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ABSTRACT:

Background: 1t has been postulated that hyperlactatemia is not the only cause of acidosis in cardiac dysfunction
and there are other factors such as un-measured anions also that significantly participate in its development.
Aim: The present study is designed to determine different components of metabolic acidosis in cardiac
dysfunctions and cardiac arrest patients in order to assess the degree to which lactate is responsible for the
acidosis. Methods and Materials: Forty two patients with out-of-hospital cardiac dysfunctions and cardiac arrest,
admitted to the hospital were included in present study. All arterial blood gases and plasma biochemical
parameters were estimated by standard methods on automated analyzers. Modified [by Figge and colleagues]
form of Stewart's quantitative biophysical methods including formula for apparent strong ion difference “SIDa”
and strong ionic gap “SIG” were used to evaluate un-measured and measured ions. Results: The mean age of
patients were 57.2 years and included 33 (78.6%) males and 9 (21.4%) females. Except for sodium, ionized
calcium and SIDa, all variables were significantly different between the two groups. Patients with cardiac
dysfunctions and arrest were also hyperkalemic, hypochloremic and hyperlactatemic. The anion gap and SIG
were also higher in patients with cardiac arrest. Lactate was the strongest determinant of acidemia. Conclusion:
It was concluded that lactate accounts for only less than 50% of the metabolic acidosis and consequent acidemia
seen in such patients and that an increase in unmeasured anions and phosphate also accounts for major portion

of acidemia.
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SID = strong ionic difference, SIG = strong ionic gap, hyperlactatemia, anion gap, standard base excess.

INTRODUCTION: ,

Metabolic acidosis is the most frequent acid-base
disorder in the intensive care and cardiac care'. It is
reported that critically ill patients sometimes present
complex acid-base disorders, even if their pH, PCO2,
[HOC3-] and base excess levels are normal?.
Moreover, acidosis caused by increased un-measured
anion levels known to occurs after cardiac surgery®
and some forms of metabolic acidosis (lactate) seem
to have worse outcomes than others such as chloride.
It has been postulated that hyperlactatemia is not the
only cause of acidosis in cardiac dysfunction and
there are other factors also that significantly
participate in its development*. Similarly, it is reported
that hyperlactatemia cannot be blamed for the cause
of metabolic acidosis in some patients*S.
Furthermore, on the contrary, it is known that,
metabolic acidosis is common in patients with cardiac
arrest and related dysfunctions are conventionally
considered to be due essentially to hyperlactatemia*

10 Tn spite of all hypothesis, research and reports,
the pathogenesis of the metabolic acidosis in cardiac
arrest is not fully understood!!. Traditional assessment
which was the anion gap, bicarbonate and standard .
base excess have long been useful in understanding
acidosis®'?13. However, it provides little information
regarding the mechanisms involved and the
quantitative contribution of each variable*!4!7,
especially in the presence of major changes in serum
electrolytes and albumin concentration. In recent
years a quantitative assessment protocols known as
Stewart-Figge methodology*'®!° has been
recommended and found to be useful in explaining
and quantifying acid-base changes in clinical
situations in which conventional analysis was
deficient*?*?, Therefore the present study is designed
to determine different components of metabolic
acidosis in cardiac dysfunctions and cardiac arrest
patients in order to assess the degree to which lactate
(hyperlactaemia) is responsible for the acidosis®*.
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MATERIALS AND METHODS:

Research Designs, Patients and Sampling: A prospective -

study plan was designed and carried out in Department
of Biochemistry Lab services, Liaquat National
Hospital and Medical College, Karachi. The patients
were recruited prospectively with cardiac dysfunctions
and most importantly after cardiac arrest, admitted
to the hospital from April 2006 to August 2008. The
number of the patients were n = 42, 33 males (age
group 45-59 years) and 9 females (age group 41-60
years). Fifteen patients with minor injuries were also
included in the study for comparison purpose. As per
description provided earlier* cardiac arrest was defined
as the absence of both spontaneous respiration and
palpable pulse. Data evaluated included age, sex, initial
electrocardiographic record, and possible cause.
Protocols described and established earlier were
followed for proper management of present study*?*.
As stated earlier to compare the acid-base
characteristics of these patients, a comparison group
was used comprising of patients with non-fatal or
debilitated clinical conditions and for whom the
department routinely measured all variables required
for the analysis. Arterial samples were collected in
heparinized syringes and analyzed within 15 min by
a blood-gas analyzer (Nova-Phox-plus, Nova
Biomedical, MA, USA) at the time of admission. The
data collected from the analyzers output was: pH,
partial pressure of carbon dioxide, bicarbonate and
standard base excess. Blood samples were also analyzed
at the biochemistry laboratory for the measurement
of biochemical variables including sodium, potassium,
total magnesium, ionized calcium, chloride, albumin,
phosphate and lactate (Hitachi 912, Roche Diagnostic,
Basil; Nova 4 electrolyte analyzer, Nova Biomedical,
MA, USA).

Quantitative physicochemical analysis:

The results were calculated by Stewart's quantitative
biophysical methods!® as modified by Figge and
colleagues! including formula for apparent strong ion
difference “SIDa”, effective strong ion difference
“SIDe” and strong ionic gap “SIG” provided earlier?.
As per description stated*, a positive value for SIG
must represent unmeasured anions (such as sulfate,
oxo acids, citrate, pyruvate, acetate and gluconate)
that must be included to account for measured pH.
The traditional anion gap was also calculated as anion
gap = [Na+] + [K+] - [Cl-] - [HCO3 -], with a reference
range of 12-20 mmol/1?. Data are expressed as means
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+ SD, or as percentage. Student's ¢-test and Pearson’s
correlation was used to compare the study group and
the comparison group (SPSS ver 13, USA). P< 0.05
was considered statistically significant.

RESULTS:

Forty two patients with out-of-hospital cardiac
dysfunctions and cardiac arrest, admitted to the hospital
were included in present study. The details of these
patients are presented in Table 1. They had a mean
age of 57.2 years and included 33 (78.6%) males and
9 (21.4%) females. Most of the patients had an initial
rhythm of a-systolic (54%) or pulse-less electrical
activity (38%), and the number of witnessed arrests
was 3 (7.10%). The main cause of collapse was
cardiogenic (47.6%), followed by trauma (11.9%) and
respiratory (14.30%). Forty two patients of cardiac
dysfunction were compared with 15 patients with
minor injuries as a comparison group (mean age 43.1
years; 11 males and 4 females). The acid-base variables
in cardiac arrest and minor injuries are shown in Table
2. Except for sodium, ionized calcium and SIDa, all
variables were significantly different between the two
groups. In brief, patients with cardiac dysfunctions
were acidemic (pH 6.50 versus 7.24; P < 0.001),
secondary to metabolic acidosis (standard base excess
-18.2 versus -1.6 meq/1; P < 0.0001) compared with
the comparison group. Patients with ‘cardiac
dysfunctions and arrest were also hyperkalemic,
hypochloremic and hyperlactatemic. The anion gap
and SIG were also higher in patients with cardiac
arrest. Lactate was the strongest determinant of
acidemia.

DISCUSSION:

It has been well documented that patients with cardiac
arrest and dysfunction develops severe metabolic
acidosis condition® >1% 2628 This acidosis has been
thought to be secondary to hyperlactatemia®. However,
it has been postulated that the correlation between
standard base excess and lactate is poor, suggesting
that other factors such as blood anions might participate
in the pathogenesis of cardiac arrest acidosis®.
Previously, several scientists decided to define and
quantify acid-base status in such patients by applying
the quantitative principles of acid-base analysis
described by Stewart, Figge and colleagues*'®'°. Using
this methodology, they found that the causes of acidosis
were much more complex than previously known*.
The group has reported lactate was found to be the
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biggest contributor to metabolic acidosis and the
development of acidemia in these patients, which
accounted for only about 50% of it, followed by SIG
and phosphate contributed an almost equal percentage
(about 33% and 13%, respectively)*. However, this
acidosis condition was associated with strong
compensating responses, which attenuated its severity
such as hypochloremia, hyperkalemia,
hypoalbuminemia and, to a smaller extent,
hypermagnesemia and hypercalcemia®. A key finding,
as in our study, was that patients with cardiac arrest
had a disproportionately higher SIG than the
comparison group*?°. It was also reported that
increased SIG in patients has also been associated
with major vascular injury3’. In addition,
hyperphosphatemia in patients with cardiac arrest has
been underemphasized as a contributor of acidosis,
although causes the reasons of this abnormality remain
unclear but may attribute to trans-cellular shift, cellular
injury and phosphate release®!*. In our study, we
have quantified acid— base analysis for patients with
cardiac dysfunction and arrest. Furthermore, as done
in previous studies, since no drug or fluid was
administered, it provides a unique opportunity to
study the disorders with minimal iatrogenic
modifications. For comparison, as described in previous
reports, we used patients with minor injuries®?4?°,
Although they were well enough to be discharged
from the hospital within few days, mild hyperlactatemia
(2.4 mmol/1) was present in these patients. However,
all other variables, including pH and bicarbonate, were
near or in the normal ranges®.

Previous studies which evaluated the correlation of
metabolic acidosis and outcome in the critically ill
have focused on either a specific etiology such as high
lactate concentration?®343% or a certain degree of
acidosis such as base excess3**®. However, it was
argued that most of these studies had small sample
sizes and were, of course, observational in nature?.
It is a well established fact that hyperlactatemia is
marker of poor outcome in critically ill patients?***-
42 However, interpretation of high levels of lactate is
a demanding to intensive care consultants since its
etiology and pathophysiology is not always
understood?*. Until recently, it was common to use
the terms "hyperlactatemia" and "lactic acidosis"
interchangeably and as synonyms of "tissue
hypoperfusion;" however, this is not always the case?*.
In a previous study, it has been shown that patients
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with hypezr}actatemia usually presented with metabolic
acidemia . Furthermore, at the time of admission,
both lactate and the standard base deficit were
significantly different between intensive care survivors
and non-survivors, therefore lactate was not primarily
responsible for the acidemia; rather it was the
unmeasured anions that were primarily responsible?.
They are known to increase in several distinct clinical
situations such as renal and hepatic impairment
tissue hypoperfusion3® and endotoxemia?’.

In recent years, it has been extensively suggested that
in comparison with chloride, acidosis due to lactate
or other anions (SIG) was associated with much higher
mortality in hospital®. This finding, thus noted, that
it was not surprising when the causative anion was
found to be lactate, because lactic acidosis has been
known for some time to be associated with high
mortality in this population*?42%34, However, other
anions, determined in several concurrent studies,
including the present one, measured by SIG, are not
clearly associated with poor outcome in ICU
patients*?4#234 Moreover, some studies have suggested
that SIG is associated with increased mortality in
critically ill patients3®4447 A previous study also
identified a significant difference in SIG between
survivors and non-survivors of patients presenting to
the accident and emergency unit who required hospital
admission®®. In agreement with our study, a group of
researcher noted that lactate level and SIG were the
variables most strongly associated with mortality in
critically ill patients suspected of having lactic
acidosis®.

CONCLUSION:

In present study using the Stewart-Figge methodology,
as suggested earlier 4, we have studied the acid— base
status of cardiac dysfunction and cardiac arrest patients.
We found that lactate accounts for only less than 50%
of the metabolic acidosis and consequent acidemia
seen in such patients and that an increase in
unmeasured anions and phosphate also accounts for
major portion of acidemia. It was also noted that the
acidosis was partially attenuated by the alkalinizing
effect of hypochloremia, hyperkalemia,
hypoalbuminemia, hypermagnesemia and
hypercalcemia. However, the diagnostic and prognostic
significance of such study associated with metabolic
and acidic alteration needs larger population and
further investigation. :
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Table 1: Demographics of patients with cardiac dysfunctions
Parameters N (%)
Age (years) ol2% 12,6
Male (%) 33 (78.6%)
Female (%) 09 (21.4%)

Cause of dysfunctions (%)

Cardiogenic 20 (47.6%)
Trauma 05 (11.9%)
Respiratory 06 (14.3%)
Neurological 04 (9.52%)
Other 07 (16.7%)

Table 2: Biochemical and acid-base components in patients with cardiac dysfunctions
and minor injuries
Variable - fufc?i.gila/carrest Minor Injury P
pH 6.5%+0.11 7.24 + 0.05 0.01
PCO2 76.1 +22.1 345+6.9 0.002
Bicarbonate (mmol/1) 12.1+2.3 243+2.1 0.001
Standard base excess (mmol/1) | -18.2 £ 3.1 -1.6 £ 0.9 0.0001
Sodium (mmol/1) 152.1+ 64 1342 +£5.2 0.1
Potassium (mmol/1) 55+1.8 35106 0.01
Ionized calcium (mmol/I) 1.24 £ 0.11 1.19£0.09 0.1
Total magnesium (mmol/1) 1 1.18 £0.20 0.89 £ 0.11 0.002
Chloride (mmol/1) 945+ 6.1 1050+ 2.3 0.002
Lactate (mmol/1) 18.1+4.6 24t14 0.001
Albumin (g/dl) 3:3£09 3.7%0D.6 0.01
Phosphate (mmol/1) 2.81£1.11 1.02 £ 0.42 0.001
Anion gap (meq/1) 404 £11.2 8.514.1 0.002
SIDa (meq/1) 482+ 7.2 30.5+2.4 0.29
*SIDe (meq/1) 16.2+45 10.5+ 3.0 0.01
SIG-Strong ion gap (meq/1) 35.3%+5.7 23.6 £4.7 0.001
SIDa apparent strong ionic difference
SIDe = effective strong ionic difference;
SIG = strong ionic gap




