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Abstract Sepsis is associated with various metabolic
derangements as a consequence of inflammatory response,
ischemia and oxidative stress. Four parameters of rele-
vance are procalcitonin (PCT), ischemia modified albumin
(IMA) pH and lactate. The study was carried out to
highlight the concomitant occurrence of sepsis, ischemia
and lactic acidosis, all of which could have deleterious
effects on organ function. 26 critically ill patients with a
provisional diagnosis of sepsis were the test subjects. The
control group had 25 apparently healthy volunteers. PCT,
lactate and IMA were assayed. PCT was estimated on an
automated analyser using electro-chemiluminescence.
Lactate and pH were estimated on a blood gas analyzer.
Serum IMA was estimated spectrophotometrically by
Albumin Cobalt Binding Test. Statistical tools like stu-
dents ‘t’ test and Venn diagram were employed to depict
the outcome of the study. All critically ill patients had
significantly higher IMA levels (0.96746 £ 0.73407) as
compared to the control group (0.00728 £ 0.00895) with
a p value of <0.0001. The Venn diagram was used to
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depict the finding that all 26 test subjects had elevated
levels of IMA, of which PCT was elevated in 22 and
lactate in 20. Both PCT and lactate were abnormal in 17
patients. The most significant observation was that all
critically ill patients, irrespective of the presence of sepsis
or lactic acidosis had elevated levels of IMA which is
clearly indicative of the ubiquitous presence of oxidative
stress. The Venn diagram is an elegant representation of
the concurrent multiple pathophysiological processes
which occur in critically ill patients.

Keywords Venn diagram - Ischemia modified albumin -
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Introduction

Sepsis is a frequently encountered condition amongst
critically ill patients and a common cause of death in
intensive care units of hospitals. The death toll has been
reported to be comparable to that seen in patients with
myocardial infarction. Sepsis has been referred to as a
public health disaster [1]. The accurate and timely detec-
tion of sepsis still remains challenging as there is no
specific biomarker or constellation of tests which could
help in diagnosing this condition. In recent times, procal-
citonin has been widely used to diagnose sepsis [2].
However, it has been reported that non-specific elevations
of PCT can occur in patients under severe stress, especially
following surgery or trauma and also in patients after
cardiac shock [3]. Moreover the onset of sepsis and the
response of counter-regulatory mechanisms that it triggers,
leads to the release of several biomolecules such as
cytokines, chemokines and vaso-active peptides. These in
turn directly impact metabolism at the level of cells tissues
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and organs. Mitochondrial dysfunction and inhibition of
utilization of oxygen is one such effect that has been found
to occur in sepsis [4]. It is therefore imperative to analyse
and interpret the results not of single tests, but groups of
tests in order to understand and elucidate the pathophysi-
ologic mechanisms which occur in patients with sepsis. It is
possible that some or all of these might be of relevance in
particular cases depending upon the severity of sepsis and
the retaliatory response that it provokes. Ischemia modified
albumin (IMA) is a novel biomarker, which has been
shown to be useful in detecting ischemic oxidative stress
[5]. Levels of IMA have to been demonstrated to be
increased in various states associated with tissue hypo-
perfusion, including sepsis [6, 7]. It is well known that
sepsis is associated with metabolic acidosis as a conse-
quence of accumulation of lactate [8]. This study seeks to
highlight the importance of simultaneously quantifying and
analyzing the following tests namely, PCT, IMA, the acid—
base status of the patient represented by the pH of blood
and plasma lactate levels.

Materials and Methods

Ethical approval for carrying out the study was obtained
from the Institutional Human Ethics Committee of our
institution. Informed consent was obtained from patients
who were admitted into the critical care unit of the hospital.
Samples that were used for the study, were those sent to the
clinical laboratory for regular investigations. No separate
samples were drawn in order to conduct this study. They
were collected soon after the patients were admitted into
the critical care unit.

The selection criteria for the study subjects were based
on the physicians’ provisional diagnosis at the time of
admission. Critically ill patients admitted into the ICU with
a requisition for PCT analysis and arterial blood gas
analysis formed the test group known as the ‘Critically 11l
Group’ or the ‘Test Group’. This group consisted of 26
subjects, 17 males and 9 females with an age range of
34-82 years. The ‘control group’ comprised of 25 appar-
ently healthy human adult volunteers with 19 males and 6
females in the age range of 44-75 years. These samples
were obtained from voluntary blood donors.

Methods

Five milliliter of random venous blood sample was col-
lected using Becton—Dickinson ‘vacutainers’ and were
transported to the clinical biochemistry laboratory within
15 min. The samples were allowed to clot, centrifuged
thereafter and the serum obtained used for analysis of
procalcitonin and ischemia modified albumin.

Heparinized arterial blood samples transported on ice
were used for arterial blood gases including pH and lactate.
These tests were done as soon as the sample was received
on an arterial blood gas analyser Cobas b 221.

Estimation of Serum PCT

Procalcitonin was estimated by a method based upon
electro-chemiluminescence using the Sandwich principle.
The PCT in the sample reacted with a biotinylated mono-
clonal specific antibody and also with a monoclonal PCT
specific labelled antibody with a ruthenium complex to
form a sandwich complex. A second reagent, streptavidin-
coated micro particles, interacted with the complex and
was bound to the solid phase via interaction between biotin
and streptavidin. The reaction mixture was aspirated into
the measuring cell where micro particles were magnetically
captured onto the surface of the electrode. On application
of a voltage to the electrode, a chemiluminescent emission
was induced and measured by a photomultiplier. Results
were determined by a calibration curve which was instru-
ment- specifically generated by a two point calibration. The
instrument used was ELECSYS 2010 a fully automated
analyzer. A value <0.5 ng/mL represents a low risk of
severe sepsis and/or septic shock [9].

The Albumin Cobalt Binding Test (ACB Test)

The ACB test was used the estimate the serum levels of
IMA. The principle of this test is based on the measure-
ment of unbound cobalt after adding a known amount in a
serum sample with IMA, as it is known that IMA has
impaired metal binding as opposed to structurally normal
albumin. The test involved the addition of 200 pL of the
patients’ serum to 50 pL. of cobalt chloride (1 g/L) fol-
lowed by vigorous mixing. It was incubated for 10 min.
This is followed by addition of 50 pL of dithiothretol
(DTT) (1.5 g/L) and 2 min incubation at room tempera-
ture. DTT binds to unbound cobalt and serves as a selective
indicator for the same. Finally 1 mL of physiological saline
was added. A Gilford spectrophotometer at 470 nm was to
read the IMA levels in absorbance units (ABSU). The
blank was prepared using the same steps but with exclusion
of DTT [7, 10].

Lactate and pH Estimation

L lactate and pH were estimated using arterial blood,
amperometrically on Cobas b 221 system. Lactate oxidase
that was immobilized in the lactate biosensor converted
lactate to pyruvate and hydrogen peroxide. The hydrogen
peroxide that was liberated was oxidised in a platinum
electrode to produce a current. The current is proportional
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to the concentration of lactate in the test sample. A value
>2.2 mmol/LL was taken to be abnormal [11]. The bio-
logical reference interval for pH of blood was considered to
be 7.35-7.45 [12].

Statistical Analysis

The Venn diagram, Students ‘#’ test and Pearson product-
moment correlation coefficient were used for data analysis.

A Venn diagram is a diagrammatic representation con-
sisting of intersecting circles. It portrays similarities,
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Patients with elevated
PCT indicative of
Sepsis

differences, and relationships between groups. Similarities
between groups are segregated within intersecting portions
of the circles, while differences are represented in the non-
intersecting portions of the circles.

Results

The IMA levels in the two groups have been illustrated
(Fig. 1). There was a statistically highly significant dif-
ference in serum IMA levels between the critically ill
group and the controls with a p value <0.0001. The IMA in
the critically ill group was 0.96746 + 0.73407 ABSU,
while in the control group it was 0.00728 £ 0.00895
ABSU. All critically ill patients had IMA levels consid-
erably higher than those in the control group. The mean
IMA level in the patient group was 13 times higher than in
the control group. The level of IMA in the control group
was negligibly small although it was measured and
expressed in numbers.

The ‘critically ill group’ also had elevated levels of PCT
with values ranging from 0.111 to 500 ng/mL. Any value
>0.5 ng/mL was taken as abnormal [9]. 22 out of the 26
critically ill patients were diagnosed as having sepsis.

The lactate levels in the ‘critically ill group’ was
4.2 £ 3.0156 mmol/L while the pH was 7.2877 £ 0.1183.

‘a’

Patients with elevated IMA indicative
of oxidative stress
n=26

)

C

Patients with Lactic

acidosis indicative

of Tissue Hypoxia
n=20

‘d’
Patients with
elevated IMA, PCT
and Lactic acidosis
n=17
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Twenty critically ill patients had lactic acidosis with lactate
and pH levels higher than the reference range.

The Venn diagram (Fig. 2) represents the number of
patients with biochemical evidence of sepsis, lactic acidosis
and both in the ‘critically ill group’. The outermost circle ‘a’
represents the fact that the entire group consisting of 26
critically ill patients had elevated IMA levels. Enclosed
within are two intersecting circles ‘b’ and ‘c.” Circle ‘b’
represents patients with elevated PCT while circle ‘c’ rep-
resents those with elevated lactate alone. The intersection
areamarked ‘d’ highlights patients with maximum criticality
as they present with all three pathological phenomena
oxidative stress, sepsis as well as lactic acidosis.

Amongst the four parameters that were analyzed in the
critically ill group, there was no correlation between IMA
and PCT, IMA and lactate as well as IMA and pH. There was
a statistically significant positive correlation between lactate
and PCT with a ‘p’ value 0of 0.0094 and an ‘r’ value of 0.4995.
Also there was a negative correlation between lactate and pH
with a ‘p’ value of 0.0143 and an ‘r’ value of —0.4747.

Discussion

The most significant observation of this study was that, all
critically ill patients irrespective of the presence of lactic
acidosis or sepsis had elevated levels of IMA. It is a well
established fact that following an episode of ischemia and
oxidative stress the N terminal end of albumin undergoes a
change in conformation which results in a decreased ability
of the biomolecule to bind cobalt. The product formed is
referred to as IMA which could serve as a ubiquitous
indicator of ischemic damage [13]. This signifies that in
critically ill patients, regardless of the underlying patho-
physiological changes, damage at the bimolecular level is
an inevitable event and may be a prelude to the develop-
ment of organ dysfunction. It has been reported that IMA
levels are higher in patients with myocardial ischemia
against those without it [14]. A prospective study done in a
large number of patients had shown that serum malondi-
aldehyde levels are higher in patients with sepsis [15].
Malondialdehyde is considered to be the stable end-product
of lipid peroxidation a by-product of free radical damage to
the cellular membranes which are rich in poly-unsaturated
fatty acids [16]. The results of our study is in keeping with
this report, as elevated IMA levels help to detect and
quantify oxidative damage at the molecular level.

High levels of IMA can signal a perpetuation of per-
oxidative damage and can clinically identify patients at a
risk of myocardial ischemia. It is not unreasonable to
surmise that, at least some of these patients might have had
co-existing undiagnosed coronary artery disease and in
such a scenario, the risk of fatal outcome becomes

enormous. The Venn diagram has given an elegant repre-
sentation of the concurrent multiple pathophysiological
processes which occur in critically ill patients. It has been
used to highlight the simultaneous existence of sepsis,
ischemia and lactic acidosis, all of which could have
deleterious effects on organ function. Sepsis by itself pro-
duces several deleterious effects on the heart. It leads to the
release of cytokines, nitric oxide, endothelins and prosta-
noids, all of which are known to have inhibitory effects on
the myocardium [17].

The third factor that interacts in a sub-group of patients
is the metabolic acidosis as evidenced by low pH and
elevated lactate in a number of these patients. The signif-
icant correlation that is seen between lactate and PCT
could be taken evidence of the cause and effect relationship
between these two. Determination of lactate levels help to
recognize the occult state of hypo-perfusion that occurs in
patients with septic shock. The shift in the metabolism
from an aerobic to an anaerobic mode can severely limit
the production of ATP with profound functional effects on
vital organ systems culminating in a fatal multi-organ
failure [18, 19]. Measuring and monitoring lactate levels is
therefore of utmost importance if mitigating interventions
need to be instituted.

The study has brought out very elegantly the multiple
biochemical phenomena which operate in critically ill
patients. The use of Venn diagram serves to illustrate this
in a simple but comprehensive manner. The limitation of
the study was that the analysis was restricted to single
samples. It was not carried forward to see the effects of
good or bad prognosis, as well as the effects of therapeutic
interventions, on these parameters.

To sum up, this study has sought to highlight the
coexistence of oxidative stress, sepsis and lactic acidosis in
several critically ill patients. These could be diagnosed and
monitored by estimating four parameters that are easily
measurable namely, IMA, PCT, pH and lactate. The Venn
diagram gives an excellent diagrammatic representation of
the interacting pathological mechanisms in critically ill
patients, some or all of which might be operative sub-sets
of patients.
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