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Abstract

Background: Systemic inflammatory response syndrome (SIRS) is a common, severe inflammatory condition. This condition
forms the basis of the definitions of sepsis, severe sepsis, septic shock, and multiple organ failure syndromes. The diagnosis can
be made earlier with arterial blood gas analysis, which can provide a lot of information within minutes. This study aimed to
determine the value of carboxyhemoglobin (COHb), methemoglobin (metHb), and lactate levels in the prognosis and mortality
of patients with SIRS.

Methods: Patients who met the SIRS criteria with the first vital signs and laboratory values and who had arterial blood gas analysis
according to the clinician’s decision were included in the study. The demographic characteristics, prognosis and correlation of
1-month mortality rates of patients with baseline COHb, metHb and lactate levels were investigated.

Results: Among non-smoker patients, no significant difference was found between {COHD values and age, gender, presence of
infection, blood pressure, department of hospitalization, and 1-month mortality rates (p>0.05). Also, the relationship between
fCOHDb values and length of stay in the hospital was not statistically significant (r =-0.013, p = 0.883). Among the patients included
in the study; there was no significant difference in metHb values between age groups (p = 0.9941), gender (p = 0.6422), presence of
infection (p = 0.1311), blood pressure (p = 0.7711), length of stay in hospital (p = 0.737), inpatient clinics (p = 0.6722) and 1-month
mortality (p = 0.8752). Lactate values were found to be correlated with the 1-month mortality of the patients (p = 0.005). Lactate
levels were significantly higher in patients who died within 1-month compared to those who survived.

Conclusions: In patients with SIRS, initial COHb and metHb values cannot be considered a predictor for prognosis and mortality.
However, lactate values may be useful to predict SIRS mortality even during hospital admission.
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INTRODUCTION

Systemic inflammatory response syndrome (SIRS)
is a common disease encountered in the emergency
department (ED) (1, 2). Moreover, arterial blood gas
analysis, which is frequently used in ED, can provide

valuable data for diagnosis and follow-up (3).

Carboxyhemoglobin (COHb) is formed by binding
endogenous or exogenous carbon monoxide (CO) to
hemoglobin. Proinflammatory cytokines, bacterial
toxins, heme protein, hyperoxia, hypoxia and reactive
oxygen radicals increase the levels of hemoxygenase
and increase endogenous CO production (4). The
asymptomatic increase of methemoglobin (metHb)
levels as a result of oxidative stress and inadequate
mechanisms for elimination of this stress is being
investigated as a marker of early diagnosis and long-
term prognosis of many inflammatory conditions. It is
known that lipopolysaccharides increase the release of
nitric oxide (NO) in sepsis conditions, and this increase
in the amount of NO results in hypotension. NO, as
an oxidative stress factor, enhances the conversion of

hemoglobin to metHb (5-7).

Lactate forms as a result of tissue hypoxia (7-9). Under
anaerobic conditions, pyruvate is converted into lactate.
In critically ill patients, the amount of lactate increases as

a result of oxidative stress (9).

The aim of this study was to investigate the clinical value
of COHb, metHb and lactate in order to predict prognosis
and mortality, obtained by the first arterial blood gas
analysis in patients diagnosed with SIRS in ED.

MATERIALS AND METHOD

At the Gazi University Clinical Research Ethics
Committee on 13.04.2015, ethical approval was obtained

with the decision number 160.

This study was designed as a prospective clinical study,
with patients admitted to ED of a university hospital
between April 2015 and June 2015. Patients older than
18 years, who were diagnosed as SIRS with vital signs
and laboratory data taken at the time of admission to
the ED, whose arterial blood gas samples were taken

immediately after admission, were included in the study.

Among patients admitted to ED of Gazi University Faculty
of Medicine:

e Patients under the age of 18

¢ Patients whose informed consent could be obtained from
themselves or their legal relatives

e Patients whose blood samples had technical laboratory
errors

e Patients who had congenital methemoglobinemia and
those exposed to agents causing toxic methemoglobinemia

¢ Patients with epileptic seizures or previously diagnosed
with epilepsy

e Patients who were using biguanides as oral antidiabetic
were excluded.

Moreover, patients who were smokers and patients with
carbon monoxide intoxication were excluded from the
statistics about COHb.

Data Collection

Data collection started on the date of 01.04.2015 and ended
on 30.06.2015. Demographic characteristics of patients, vital
signs, laboratory values, diagnoses, source of infection (if
present), result of ED visiting, referred clinic (if the patient
was admitted), length of stay in hospital and 1-month
mortality rates were recorded. Before data collection, written
consent was obtained from patients or legal guardians.

Blood Gas Analysis

Arterial blood gas samples taken from the patients were
analyzed with the blood gas analyser (ABL800 BASIC®)
within ED.

Statistical Analysis

Research data were uploaded to the computer using “SPSS
(Statistical Package for Social Sciences) for Windows 22.0
(SPSS Inc., Chicago, IL)”. The conformity of variables
to normal distribution was examined using visual
(histogram and probability graphs) and analytical methods
(Kolmogorov-Smirnov / Shapiro-Wilk Test). As a statistical
method, Mann-Whitney U Test was used for determining
the statistical significance of the two independent groups
for the variables not normally distributed; Kruskal Wallis
Test was used for three independent groups. Bonferroni
correction was performed to determine the source of the
difference when there was a significant difference between
the three independent groups. The relationship between the
variables was evaluated by the Spearman’s Test. The level of
statistical significance was accepted as p<0.05.
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RESULTS

After the exclusion of eight patients, 141 patients were

included in the study. Of the 141 patients, ten patients

One hundred forty-nine patients were evaluated. Three of were active smokers, so they were excluded from COHb

these patients declined to participate in the study. There evaluations. Analyses on COHb values were performed

were deficits in 4 patients’ data. One patient was excluded with the remaining 131 patients. Data of vital signs and

from the study because he was brought to the ED as laboratory results were recorded for diagnosis of SIRS

cardiopulmonary arrest and the vital signs were unstable. (Table 1).

Table 1. Vital signs and laboratory values of patients

(n: 141) Number % (n:141) Number %

Heart Rate Leukocyte

Normal 33 23.4 | Leukocytosis (>12000/uL) 87 61.7

Tachycardic (>90) 105 74.5 | Leukopenia (<4000/pL) 43 30.5

Bradycardic (<60) 3 2.1 |Immature band forms (> 10%) 0 0
Normal 11 7.8

Temperature Blood Pressure

Hyperthermic (>38°C) 30 21.3 | Normotensive 66 46.9

Normal (36-38°C) 11 78.7 | Hypotensive (systolic <90 mmHg or systolic blood 48 34.0

pressure drops at least 40 mmHg)

Hypothermic (<36°C) 0 0 |Hypertensive (systolic >140 mmHg) 27 19.1
Normal 34 24.1 | Acidosis (<7.35) 30 21.3
Tachypnea or hypocarbia 107 | 75.9 | Alkalosis (>7.45) 41 29.1
Tachypnea (>20/min) 59 41.8 | Normal (7.35-7.45) 70 49.6
Hypocarbia (PaCO2<32 mmHg) 73 51.7
Hypoxemic (<95%) 84 59.6
Normal (>95%) 57 40.4

The median of COHb fraction (fCOHDb) value at the time
of admission was 1.1% (min: 0-max: 4.8); the median value
of fraction of metHb (fmetHb) was 0.7% (range: 0.1 - 4.0)
and the median value of lactate was 1.6 mmol / L (range:
0.3 - 20.0) (Table 2).

Table 2. Initial arterial blood gas analysis; fCOHb,
fmetHDb, lactate

MeantSD Median (min-max)

fCOHD (%) 1.28+0.73 1.1 (0-4.8)
fmetHb (%) 0.89+0.66 0.7 (0.1-4.0)
Lactate 2.11+2.15 1.6 (0.3-20.0)
(mmol/L)

SD: Standard deviation

Among 141 patients, 64.5% (n:91) have had atleast one focal
infection, while in 35.5% (n:50) a focal infection could not
be found. Among the 91 patients with focal infections; 56%
(n:51) had lower respiratory tract infections, 29.6% (n:27)
had urinary tract infections, 6.5% (n:6) had gastroenteritis,
43% (n:4) had cellulitis, 4.3% (n:4) had intracranial
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infection, 3.2% (n:3) had infective endocarditis, 1% (n:1)
had cryptic tonsillitis.

The mean value of the length of stay in hospital was
9.28 £ 10.69 days and the median value of the length of
stay in hospital was 7 days (range: 0.5 - 70). When the
1-month mortality rate of these patients was evaluated, it
was determined that 14.9% (n:21) died within one month
following their admission to the ED.

A statistically significant relationship was found between
fCOHD values and the result of ED visit (p: 0.004). Post-
hoc binary comparisons revealed significant differences
between “referral to another hospital and left ED”,
“discharge and left ED” and “death in ED and left ED.”
Patients who left ED had a higher fCOHb value in
comparison to referred patients, discharged patients and
patients who died in ED. On the other hand, statistical
analyses did not exhibit a significant relationship between
fCOHD values and age, gender, the status of infection,
blood pressure, place of admission, department of
hospitalization, and 1-month mortality rates (p>0.05)
(Table 3).
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Table 3. Distribution of COHb values between selected
demographic features, vital signs, result of ED visit,

place of admission and 1-month mortality

fCOHb

Median

(min-max)

Status of Infection

Source of infection cannot be

<65 58 | 1.2(0.3-3.7)
66-80 46 1.0(0-3.4) 0.5722
>80 27 1 0.9 (0.2-3.0)
Gender
Male 74 | 1.1(0-3.7)

0.487°
Female 57 | 1.0 (0.1-3.0)

Blood Pressure

47 | 1.0(0.5-3.7)
found
0.802°
Sepsis 56 1.2 (0-2.8)
Severe Sepsis 1.0(0.3-3.4)

Place of Admission (n: 76)

Normotensive 62 | 1.0(0.1-3.7)
Hypotensive (systolic <90

mmHg or systolic blood

pressfre erps at least 40 41 110334) 0.912°
mmHg)

Hypertensive (systolic >140 25 | 1.0(028)

mmHg)

Discharge 35 | 0.9(0.3-3.4)
Admitted to hospital 76 | 1.1(0-3.0)

Referral to another hospital 6 | 0.6(0.5-2.1) | 0.004*
Left ED 8 | 1.8(0.9-3.7)

Death in ED 6 | 0.8(0.1-1.6)

1-month Mortality
Exitus

20

Ward 42 | 1.0(0-2.8)

0.245
Intensive care unit 34 | 1.2 (0.5-3.0)
Department of Hospitalization (n: 76)
Internal clinics 71 1.1 (0-3.0)

0.871°
Surgical clinics 5 | 1.2(0.8-2.6)

1.2(0.1-2.3)

Alive

111

1.0 (0-3.7)

0.918°

aKruskal Wallis Test; bMann-Whitney U Test

#Post-hoc binary comparisons showed that the significant difference

was between “referral to another hospital and left ED”, “discharge to
home and left ED” and “death in ED and left ED”.

Among 131 non-smoker patients, the relationship between
fCOHD values and length of stay in hospital were not
found to be statistically significant (r: -0.013, p: 0.883)
(Figure 1).

Figure 1. Relationship between fCOHb values and
length of hospital stay
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Among 141 patients included in the study; there was no
significant relationship between metHb values and age
(p:0.9941), gender (p:0.6422), status of infection (p:0.1311),
blood pressure (p:0.7711), length of stay in hospital
(p:0.737), place of admission (p:0.6722) and 1-month
mortality (p:0.8752) (Table 4, Figure 2).

Figure 2. Relationship between MetHb values and
length of hospital stay
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There was a significant relationship between lactate values
and 1-month mortality rates of the patients (p:0.005).
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Lactate levels were significantly higher in patients who blood pressure, the result of ED visit, length of stay in the

died within 1-month compared to those who survived. hospital, and place of admission (p> 0.05) (Table 4, Figure
However, there were no significant differences between 3).

lactate levels and age, genders, the status of infection,

Table 4. Distribution of MetHb and lactate values between selected demographic features, vital signs, results of ED
visiting, place of admission and 1-month mortality

MetHb Lactate

Median (min-max)

Median (min-max)

Status of Infection

Blood Pressure

Place of Admission (n=84)

Ward

48

0.7 (0.1-4.0)

Intensive care unit

Department of Hospitalization (n=84)

Internal clinics

36

78

0.7 (0.1-2.6)

0.7 (0.1-4.0)

Surgical clinics

1-month Mortality

Exitus

21

0.9 (0.5-1.8)

0.7 (0.3-4.0)

Alive

120

0.7 (0.1-3.6)

0.672°

0.298°

0.875°

1.4 (0.3-20.0)

1.7 (0.8-6.2)

1.6 (0.3-20.0)

1.9 (1.1-3.5)

2.0 (0.9-20.0)

1.6 (0.3-7.0)

<65 62 0.7 (0.1-3.6) 1.6 (0.3-7.0)
66-80 51 0.7 (0.1-4.0) 0.9942 1.6 (0.5-20.0) 0.7992
>80 28 0.7 (0.1-2.4) 1.6 (0.8-6.1)
Male 82 0.7 (0.1-4.0) 1.7 (0.3-20.0)

0.642° 0.629°
Female 59 0.7 (0.1-2.5) 1.6 (0.5-12.6)

Source of infection cannot be found 50 0.8 (0.2-3.6) 1.6 (0.6-7.0)
Sepsis 62 0.7 (0.1-4.0) 0.1312 1.6 (0.3-20.0) 0.3732
Severe Sepsis 29 0.7 (0.2-2.4) 1.9 (0.5-6.1)

Normotensive 66 0.7 (0.1-4.0) 1.8 (0.4-20.0)

Hypotensive (systolic <90 mmHg or

systolic blood pressure drops at least 40 48 0.7 (0.2-2.5) 0.7712 1.8 (0.5-6.1) 0.380*
mmHg)

Hypertensive (systolic >140 mmHg) 27 0.8 (0.4-2.5) 1.6 (0.6-3.7)

Discharge 36 0.7 (0.2-2.3) 1.6 (0.5-3.7)
Admitted to hospital 84 0.7 (0.1-4.0) 1.6 (0.3-20.0)
Referral to another hospital 6 0.5 (0.4-1.6) 0.659° 1.6 (1.1-5.0) 0.1192
Left ED 9 0.8 (0.1-3.6) 1.9 (1.1-7.0)
Death in ED 6 0.7 (0.3-2.5) 2.8 (1.7-12.6)

0.105°

0.419°

0.005°

aKruskal Wallis Test; bMann-Whitney U Test
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Figure 3. Relationship between lactate values and length

of hospital stay
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DISCUSSION

COHb and metHb in this study were not sufficiently
correlated to determine prognosis in patients with SIRS.
On the other hand, lactate levels in SIRS patients were
valuable and significant to predict prognosis.

In a study by De Siqueira et al., which was performed
on 200 healthy individuals to determine COHb reference
values, COHb average was found as 1.00 + 0.75% (10).
Mean COHDb values in 131 non-smoker patients were
found similarly in our study. However, it should be
taken into account that normal values in the literature are
values from healthy control groups. In this study, we only
included patients with SIRS who were not active smokers.
Our results about mean and median COHb percentages
were close to reference values in the literature, but these
data for SIRS patients in our study should not be referred to

when discussing reference values in healthy individuals.

We evaluated the COHb values of 131 patients to
investigate whether COHDb could provide a prediction for
the clinical course and mortality of patients. Among 131
patients, those who left ED with their own decision were
found to have significantly higher COHb values than those
discharged from ED, referred to another hospital, and died
in ED. This difference could be explained by the fact that
patients who left ED had worse clinical conditions than
those who were discharged. However, we do not think
that this statistically significant difference will be useful
in clinical practice.

In Moncure et al.’s study, severe sepsis patients admitted
to intensive care units were found to have higher COHb
values compared to those who were normotensive
(11). However, in the same study, COHb levels did not
differ significantly depending on whether there was a
focus of infection. Moreover, mortality was not found
to be associated with COHDb levels (11). In our study,
we evaluated COHb values of 131 non-smoker patients
and analyzed the difference with regard to sepsis or
severe sepsis. However, there were no significant COHb
elevations in sepsis or severe sepsis patients compared to
patients without infection or between sepsis and severe
sepsis patient groups. In the same study by Moncure et al.,
blood gas samples were taken multiple times from patients
during the intensive care unit’s follow-up period (11). In
our study, the result that COHb values did not express a
significant difference may be attributed to the single blood
gas sample taken, only at the time of admission. Hunter et
al.’s study, performed with blood samples from 32 surgical
intensive care unit patients, revealed that COHb values
were significantly increased in critically ill patients (12).
However, the definition of “critically ill patients” in that
study was not distinguished by SIRS but by intensive care
scoring (12). There was no significant difference in COHb
values of patients hospitalized in intensive care units and
non-intensive care units in our study. Also, in our study,
COHb values of patients hospitalized in the intensive
care unit were not found to be correlated with negative
clinical outcomes, unlike the study of Hunter et al. (12).
It might also be the result of the fact that our study was
designed with a single blood gas sample analysis, which
was taken at the time of admission. On the other hand,
higher numbers of patients were included in our study,
compared to studies of Moncure et al. and Hunter et al.
(11, 12). Although a higher number of patients provides
more reliable results, only initial COHb values were
considered in our study may be a limitation.

Moreover, a group of patients in our study was discharged
from ED. This clinical difference between patient groups
and the evaluation of the blood gas measurements only
at the time of admission might be the reason for the result
that COHDb values could not be associated with length of
stay in hospital and 1-month mortality in SIRS patients.
According to our results, COHb levels in blood gas
samples taken at admission are not a prognostic marker
for length of stay in hospital and 1-month mortality, for
patients diagnosed with SIRS with initial vital signs and

laboratory values.
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MetHb has been associated with the diagnosis and
severity of various inflammatory conditions (7, 13).
Schuerholz et al. retrospectively evaluated metHb values
of 655 internal intensive care patients and revealed
that septic patients had higher metHb values at the
time of admission to the intensive care unit, which was
significantly more prominent compared to non-septic
patients and significantly correlated with the changing
Sequential Organ Failure Assessment (SOFA) scores (7).
Ohashi et al. evaluated 14 septic patients in the intensive
care unit and reported that metHb values are higher
in those patients compared to 31 non-septic patients
hospitalized within the same intensive care unit (14).
In this study, we also compared metHb values between
patients with and without an infection, but we did not
find a significant increase of metHb in the septic group.
In the present study, the number of patients who had been
discharged from ED in a shorter time period was more
than the other studies; therefore, the septic patient group
in the study, which had a higher rate, was found to have a
better prognosis. This difference may be the reason metHb
values were not significantly higher in septic patients in
our study. Ohashi et al. had evaluated metHb with the
data obtained by serial measurements during the recovery
period of sepsis (14). However, when we evaluated
metHb values obtained from arterial blood gas analysis
at the time of admission, we could not find a significant
relationship between the length of stay in hospital and
1-month mortality in patients with SIRS. Our study was
the first, investigating the relationship between SIRS and
metHb in terms of taking ED patients into consideration
and evaluating only blood gas values at the time of
admission. Both our literature search and the results of our
study showed that metHb was not useful for predicting
the prognosis or mortality of patients with SIRS.

It is well-known that many different causes of tissue
hypoxia lead to elevated lactate levels over a short
period of time (15). SIRS, which is known to be a severe
inflammatory process, is an important cause of hypoxic
stress. Mikkelsen et al. reported a significant relationship
between the 28-day mortality of patients with severe
sepsis or septic shock and the first blood gas lactate levels
in their study, with 830 patients admitted to the ED in two
years (16). Our study was similar to that of Mikkelsen et
al,, as evaluating initial blood gas values of ED patients.
Moreover, in addition to the results of Mikkelsen et al.,
we found that the lactate levels were also indicative for
1-month mortality in all patients with SIRS and sepsis,
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not only for patients with severe sepsis and septic shock.
Although fewer patients were included, as patients with
SIRS who were not hypotensive were included, our study
results may be useful for clinicians for a larger patient
group than Mikkelsen et al.’s study. Singer et al. performed
serial lactate measurements while monitoring 258 sepsis
patients followed in the ED, and according to their study,
high lactate levels were clearly associated with poor
prognosis (8). This study has a smaller number of patients
than Singer et al., and we only included those who were
fulfilling the SIRS definition and evaluated lactate levels
obtained only from initial arterial blood gas analysis.
Therefore, our study was able to support the results of
Singer et al.’s study in a wider diagnostic spectrum, with
less laboratory analysis. In a systematic review by Kruse et
al., whether lactate levels at the time of admission were a
marker for mortality was investigated. Accordingly, Kruse
et al. emphasized that elevated lactate levels at the time
of admission were related to patients’ mortality. In that
review, patients whose lactate values were higher than 2.5
mmol / L in arterial blood gas analysis was reported to
have significantly higher mortality rates (19). In our study,
higher lactate levels in patients diagnosed as SIRS were
significantly associated with 1-month mortality. Higher
lactate levels in patients who died within 1 month were
significantly higher than those who survived. Thus, lactate
levels give the physicians an opinion about mortality in
patients with SIRS, even at the time of admission.

In conclusion, it was found that COHb and MetHb
values measured in the arterial blood gas samples
during admission to the ED were not useful in predicting
prognosis or mortality in patients with SIRS. On the other
hand, lactate levels were associated with mortality in
SIRS, even at admission to ED.
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