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Abstract

Background: Despite major advances in basic and advanced life supports, patients who survived from out of hospital cardiac
arrest (OHCA) has still poor prognosis. Several inflammatory parameters have been used to determine early and long-term
prognosis in patients with OHCA. C-reactive protein-to-albumin ratio (CAR) is also a novel marker of systemic inflammation.
To our knowledge, there is no study evaluating the clinical importance of CAR in OHCA patients. Aims: To evaluate the effect
of CAR on mortality in patients with OHCA. Methods: A total of 102 patients with OHCA were included in this study. The
study population were divided into two groups as survivor (n = 43) and non-survivor (n = 59) during follow-up. Complete
blood cell counts, biochemical and blood gas analysis were recorded for all patients. Neutrophil to lymphocyte ratio (NLR)
was calculated as the ratio of neutrophil to lymphocyte. CAR was calculated as the ratio of CRP to the albumin. Results:
NLR (P=0.012), CAR (P<0.001) and serum lactate level (P =0.002) were significantly higher whereas lymphocyte (P=0.008)
and serum albumin (P<0.001) were significantly lower in non-survivor group compared to survivor group. Multivariate logistic
regression analysis showed that NLR (odds ratio [OR|: 1.044, 95% confidence interval [CI]: 1.044-1.437, P=0.013), CAR (OR:
1.971, 95% CI: 1.327-2.930, P=0.001), and lactate level (OR: 1.268, 95% CI: 1.095-1.469, P=0.002) were independent predictors
of mortality. Conclusions: We have demonstrated for the first time that CAR was an independent predictor of in-hospital
mortality in OHCA patients.
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ABSTRACT

Background: Despite major advances in basic and advanced life supports, patients who survived from
out of hospital cardiac arrest (OHCA) has still poor prognosis. Several inflammatory parameters have been
used to determine early and long-term prognosis in patients with OHCA. C-reactive protein-to-albumin ratio
(CAR) is also a novel marker of systemic inflammation. To our knowledge, there is no study evaluating the
clinical importance of CAR in OHCA patients.

Aims: To evaluate the effect of CAR on mortality in patients with OHCA.

Methods: A total of 102 patients with OHCA were included in this study. The study population were
divided into two groups as survivor (n = 43) and non-survivor (n = 59) during follow-up. Complete blood
cell counts, biochemical and blood gas analysis were recorded for all patients. Neutrophil to lymphocyte
ratio (NLR) was calculated as the ratio of neutrophil to lymphocyte. CAR was calculated as the ratio of
CRP to the albumin.

Results: NLR (P=0.012), CAR (P<0.001) and serum lactate level (P =0.002) were significantly higher
whereas lymphocyte (P=0.008) and serum albumin (P<0.001) were significantly lower in non-survivor group



compared to survivor group. Multivariate logistic regression analysis showed that NLR (odds ratio [OR]:
1.044, 95% confidence interval [CI]: 1.044-1.437, P=0.013), CAR (OR: 1.971, 95% CI: 1.327-2.930, P=0.001),
and lactate level (OR: 1.268, 95% CI: 1.095-1.469, P=0.002) were independent predictors of mortality.

Conclusions: We have demonstrated for the first time that CAR was an independent predictor of in-hospital
mortality in OHCA patients.

Keywords: Out of hospital cardiac arrest, systemic inflammation, neutrophil to lymphocyte ratio, C-
reactive protein to albumin ratio, mortality.

What’s known?

Cardiopulmonary resuscitation (CPR) improves the prognosis of patients with cardiac arrest (CA). Despite
all technological improvements, the prognosis of patients with out of hospital cardiac arrest (OHCA) is still
remains to be poor. Many inflammatory markers have been evaluated in these patients and demonstrated
to be associated with poor prognosis.

What’s new?

Recent studies have shown that C-reactive protein (CRP) to albumin ratio (CAR) is a novel and good
marker of systemic inflammation. CAR reflects the balance between CRP and albumin which demonstrated
to be more sensitive than using CRP and albumin separately. Although the importance of CAR has been
evaluated in different patient population, to our knowledge, there is no study evaluating the importance of
CAR in patients with OHCA. We have detected for the first time that CAR was an independent predictor
of in-hospital mortality in OHCA patients.

Review criteria
How did you gather, select and analyze the information you considered in your review?

Patients who were brought to our emergency services due to OHCA and hospitalized in ICU after a successful
CPR were investigated retrospectively. A total of 102 patients with OHCA were included in this study. The
patient’s data were obtained from the hospital database system retrospectively. CAR was calculated as the
ratio of CRP to the albumin. The study population were divided into two groups as follows: survivor (n
= 43) and non-survivor (n = 59) during follow-up. The obtained characteristics and laboratory parameters
were compared between two groups.

Message for the clinic:
What is the ‘take-home’ message for the clinician?

We have demonstrated that CAR was an independent predictor of in-hospital mortality in OHCA patients.
Therefore, it may be useful when identifying the subjects under higher risk in patients with OHCA.

1 | INTRODUCTION

Cardiopulmonary resuscitation (CPR) is the most important interventional procedure which contributes to
the survival of patients with cardiac arrest (CA) and consists of basic and advanced life supports.! Despite
major advances in CPR and post-resuscitation care, patients surviving out of hospital cardiac arrest (OHCA)
still carry poor prognosis including increased risk of mortality and morbidity.?> The whole-body ischemia
during CA leads to systemic inflammatory response damage and reperfusion of this tissue triggers even
more tissue injury which is defined as ischemia-reperfusion injury.# Therefore, it is important to evaluate the
prognosis after CPR in patients who survived from CA.

Systemic inflammation can be evaluated with many laboratory markers. One of these markers is neutrophil
to lymphocyte ratio (NLR) which reflect the balance between neutrophils and lymphocytes.> NLR play a
crucial role in the ischemia-reperfusion injury. It has been demonstrated that higher NLR is associated with
mortality in patients with OHCA.S Nevertheless, C-reactive protein (CRP) to albumin ratio (CAR) is also
a novel marker of systemic inflammation. It reflects the balance between CRP and albumin and detected to



be more sensitive than CRP and albumin separately to evaluate the intense of inflammatory response.” The
clinical importance of CAR has been demonstrated in different patient population.®19

Although previous studies investigated the association of NLR with prognosis in patients with OHCA, to
our knowledge, there is no study evaluating the clinical importance of CAR in these patients. The aim of
our study is to assess the effect of CAR on mortality in patients with OHCA.

2 | METHODS

Patients who were brought to our emergency services due to OHCA and hospitalized in ICU after a successful
CPR were investigated retrospectively. Successful CPR was defined as acute respond to the CPR in the
emergency department and transfer to the ICU for follow-up. Patients with trauma, systemic infection,
intracranial hemorrhage, major surgery within the previous 14 days and malignancy were excluded from the
study. Consequently, a total of 102 patients with OHCA were included in this study. Local ethic committee
was approved the study design and the study was conducted in full accordance with the Declaration of
Helsinki.

Blood samples were obtained routinely immediately after hospital admission. Complete blood cell (CBC)
counts were measured with an automated blood cell counter. Neutrophil to lymphocyte ratio (NLR) was
calculated as the ratio of neutrophil to lymphocyte. Platelet to lymphocyte ratio (PLR) was calculated as
the ratio of platelet to lymphocyte. Also, arterial blood gas sampling and biochemical analyses including
serum electrolytes, creatinine, aminotransferases, serum albumin and CRP was obtained from all patients.
CAR was calculated as the ratio of CRP to the albumin.

Our study population were divided into two groups as follows: survivor (n = 43) and non-survivor (n =
59) during follow-up. The archive records of all patients were investigated retrospectively, and baseline
characteristics, blood gas samples and laboratory parameters were compared between two groups.

2.1 | Statistical analysis

Statistical analysis was conducted with SPSS 20 (SPSS, Chicago, IL). Kolmogorov-Smirnov test was used
to determine the normality of distribution. Continuous variables were expressed as mean + SD or median
(25-75 IQR) and compared with Student t test or Mann-Whitney U test according to the distribution. Cate-
gorical variables were expressed as number and percentages and compared with chi-square or Fisher’s exact
chi-square test. Multivariate logistic regression analysis with backward elimination was used to determine
the independent predictors of mortality. Receiver operating characteristics (ROC) curve was performed to
determine the area under curve (AUC) of variables for predicting mortality. The comparison of the AUCs
were performed with Delong test. Ap value of less than 0.05 was considered as statistically significant.

3 | RESULTS

A total of 102 OHCA patients were included in this study. The mean age of the study population was were
61.0 £ 12.5 and 72.5% of the patients were male. Of these 102 patients, 59 (57.8%) died during the hospital
stay. The comparison of baseline characteristics of the survivor and non-survivor patients are listed in Table
1. It was found that the duration of ICU was significantly longer in survivor group compared to non-survivor
group.

Comparison of the laboratory parameters of the study population is presented in Table 2. NLR (4.5 [3.3-5.9]
vs. 2.9 [1.0-5.7], P = 0.012), CRP (6.4 [1.9-11.8] vs. 1.9 [0.8-4.5], P < 0.001), CAR (1.6 [0.5-3.3] vs. 0.5
[0.2-1.3], P < 0.001) and lactate level (7 [3.8-11.2] vs. 4.4 [2.5-7.0], P = 0.002) were significantly higher
whereas lymphocyte (2.6 [1.5-3.2] vs. 3.5 [1.9-5.8], P = 0.008) and serum albumin level (3.4 £+ 0.6 vs. 3.8 +
0.4, P < 0.001) were significantly lower in non-survivor group.

The area under the curves (AUC) of CAR, CRP and albumin were compared with each other to determine
whether there was an additional benefit of using CAR on CRP and albumin for predicting in-hospital
mortality. The AUC of CAR was significantly higher than both the AUC of CRP (0.738 vs 0.717, P =



002) and albumin (0.738 vs. 0.611, P < 0.001) for predicting in-hospital mortality (Figure 1). CAR [?] 4.6
predicted in-hospital mortality with a sensitivity of 64.4% and specificity of 76.7%.

Multivariate logistic regression analysis was performed to determine the independent predictors of mortality.
NLR (odds ratio [OR]: 1.044, 95% confidence interval [CI]: 1.044-1.437, P = 0.013), CAR (OR: 1.971, 95%
CI: 1.327-2.930, P = 0.001), and lactate level (OR: 1.268, 95% CI: 1.095-1.469, P = 0.002) were found to be
the independent predictors of mortality (Table 3).

4 | DISCUSSION

In this study, we investigated the prognostic value of CAR in patients with OHCA. The main finding of
our study was that CAR was significantly higher in non-survivor group compared to in survivor group.
Also, CAR was an independent predictor of in-hospital mortality. To our knowledge, this is the first study
demonstrating the independent relationship between CAR and in hospital mortality in patients with OHCA.

The extensive ischemia during CA leads to the activation of systemic inflammation.* After that, some complex
pathophysiological changes occur such as free oxygen radical production, increased vascular permeability and
disruption of the blood-brain barrier. All these changes cause systemic ischemia and multi organ failure.*'!
Therefore, it is very important to assess the prognosis after CPR and to predict survival early and accurately
in patients who survived from CA.

After cardiac arrest, lactate accumulation occurs due to interruption of blood flow to metabolically active
tissues and decreased tissue oxygenation.'? Therefore, serum lactate level, an easily obtainable marker from
blood gas analysis, was used in several studies for predicting poor outcomes in patients with OHCA.'2-1?
It was found that higher lactate level on admission was associated with unfavorable outcomes and poor
prognosis. Similar to these studies, we also found that serum lactate level on admission was significantly
higher in non-survivor group compared to survivor group. In addition, we detected that serum lactate level
was an independent predictor of mortality. These results suggest that on admission serum lactate level may
be used as a beneficial tool for predicting in-hospital mortality in patients with OHCA.

Because a widely inflammatory process is triggered in patients with cardiac arrest, previous studies have
frequently investigated the importance of inflammatory markers.!6-29 NLR, a cheap and an easily detectable
marker from complete blood cell, is a combination of two independent markers of systemic inflammation.® It
was demonstrated that NLR is a stronger parameter that other white blood cell subtypes for evaluating the
inflammatory process.?! Therefore, it is one of the most used inflammatory markers in daily practice. Weiser
et al.% found that NLR at admission predicted mortality independently in patients with OHCA. Similar to
this study, we also found that NLR at hospital admission was an independent predictor of mortality in these
patients. These results suggest that in hospital prognosis may be poorer in patients with OHCA where a
more intense inflammatory process is triggered.

CRP and albumin are biochemical markers of systemic inflammation. The clinical usefulness of them have
been investigated in previous studies.??23 Increased level of CRP and decreased level of albumin were found
to be associated with poor outcomes in patients with CA. CAR is a novel marker of systemic inflammation
and can be obtained easily from biochemical analysis.” It reflects the balance between CRP and albumin
and has been found that the combination of these two markers are stronger and more consistent than CRP
or albumin alone for predicting outcomes.!? Although previous studies separately investigated the CRP and
albumin levels in patients with CA.2223 To our knowledge, there is no study evaluating CAR in patients
with OHCA. In the present study, we investigated the CAR level in addition to the NLR in patients with
OHCA. We found that CAR was significantly higher in non-survivor group compared to survivor group.
Also, CAR was an independent predictor of in-hospital mortality. Moreover, we found that the AUC of
CAR was significantly higher than both the AUCs of CRP and albumin for predicting in-hospital mortality.
These results suggest that CAR has a better prognostic role than either CRP or albumin alone for predicting
poor outcomes in patients with OHCA. In addition, it can be concluded that CAR is a good clinical marker
for predicting in-hospital mortality after surviving from OHCA.



4.1 | Limitations

Our study had some limitations. The most important limitation of our study was small sample size and its
retrospective design. Second, other inflammatory markers such as cytokines were not investigated in this
study. Third, long term outcomes were not evaluated. It could be interesting to determine the effect of CAR
on long term outcomes. Further prospective studies with larger participant is needed to better elucidate the
prognostic role of CAR in patients with OHCA.

5 | CONCLUSION

CAR is a novel marker of systemic inflammation. In this study, we have demonstrated for the first time that
CAR was an independent predictor of in-hospital mortality in OHCA patients.
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Table 1. Comparison of the baseline characteristics of the study population

Survivor group (n = Non-survivor group (n

43) = 59) P
Age, years 60.3 + 11.9 61.5 £ 13.0 0.616
Male gender (%) 29 (67.4) 45 (76.3) 0.324
HT (%) 6 (14) 9 (15.3) 0.855
DM (%) 6 (14) 8 (13.6) 0.954
CAD (%) 14 (32.6) 20 (33.9) 0.887
COPD (%) 2 (4.7) 2 (34) 0.746
Duration of CPR, min. 30 (20-35) 25 (15-30) 0.510
Duration of ICU, days 6 (3-24) 2 (1-6) <0.001
Duration of MV, days 1(1-13) 2 (1-6) 0.861

Note: Data are presented as n (%), mean + SD and the median (25"-75" interquartile range). The P-value



was calculated using the chi square (categorical variables), student t test or Mann—Whitney U- (numerical
variables) tests.

Abbreviations: M, male; F, female; HT, hypertension; DM, diabetes mellitus; CAD, coronary artery disease;
COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; ICU, intensive care
unit; MV, mechanical ventilator

Table 2. Comparison of the laboratory parameters of the study population

Survivor group (n = Non-survivor group (n
43) = 59) P

WBC (x103 /mL) 14.9 + 6.1 15.2 £ 7.9 0.850
Neutrophil (x103/mL) 9.5 (4.3-14.0) 9.6 (6.9-16.5) 0.169
Lymphocyte 3.5 (1.9-5.8) 2.6 (1.5-3.2) 0.008
(x103 /mL)

Monocyte (x103/mL) 0.6 (0.4-0.9) 0.5 (0.3-0.8) 0.261
Hemoglobin (g/dL) 13.6 £ 2.5 13.3 £ 2.5 0.551
Platelet (x103/mL) 263 (210-313) 243 (180-317) 0.169
MCV (fL) 914 £9.1 90.0 + 6.8 0.364
RDW (%) 128 + 1.5 14.9 + 10.5 0.195
NLR 2.9 (1.0-5.7) 45 (3.3-5.9) 0.012
PLR 79 (37-170) 92 (61-176) 0.146
Glucose, mg/dl 250 (160-318) 304 (175-407) 0.272
Creatinine, mg/dl 1.24+04 1.4+ 04 0.144
Na (mEq/L) 138.6 + 5.4 139.5 + 4.7 0.372

K (mEq/L) 44+ 0.6 47 0.9 0.107
Ca (mEq/L) 10.4 + 11.0 8.5+ 0.8 0.197
AST, IU 68 (33-163) 102 (42-370) 0.067
ALT, TU 63 (31-127) 72 (33-267) 0.102
CRP, 1.9 (0.8-4.5) 6.4 (1.9-11.8) <0.001
Albumin, g/dl 3.8+04 3.4 £0.6 <0.001
CAR 0.5 (0.2-1.3) 1.6 (0.5-3.3) <0.001
PH 7.2 +0.2 7.1 +0.2 0.056
Lactate 4.4 (2.5-7.0) 7 (3.8-11.2) 0.002

Abbreviations: WBC, white blood cell; MCV, mean corpuscular volume; RDW, red cell distribution width;
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; Ns, sodium; K, potassium; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; CRP, C-reactive protein; CAR, CRP to albumin
ratio.

Table 3. Independent predictors of the mortality

OR 95% CI P

NLR 1.044 1.044-1.437 0.013
CAR 1.971 1.327-2.930 0.001
Lactate 1.268 1.095-1.469 0.002

Abbreviations: OR, odds ratio; CI, confidence interval; CAR, CRP to albumin ratio; NLR, neutrophil to
lymphocyte ratio

Entered variables: age, gender, hypertension, diabetes mellitus, coronary artery disease, duration of car-



diopulmonary resuscitation, hemoglobin, platelet, creatinine, glucose, pH, lactate, CAR, NLR
Figure Legends

Figure 1. ROC curve of C-reactive protein, albumin and C-reactive protein to albumin ratio for predicting
in-hospital mortality
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