantifying
unmeasured anions in patients with metabolic acido-
sis have also been used to predict mortality but yielded
controversial results [4, 6, 9-13]. In contrast to acidosis,
the effects of alkalosis on the outcome of critically ill
patients have been evaluated to a lesser extent [14, 15].
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Elevated glucose levels on ICU admittance were asso-
ciated with increased mortality in trauma patients, in
patients with intracerebral haemorrhage but not always
uniformly in heterogeneous populations of critically ill
patients [5, 16-20].

Point-of-care testing (POCT) to assess the metabolic
status of patients on admittance may identify patients
at risk of deterioration. As the identification of patients
at risk is critical in terms of time and accuracy, modern
blood gas analysers are ideal for clinician use providing
rapid results with high accuracy and precision. Addi-
tionally, POCT provides the advantage of uncomplicated
preanalytical processes, e.g., an immediately performed
blood gas analysis avoids analytical errors generated by
gas exchange phenomena, most important for the pCO,
measurand. This study retrospectively investigates, in
a large heterogeneous population of critically ill surgi-
cal patients, whether routine biochemical POCT on ICU
admission identifies patients with an elevated mortality
or independently predicts hospital mortality.

Materials and methods

The study was approved by the Institutional Ethics Committee.
Informed consent was waived as this study utilised variables that
were obtained as part of standard clinical practice. The study en-
rolment is shown in Figure 1. The time period between April 2004
and May 2007 was studied. The database of the POCT server of the
central laboratory was reviewed for blood analyses by the ward-
based blood gas analyser of the surgical adult ICU of the univer-
sity hospital of the Technical University Munich, Germany. All
analyses were performed on a Rapid-Lab 865 blood gas analyser,
Siemens Medical Solutions (Eschborn, Germany), with automated
sample delivery, automatic parameter calibration and daily qual-
ity control checks. The analyser comprised electrochemical sensors
for the measurements of pH, oxygen tension (pO,, mm Hg), carbon
dioxide tension (pCO,, mm Hg), sodium (Na‘, mmol/L), potas-
sium (K*, mmol/L), chloride (Cl, mmol/L), ionized calcium (Ca*,
mmol/L), glucose (mg/dL), lactate (mmol/L) and a photometric
diode array oximetry module to measure total haemoglobin con-
centration (ctHb, g/dL) and its Fe** and Fe** derivatives. Actual bi-
carbonate concentration (HCO3') was calculated using Henderson-
Hasselbalch’s equation: HCO, (mmol/L)=0.03037xpCO,x10P*61%%,
Anion gap (AG) was calculated AG (mmol/L)=(Na*+K*)-(CI+HCO,).
Base excess (BE) was calculated BE (mmol/L)=(1-0.014xctHb)x
[(HCO,-24.8)+(1.43xctHb+7.7)x(pH-7.40)]. Networking and data
handling between the blood gas analyser and the POCT server was
done by Rapidlink server software (version 1.7c blood gas). The re-
sults of the analyses were extracted from the server by applying a
structured query language script. Each data set adhered informa-
tion on date and time of analysis, patient identification, type of
blood sample, pH, pO,, pCO,, atmospheric pressure (pAtm), HCO,,
AG, BE, Na*, K*, Cl, Ca*, ctHb, glucose and lactate. A data merging
process with the hospital information system (SAP AG, Germany)
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Point-of-care blood analyses (n=48,358)
Patients assessed for eligibility (n=2883)

Excluded: n=1332
¢ Patients treated outside the ICU
(n=1250)
+ Patients without an arterial
blood sample analysed on ICU
admission (n=82)

A 4

Patients eligible for analysis (n=1551)

Acid-base status
Analysed: n=1537
Data missing: n=14

Logistic regression analysis
Analysed: n=1470
Data missing: n=81

Blood glucose level
Analysed: n=1533
Data missing: n=18

Figure1 Study enrolment.

allowed the attribution of admission blood analyses to patient data
on demographics, admission diagnostic category, length of stay
and survival. This data merging process also enabled to exclude
patients not treated on the ICU since the ward-based analyser was
frequently used for patients treated outside the ICU. Patients with-
out an arterial blood sample analysed on admission were excluded.
The study cohort consisted of 1551 patients (Figure 1).

Patients were classified into different groups depending on the
biochemical measurements to further describe the study population
and identify groups with a high mortality. To assess the association
between metabolic acid-base status on admission and hospital mor-
tality, patients were classified according to a self-developed algo-
rithm (Figure 2). Metabolic acidosis was defined by BE <-2 mmol/L.
Patients with metabolic acidosis were then subdivided into different
groups. Lactic acidosis was diagnosed if lactate accounted for more
than 50% of BE. AG-acidosis was defined by an AG >16 mmol/L not
explained by lactate. Patients with metabolic acidosis who did not
meet the criteria for lactic acidosis or AG-acidosis were classified
hyperchloraemic if the chloride level exceeded 115 mmol/L. In the
remaining acidotic patients the anion contributing most to acidosis
was not further defined. No metabolic disturbance was defined by a
BE between -2 mmol/L and +3 mmol/L. In these patients, mortali-
ties were also calculated for differing pCO, ranges (pCO, <35 mm Hg,
pCO, 35-45 mm Hg, pCO, >45 mm Hg, pCO, >55 mm Hg). Metabolic
alkalosis was determined by a BE >3 mmol/L, and mortalities were
calculated for the aforementioned pCO, ranges. To further classify
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Hyperchloraemic
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Metabolic
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-2<BE<3 No metabolic
mmol/L disturbance
No

Metabolic
alkalosis

Figure 2 Classification algorithm of acid-base status.

the severity of alkalosis three ranges of admission blood pH were
defined: mild alkalosis (pH<7.55), moderate alkalosis (7.55<pH<7.60)
and severe alkalosis (pH>7.60). Patients were also stratified by their
admission blood glucose level into four groups: hypoglycaemia
(<59 mg/dL), normoglycaemia (60-144 mg/dL), mild hyperglycae-
mia (145-179 mg/dL), or severe hyperglycaemia (>180 mg/dL).

Multivariate logistic regression analysis was used to identify
variables independently associated with mortality. The Student
t-test was used to assess whether quantitative variables were related
to survival. Categorical data were analysed with the Fisher exact
test. Statistical significance was set at a p<0.05. All analyses were
performed using SPSS 17.0.1 statistical calculation package (Chicago,
IL, USA).

Results

The study cohort consisted of 1551 patients (mortality
8.8%), thereof 837 male patients (mean age 58.6 years,
range 6.5-94.6, 88 non-survivors, mortality 10.5%) and
714 female patients (mean age 59.6 years, range 13.3-92.7,
49 non-survivors, mortality 6.9%). In-hospital mortal-
ity was significantly greater in male patients (two-sided

Fisher’s exact test: p=0.012; one-sided Fisher’s exact test:
p=0.007). Mean age of the overall cohort was 59.1 years
(range 6.5-94.6) and significantly greater in non-survivors
(64.1 years, range 18.5-91.3) compared to survivors (58.6
years, range 6.5-94.6; t-test: p<0.0005). Length of stay in
hospital averaged 20.2 days for the overall cohort, for sur-
vivors 19.9 days, for non-survivors 23.7 days. Length of stay
in ICU averaged 4.2 days for the cohort, for survivors 3.9
days, and for non-survivors 7.0 days. Admission diagnos-
tic categories of the patients and the respective mortalities
are presented in Table 1.

The prevalence of acid-base disorders on admis-
sion and the associated hospital mortalities are
presented in Table 2. The cohort had an overall mortal-
ity of 8.8%. Of the 1551 patients, 986 patients showed
no acid-base disorder with a mortality of 7.3%. The
analysis of pCO, levels in this group yielded 580 patients
with normocapnia (35 mm Hg<pCO,<45 mm Hg, mortal-
ity 6.4%), 183 patients with hypocapnia (pCO, <35 mm
Hg, mortality 9.3%) and 223 patients with hypercapnia
(pCO, >45 mm Hg, mortality 8.1%). Hypercapnic patients
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n Survivors/ Mortality? 95% CI
non-survivors

General surgery 96 89/7 7.3 3.0-14.5
Trauma surgery 42 40/2 4.8 0.6-16.2
Vascular surgery 25 18/7 28.0 12.1-49.4
Multiple trauma 28 25/3 10.7 2.3-28.2
Neurosurgery 186 174/12 6.5 3.4-11.0
ICH, aneurysmatic 70 62/8 11.4 5.1-21.3
ICH, non-aneurysmatic 55 43/12 21.8 11.8-35.0
Craniocerebral injury 69 59/10 14.5 7.2-25.0
Maxillofacial surgery 264 250/14 5.3 2.9-8.7
Gynaecology 122 114/8 6.6 2.9-12.5
Obstetrics 22 22/0 0.0 0-12.7
Opthalmology 88 88/0 0.0 0-31.2
Orthopaedics 134 122/12 9.0 4.7-15.1
Otorhinolaryngology 198 186/12 6.1 3.2-10.4
Urology 151 134/17 11.3 6.7-17.4
Neurology 51 447 13.7 5.7-26.3
Other 30 24/6 20.0 7.7-38.6
Total 1551 1414/137 8.8 7.5-10.4

Table1 Admission diagnostic category with mortality rate.
2Hospital mortality (%). Cl, confidence interval; ICH, intracranial
haemorrhage.

with a pCO, level above 55 mm Hg (26 patients) showed a
mortality of 23.1% (six non-survivors). We identified 377
patients with metabolic acidosis and an overall mortality
of 11.4%. A high mortality (19.0%) was found in patients
with lactic acidosis (mean lactate 3.9 mmol/L, range 1.1-
25.2; mean BE —3.8 mmol/L, range -2.1 to —17.4). Patients
with metabolic acidosis not classified lactic, nor hyper-
chloraemic nor AG-acidosis showed a low mortality
(4.9%). Hyperchloraemic acidosis was diagnosed in
seven patients, AG-acidosis in three patients, and these
mortality rates result from one death in each group. In
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a combined cohort of patients with non-lactic meta-
bolic acidosis (i.e., lactate <50% of BE, 214 patients),
mean lactate was 1.3 mmol/L (range 0.1-6.1), mean BE
—-4.4 mmol/L (range -2.1 to —18.2). Mortality for the 174
patients with metabolic alkalosis was 12.1%, thereof 101
patients with normocapnia (mortality 13.9%), 17 patients
with hypocapnia (one non-survivor) and 56 patients with
hypercapnia (six non-survivors). Of the 174 patients with
alkalosis, six patients showed a pH>755; all non-survi-
vors showed a pH below 7.55.

Mean blood glucose level for survivors was 136 mg/dL
(range 10-363), for non-survivors 154 mg/dL (range
48-441). Two-sided t-test revealed a significant difference
(p<0.0005). A considerable higher mortality was seen in
patients with severe hyperglycaemia (Table 3).

Logistic regression analysis identified lactate,
glucose, age and male gender as independent predictors
of mortality (Table 4).

Discussion

The early recognition of patients at risk of further dete-
rioration may improve treatment and result in better out-
comes. POCT may facilitate an early identification of these
patients. Ease of access and rapid reliable results make
onsite modern blood gas analysers ideal for an initial
prompt assessment of the patient’s metabolic status on
admission to the ICU. Our study evaluates retrospectively,
in a large heterogeneous population of critically ill surgi-
cal patients, whether routine POCT on ICU admission can
independently predict mortality or identify patients with
an elevated mortality. This investigation thus reflects a
common clinical setting.

Acid-base status n % Survivors/ Mortality® 0dds ratio 95% ClI
non-survivors

Lactic acidosis 163 10.5 132/31 19.0 3.18 1.83-4.83
Anion gap-acidosis 3 0.2 2/1 33.3 6.35 0.22-90.46
Hyperchloraemic acidosis 7 0.5 6/1 14.3 2.12 0.09-18.04
Metabolic acidosis (other)? 204 13.2 194/10 4.9 0.65 0.31-1.34
Metabolic alkalosis 174 11.2 153/21 12.1 1.74 1.00-3.00
Data missing 14 0.9 13/1 7.1 0.98 0.04-7.30
No metabolic acid-base disorder* 986 63.6 914/72 7.3

Total 1551 100 1414/137 8.8

Table 2 Acid-base status on ICU admission: prevalence and mortality.

2Metabolic acidosis other than lactic acidosis, hyperchloraemic acidosis or anion gap-acidosis; *hospital mortality (%); ‘defined by
-2 mmol/L <base excess <3 mmol/L. Cl, confidence interval; ICU, intensive care unit.
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Blood glucose, mg/dL n % Survivors/non-survivors Mortality? 0dds ratio 95% Cl
<59 3 0.2 2/1 33.3 5.85 0.525-65.208
60-144 1003 65.4 924/79 7.9

145-179 335 21.9 311/24 7.2 0.90 0.562-1.451
>180 192 12.5 161/31 16.1 2.25 1.439-3.524
Total 1533 100 1398/135 8.8

Table 3 Blood glucose level on ICU admission: prevalence and mortality.

aHospital mortality (%). Cl, confidence interval.

Acidosis

Studies have long investigated the value of biochemical
measurements on admission to the ICU or upon presenta-
tion to the emergency department focusing predominantly
on BE and lactate [1-4, 21]. Several studies in patients on
admission to the ICU showed that BE can discriminate
between survivors and non-survivors [1, 12]. Also, in an
investigation on outcome from major vascular injury base
deficit was predictive [4]. In our study, patients with meta-
bolic acidosis presented a higher mortality (11.4%) than
patients with a BE in the normal range (7.3%). Logistic
regression analysis, however, showed that pH and BE
were not independently associated with hospital mortal-
ity (Table 4). Husain et al. analysed serial blood gas values
in critically ill surgical patients and reasoned that initial
base deficit was not useful in identifying patients in need
of aggressive resuscitation and that base deficit remained
inferior to simultaneously measured lactate levels [3]. Cor-
respondingly, Rocktaeschel et al. studied retrospectively

p-Value  0Odds ratio 95% Cl
pH 0.240 0.000 0.000-269663.631
pCo, 0.952 1.004 0.980-1.132
po, 0.679 1.001 0.998-1.003
Actual bicarbonate 0.708 0.405 0.004-45.709
Base excess 0.136 2.784 0.724-10.706
Sodium 0.992 1.025 0.010-104.801
Potassium 0.920 1.269 0.012-132.450
Calcium 0.674 1.518 0.218-10.598
Chloride 0.991 0.974 0.010-99.447
Anion gap 0.979 0.940 0.009-95.900
Glucose 0.001 1.007 1.003-1.011
Lactate <0.001 1.238 1.122-1.366
Gender 0.034 1.525 1.032-2.254
Age 0.001 1.020 1.008-1.032

Table 4 Logistic regression analysis: independent predictors of
mortality. Cl, confidence interval.

admission biochemical data of adult ICU patients and
also found no strong correlation between mortality and
pH or BE [13]. The results of our study are furthermore in
accordance with a retrospective evaluation by Gunnerson
et al. on the outcome of critically ill patients suspected of
having lactic acidosis in which pH and BE were not pre-
dictive of mortality [6]. Gunnerson et al. argued that these
findings could be attributed to the strong correlation of BE
and pH with all forms of metabolic acidosis [6].

Further studies investigated whether different types
of metabolic acidosis were associated with differing mor-
tality rates [1-4, 6]. In this study, patients were classified
according to the differing causes of acidosis pursuant to
the technical capabilities of the POCT device (Figure 2).

Lactic acidosis was associated with a high mortality
(19.0%, Table 2), and logistic regression analysis identified
lactate as an independent predictor of mortality (Table 4).
These findings are in agreement with other investigators
who considered lactate an indicator of illness severity
and a predictor of mortality [1, 6, 8, 22]. In our patients
with lactic acidosis, mortality was high but lactate levels
(mean 3.9 mmol/L) were not distinctly elevated given that
these levels in patients with critical illness may be consid-
ered normal up to concentrations of 2-4 mmol/L [23]. The
results of a recent investigation on “relative hyperlactae-
mia” also suggest that patients with lactate levels within
the commonly accepted reference range are associated
with increased hospital mortality [8]. Jansen et al. treated
acidotic patients with a median lactate of 4.5 mmol/L
and showed that lactate monitoring followed by targeted
treatment reduced hospital mortality [24]. Thus, obtain-
ing admission levels and monitoring the course of this
metabolic parameter seems to be a reasonable approach
for ICU patients.

For the diagnosis of metabolic hyperchloraemic acido-
sis, an arbitrary threshold of 115 mmol/L in patients with
BE <-2 mmol/L was used. Hyperchloraemic acidosis was
found in only seven patients although a rather large cohort
of 1551 patients was evaluated. There were no patients
with hyperchloraemia in the groups of patients with lactic
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acidosis or AG-acidosis. In a cohort study on patients sus-
pected of having lactic acidosis, Gunnerson et al. found
hyperchloraemic acidosis in 19% of the cohort with a mor-
tality of 29% [6]. In comparison, we found notably fewer
patients with hyperchloraemic acidosis, possibly due
to the use of balanced rather than saline-based infusion
solutions prior to admission. However, Gunnerson et al.
did not measure chloride levels but defined hyperchlorae-
mic acidosis as BE <—2 mmol/L not explained by lactate or
the strong-ion gap [6]. Nevertheless, in our study group,
hyperchloraemia appeared to play a minor role in view of
the small number of patients identified. The associated
mortality of 14.3% resulted from one non-survivor thus
making assumptions on the influence of hyperchloraemia
on mortality difficult. In the regression analysis chloride
was not predictive (Table 4).

AG-acidosis was diagnosed in only three patients with
non-lactic acidosis and seems to be of little avail in identi-
fying patients at risk of deterioration. The associated mor-
tality of 33.3% resulted from one death in this group. In
contrast to lactate, AG did not predict mortality (Table 4).
In previous studies concerning the usefulness of the AG
to screen for lactic acidosis, AG was not an accurate tool
[21, 25, 26].

Metabolic acidosis that was neither due to lactate,
chloride or an elevated AG showed a rather low mortal-
ity of 4.9%. The mortality rate tempts to conclude that
this group of acidotic patients is not at risk. Conclusions,
though, are limited because POCT did not identify weak
acid ions, often quantified by calculation of the strong-ion
gap [4, 6, 12, 13].

Alkalosis

Metabolic alkalosis was found in 11.2% of the patients in
this cohort affirming that alkalosis is a common acid-base
disorder in critically ill patients. In the past, studies pre-
dominantly focused on the effects of acidosis while the
consequences of metabolic alkalosis were rather slowly
recognised [14, 27]. In a study on 1415 critically ill patients
admitted to the emergency department, 12.5% presented
with a pH >7.55 and demonstrated a rising mortality with
increasing pH values [28]. A smaller study by Palange et al.
evaluated 110 admissions to a general hospital and found
metabolic alkalosis in 9% of the patients [29]. Although
these data were not recently collected, the incidence of
metabolic alkalosis upon presentation corresponds to
our findings. In contrast to the findings by Wilson et al.,
our investigation did not demonstrate an increasing mor-
tality with increasing pH values as almost all patients
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presented with a pH <7.55. Still, mortality was elevated for
patients with metabolic alkalosis (12.1%) in comparison
to patients without a metabolic acid-base disorder (6.9%)
or the overall cohort (8.8%).

Glycaemia

Blood glucose level on ICU admission was a marker of
mortality in our cohort. Mortality increased considerably
when blood glucose level exceeded 180 mg/dL (Table
3). Logistic regression analysis identified glucose as an
independent predictor of mortality (Table 4). Two-sided
t-test was significant (p<0.0005) when analysing mean
blood glucose levels of survivors and non-survivors.
These results are in accordance with other investigations.
Umpierrez et al. found an increased mortality in patients
admitted to the hospital with hyperglycaemia [30]. Chris-
tiansen et al. studied non-cardiac critically ill surgical
patients and found that high blood glucose level during
the ICU stay was a marker of increased morbidity and
mortality [17]. In patients with multiple trauma Kreutziger
et al. demonstrated that admission blood glucose was an
independent predictor of mortality [16]. Stead et al. also
reported that hyperglycaemia in patients with intracer-
ebral haemorrhage was predictive of early mortality [18].
Our results further show that the mortalities of patients
with normoglycaemia (7.9%) and mild hyperglycaemia
(7.5%) did not differ and were on par with the overall mor-
tality of the cohort.

Limitations

In view of the comprehensive diagnostic capabilities of a
central laboratory, the limitations of this study are inher-
ent to the measurements available on a POCT device.
Although modern POC blood gas analysers offer an
increasing number of biochemical and oximetry measur-
ands, critically ill patients may have complex metabolic
disturbances that possibly remain inadequately diag-
nosed. Since traditional approaches often insufficiently
explain acid-base derangements in critically ill patients
there has been a resurgence of interest in physicochemi-
cal approaches to define the acid-base status, e.g., using
the strong-ion gap methodology [9-11]. Irrespective of the
differing results to predict mortality the required meas-
urements of albumin, phosphate and magnesium are
usually not available in a POC setting [2, 4, 6, 12, 13, 31,
32]. Ionised magnesium is forthcoming on a few systems.
In our cohort, in more than half of the patients admitted
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with metabolic acidosis the aetiology of acidosis remained
undetermined. In the future, an increasing number of
measurands analysed by POC systems should contribute
to the value of POCT.

Conclusions

Lactate and glucose measured by routine POCT on admis-
sion to the ICU independently predicted mortality in a
cohort of 1551 critically ill patients. A general surgical
ICU population was studied. Consequently our findings
should be broadly applicable. POCT thus facilitates an
early identification of patients at risk. BE and AG failed as
prognostic markers. Different types of acid-base disorders
on ICU admission are associated with different mortality
rates. Lactic acidosis had a high mortality rate implying
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