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Evaluation of the factors affecting mortality after
cardiac arrest — do lactate and procalcitonin
concentrations have any implications?
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Abstract. - OBJECTIVE: Mortality and mor-
bidity rates are very high in patients admitted to
the Intensive Care Unit (ICU) after cardiac arrest.
In this study, we aimed to determine the mortal-
ity rates, risk factors, and predictive factors for
mortality in post-cardiac arrest patients admit-
ted to the ICU.

PATIENTS AND METHODS: Following ap-
proval from the Ethics Committee, we conducted
a retrospective review of patient files for individ-
uals over the age of 18 who received treatment
for cardiac arrest in the ICU from January 2017
to June 2020. Demographic data of the patients,
comorbidities, arrest location, etiology of ar-
rest, duration of hospitalization, CPR duration,
APACHE 2 scores, pH and HCO, measurements
in initial blood gases, lactate levels (1!, 61", 12,
24" hour), change in lactate levels (24-1), rate of
lactate change, procalcitonin (PRC) levels (1
and 24" hour), change in PRC levels (24-1), rate
of PRC change, and blood glucose levels were
recorded. The patients were divided into two
groups (survivors and non-survivors groups).

RESULTS: 151 patients were included in the
study. pH and HCO, levels were lower in the
non-survivors group than in the survivors group.
Initial PRC levels were similar in both groups,
but the 24"-hour PRC levels were higher, and
the changes in PRC levels in the first 24 hours
were greater in the non-survivors group. The
lactate changes in the first 24 hours were high-
er in the non-survivors group. The receiver oper-
ating characteristic (ROC) curve showed that the
HCO, levels, 1%, 6"-, 12"-, and 24"-hour lactate
levels, and changes in lactate levels had predict-
ability for mortality. In logistic regression anal-
ysis, we found that high 24""-hour lactate levels
and changes in lactate levels were independent
risk factors for mortality.

CONCLUSIONS: Considering PRC and lac-
tate levels, along with clinical examination and

laboratory findings, may improve the accuracy
of determining the prognosis of patients experi-
encing cardiac arrest.
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Introduction

Cardiac arrest (CA) is a condition in which
a person’s circulation stops for any reason. The
triad of symptoms in a CA patient includes un-
consciousness, absence of breathing, and lack of
a pulse'?. ICPR should be performed as soon as
possible to prevent death. Immediate cardiopul-
monary resuscitation (CPR) is necessary to re-
store the patient’s circulation and oxygenation.
The most common causes of CA are cardiac
diseases”.

After successful CPR, patients are followed
up in the intensive care unit with the diagnosis
of post-cardiac arrest syndrome®. Oxygenation,
ventilation, and target temperature management
are important in post-cardiac arrest care. Titration
of oxygen levels (Pa0,=69-195 mmHg) should be
used cautiously, as hypoxemia and hyperoxemia
are known to be associated with high mortality in
these patients’. Implementation of protective me-
chanical ventilation strategies and regulation of
ventilator settings, especially drive pressure and
respiratory rate, are associated with improved pa-
tient outcomes®. Because moderate or deep hypo-
thermia in targeted temperature management has
been found to increase the risk of arrhythmias in
patients and may be more harmful than normo-
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thermia, caution should be exercised in its routine
use’®.

Technological and scientific developments play
an important role in improving the success of
CPR. Guidelines for CPR, including information
on resuscitation, are updated at different intervals
by the European Resuscitation Council’ (ERC)
and the American Heart Association' (AHA).

Cardiac arrest is a condition with high mortal-
ity. Efforts are being made worldwide to reduce
mortality and morbidity through studies, train-
ing, and guidelines on post-cardiac arrest care.
Despite all these efforts, even in developed West-
ern countries, survival is 10% in out-of-hospital
cardiac arrest, and it is around 15-20% in in-hos-
pital cardiac arrests''. While there are studies in
the literature that reveal prognostic factors for
the outcome of these patients, both the mortality
rate and the prognostic factors may differ because
each center has different treatment facilities and
approaches.

The objective of this study is to analyze the
mortality rates and risk factors for mortality, as
well as examine prognostic factors of patients
who received treatment after experiencing cardi-
ac arrest at a tertiary intensive care unit between
January 2017 and June 2020.

Patients and Methods

The Ethics Committee of Kahramanmarag
Stitcli Imam University Health Practice and Re-
search Hospital approved the study on July 22,
2020, with the decision numbered 2020/14 session
and board decision numbered 08. The data of pa-
tients admitted to Kahramanmaras Siit¢ii Imam
University Health Practice and Research Hospital
Intensive Care Unit with a diagnosis of cardiac
arrest between 01.01.2017 and 01.06.2020 were
examined retrospectively after receiving ethics
committee approval. Patients were divided into
two groups: survivors and non-survivors.

The study examined the patients’ age, gen-
der, duration of hospitalization, duration of car-
diopulmonary resuscitation, location of cardiac
arrest, causes of cardiac arrest, comorbidities,
APACHE 2 score, and laboratory parameters.
The laboratory parameters recorded in the ini-
tial blood gas analysis included pH, HCO,, and
lactate levels. Additionally, lactate levels were
recorded at the 6™ hour, 12 hour, and 24" hour,
along with the first and 24""-hour procalcitonin
(PRC) levels.

As this was a retrospective study, laboratory
parameters were evaluated based on measure-
ments taken within +1 hour of the specified time
periods. In addition to laboratory parameters, we
calculated changes in lactate and PRC within the
first 24 hours and their ratios. Lactate change was
determined by subtracting the initial lactate level
from the 24"-hour lactate level. The rate of lactate
change was calculated by dividing the 24-hour
lactate change level by the initial lactate level.
PRC change was determined by subtracting the
initial procalcitonin level from the 24"-hour pro-
calcitonin level. The rate of procalcitonin change
was calculated by dividing the 24-hour procal-
citonin change by the initial procalcitonin level.
The most common comorbidities of the patients
were recorded: chronic obstructive pulmonary
disease, heart disease, diabetes mellitus, chronic
renal failure, and cancer.

Inclusion Criteria

« Patients admitted to the intensive care unit af-
ter cardiac arrest;

* Patients over 18 years of age;

* Patients who survived more than 24 hours af-
ter CA.

Exclusion Criteria

* Patients under 18 years of age;

e Those who died within the first 24 hours of
admission to the intensive care unit.

Statistical Analysis

The statistical analysis was performed using
the Statistical Package for the Social Sciences
(SPSS) 21.0 (IBM Corp., Armonk, NY, USA). The
suitability of the data for normal distribution was
evaluated with the Shapiro-Wilk normality test.
Descriptive statistics of continuous variables are
mean+tstandard deviation for those with normal
distribution and median (minimum-maximum) in
those who do not comply. In categorical variables,
they were expressed as numbers and percentag-
es. In pairwise group comparisons of continuous
variables, the independent samples #-test was
used for data that complied with normal distribu-
tion (APACHE 2, pH, and HCO,). For data that
did not comply with a normal distribution, the
Mann-Whitney U test was used. The Chi-square
test was used to compare groups in categorical
variables. The significance limit for all statistics
was chosen as p<0.05.

Multivariable logistic regression analysis was
performed to identify independent risk factors for

3431



M. Kandilcik, M. Arslan, H. Oksliz, G. Gisi, C. Yavuz, G. Oksliz, A. Doganer

mortality. ROC analyses were performed to de-
termine the predictive levels of independent vari-
ables for mortality.

Results

Between January 2020 and June 2021, a total
of 3,450 patients admitted to intensive care were
examined based on their admission diagnoses. It
was determined that 260 patients were admitted
to intensive care due to cardiac arrest. The study
excluded 22 patients under the age of 18 and 87
patients who died within the first 24 hours. The
study analyzed 151 patients, with 36 in the sur-
vivors group and 115 in the non-survivors group.

The median age of all patients included in the
study was 69 years. There was no significant dif-
ference in age between the survivors and non-sur-
vivors groups. There were 80 male patients and
71 female patients. The mortality rate was 80.3%
for females and 72.5% for males. No significant
difference was observed between the groups in
terms of gender. When analyzing the patients
in terms of CPR duration, it was found that the
median duration of CPR was 10 minutes for the
non-survivor group and 6 minutes for the survi-
vor group. There was no difference in CPR dura-
tion between the two groups (Table I).

We examined the presence of comorbidities
such as chronic obstructive pulmonary disease
(COPD), heart disease, diabetes mellitus (DM),
chronic renal failure (CRF), and cancer. We found
that 87 patients had heart disease, 26 patients had
COPD, 44 patients had DM, 11 patients had CRF,
and 8 patients had cancer. There was no differ-
ence between the groups in terms of the presence
of comorbid diseases. The most common etiolo-
gies of cardiac arrest (69 patients) were cardiac
diseases, and no difference was observed between
the groups for cardiac arrest etiology (Table I).

Survivors had higher initial pH and HCO, lev-
els compared to non-survivors. Glucose levels
were similar in the two groups (Table II).

There were no significant differences in initial
PRC levels between the groups. In the non-survi-
vors group, the 24"-hour PRC level and the PRC
increase in the first 24 hours were higher. The
median 1%, 6"-, 12%- and 24"-hour lactate lev-
els were higher in the non-survivors group than
in the survivors group. There was no significant
difference in the lactate change rate between
the groups (Table III). Of the 151 patients in our
study, 105 were out-of-hospital cardiac arrest cas-
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es, and 46 were in-hospital cardiac arrest cases.
78.1% of out-of-hospital cardiac arrest cases re-
sulted in non-survivors, and 71.7% of in-hospital
cardiac arrest cases resulted in non-survivors.
There was no significant difference in mortality
rates between in-hospital and out-of-hospital car-
diac arrest patients.

In the logistic regression analysis, it was deter-
mined that high 24"-hour lactate levels and low
lactate change rate were independent risk factors
for mortality (Table V).

ROC analysis revealed that PRC change, HCO,,
6"-hour lactate, 24"™-hour lactate, 24*-hour PRC,
and lactate change rate had a weak predictive val-
ue; initial lactate level and 12%-hour lactate lev-
el had medium predictive value (AUC: 0.719 and
AUC: 0.704, respectively; Figures 1 and 2).

Discussion

Cardiac arrest is a condition with high mortal-
ity. Early return of spontaneous circulation and
recovery without sequelae are aimed with cardio-
pulmonary resuscitation. In recent years, studies,
training, and guidelines on post-cardiac arrest
care have been implemented to reduce mortality
and morbidity.

With the introduction of chest compression in
1960, CPR became the standard practice in cas-
es of cardiac arrest. The appropriateness of re-
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Figure 1. ROC curve of initial lactate level for predicting
mortality.
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Figure 2. ROC curve of 12"-hour lactate level for predict-
ing mortality.

suscitation as a medical treatment for the aging
population has become a matter of ethical debate.
Post-arrest mortality is high, and neurological se-
quelae are more common for elderly cases'. In
a meta-analysis conducted by Van Gijn et al,
it was shown that the average age of cardiac ar-
rest patients was between 60 and 75 years. In our
study, the average age of all patients was found to
be similar to studies on this subject, and no signif-

icant difference in age was observed between the
groups (p=0.459).

In their study of 4,789 patients who underwent
CPR, Wallace et al'* found that 54.50% of the pa-
tients were male. Our findings are consistent with
the literature, showing higher rates of cardiac ar-
rest in men. There was no significant difference in
gender between the non-survivors and survivors
groups (p=0.23).

The time until CPR begins after arrest and the
duration of resuscitation itself are important for
prognosis®. In a study conducted by Van Wal-
raven et al', it was shown that long resuscitation
time was associated with increased mortality in
patients undergoing CPR. In our study, no signif-
icant difference was observed between the two
groups in CPR duration (p=0.086).

We also investigated the causes of cardiac ar-
rest in patients in our study. In a review by No-
lan", it was determined that approximately 65%
of the causes of CA were of cardiac origin. In our
study, we found that the cause of cardiac arrest
was cardiac in 69 (46%) patients.

In the 2021 ERC guidelines'®, mortality rates for
out-of-hospital cardiac arrest cases were reported
to be very high. However, a study'® conducted on
post-cardiac arrest patients examined the mortal-
ity rates between in-hospital and out-of-hospital
cardiac arrest groups but found no significant dif-
ference. In our study, no differences in mortality
were found between patients with in-hospital and
out-of-hospital cardiac arrest.

Table I. Comparison of groups in terms of demographic characteristics and comorbidities.

All patients | Non-survivors | Survivors

N=151 N=115 N=36 p-value
Age 69 (20-94) 69 (20-94) 69.5(22-94) | 0.459
Male 80 (53) 58 (72.5) 22(27.5)
CPR duration 10 (2-60) 10 (2-60) 6 (2-60) 0.086
Hospitalization duration 8 (2-105) 8 (2-105) 11 (2-80) 0.191
COPD 26 (17.2) 21 (80.8) 5(19.2) 0.544
Heart disease 87 (57.6) 65 (74.7) 22 (25.3) 0.627
DM 44 (29.1) 35(79.5) 9(20.5) 0.531
CRF 11 (7.3) 10 (90.9) 19.1) 0.233
Cancer 8(5.3) 7 (87.5) 1(12.5) 0.439
APACHE 2 27.1£8.5 27.8+8.4 23.8+8.2 0.140

CPR: Cardiopulmonary Resuscitation, COPD:

Health Evaluation.

Chronic Obstructive Pulmonary Disease, DM:
Diabetes Mellitus, CRF: Chronic Renal Failure, APACHE: Acute Physiology and Chronic
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Table II. Comparison of groups in terms of pH, HCO, and glucose.

fipatents | Nomsurivors | Survors | e
pH 7.27+0.15 7.26+0.15 7.32+0.11 0.028
HCO, 18.02+5.48 17.4+£5.43 19.94+5.28 0.016
Glucose 198 (18-824) 211 (18-814) 175 (78-415) 0.116

Data are expressed as mean + standard deviation or median (minimum-maximum) levels. pH: Power

of Hydrogen.

Following cardiac arrest, lactate is produced,
and acidosis ensues due to anaerobic respiration,
which results in decreased perfusion and ventila-
tion. As a result, blood gas parameters play a cru-
cial role in determining the prognosis of patients
with cardiac arrest.

In a study conducted by Dell’Anna et al”®, 236
patients with cardiac arrest were divided into two
groups: in-hospital cardiac arrest (99 patients)
and out-of-hospital cardiac arrest (137 patients).
The study examined the initial pH levels after the
cardiac arrest. Out-of-hospital cardiac arrest pa-
tients had lower pH than in-hospital cardiac ar-
rest patients [7.25 (7.16-7.34) vs. 7.27 (7.19-7.40),
p=0.038]. Similarly, the pH was lower in the
non-survivors group in our study (7.26+0.15 vs.
7.3240.11, p=0.028).

Although PRC is primarily a marker for bac-
terial infection, elevated PRC levels are also
commonly associated with shock?*??. Following
cardiac arrest, inflammatory pathways are acti-
vated, leading to an increase in PRC levels**?. In

a prospective study conducted by Isenschmid et
al® with 321 cardiac arrest patients, routine lab-
oratory tests, including PRC and lactate, were in-
vestigated. The study found that the initial lactate
and procalcitonin levels were significantly higher
in the non-survivors group. In the ROC analysis,
PRC and lactate were found to have high prog-
nostic potential (AUC: 0.730; AUC: 0.700, respec-
tively).

In a prospective study on PRC, Annborn et al.
22 grouped 84 cardiac arrest patients according to
their cerebral performance score (CPS) (Group 1:
CPS 1-2, Group 2: CPS 3-5). The 12'-, 24"-, and
48"-hour PRC levels were significantly higher in
group 2 patients. They found the mean level of
24th-hour PRC (group 1: 0.2 vs. group 2: 1.9) as
a predictive factor for poor neurological outcome
(AUC: 0.860).

In another study by Hayashida et al*®, which
compared the predictability of neurological out-
come with serum procalcitonin and glial fibrillary
acidic protein in patients after cardiac arrest, 12'-

Table I1l. Comparison of groups in terms of procalcitonin, lactate, and changes in these parameters.

All patients Non-survivors Survivors

N=151 N=115 N=36 p-value
PRC 1 0.33 (0.01-106.1) 0.37 (0.01-106.1) 0.18 (0.01-7.2) 0.074
PRC 24 5.02 (0.06-260.24) 7.51(0.06-260.24) | 2.09 (0.07-42.3) 0.004
PRC change 2.88 (-15.12-260.21) 3.9 (-15.12-260.21) | 1.45 (-1.94-41.65) | 0.027
PRC change rate 13.02 (-0.79-8673.67) 14.32 (-0.64-8673) | 12.31 (-0.79-1209) | 0.585
Lactate 1 4.50 (0.6-20) 5.1(0.7-20) 1.9 (0.6-16) <0.001
Lactate 6 2.80 (0.6-28) 3.35(0.6-28) 2.2 (0.6-10.3) 0.001
Lactate 12 2.20 (0.4-21) 2.6 (0.4-21) 1.6 (0.8-7.6) <0.001
Lactate 24 2.20 (0.6-19) 2.4 (0.7-19) 1.7 (0.6-4.5) 0.003
Lactate change -1.75 (-13.6-9.30) -2.4 (-13.6-9.3) -0.6 (-13.4-3.9) 0.015
Lactate change rate -0.41 (-0.90-6.50) -0.42 (-0.9-2.79) -0.41 (-0.89-6.50) 0.235

Data are expressed as median (minimum-maximum) levels. PRC: Procalcitonin.
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Table IV. Logistic regression.

95% Confidence Interval
P Odds Lower Upper
ratio
Lactate 24 0.012 1.861 1.145 3.023
PRC 24 0.158 | 1.177 0.939 1.477
Lactate change rate 0.031 0.501 0.267 0.939
PRC change 0.186 | 1.169 0.928 1.472

PRC: Procalcitonin.

and 24"-PRC levels were found to have high pre-
dictive values (AUC: 0.911; AUC: 0.939, respec-
tively) for the poor neurological outcome.

Krzych et al”’ conducted a study on cardiac ar-
rest patients, dividing them into two groups based
on their Glasgow Outcome Score (GOS): Group
1 (GOS 1-3) and Group 2 (GOS 4-5). The median
PRC level was 2.43 in Group 1 and 1.5 in Group
2. The ROC analysis indicated that procalcitonin
has a prognostic value with an AUC of 0.650
(p=0.02).

In our study, we examined the patients’ initial
and 24™-hour procalcitonin levels. While initial
PRC levels were similar between the two groups,
24%-hour PRC levels were significantly higher in
the non-survivors group. ROC analysis showed
that 24"-hour PRC had a predictive value (AUC:
0.665).

In contrast to the aforementioned studies, we
analyzed the change and rate of change between
the 24™-hour and initial procalcitonin levels.
The non-survivor group exhibited a higher PRC
change, while no significant difference was ob-
served in the rate of PRC change (p=0.585). As a
result, considering that the PRC levels are related
to the duration of ischemic damage and the mag-
nitude of the subsequent reperfusion injury, it can
be postulated that the increase in PRC after cardi-
ac arrest occurs due to inflammation.

Blood lactate concentrations are a sign of
post-arrest cellular hypoxia. Patients with high
blood lactate levels after CA have a high mor-
tality rate'”?®. In this clinical situation, lactate
concentrations can be considered an indicator of
prolonged hypoperfusion and inadequate resusci-
tation. Higher survival rates are associated with a
rapid decrease in lactate concentrations after re-
suscitation®-°,

In a retrospective study by Dell’Anna et al”,
the prognostic effects of blood lactate concentra-

tions after cardiac arrest were investigated. The
study examined the blood lactate levels (0, 6™,
12, 24% 48" hours), lactate change (24-1), and
lactate change percentages of 236 patients. Based
on their neurological results after three months,
the patients were divided into two groups: Group
1 (CPS 1-2) and Group 2 (CPS 3-5), according to
their cerebral performance score. The median ini-
tial lactate level was 4.3 in all patients, with a sig-
nificant difference found between group 1 (2.5)
and group 2 (5.3) (p<0.001, AUC: 0.689). In our
study, we found no significant difference between
groups in terms of initial lactate levels (p<0.001,
AUC: 0.719). 24™-hour lactate median level was
higher in group 2. Similarly, in the current study,
24"-hour lactate levels were higher in the non-sur-
vivors group. A significant difference was found
for lactate change (24-1), which is consistent with
our study (p=0.008). They did not find a signifi-
cant difference in the percentage of lactate change
in terms of prognosis. In their study, a relation-
ship was found between initial lactate and poor
prognosis in the multivariate logistic regression
analysis (p<0.001; odds ratio: 1.18). In our study,
we found that high 24™-hour lactate levels were
an independent risk factor for mortality (p=0.012;
odds ratio: 1.861).

The study conducted by Kliegel et al*' with
394 patients who suffered cardiac arrest found a
significant relationship between lactate levels (0,
241 48" hours) and neurological outcome.

In a study conducted by Karagiannis et al** on
patients who experienced in-hospital cardiac ar-
rest, the initial lactate levels were found to be sig-
nificantly higher in the non-survivors group, and
the percentages of lactate decrease were found to
be lower in the non-survivors group.

In a prospective multicenter study by Don-
nino et al** examining lactate levels and lactate
changes after cardiac arrest, the initial lactate
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level (AUC: 0.670), 12®"-hour lactate level (AUC:
0.760), and 24™-hour lactate level (AUC: 0.780)
were found to have predictive value for mortality.
There was a significant difference in the 24"-hour
lactate change percentage between the non-sur-
vivors group (62%) and the survivors group
(36%) (p=0.03). In logistic regression analysis, a
low percentage of 12"-hour lactate decrease was
found to be an independent risk factor for mor-
tality.

In our study, there was a significant difference
in lactate change between the groups (p=0.015,
AUC: 0.636), but the rate of lactate change in
the first 24 hours was similar (p=0.765). In the
logistic regression analysis, a low rate of lactate
change was identified as an independent risk fac-
tor for mortality (p=0.031, odds ratio: 0.501).

Limitations

Our study’s limitations include its single-center
nature, low sample size, and retrospective design.
Additionally, some data could not be accessed
from patient files, resulting in a smaller sample
size for certain evaluations.

Conclusions

In the non-survivors, pH and HCO, levels were
lower, while lactate levels at all time points and
24™-hour PRC levels were higher. High 24"-hour
lactate levels and a low lactate change rate were
identified as independent risk factors for mor-
tality. Lactate, HCO,, and PRC were found to
be important factors in predicting mortality in
post-cardiac arrest patients. Considering PRC and
lactate levels may improve the prognostication of
post-cardiac arrest patients.
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