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Abstract: Introduction: Metabolic acidosis is very common amongst critically ill sepsis patients partly due to the
presence of unmeasured ions in serum. These ions can be detected by anion gap (AG) or strong ion gap (SIG)
concentration values. The purpose of this study is to assess the correlation and potential agreement of the two
methods in critically ill patients with sepsis. Materials and Methods: The present is a retrospective study including
septic patients admitted to the Intensive Care Unit from December 2014 to July 2016. The [SIG] and the [AG] cor-
rected for albumin and lactate ([AG_]) were calculated on admission and on sepsis remission or deterioration. The
correlation of the two parameters was assessed in all patient groups using the Pearson correlation coefficient and
linear regression analysis and the agreement with Bland-Altman plots. ROC survival curves were also generated for
the patients in relation to the values of [AG_], [SIG] and inorganic [SIG] ([SIG]) on admission. Results: There was
a strong correlation linking [AG ] and [SIG] values (r>0.9, P<0.05) in all patient groups. The results from all three
linear regression equations were statistically significant as the models predicted the [AG ] value from the [SIG] value
with high accuracy. The mean difference of the two methods (i.e. [AG ] - [SIG] in every patient separately) in septic
patients on admission was 11.75 mEq/I with 95% limits of agreement [9.7-13.8]; in patients with sepsis deteriora-
tion, it was 11.8 mEq/I with 95% limits of agreement [9.8-13.7] and in patients with sepsis remission, it was 11.5
mEq/I with 95% limits of agreement [10.4-12.7]. ROC survival curves demonstrated a small area under the curve
(AUC): [SIG] AUC: 0.479, 95% CI [0.351, 0.606], [SIG] AUC: 0.581, 95% CI [0.457, 0.705], [AG,] AUC: 0.529, 95%
CI[0.401, 0.656]. Conclusion: [AG ] and [SIG] demonstrate excellent correlation in septic patients, with a mean dif-
ference of about 12 mEq/I. Both parameters failed to demonstrate any predictive ability regarding patient mortality.
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Introduction

In simple terms, sepsis is a syndrome in which
an infection leads to organ dysfunction/failure
(one or more) that is life-threatening to the
patient [1]. Pathophysiologically, these organ
dysfunctions are caused by a dysregulated
host response to the infection. Main conse-
quences of this response are disturbances in
macrocirculation, microcirculation and even in
the ability of the cells themselves to utilize oxy-
gen, resulting in tissue hypoxia/dysoxia and
multiple organ dysfunction syndrome [2]. Thus,

the functionality of the respiratory and cardio-
vascular system, the kidneys, the liver, the
coagulation system, as well as the central ner-
vous system can be affected, resulting, for the
latter, in altered mental status. Dysfunction
severity for the various organs and systems is
assessed by particular criteria, specific to each
of them; for example the severity of respiratory
failure can be expressed by the reduction of the
Pa0,/Fi0, ratio, while the perturbation of the
coagulation system from the reduction in the
number of platelets. Septic shock, specifically,
refers to a condition in which the underlying cir-
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culatory and cellular/metabolic abnormalities
are severe enough to further increase mortali-
ty. Patients with septic shock present with
refractory hypotension requiring vasopressors
in order to maintain a mean arterial pressure
(MAP) >65 mmHg despite adequate volume
resuscitation; they also have a serum lactate
level >2 mmol/L [1].

Finally, in addition to the specific clinical and
laboratory findings observed in each infection,
in a septic condition, the same applies as a
corollary of the organism’s systemic inflamma-
tory response (SIRS) itself [3], i.e. tachypnoea,
tachycardia, fever or hypothermia, leukocytosis
or leukopenia. Occasionally, impaired level of
consciousness may be the only clinical sign of
sepsis, particularly in elderly individuals. Apart
from lactate, certain biomarkers may also be
deranged and measured. These include mark-
ers of the hyper-inflammatory response (pro-
inflammatory cytokines and chemokines), as
well as markers of the immunosuppressive
phase of sepsis (anti-inflammatory cytokines)
and also proteins such as C-reactive protein
and procalcitonin, which are synthesized in
response to infection and inflammation [4].

Overall, septic patients often present with a
wide range of complex pathophysiological dis-
orders, which the clinician (and most often the
ICU physician) is called upon to recognize and
treat. The spectrum of these disorders also
includes acid-base balance disorders, in which
metabolic acidosis predominates. Metabolic
acidosis is very common in patients with sepsis
and septic shock in the ICU. It is also an impor-
tant prognostic indicator and has even been
shown to be related with mortality in patients
who retain the ability to compensate for this
disorder [5]. Whether this correlation is primar-
ily due to the acidosis or the underlying disorder
(e.g. renal failure) has been debated in the
recent medical literature. Nevertheless, it
appears that patients who do not survive, have
lower pH values compared to survivors, and
indeed the aetiology of acidosis in non-survi-
vors appears to be metabolic rather than respi-
ratory [6]. On the other hand, if acidemia per se
was an important factor influencing patient
mortality, one would expect that treating it with
e.g. direct administration of sodium bicarbon-
ate (NaHCO,) would lead to significant reduc-
tion in patient mortality. However, the studies
that have addressed this question did not show
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any benefit in terms of mortality [7], which also
reflects on the fact that the recommendation
for the administration of NaHCO3 concerns, at
the time of writing, mainly severe cases of aci-
demia (pH<7.10) due to metabolic acidosis.
Thus, a cornerstone of the treatment of meta-
bolic acidosis in the ICU is the treatment of the
causal disorder, which can be extremely com-
plex in critically ill patients, in which many dif-
ferent factors may contribute to acidemia.
Factors such as disturbances in water homeo-
stasis, repletion with normal saline solutions,
renal failure, disturbances of the renin-angio-
tensin-aldosterone system, lactic acidosis, as
well as the presence of “unmeasured ions”,
other than lactate, may contribute to the
observed metabolic acidosis through different
pathways. The presence of unmeasured ions is
of particular interest, as they can reveal impor-
tant clinical implications, while their timely find-
ing often acts as a guide for a targeted thera-
peutic approach.

The concept of unmeasured ions is often mis-
leading and can be confusing to the clinician.
Any ion not included in the anion gap formula is
designated as “unmeasured” and is included in
the gap. The gap contains a number of anions
and cations that have been difficult historically
to measure in daily clinical practice, but many
of them are now routinely measured, especially
in the ICU setting. Characteristic examples of
common cations that are not included in the
formula are Mg?* and Ca?*, while respectively
the anions not included in the original gap for-
mulas are L-lactate, PO3’4and albumin. L-lactate
specifically was the main “unmeasured” anion
during the introduction of the “ion gap concept”
and indeed the capacity of the most accurate
lactate estimation has been used as a mea-
sure of comparison among the various meth-
ods of the “gaps” calculation [8]. Nowadays,
measuring L-lactate is easy and widely avail-
able on most blood gas analyzers. The utility of
unmeasured ion detection methods now lies in
the range and clinical implications of the
remaining substances included in this catego-
ry. Many of these are involved in common poi-
sonings such as salicylic acid (aspirin), glycols
(ethylene glycol and propylene glycol from anti-
freeze and disinfectants), pyroglutamate (a
metabolite of acetaminophen involved in acet-
aminophen poisoning), and methanol. Other
ions are products of metabolism and accumu-
late in pathological conditions, such as ketones,
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phosphate and sulfate ions, as well as D-lactate.
The latter is a product of bacterial metabolism
in the gastrointestinal tract and it is usually
increased in gastrointestinal diseases, espe-
cially in short bowel syndrome. Of particular
interest is the fact that in many septic patients,
there is a disproportionate increase of the
unmeasured ions’ values relative to the values
of L-lactate, phosphate, and albumin [9]. This
observation has been attributed to an accumu-
lation of Krebs’ cycle ions such as citrate, isoci-
trate and a-ketoglutarate [10]. This may be due
to the assumption that Krebs’ cycle intermedi-
ates are generated rather than consumed.

There are two main approaches to identify acid-
base disorders in clinical practice; the physio-
logical approach, based on the application of
the Henderson-Hasselbach equation for the
bicarbonate buffering system, and the physico-
chemical approach which was introduced by
Stewart and views serum pH as a product of
three main factors: the strong ion difference
(SID), the CO, content, consequently the partial
pressure of CO, in blood, and the total concen-
tration of non-volatile acids ([A_]). An exten-
sive review of both methods and their advan-
tages and disadvantages is beyond the scope
of this article. Nevertheless, both of these
approaches incorporate a method to estimate
the number of unmeasured ions present in the
blood. The physiological approach uses the
concept of anion gap, which is represented by
the equation:

[AG] = [Na*] + [K'] - ([CIT + [HCO,])

The anion gap is now virtually always corrected
for the value of albumin (anion gap corrected -
AGc) as follows:

[AG ] = [AG] + 2.5 x (4 - [Albumin g/dl])

Further, the anion gap can be adjusted to also
incorporate L-lactate measurements (anion
gap corrected for lactate - AG ), as follows [11]:

[AG_] = [AG ] - [L-lactate (mmol/1)]

Stewart’s approach, on the other hand, esti-
mates unmeasured ions by using the differ-
ence between the apparent strong ion diffe-
rence:

[SID,] = [Na'] + [K'] + [Ca*] + [Mg*] - [CI] - [L
- Lactate’]
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And the effective strong ion difference:
[SID,] = [HCO,] + [A]

Their difference is termed the Strong lon Gap
(SIG] = [SID_] - [SID_]). This approach effectively
incorporates the additional relative contribu-
tion of phosphate ions in the anion gap, in addi-
tion to accounting for the ionized forms of albu-
min, as:

[AT = [Albumin g/I] x (0.123 x pH - 0.631) +
[Phosphate mmol/I] x (0.309 x pH - 0.469)

At this point, it would be essential to mention
the effects of albumin and lactate in both the
[AG] and the [SIG]. A decrease in serum albu-
min is accompanied by an equal increase in the
remainder pool of unmeasured weak anions,
mainly bicarbonates, provided that [SID_] does
not change. This leads to [SID_] and [SIG] val-
ues ([SID,] - [SID,]) both remaining steady. On
the other hand, an increase in lactate is accom-
panied by an equivalent decrease in [HCO,].
Thus, if we include [Lac] in the calculation of
[SID,], [SID,] will decrease, corresponding to a
similar decrease in [SID_|; the net effect is a
constant [SIG] value. This is expected, since
[SIG] corresponds to the concentration of the
unknown anions and cannot account for a pos-
sible increase in [Lac] in case we include it in
the calculation of [SID_] - making it, thus, a
measured/known anion. In case of lactate
alterations, the same applies for [AG_] calcula-
tion, which remains steady. However, in case
we do not include [Lac] in [SID,] calculation
(inorganic [SID,]), [SID,] will not change, [SID,]
will decrease due to the lower [HCO,] and, thus,
[SIG] will increase, accounting for the increased
[Lac]. The same applies for the [AG ] calcula-
tion. In the case of albumin, the normal [AG] is
affected, since albumin mainly (along with
phosphates) contributes most of the normal
[AG] charge. Thus, in case of hypoalbuminemia,
a decrease in normal [AG] is expected. This is
why we should always correct [AG] for [Alb7], by
calculating what [AG] would be if [Alb] was nor-
mal. Only the albumin-corrected anion gap can
be compared with the considered normal (cor-
responding to normal [Alb7]).

Regarding the clinical relevance of the calcu-
lated gaps, it should be emphasized that the
presence of unmeasured ions, especially exog-
enous ones, can have significant effects on the
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human organism, with the main example being
the metabolites of methanol and ethylene gly-
col which can lead to visual loss and brain
oedema. Accordingly, the finding of an increased
[SIG] seems to have prognostic value in some
patient populations such as post-cardiac arrest
[12], in patients with acute renal failure [13], in
insecticide poisoning [14] and in paediatric
populations with malaria [15]. A recent study
also demonstrated the importance of [SIG] as a
prognostic factor in medical and surgical ICU
patients [16]. On the other hand, some studies
have failed to find a correlation between [SIG]
and mortality [17]. Nevertheless, the rapid
detection of unmeasured ions is of particular
importance, especially in cases where there is
specific treatment or they can be removed by
renal replacement therapy.

The ideal paraclinical method of identification
of unmeasured ions has not been clarified.
However, the fact that [SIG] includes more
parameters and accounts for the effect of pH
on the phosphate and albumin content, makes
it a theoretically more potent method, although
it is limited by the complexity of the calcula-
tions. Studies have demonstrated a satisfacto-
ry correlation between [SIG] and [AG ] values,
especially when corrected for phosphate and/
or lactate values [14, 18]. Thus, as the mea-
surement of [AG ] is easier compared to the cal-
culation of [SIG], the former could possibly
replace the calculation of [SIG] in clinical prac-
tice. Physiologically, [SIG] and [AG ] represent
different concepts. The former represents the
charge difference between all anions and cat-
ions, the normal value of which is zero, while
the latter represents a concentration differ-
ence whose normal value is usually close to 12
mEq/l and is mostly due to the unaccounted
presence of phosphate and albumin in serum.
As such, conceptually, the presence of unmea-
sured ions is represented by a divergence of
SIG from zero and of [AG ] above its normal
value ([AAG,)).

The purpose of this study is to examine the
potential association and accordance between
the [AG,] and the strong ion gap [SIG] in ICU
patients with sepsis. While extensive research
has been held regarding this association in
a general ICU population, to our knowledge
there is no study regarding specifically septic
patients. Our hypothesis is that in septic
patients, [SIG] and the increase of [AG ] can be
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used interchangeably to account for the pres-
ence of unmeasured ions.

Materials and methods

This is a retrospective study conducted using
data from patients who were admitted to the
Intensive Care Unit of the 1t Department of
Respiratory Medicine of the National and
Kapodistrian University of Athens, of Athens
General Hospital for Thoracic Diseases
“Sotiria”, during the time period between
December 2014 and July 2016 and had a diag-
nosis of severe sepsis or septic shock on
admission. The data was retrieved from the
prospective observational study “Buffering
Capacity in Sepsis: A Prospective Cohort Study
in Critically Il Patients” [19] that had taken
place in “Sotiria” Hospital.

Inclusion and exclusion criteria

All patients admitted to the ICU, diagnosed with
severe sepsis or septic shock according to the
criteria in effect at the time of the original
study’s initiation [20], were considered eligible
for being enrolled in the study. Of note, the
revised sepsis definitions of 2016 [1] did not
affect patient recruitment. In addition, patients
who took part in the original study - and were
also included in the present study - had to have
a central venous catheter placed in the subcla-
vian or jugular vein, in case this was deemed
necessary by the attending physician. Patients
admitted to the ICU with a different diagnosis,
as well as those without a subclavian or jugular
central venous line (usually patients with less
severe disease in whom placement of a central
venous line was deemed unnecessary) were
excluded from the study.

Most particularly, regarding the diagnosis of
severe sepsis and septic shock that was done
following the international guidelines in effect
at the time of initiation of the sampling [20]:
Sepsis diagnosis was based on the presence of
a suspected infection and clinical or microbio-
logical evidence of infection in the presence of
at least two of the four SIRS criteria, i.e. 1) body
temperature above 38°C or below 36°C, 2)
heart rate greater than 90 beats per minute, 3)
respiratory rate greater than 20 beats per min-
ute or carbon dioxide partial pressure below 35
mmHg, and 4) neutrophilia above 12000/mm?3
or neutropenia below 4000/mm?3 with 10% or
more of non-segmented peripheral blood neu-
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trophils. Septic shock was defined as sepsis-
induced hypotension despite adequate fluid
resuscitation in the presence of perfusion
abnormalities. During the time period of the
study, a revision of the above guidelines [1]
was published, which, as noted, did not affect
sampling.

Assessed clinical and laboratory variables

On admission to the ICU, patient demographics
and body measurements, medical history, and
APACHE Il and SOFA scores were recorded,
the latter having been calculated daily during
hospitalization. Arterial blood samples were
obtained - through an arterial line placed in the
radial or brachial artery - from which measure-
ments for common biochemical markers and
acid-base balance analyses were performed.
The samples for the blood gas analyser were
taken anaerobically in 2 ml heparinized syring-
es, while the samples for the other analyses
were taken in non-heparinized syringes. The
measurement of PaCO,, Pa0,, lactate, pH and
sodium (Na*), potassium (K*) and chloride (CI")
ion concentration values was done using a
blood gas analyser (RapidLab®1200 Systems,
2009, Siemens Healthcare Diagnostics Inc.,
Tarrytown, NY, USA). Calculation of [HCO,] was
conducted automatically by the gas analyser
using the Henderson-Hasselbach equation.
Calcium (Ca?"), albumin and phosphate con-
centrations were measured using a Dimen-
sion®EXL. 200 Integrated Chemistry System
analyser (2011, Siemens Healthineers, Ne-
wark, Delaware, USA). All measurements were
repeated, within the study, during clinical
improvement or deterioration of each patient.

Definition of the clinical stages of the septic
episode

Clinical improvement was defined as: 1. Res-
toration of hemodynamic stability (systolic
blood pressure 290 mmHg and mean blood
pressure 265 mmHg) for more than 24 hours,
without the need for vasopressors or inotropic
drugs and without markers of tissue hypoxia
(lactic acid levels <2 mEq/l and no prolonga-
tion of capillary refill time) and 2. Normal tem-
perature (T, 36°C<0<38 C) and white blood
cell levels (WBC 4000/pI<WBC<12000/ul with
<10% immature forms) and 3. Reduction of
SOFA score >2 points.
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Alternatively, if, at the discretion of the treating
physician the patient was discharged from the
ICU, the parameters on the day of discharge
from the ICU were recorded as clinical remis-
sion of sepsis.

Deterioration was defined as: 1. Significant
aggravation of hemodynamic status with SOFA
cardiovascular score >3, increase in lactic acid
>1 mEq/l with a total value >2 mEq/l or
increase in the need for administration of vaso-
active drugs (increase in norepinephrine >0.1
ug/kg/min or addition of other vasoactive
drugs), as long as these were not attributed to
a form of shock other than septic (e.g. obstruc-
tive) and 2. SOFA score increase =1 since
admission.

Estimated acid-base parameters

The following equations were used to estimate
the required parameters:

*[SID,] = [Na"] + [K'] + [Ca2] - [CI] - [L-Lactate]]
*[SID, ](Inorganic SID) = [Na*] + [K'] + [Ca*'] - [CI]

The present equation takes into account only
the inorganic strong ions and excludes the
organic lactate

*[SID,] = [HCO,] + [Albumin g/I] x (0.123 x pH
- 0.631) + [Phosphate mmol/I] x (0.309 x pH
-0.469)

o[AGa]=[Na']+[K]- ([cr]+[HCos ]+ [L - Lactate ])
+2.5 (4 - [AIbumin%D

Strong ion gap is calculated by the difference of

[SIDe] from [SIDa]. Thus,

[SIG] = [SID,] - [SID,]

From the equation above also arises the next
equation:

[SIG] (Inorganic [SIG]) = [SID,] - [SID ]
Definition of acid-base disorders

For the purposes of this research paper, acide-
mia was defined as a serum pH<7.35 and alka-
lemia as a serum pH>7.45. Hyperchloremic aci-
dosis was defined using a serum [CI] measure-
ment >107 mEq/I and dilutional acidosis as a
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serum [Na*]<138 mEgq/I. Hypochloremic alka-
losis was defined as a serum [CI]<102 mEq/I
and concentrational alkalosis as a serum
[Na*]>144 mEq/I. The normal limits for [SID,]
were defined between 35 mEq/l and 42 mEq/I,
while a [SIG] value above 6 mEq/l was consid-
ered abnormal.

Statistical analysis

The normal distribution of the data was checked
by the Kolmogorov-Smirnoff or Shapiro-Wilkes
methods, where appropriate. Comparison of
the data of the three groups (i.e. all patients on
admission, the improving patients and the
deteriorating patients) was performed with the
t-test for independent samples for parameters
that followed a normal distribution and Mann-
Whitney U for non-parametric data. After confir-
mation of normal distribution, Pearson’s corre-
lation test was performed for [AG ] and [SIG] for
the three groups. At the same time, linear
regression was performed and R? was calcu-
lated, while a scatter plot of the data with a
regression line was also created. Bland-Altman
plots were drawn to investigate agreement of
the two methods. Finally, ROC survival curves
were generated for the patients in relation to
the values (continuous) of [AG_], [SIG] and [SIG]
at admission.

Parameter processing for the calculations of
the requested variables, correlation analysis,
linear regression and ROC curves were per-
formed using IBM SPSS software (Version
26.0.0.0). MedCalc (Version 20.104) was used
to create the Bland-Altman graphs. Tables were
drawn on Microsoft Office Word 2016. The
threshold of statistical significance for this
study and for all analyses was considered to be
P<0.05.

Institutional approval

This study was approved by the Scientific
Council of the Athens General Hospital for
Thoracic Diseases “Sotiria”, identified by the
protocol number 29990/29-11-2021; all the
while, the anonymity, privacy and confidentiality
of the patients’ personal data were maintained.
It was not deemed necessary to obtain patient
consent for the use of the data.

Results

From the total sample of the initial study of 114
patients, 17 patients belonged to the control
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group so they were not included in the present
study and 8 patients did not have sufficient
data recorded to calculate the requested
parameters so they were also excluded. The
flow chart of the study is presented in Figure 1.
The final sample included 89 patients.

Sepsis aetiology

Of these, 78 (87.6%) had lower respiratory tract
infection as the main cause of sepsis, two
patients were diagnosed with abdominal infec-
tions (liver abscess and peritonitis caused by
rupture of the hollow viscera), one patient with
surgical wound infection, two patients with
mediastinitis, one patient with infectious peri-
carditis, one patient with lower extremity gan-
grene associated with pneumonia, one patient
with pyelonephritis, one patient with mitral
valve endocarditis, and two patients with pri-
mary bacteremia.

Clinical variables

Of the 89 patients in the study, 27 presented
sepsis deterioration, while 52 recovered and
were categorized in the sepsis remission group.
For 10 of the patients in the sample, insuffi-
cient data were collected during sepsis remis-
sion or exacerbation, but they were neverthe-
less included in the analysis of the admission
data.

Patient characteristics at admission are re-
ported in Table 1, while Table 2 lists the char-
acteristics of the exacerbation and remission
groups. Patients who recovered from sepsis
had longer ICU stay, which is likely due to higher
survival compared to patients who deteriorat-
ed. Accordingly, patients whose sepsis aggra-
vated had statistically significantly higher
severity scores (APACHEIl and SOFA) at admis-
sion. The two groups did not differ significantly
in terms of age, sex, BMI, duration of mechani-
cal ventilation and basic acid-base indices. At
the sepsis remission group 4 out of the 51
(7.8%) patients in the group needed continuous
renal replacement therapy (CRRT), while in the
exacerbation group CRRT was needed for 15
out of 27 patients (55%).

Acid-base variables on admission

A total of 36 (40.4%) patients had acidemia on
admission (mean pH 7.27, range [7.047, 7.344]),
while 16 (17.9%) of them had pure metabolic
acidosis (pH<7.35 and PaC0,<45 mmHg). The
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Study Flow Chart

Assessed for admission (n=114)

—— | ¢+ Non-septic during admission (n=17 )

Rejected (n=25)

+ [nsufficient data collected (n=8)

classification (n=10)

Admission Group (n= 89)
. Insufficient data for further

.

v [
Sepsis Resolution Group (n= 52)

+ Sufficient data for analysis (n=51)
+ Insufficient data for analysis (n=1 )

Classification ]

Analysis ]

|

Sepsis Deterioration Group (n=27)
+ Sufficient data for further analysis
(n=27)

Analysed (n=51) ] Analysed (n=27)

Figure 1. Study flow chart.

Table 1. General characteristics of study patients

N 89

Age (years) 68 [55-77]
Male 56 (62.9%)
BMI (Kg/m?) 26.51 [23.67-29.41]
Duration of ICU stay (days) 13 [7-28]
Duration of Mechanical Ventilation (days) 13 [7-28]
Admission APACHEII 23.73 (7.71)
Admission SOFA 9.13 (3.25)
Mortality 38.2%
Admission pH 7.364 (0.083)
Admission PaCO, (mmHg) 45 (9.9)
Admission [HCO,] (mEq/1) 25.03 (4.99)

Values are reported as Median [Interquartile range] or Mean (Confi-
dence Interval). BMI - Body Mass Index, APACHEII - Acute Physiology and
Chronic Health Evaluation Il, SOFA - Sequential Organ Failure Assess-
ment, ICU - Intensive Care Unit.

low [SID_] (<35 mEq/I): in 23 of them
acidosis was attributed to water dilu-
tion ([Na*]<138 mEq/l), 21 had hyper-
chloremic acidosis and 10 presented
mixed [SID,] acidosis. 12 (13.5%) of
the patients showed [SID,] alkalosis
(SID,]>42 mEq/I). Of these, 4 (33.3%)
showed concentration alkalosis and 7
(58.3%) of 11 out of 89 (12.3%) patients
had an elevated [SIG] (>6 mEqg/l) on
admission, 2 (18.18%) of whom had
concomitant [SID_] acidosis, 3 (27.27%)
had [SID,] alkalosis and the rest had
normal [SID_].

Acid-base variables at sepsis deteriora-
tion

A total of 19 (70.3%) patients in the
deterioration group had acidemia

mean value of [AG ] at admission was 14.88 (mean pH 7.17, range [6.7, 7.34]), with 11
(+2.85) mEq/l, [SID,] 36.44 (+5) mEq/I and (40.7%) of them having pure metabolic acido-
[SIG] 3.12 (x2.72) mEq/I. A total of 35 of 89 sis. In these patients the mean value of [AG_]
patients (39%) had metabolic acidosis due to was 13.54 mEq/I (+4.77), [SID,] 28.28 mEq/|
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Table 2. Characteristics of patients in the sepsis deterioration and resolution groups

Deterioration Group Resolution Group p-value
N 27 52
Male:Female 16:11 32:20 >0.1
Age (years) 73 [66-77] 63 [50-79] 0.125
BMI (Kg/m?) 26.67 [23.45-29.41] 26.17 [24.22-30.55] 0.992
Length of ICU stay (days) 11 [5-20] 19 [9-34] 0.006
Duration of Mechanical Ventilation (days) 13 [6-21] 16 [8-34] 0.103
Admission APACHEII 26.6 (7) 21.6 (7.7) <0.05
Admission SOFA 10.3 (2.9) 8.4 (3.1) <0.05
Admission pH 7.35 (0.09) 7.37 (0.07) 0.27
Admission PaCO, (mmHg) 43.3 (7.7) 45.3 (10.3) 0.38
Admission [HCO,] (mEq/1) 23.6 (5.4) 25.5(4.8) 0.11
Mortality N=25 (93%) N=6 (12%) <0.05

Values are reported as Median [Interquartile range] or Mean (Confidence Interval). The comparison of the two groups was
done in the first case using the Mann-Whitney U test and in the second using the t-test for independent samples. BMI - Body
Mass Index, APACHEII - Acute Physiology and Chronic Health Evaluation I, SOFA - Sequential Organ Failure Assessment, ICU -

Intensive Care Unit.

(£6.27) and [SIG] 1.75 mEq/] (£4.22). Out of
the 27 patients with worsening sepsis, 21
(77%) presented [SID_] acidosis, while none
presented [SID ] alkalosis. Of the patients who
developed [SID_] acidosis, 13 (61.9%) had dilu-
tional acidosis, 17 (80.9%) hyperchloremic aci-
dosis, with 11 (52%) having mixed acidosis.
Four patients in the worsening sepsis group
had an elevated [SIG] (>6 mEq/l), 3 of whom
had concurrent [SID,_]<35 mEq/I, while the last
one had [SID_] within normal limits.

Acid-base variables at sepsis remission

Of the 52 patients who recovered from sepsis,
one had insufficient data to calculate [SID_] and
[SIG]. One (1.9%) patient in this group had aci-
demia (pH 7.34) which was purely of metabolic
origin. The mean value of [AG_] in the recovered
patients was 14.19 (+3.31) mEq/I, [SID,] 37.97
(£5.28) mEq/I and [SIG] 2.61 (+3.23) mEqg/I. A
total of 14 of 51 patients (27.4%) had [SID ] aci-
dosis: in 6 (42.8%) of the mit was dilutional aci-
dosis, in 10 (71.4%) hyperchloremic and in 2
(14.2%) mixed. No patient with [SID_]<35 mEq/I
had elevated [SIG] (>6 mEqg/l). On the other
hand, 12 of the 51 patients (23.5%) presented
[SID,] alkalosis, with 4 (33.3%) of them pre-
senting concentration alkalosis and 5 (41.6%)
presenting hypochloremic alkalosis, while 1
patient presented, simultaneously, increased
[SID,] and [SIG]>6 mEg/I. All patients in the
group had [A ] alkalosis due to hypoalbumin-
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emia. Five of the 51 (9.8%) patients in the
remission group had [SIG]>6 mEq/I.

Patient acid-base characteristics are listed in
Table 3.

Itis noted that all study patients met the thresh-
old for hypoalbuminemia in all three analyses.
The mean value of albumin at admission was
2.23 (£0.5) g/dl, in the sepsis remission group
2.19 (x0.485) g/dl and in the sepsis exacerba-
tion group 1.71 (£0.52) g/dI.

Correlations among acid-base variables

[AG_] and [SIG] were very well correlated, with
r>0.9 (P<0.05) in all patient groups. Linear
regression models were also created for each
patient group in order to investigate whether
[AG_] values could predict those of [SIG]. [AG,]
was defined as the independent variable and
[SIG] as the dependent variable. The results
from all three linear regression equations were
statistically significant, with the models predict-
ing the [AG_] value from [SIG] very accurately.
Detailed characteristics of the models are list-
ed in Tables 4 and 5. An indicative scatterplot
with regression line for the patient group at
admission is shown in Figure 2.

Agreement of the compared measurements

In addition, the agreement of the two methods
measurements was investigated. Bland-Altman
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Table 3. Acid-base characteristics

Admission (N=89)

Resolution (N=51)  Deterioration (N=27)

[SID,] Acidosis ([SID,]<35 mEq/1) 35 (39%) 14 (27.4%) 21 (77%)
Dilutional ([Na*]<138 mEq/I) 23 (65.7%) 6 (42.8%) 13 (61.9%)
Hyperchloremic ([CI']>107 mEqg/I) 21 (60%) 10 (71.4%) 17 (80.9%)
Mixed 10 (28.6%) 2 (14.2%) 11 (52%)

[SID,] Alkalosis ([SID,]>42 mEq/!) 12 (13.5%) 12 (23.5%) 0 (0%)
Concentrational ([Na*]>144 mEq/I) 4 (33.3%) 4 (33.3%)

Hypochloremic ([CI']<102 mEq/I) 7 (58.3%) 5 (41.6%) -
[SIG] Acidosis ([SIG]>6 mEq/l) 11 (12.3%) 5 (9.8%) 4 (14.8%)
[A,] Acidosis 0 0

Hyperalbunemic ([30]>4.9 g/dl) -

Hyperphosphatemic ([17]=2 mmol/1) -

[A,] Alkalosis
Hypoalbunemic ([30]<3.8 g/dl) 89 (100%) 51 (100%) 27 (100%)

Pure Metabolic Acidosis 16 (17.9%) 1 (1.9%) 11 (40.7%)

AG,: Anion gap corrected for albumin and lactate, A_: Total concentration of non-volatile acids and conjugate bases, SIG:

tot”

Strong lon Gap, SID,: Apparent Strong lon Difference.

Table 4. Pearson’s r correlation index for AG  and SIG in the different patient groups

Group [AIS g]a(nm(gg/) D [SI\I/I(;L:T](E%/)I) Pearson r p-value
Admission (N=89) 14.88 (2.85) 3.12 (2.72) 0.929 <0.05
Deterioration (N=27) 13.54 (4.77) 1.75 (4.22) 0.982 <0.05
Resolution (N=52) 14.19 (3.31) 2.61 (3.23) 0.985 <0.05

SD: Standard Deviation, AGcl: Anion gap corrected for albumin and lactate, SIG: Strong lon Gap.

Table 5. Linear regression analysis data

Group F p-value R? Constant (Standard Error) Coefficient (Standard Error)
Admission (N=89) F (1.87)=549.4 <0.05 0.863 -10.101 (0.574) 0.929 (0.038)
Deterioration (N=27) F (1.25)=679,8 <0.05 0.963 -10.101 (0.481) 0.982 (0.034)
Resolution (N=51) F (1.49)=1645.3 <0.05 0.970 -10.894 (0.342) 0.985 (0.024)

plots were drawn for the three groups (Figure
3), which demonstrated overall good agree-
ment of [AG_] and [SIG] for all patients. The
mean difference of the two methods in septic
patients at admission was 11.75 mEq/l with
95% limits of agreement [9.7-13.8]; in patients
with sepsis deterioration, it was 11.8 mEq/I,
with 95% limits of agreement [9.8-13.7]; in
patients with sepsis remission, it was 11.5
mEqg/l with 95% limits of agreement [10.4-
12.7]. Visually the data appeared to have a
rather normal distribution, which was statisti-
cally confirmed. The variance of data was also
constant over the measurement range. The
sensitivity and specificity of [AG_] in predicting
a high [SIG] value in the sampled patients was
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examined (Table 6). An [AG_] value >17 mEq/I
had a sensitivity of 100% and a specificity of
91.16% for ascertaining an elevated [SIG] (>6
mEgq/I); higher thresholds appeared to lead to
an increase in specificity and positive predic-
tive value, but with a gradual decrease in sensi-
tivity and negative predictive value.

Finally, ROC curves were drawn to investigate
whether [AG ], [SIG] and [SIG] at admission
could predict mortality (Figure 4). All curves
showed a small area under the curve (AUC),
with that of [SIG] having AUC: 0.479, 95% CI
[0.351, 0.606], [AG,] AUC: 0.529, 95% CI
[0.401, 0.656] and [SIG] AUC: 0.581, 95% ClI
[0.457,0.705].
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R Linear = 0,863 even more so, in patients with
sepsis and septic shock, the
incidence generally reported
in the literature, and depend-
ing on the diagnostic criteria

1000 . / used, is usually ranging

between 70-80% [21]. In our
study, all patients without
exception were characterized
by hypoalbuminemia using
the laboratory cut-off value of
3.8 g/dl. In fact, the albumin
concentration values in our
patients were so low that
even if more conservative lim-
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Figure 2. The regression line scatterplot of the values of [AG ] and [SIG]
at input is plotted. The linear regression equation is y = -10.101 + 0.929x.

P<0.05.

Discussion

This study analysed the correlation and possi-
ble alignment between [SIG] and [AG ] in
patients with sepsis and septic shock in an
adult ICU. A primary question of the study was
whether [AG ] can replace the measurement
of [SIG], since the calculation of the latter is
clearly more difficult. For this purpose, it was
initially considered necessary, in addition to
the usual correction made to the [AG] values for
albumin, to also account for the effect of
[L-lactate], as its measurement is now widely
available in all ICUs. No correction was made
for phosphate; adding more measured param-
eters increases the complexity of [AG] mea-
surement, depriving it of its advantage over
[SIG], namely wide availability and faster mea-
surement with fewer parameters. Further-
more, the correction for the physiologically
occurring anions (such as phosphate and albu-
min), as it has been used in certain studies [17]
is conceptually different from the meaning of
the proposed classical correction of [AG] for
albumin, and may lead to interpretive confu-
sion or errors. Pertinent comments follow.

Of particular interest are certain patient char-
acteristics in all three groups. Initially, all
patients in all study analyses met criteria for
[A,] alkalosis due to low albumin values.
Although hypoalbuminemia is an extremely
common finding in critically ill patients and,
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250 its were used to define hypo-

albuminemia (e.g. <3.4 g/dI),
their classification would be
unchanged. This finding also
may explain the dispropor-
tionately low incidence of aci-
demia in the study compared
to that of metabolic acidosis disorders, as it is
possible that the strongly alkalinizing effect of
hypoalbuminemia overshadowed the effects of
metabolic acidosis.

Regarding the acid-base characteristics of the
patients, the very high prevalence of [SID ] aci-
dosis in the group of patients with sepsis dete-
rioration is of note, while at the same time none
of them showed [SID,] alkalosis. On the con-
trary, patients who demonstrated sepsis remis-
sion had a much lower percentage of metabolic
acidosis disorders, with the exception of [SIG]
disorders, which were found in similar rate in
the three groups of patients. The general obser-
vation, that patients who managed to cope with
the initial septic episode improved their meta-
bolic profile of acid-base balance, is in agree-
ment with similar studies in the literature.
Similarly, in a prospective observational study
including sixty septic patients, Noritomi et al.
[22] observed that patients who survived
severe sepsis and septic shock managed to
provoke a more effective compensation for
metabolic acidosis disorders, i.e. clear unmea-
sured anions, compared with non-survivors.

At this point, a slight deviation from the main
topic is in order to provide a comment: unfor-
tunately, the authors, misunderstanding the
mass conservation concept by Gattinoni et al.
[23], misinterpreted the findings of their own
study concerning the value of urinary [SID] in
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Figure 3. Bland-Altman plots of [AG ] and [SIG] for patients
during admission and on sepsis deterioration or remission.
Note the mean difference of the two methods being around
12 mEqg/l and similar in all 3 groups. The 95% limits of
agreement are also almost identical in all patient groups. Vi-
sually the data appears to have a rather normal distribution,
which was statistically confirmed. The variance of the data
also was constant over the measurement range.
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Table 6. Sensitivity and specificity of [AG_] in predicting increased [SIG] for different thresholds

[AG,] Increased [AG,] Increased

[AG,]>16 mEq/I SIG Normal

SIG Increased

SIG Normal
SIG Increased

[AG,]>17 mEq/!|

[AG,]>18 mEq/I SIG Normal

SIG Increased

122 25
0 20
Sensitivity: 100% Specificity: 82.9%
PPV: 44.4% NPV: 100%
134 13
0 20
Sensitivity: 100% Specificity: 91.16%
PPV: 60.6% NPV: 100%
143 4
2 18

Sensitivity: 90%
PPV: 81.82%

Specificity: 97.28%
NPV: 98.62%

AG: Anion gap corrected for albumin and lactate, SIG: Strong lon Gap, PPV: Positive Predictive Value, NPV: Negative predictive

value.

patients who did not survive compared to those
who survived. Their finding, a consistently lower
urinary [SID] in the former than in the latter,
could be seen as completely expected, being
indicative of a more intense effort by the body
(kidneys) to cope with acidosis in non-survivors
(acidosis was more severe in this patient group,
as demonstrated by their lower plasma [SID]),
with elimination of the excess acid in the urine,
and does not constitute a “disparity” that
“might be explained by the renal dysfunction in
the non-survivors’ group, which did not allow
them to develop an expected compensation”. A
comparative review of the importance of [SID]
(or [AG]) in urine exceeds the purposes of the
present article, but has been the subject of a
recent study that has instigated physiology
debates [24].

Surprisingly, in our study, there was no signifi-
cant difference among the percentage of
patients with high [SIG] or the absolute values
of [SIG] in the three groups. This phenomenon
is probably attributed to the combination of two
main factors, the small number of patients in
the sepsis exacerbation group (27 patients)
and the disproportionately greater use of CRRT,
as more than half of the patients were under-
going CRRT on deterioration, in contrast to the
remission group in which a very small percent-
age of patients were on CRRT. We hypothesized
that the use of renal replacement therapy in
this group may have reduced the [SIG] in some
patients that would otherwise have been ele-
vated. This hypothesis is also supported by lit-
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erature pointing to unmeasured ion concentra-
tion reduction following CRRT [25].

In the present group of patients, the two param-
eters ([SIG] and [AG_]) had an excellent correla-
tion with each other, while the linear regression
models created predicted the [SIG] value from
[AG,] with excellent accuracy in all patient
groups. This finding is in agreement with the
majority of studies in the literature showing a
good correlation between the two parameters,
which is further improved by adding lactate and
albumin to the calculation of [AG] [17, 18]. On
the other hand, increased attention should be
paid towards the use of uncorrected [AG] as a
surrogate for [SIG], as it is known that in this
case the two parameters do not correlate well
with each other [26].

From the Bland-Altman diagrams, a systematic
error in the differences between the two values
emerged, with a mean difference of approxi-
mately 12 mEq/I for all groups. This finding is
expected, given that the normal value of [SIG]
is theoretically close to zero, while that of [AG ]
is close to 12 (+4) mEq/I. Another study that
used Bland-Altman plots to compare the two
methods was that of Zampieri et al. [17]. In this
study, the [AG] was corrected for the values of
phosphate ions, in addition to albumin and lac-
tate; the systematic error between the two
methods was 1.4 with limits of agreement
-0.75 to 3.57. Nevertheless, in this study the
mean value of [AG] corrected for albumin, lac-
tate and phosphate was 6.69 with a standard
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deviation of 4.34-9.34, significantly lower than
our own study and which is not justified only by
the addition of phosphate in the anion gap cal-
culation. The reason this difference is observed
is because in that study the authors corrected
the [AG] for albumin and phosphate charge,
according to the methodology proposed by
Kellum [26], i.e. by “correcting” for lactate,
instead of adjusting the calculated value of [AG]
according to the difference of albumin from its
normal value. This methodology requires fur-
ther clarification. Kellum labels as “corrected”
anion gap ([AG ]) the “delta” anion gap ([AAG]);
the [AAG] is what he actually calculated, cor-
rectly pointing out that its normal value should
be close to zero [26]. Thus, in the study of
Zampieri et al. [14], 6.69 is actually the [AAG]
(difference between the calculated and what is
considered as expected for the patient - with
the further subtraction of [lactate]):

(INa*]+[x*]-[cr]-[Heos]) - (2 X [Albumin %

+0.5 X [phosphate %lg > - [Iactate mrlnol ] [14].

The 2x [Amuminﬁ] +0.5 X [phosphaten;—lg] calculates
the negative charges provided by the albumin
and phosphate that are physiologically present
in plasma, and should cover the deficit of the
negative charges that the calculated anion gap
indicates (charge difference of the measured
anions compared to the measured cations), i.e.
it corresponds to the expected anion gap for
the patient, assuming no other unmeasured

anions are present.

Some explanatory comments would be relevant
here. The traditionally calculated [AG] (estimat-
ed through the concentrations of the most
important, quantitatively, ions in plasma) gives
an estimate of the concentration of unmea-
sured anions or, in other words, physiologically,
the grade of unmeasured anion prevalence to
unmeasured cations. In normal conditions, the
main unmeasured anions are albumin and
phosphate, especially albumin, doubling the
concentration of which can lead to a 75%
reduction in the normal anion gap. The 12
(mEq/I), which is considered a normal value (or
any normal value), corresponds to a normal
concentration of albumin (together with that of
phosphates), and it is this value of [AG] that we
use as a measure of comparison to conclude
whether the [AG] we calculated is increased,
i.e. if there are other, besides normal, anions in
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the plasma. This is also why we correct for albu-
min (the concentration of which is usually quite
low in critically ill patients). To remind the cor-
responding formula:

[AG] = [AG] + 2.5 x (4 - [Albumin g/dl])

Thus, the corrected for albumin [AG] estimates
what the [AG] would be if the patient had nor-
mal albumin; consequently, in case of hypoal-
buminemia, it increases the calculated value.
This corrected value can now be compared with
the considered normal value (e.g. 12 mEq/I).
For example, if an [AG] value of 16 mEq/| is cal-
culated and the patient’s normal [AG], for the
given albumin levels, is 4 mEq/I, a significant
high [AG] metabolic acidosis disorder will be
missed, which may be considered unimportant,
if correction for albumin levels is not conducted
and it is assumed that the calculated [AG] is
within the normal range (12+4 mEq/l). In
Kellum’s method there is no correction in this
sense (which is noted to be widely recommend-
ed); simply, from the calculated [AG] we sub-
tract the expected [AG] for the patient - that is,
that which corresponds to the normally present
albumin and phosphate anions, the concentra-
tion of which are measured. Thus, the result of
the difference gives a number regarding the
concentration of ions that are not normally
present (other than albumin and phosphate)
and increase the [AG] above the expected nor-
mal value for the patient (it is conceptually simi-
lar to [SIG]). In addition, the correction for [lac-
tate], excludes the concentration of lactate
anions from the calculations, and the remain-
ing difference concerns ‘unmeasured ions’ of
another kind.

A study that used a similar methodology to ours
was that of Moviat et al. [18]. This study had
several similarities with ours in that it tested
the association of [SIG] with [AG] corrected for
albumin and lactate. However, the study
involved a general population of critically ill
patients in the ICU and not specifically patients
with sepsis and septic shock. In addition to the
strong correlation between [AG ] and [SIG],
which is also a finding of our own study, a very
good agreement between the two methods was
shown, with a systematic error of 1.81 and an
accuracy of 0.96. In that study, however, [SIG]
values >0 mEq/I were considered abnormal, in
contrast to the cut-off 6 mEq/| presented in our
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study. At the same time, to assess the agree-
ment, the measured value of [AG ] was sub-
tracted by 12 mEq/I (the normal [AG] value). If
we had followed the same methodology, having
subtracted the normal values from the upper
normal limits of the two variables in order to
eliminate this systematic “error”, we would
have had similar results. Nevertheless, we felt
that capturing this expected error provides use-
ful clinical information, given that the normal
limits of [SIG] and [AG_] are unclear and vary
significantly between studies.

Using 6 mEq/l as the upper normal limit of
[SIG], based on the methodology of respective
studies by Antonogiannaki et al. [27] and
Zampieri et al. [17], the sensitivity and specific-
ity of [AG_] (at three different value ranges) to
predict elevated [SIG] values were analysed.
The analysis highlighted 17 mEq/I as an “ideal”
limit for the study patients, which showed a
sensitivity of 100% and a specificity of 91.2%.
Using higher cut-offs for [AG_] (e.g. 18 mEq/I)
increased its specificity but led to a gradual
decrease in its sensitivity. Given the clinical
importance of calculating unmeasured ions,
and if one considers [SIG]>6 mEq/l as the
method of choice for this purpose, in this group
of patients a cut-off of [AG ]>17 mEq/l was
considered better as a screening method. Of
course, this limit was set with important
assumptions and is not recommended to be
widely used. As will be mentioned below, the
reference method for finding unmeasured ions
can only include their direct measurement.
Therefore, these limits certainly cannot be gen-
eralized to other patient groups or if other elec-
trolyte measuring devices are used.

Finally, we analyzed the predictive ability of
[SIG] and [AG_] on admission. None of the two
variables showed any predictive ability for the
patients’ mortality, with the AUCs being charac-
teristically small. This finding is similar to that of
Zampieri et al. [14], who found no association
between [SIG] and patient mortality in a gener-
al ICU population. On the other hand, some
other studies, such as the one by Mohr et al.
[28], have concluded that there may be some
prognostic value in the quantification of unmea-
sured ions, although in this particular one, the
analysis was done using [AG] without correction
for albumin or lactate. A more recent study [13]
confirms the aforementioned findings.
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Regarding the study sample, it is worth noting
that all study patients were mechanically venti-
lated. Due to the limited ICU beds in the country
during the data collection period, it was com-
mon practice to admit almost exclusively
patients requiring mechanical ventilation to the
hospital’s ICU. Although mechanical ventilation
and sedation drugs have not been widely
reported to affect [AG] or [SIG], one should con-
sider the patient characteristics of this study
before generalizing its results to all patients
with septic shock. At the same time, due to the
fact that the hospital in which the study was
conducted specializes in diseases of the respi-
ratory system, the study population is mainly
represented by patients with respiratory dis-
eases and this is also reflected in the fact that
the main cause of sepsis in our sample is pneu-
monia. Meanwhile, there is only one patient in
the study who presented sepsis due to urinary
tract infection, few patients with sepsis due to
surgical causes and no patient with central ner-
vous system infection. Another limitation, men-
tioned earlier, is the broad use of CRRT in the
sepsis aggravation group, which may have led
to misinterpretation of their acid-base balance.
In addition, the final study sample (89 patients)
is relatively small, especially for statistical anal-
yses involving mortality, the result of which may
not be safe to generalize.

Finding the correct upper normal limit of [AG_]
and [SIG] values is a challenge. In the present
study the threshold of SIG was defined as above
at >6 mEq and this value was utilized to define
the ideal threshold for [AG_]. This decision has
important limitations, however, as the upper
physiological values of the [AG] reported in the
literature have a wide range (ranging from 10 to
18 mEq/I [29, 30]), while adding lactate to the
equation further increases the uncertainty. The
reason this happens is because both variables
include certain substances as components,
the normal concentrations of which vary greatly
depending on the reagent and the method used
to measure them. As a consequence, the more
variables added to the equation, the wider the
range of normal values. Thus, in order to define
the normal range of both values, one should
test [AG_] and [SIG] in a group of hospital con-
trol patients. This was unattainable in this par-
ticular study, which was conducted in an ICU
patient population, as by definition solely criti-
cally ill patients were included, while no similar
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study has been done in the hospital in order to
determine the SIG reference values. Therefore,
a corresponding study conducted in another
Greek hospital and involving Emergency De-
partment patients was used as a reference
point [25]. Finally, a reliable comparison of
[AG_] and [SIG] in terms of their ability to detect
“unmeasured ions” can be made only by using
methods of direct measurement of these ions.
As conducting such a study would be costly and
the range of possible exogenous ions is large,
to the best of our knowledge, this has not been
reported in the international literature as of yet.
In the past, the two methods were compared
for their ability to detect elevated lactate val-
ues. However, the widespread availability of
measuring this anion with modern gas analyz-
ers has rendered this practice obsolete.

Based on the data of the present study, [AG ] is
a reliable and faster alternative method for
detecting unmeasured ions in septic and non-
septic (at sepsis resolution) patients in the ICU.
However, the use of each method is subject to
some limitations, which the clinician must be
aware of. The main disadvantages of [AG ]
mainly arise from the impact the non-volatile
acids have on its calculation. Although the
method includes a correction for albumin val-
ues, this is a simplified one and does not take
into account the effect of pH on the imidazole
groups, which is included in the [SID,] calcula-
tion. In addition, it does not take into account
the influence of phosphorus ions. These disad-
vantages make [AG ] “vulnerable” to extreme
values of pH. However, these flaws did not
appear to affect the ability of [AG ] to detect
unmeasured ionsin the population under study,
provided that the correct upper normal limit is
selected. At the same time, the excellent cor-
relation and agreement of the two methods
was confirmed in septic and non-septic intu-
bated ICU patients, while it appeared that in
our group of patients [AG_] can be safely used
as an alternative method of [SIG] with a positiv-
ity limit of 17 mEq/I and, in case of increased
values, further investigation can be done with
Stewart’s method. It is clear that there is a
need to further compare [AG ] with [SIG] and
base deficit in terms of their ability to detect the
presence of unmeasured ions, a need created
by the potential complications these substanc-
es can pose and the existence of therapeutic
options if recognized early. For this purpose,
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further studies involving the measurement of
“non-measured ions” are necessary.

Finally, we should also mention another limita-
tion of the study, regarding the definition of
hyperchloremic acidosis as in plasma chloride
concentration ([CI]>107 mEgqg/l). Due to the
interdependence of [CI] with the corresponding
concentration of sodium, it would be perhaps
more appropriate to use another criterion, e.g.
the [CI]/[Na*]>0.75, as in other studies [31].
Nevertheless, this limitation does not affect
the primary object of the study.

Conclusion

According to our study, there is excellent corre-
lation between [AG_] and [SIG] in patients with
sepsis. The mean difference in every specific
team is between 11.5-11.8 mEqg/l. While both
parameters failed to demonstrate any predict-
ability for patient mortality, this may be due to
the relatively low number of patients included.
Further investigation is needed to explore the
possible correlation of the [AG_]/[SIG] differ-
ence and mortality.
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